Penybanka Cpouja
MHUHUCTAPCTBO 3A HAYKY 1
TEXHOJIOUIKHN PA3BOJ
Kosucuja 3a cTHname HAYYHHX 3BAIbi

Bpoj:06-00-69/996
14.04.2010. roanne
bBeorpan

Ha ocroBy umana 22. crasa 2. unawa 70. cras 6. 3akoHa 0O Hay4HOHCTpaKiBavkoj
senarHoet ("Crnyx6enu raaciuk Penybamxe Cpduje”, 6poj 110/05 u 50/06 - wenpaska), ynaxa 2,
craBa 1. u 2. tauxe 1 — 4.(npunosu) i unana 38. [TpaBunHKMKE O MOCTYNKY M HAYHHY BPEAHOBaHbA
M KBAHTHTATHBHOM HMCKa3HBaty HAayYHOHCTPKMBAYKHX pe3virarta ucrpaxusaua ("CryxGenn
rnacunk Peny6auke Cpbuje”, 6poj 38/08) u 3axTeBa Koji je noanco

Huciauiayia 3a xemujy wexnoaozujy u mewaaypaujy y beotpaoy

KoamiicHja 3a cTHIlatbe HAY4HHX 3Batha Ha CeAHULUM oapxkano] 14.04.2010.. roanne, 1oHe1a je

OJUIYKY
O CTHLHABY HAYYHOTI 3BAILA

Ap Tomucaae Tpuwosuh
CTHYE HAYUHO 3Batbe
Buwwu nayunu capadnux

y o6aacTi MPUPOIHO-MATCMATHYKHX HAYKA - XEMH]ja

Q-5 P4-3 8 @ X E I E
Hucitwiuyit 3a xemujy uiexnonoiujy u memanypiujy y beozpaoy

vTBpano je npeanor 6poj 1834 oa 16.12.2009. roaune Ha ceanuun HayuHor eha HHeturyTa 1
nojHeo 3axteB Komucin 3a cTHuame HayvyHux 3Bama OGpoj 1841 om 17.12.2009. roamme 3a
JOHOWEmkE OJUIYKE © HCMYHEHOCTH YCJIOBA 3a CTHllaibe Hayunor 3pama Buwu wnayyuu
capaonux.

KomucHja 3a cTHIalbe HayYHHX 3Baba je MO NPeaXollo NpuiaB/beHOM MO3UTUBHOM
MHIIJBEHY MaTHUHOT HaydHOr oabopa 3a XeMHJy Ha ceAHWUH oapwano] 14.04.2010. rogune
pasMaTpana 3axTeB ¥ YTBp/MIa Ja HMCHOBAHM HCMYyHaBa venobe w3 uiaHa 70. ctaB 6. 3akoHa o
Hay4HOMCTpaxuBaukoj aenatHocTH ("CayxOenu rnacHuk Penybnnke Cp6uje”. 6poj 110/05 u
50/06 - ucnpaska), ynaa 2. ctasa 1. u 2. Tauke | — 4.(npuno3u) u ynana 38. Ilpasuiannka o
[HOCTYOKY W  HaYHHY BpEeOHOBAHA H KBAHTHTATHBHOM HCKa3HBaAkY HAYHYHOHCTPaKHBAYKHX
pesynrata wcetpaxupada ("CaywGenn rnacuuk Penybnuxe Cpbuje”, 6poj 38/08) za criuare
HAYYHOT 3BaHa Bumu HAYYHI Cﬂpa(}f!‘ﬂf{, ﬁiljt' OaYy4HJIA Kao Y H3pEUH OBE OJNTVKE.

JIoHOWEekEeM OBE OITYKE HMEHOBAHH CTHYE CBA IpaBa KOja MY Ha OCHOBY Fbe 10 3aKOHY
npunanajy.

O,-'J.J'l_\r’K}: AOCTABHTH MOAHOCHOUY 3aXTeBa, HMCHOBAHOM H apXHBH MHHHCTE:IpCTHLi 3a
HaVKY U TeXHOJIOIUKHM pa3Boj v beorpany.

[TPEJACEJAHHK KOMHUCHIJE
Ap Cranuncaasa Cromnh-I'pyjuunh,
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[Ipusior 1. Harpane v npu3nama












Cape3 NpoHaAasaua 1 ayTopa TeXHMUKMX yHarpehena beorpaaa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Special Recognation

CA 3JJATHOM MEJAJbOM CABE3A ITPOHAJIA3AYA BEOTPAJIA
MHCTUTYT TEXHUUYKUX HAYKA CAHY

32 HOBE TEXHOJIOTH]e

MVYJITU®YHKIIMOHAJIHA EJIEKTPOXEMUICKA REJIUIA
n
YPEBAJ 3A EJIEKTPOXEMUICKY ITPOMU3BOABY
AKTHUBHOI XJIOPA CA IEBHUM PEAKTOPOM U

[HOAXJTABHUBAILEM PEAKITMOHOI' PACTBOPA

Aytopu: Jluguja Padaunosuh, [Iparocnas Illymapan, Bpanumup I'pryp u Tomucnas
Tpuwosuh

ITPOHAJIA3AIITBO — BEOTPAJT 2008»

Bpoj: 010-08

beorpaa / Belgrade IMpeaceanmk / President

09. 05. 2008. p. Byp?ﬁnyn. VHX. MaLL.
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ITPUBPEIHA KOMOPA bEOTPATTIA

NOJEJBYJE

mp TOMUCI/IABY TPUIMOBHURY, muna. unx. rexnonornje
MHCTUTYT TEXHUYKUX HAYKA CAHY
3a IPOHANa3aK

EJIEKTPOXEMUMUICKH YPEBLAJ 3A TIPOU3BOALY 1 TO3UPAILE
NE3NMHOEKIIMOHUX CPENCTABA

octBapeH y 2004/2005. roquau
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Cape3 MpoHaAaszaya 1 aytopa TeXHMUYKMxX yHarpehena beorpaasa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Golden Plaquette

 3AATHA MNMAAKETA

JIuguja Padaunosuh, numr. ¢us. xem., mpod. 1p Mupocas
Cnacojesuh, TUIUL. UHXK., mpod. ap bpanumup I'pryp, aum.
WHXK., JoueHT ap TomucnaB TpumoBuh, JUILL. HHX.

34 [IpOHaJIa3aK

YPEBAJ 3A HCTOBPEMEHY IIPOU3BOIIHY
TO3UPAIGE CPEJCTABA 3A JE3MHO®EKIINTY
' HHAYCTPUJCKOT KAIAIIUTETA

U3NOXBA «MPOHANA3ALLUTBO — BEOIPAL 2006»

Bpoj: 039-06
Beorpaa / Belgrade - MpeaceaHuk / President

02. 06. 2006. Mp. Bypé Bopak, Avnn. MaLl. uHX.




CaBe3 NpoHaAasauya U aytopa TeXHUUkux yHarnpehewa beorpaaa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Special Recognation

CITELMJAAHO
[MPU3HAKE

CA 3JIATHOM MEJAJOM CABE3A ITIPOHAJIA3BAYA BEOTPAJIA

MHCTUTYT TEXHUYKNX HAYKA CAHY
32 HOBE TEXHOJIOTH]E

MYJITU®YHKLIMOHAJIHA EJJEKTPOXEMUICKA REJIMJA
141
VPEDBAIJ 3A EJIEKTPOXEMUICKY ITPOU3BO/IBY
AKTHUBHOTI XJIOPA CA HEBHMM PEAKTOPOM U

[MTOIXJIABUBAKBEM PEAKIITMOHOI' PACTBOPA
Aytopu: Jluguja Padaunosuh, Jparocnas lllymapan, Bpanumup I'pryp u Tomucnas
Tpuimosuh

«[TPOHAJIA3AIIITBO — BEOT'PAJ] 2008»

Bpoj: 010-08
beorpaa / Belgrade
09. 05. 2008.

Mpeaceanuk / President

Mp. by opak, AUNn. UHX. MaLL.




KEBUKEBHOCT

MY3HKA

AMKOBHO
CTBAPAAAILITBO

HOBHHAPCTBO

APYIITBEHE
HAYKE

3A OBAACT HAYKE - MPOHAAABAWTBA 5A 2004 TOA.

TTPOHAAA3ALLITBO
OBPA30BAIBE
TIO30PUILITE

OUAM
MEJUIJMHA

CIHIOPT

[IPUPOJHE
HAYKE

CTBAPAAAILITBO | i i§ pagoHaearux Ipegcegrux Cryituirure Ipegcegrux Komucuje

MAAJNUX ipaga beoipaga ipaga beoipaga e
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"MPUBPELHA KOMOPA BEOTPALA

11000 Beorpaa, KHesa Munowa 12
tenedon: 381 011/ 641-355; pakc: 642-029
UHTepHeT: www.kombeg.org.yu
NUB: 100045959

' Haw 3Hak:01-54/1 Baw 3Hak: . Beorpaa, 13.01.2006.

Postovani gospodine TriSovicu,

Zadovoljstvo nam je da Vas obavestimo da je 7Ziri za dodelu godi8njih nagrada Privredne
komore Beograda za najbolje pronalaske, tehni¢ka unapredenja i dizajnerska resenja,
doneo odluku da Vam dodeli Godi$nju nagradu Privredne komore Beograda za pronalazak
«ELEKTROHEMIJSKI UREPAJ ZA PROIZVODNJU I DOZIRANJE DEZINFEKCIONIH
SREDSTAVA».

O datumu urudenja diplome i novéane nagrade bic¢ete blagovremeno obavesteni.

Cestitamo Vam na dobijenoj nagradi i Zelimo sve najbolje u Novoj godini.

Prilog:

-Odluka Zirija
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Capes npoHaaasaya v ayTopa TexHuukux yHanpehena beorpaaa

Belgrade Assoclation of Inventors and Authors of Technical Improvements
Award Gold Medal with Nicola Tesla’s Face

3AATHA MEAAAA

CA AUKOM HUKOAE TECAE

TEXHOJIOIIKO METAJYPIIKU ®AKYJITET u3 beorpaaa
Hpod. ap Bpanumupy I'prypy, I'opany ba6uky n ap Tomucnasy Tpumosuhy
3a 06,1aCT HOBHX TeXHOJIOTHja

OCTYIIAK 3A EJEKTPOXEMUJCKY IIPOU3BO/IH:Y
IIOBHMJIOH - JOJA

«[TIPOHAJIA3AILITBO — BEOI'PA T 2009»

Bpoj 085-09
Beorpaa / Belgrade Mpeac Eqmm. ent

22. maja 2048, Mp Bypo . MHK,
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CaBe3 MpoHaAasaua 1 ayTopa TeXHUUKMX yHarpehema beorpasa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Silver Medal with Nicola Tesla’s Face

h

i

,

gp To.atweral Hpuucobeal

3A MPOHAJTIA3AK

f

i

|

YPEBAJ 3A ENEKTPOXEMUJCKY NPON3BOAHY AKTUBHOI XJTOPA

HA U3NOXBU «MMPOHANA3ALLTBO - BEOTPAA 2004»

Bpoj: 083/04
beorpaa / Belgrade

21. 05. 2004.

IMpeace \t\@ama
Mp. ._.u%o%\”_“”:? MaLll, UHX.
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Case3 npoHanasava 1 ayropa TeEXHUUKMX yHaripehena beorpasa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Bronze Medal with Nicola Tesla’s Face

)/

CA AVKOM HUKOAE TECAE

Tt omueaab T puwobule

Y OBJTACTU HOBUX TEXHOJIOTUJA

YHUBEP3AITHU YPEDHAJ 3A ENIEKTPOXEMUJCKY CUHTE3Y
CA MOOYNAPHUM PEAKTOPUMA NPOTOYHOI TUTMA

HA U3AOXEM «TTPOHANASALLTBO - BEOTPAA, 2007 »

Bpoj: 001
beorpaa / Belgrade Mpeaceanuk / President
01. 06. 2007. Mp. ._w%s:? MalLLl. VHX.
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CaBe3 npoHaAasaua u aytopa TeXHMYKMX yHarpehema beorpasa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Gold Medal with Nicola Tesla’s Face

CA AMKOM HUKOAE TECAE

M. I'Bo3nenosuh, B. I'pryp, JL Padausosuh, b. Jyrosuh, C.
Namasauh, T. Tpumosuh
MHCTUTYT TEXHAUKHUX HAYKA — CARY

U3 06J1ACTH HOBHX TEXHOJIOIU]A 32

AYTOMATCKM YPEBAJ 3A TPETMAH BOJIA ¥V XHIPOMACAKHUM KAJJAMA
41 BA3ZEHUMA CA BUIIECTENNEHUM PEBEP3HUM CTPYJHUM
PEXXKUMHUMA

«TPOHAJIA3ZAILUTBO — BEOI'PAJ{ 2011»

bpoj 72-11
beorpaa / Belgrade

27. maja 2011,

Mpeaceanu esident
Mp Bype bopax, [TUILT. MaLl. HHA




Drugi mednarodni sejem inovacij

v Sloveniji
2nd International Exhibition of Inventions
in Slovenia

organized by Inovatorski center ASI

Liubljana, May 17 to 18, 2010

GOLD PRIZE

is hereby awarded to

dr. TOMISLAV TRISOVIC

for the invention

AUTOMATIC DEVICE FOR PHOTOCATALYTICAL AND
ELECTROCHEMICAL DRINKING WATER TREATMANT

Ljubljana, May 18, 2010 Tomaz Pevc,
director

Sy




Prvi mednarodni inovacijski sejem

v Sloveniji
1st International Exhibition of inventions
in Slovenia

Organizator / organized by: iInovatorski center ASI

Celje, 9.-16. september / September 9 to 16, 2009

SREBRNA MEDALJA
SILVER PRIZE

Prejme jo inovator
is hereby awarded to
dr. Tomislav Trisovic¢

Za inovacijo
for the invention
MULTIFUNKCIJSKA NAPRAVA ZA FIZIKALNO-
KEMICNO OBDELAVO VODE

Celje, 15.9.2009 Tomaz Pevc,
direktor ASI
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THIS DOCUMENT IS TO CERTIFY THAT
Dr. T. Trisovié¢

IS AWARDED THE ASSOCIATION OF HUNGARIAN INVENTORS’

GENIUS MEDAL

FOR THE INVENTION

Automatic device for photocatalytical and
electrochemical drinking water treatment

92" INTERNATIONAL INVENTION EXHIBITION — LJUBLJANA

ON THIS 18™ DAY OF MAY IN THE YEAR OF 2010

Q 3 / Q/“/
GYORGY GAL

MEMBER OF PRESIDIUM
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Ph.D.Tomislav Tri§ovié, M.Sc. Goran Babi¢
Prof Ph.D.Branimir Grgur, Prof. Ph.D. Hans
Peter Karnthaler, M. Sci. Lidija Rafailovic

30 BbICOKMM HOYHYHO-TEXHUYECKUIM YO OBEHbD
PA3PABOTKM, NPEACTABAEHHOM HA
MeXAyHapoAHoOM BbicTaBke uzobpeTeHuin "GENIUS”

r. bByaaneLur, BeHrpus, HOs6pb 2007 T.

,
o
_
/

3amecTuteAb MUHMCTPG OBPA30BAHMS PpuraAdHOB B.H.

1 HOYKKW Poccumckon Peaepauim



THE GENIUS - BUDAPEST - THE INNOVATION BRIDGEHEAD

DIPLOMA

This document is to certify that during the
GENIUS-BUDAPEST International Inventions

Fair out of 300 items from 20 countries

GENIUS - BUDAPEST

International Invention Fair

Lidija Rafailovic, Dr. Miroslav Spasojevic,
Dr. Branimir Grgur, Dr. Tomislav Trisovic

SYSTEM FOR ELECTROCHEMICAL PRODUCTION AND
DOSING ACTIVE CHLORINE HIGH CAPACITY

is awarded this prestigious

GENIUS MEDAL

On the 11" day of September in the year of 2006
Budapest, Hungary
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Dr. Szantay Csaba Dr. Vedres Andras
- President Secretary General
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4. medunarodna izlozba inovacija,
novih ideja,
proizvoda i tehnologija

dodjeljuje se

POSEBNO
PRIZNANJ E Trisovic T. dr. et al

Modular eletrochemical
generator

! Predsjednik Udruge inovatora Hrvatske
Zagreb, rujan 2006. dr..sc. Stanislav Cajavec

AR i

HRVATSKA UDRUGA = &

ol INOVATORA @ Zagrebatki
~4 [

KULTURE HRVATSKE <& Velesajam
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Cape3 npoHaAasaya 1 ayTopa TeXHMUKMX yHarpehena beorpasa

Belgrade Association of Inventors and Authors of Technical Improvements .
Award Gold Medal with Nicola Tesla’s Face _

CA AVKOM HUKOAE TECAE

gp Ho.ucealb Hpuwiobele

3A NMPOHAJIA3AK
MOOYNAPHU NMPOTOYHU ENNEKTPOXEMWUJCKU PEAKTOP

HA U3NOXBU «MMPOHANA3ALLTBO - BEOIPAA 2005»

Bpoj: 086/05
Beorpaa / Belgrade IMpeaceAHUK ,\\Wmmmn_oi
A
27. 05. 2005. Mp. d%n”mx. OUnm. MaLl. UHX.




POSLOVNO-TEHNOLOSKI INKUBATOR
TEHNICKIH FAKULTETA BEOGRAD

POVODOM PET GODINA USPESNOG RADA

@/&/mfw
e

Uspesan transfer znanja iz istraZivanja

____ipokretanje proizvodnje =

- AQUA Crystald.oo.

........

POSLOVNO-TEHNOLOSKI

INKUBATOR

TEHNICKIH FAKULTETA - seograd .0.0.



CNMATYVM

Cojy30T Ha MpOHAO'ayATe ¥ aBTOPUTE Ha TCXHUYKHUTE YHAIPETyBarba Ha
Maxenonuja

Hooeaysa:

3JATEH MEJAI

Ha

/

1-p TOMUCIIAB TPUIIKOBUK

NucTuTyT TexHnukux Hayka CAHY
beorpan

Ha 25-ra VIHTepHal[MOHaTHA U3JI0K0a Ha POHAI0LH, TEXHUUKH YHANPEyBarba,
HOBM IIPOM3BOJIM ¥ TBOPEUITBO Ha MIafu

“MAKHNHOBA 2005

1980 2005

3a UPOHAJOOKOT:

Eaexiupoxemucku ypeo 3a upou3éo0cueo
HA AKWUGEH XA0D

[peiticeoaiiien
ipog. 0-p I\{I_%To 3maTaHOCKU

= A
#7

Croiije, 18-23.10.2005 2.
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CaBes nNpoHanasaya U aytopa TeEXHMYKMX yHanpehema beorpaaa

Belgrade Association of Inventors and Authors of Technical Improvements
Award Gold Medal with Nicola Tesla’s Face

3SAATHA MEAAMDA

CA AMUKOM HUKOAE TECAE

Aytopu:Tomucnas Tpumosuh, bpanumup Jyrosuh, Musuna
I'sosaenoBuh, JInauja Padpaunosuh, bpanumup I'pryp,
AQUA CRYSTAL DOO - BEOI'PAJ
U3 00J1aCTH NPOHAJIa3aKa 32
3a (for)

CHUCTEM 3A AYTOMATCKY AE3UH®EKIIHJY BOJE YIIPAB/bAH
NMOTEHIIUOMETPHUCKOM EJIEKTOJIOM
'HE SYSTEM FOR AUTOMATIC WATER DISINFECTIONS DRIVEN BY THE
POTENTIOMETER ELECTRODE

LJIPOHAJIASAIIITBO — BECI'PA/T 2013

Bpoj 038-16

beorpaa / Belgrade
29. maja 2013.
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Poslovna
Savrsenost

@rz@jfz'c@%

Tomislav Trisovic

pohadao/la je i uspesno zavrsio/la kurs

Marketing na internetu

U Beogradu 27.09.2013. godine

. < Miroslev Ze11& PR

AGF}‘% IALAABE . LAV,

4 :L}ms ‘H&i";"?"i’ (¥4

SEOGRAD[RAKOWCA]



IIpuior 2: PenieH3uje npojekara 3a
MuHHUCTApCTBO NPOCBETE HAYKE U
TEXHOJIOIIKOT pa3Boja









YHUBEP3UTET Y KPAI'YJEBIY
TEXHUYKH OAKYJITET

bpoj LXIV -916/16

5. 0S. 2010. roa.

JYAYAK

Ha ocuoBy wmama 77. Craryra Texuumukor ¢axynrera, wi. 20. IlpaBunamka
0 ygOeHMIMMAa W JpPYrMM HACTaBHHM myOiukauujama 6p. XXIV-1600/15 ox 9. jyma
2008. roxm., ma mpemmor Karempe 3a mexarponuky 6p. 923. om 4. maja 2010. rox.,
Hacrasno-nayuno Behe, Ha cetauium oxpsxanoj 5. maja 2010. rox., JoHeNO je

O LAY K'Y
0 MMEHOBAlby peLieH3eHaTa

Hmenyjy ce pemeH3eHTH 3a TEXHUYKO pememe noj HasuBoM ''TloGosbmana
TEXHOJIOrHja 3a cymeme Boha u noBpha eHeprercke epUKaCHOCTH H 3aIITHTE KUBOTHE
cpeanHe'’, a HAcTaJo je Kao pe3yNTaT paja Ha MpojekTy "Pa3Boj M IMpUMeEHa JTOTHCTHYKHX
cucteMa 3a Kopumheme OHOMaca M OTHAJHOT JApBETa Kao eHepreHara y aoMahmHCTBHMa
y ungyctpuju", unju je ayrop ap Cpehxo hypunh, sanp. npod., Texunuxu paxy.rer,
Yayaxk, y cienehem cacrasy:

1. Ap Pagomup CreBanoBuh, fouenrt, ArpoHoMcku ¢akynrer, Yagak,
Hay4Ha obnacT: mxemepcku nporecy,
2. ip Tomucnap Tpumosuh, nouensr, Arponomcku pakynrer, Yauax,
Hay4Ha o6nacT: VH)XemepcKu MpoLecH.

JocraBuTu:
- AIMECHOBAaHUMa,
- ayTopy,
- apxuBu HHB.
AJEKAH
TEXHUYKOI' ®AKVYIITETA

—===L]Ipod. np JepocnaB M. XXusanuh, qumi. uHX. €.
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HHCTHTYT 3 A
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Hg/ 2 A JTTTJ: m'—rrrrrrr I" I
/, {6 :ﬁﬂfﬁa ; . w. i {rarme r‘rf rfr CHITTIIT
INSTITUT ZA VOQ&RSTVO —~CACAK S NaSS

FRUIT RESEARCH INSTITUTE — CACAK

Ha ocHoBy unana 59 3akoHa 0 HayyHoucTpaxusaukoj aenatHoctd (Cin. I'macuuk PC
6p. 110/05), unana 36 Craryra HMucturyra M [lpaBuiHMKa O MOCTYNKy M HayuHy
Bpe/HOBaWka, M KBaHTUTATMBHOM MCKa3MBalky HAyYHOUCTPAKMBAUKMX pe3y/TaTa
ucrpaxkuBaua (Cn. I'macuuk 6p. 38/2008) — Ilpunor 2, Hayuyno Behe MHcrutyTra 3a
BohapcTBo Ha penoBHOj 22. ceauuuu o 1. 03. 2010. roguse je noneno cueaehy

ONJIYKY

IIOKPERE CE noctynak BepudHKaluuje Hay4HOMCTPa)KMBA4yKOr  pesyjrara
ocrapeHor Ha IIpojektry MwunucTrapcTBa 3a Hayky M TexHosowku passoj PC, TP -
20013A — Cmeaparve u npoyuasarse Hoeux 2eHomunosea eéohaxa u yeolerve cagpemenux
buomexnonozuja 2ajersa u npepade eoha: ,BuieciiojaH NPOCTPYjHH Moaea 3a
HCIHTHBabe mpoueca cymema Boha - umubuBe™, y OokBHpYy Kateropuje Hoeo
excnepumenmanto nocmpojeroe (M83).

3a eBanyanujy pe3ynTara npesiaxy ce peLeH3eHTH-eKCIepTH:
1. nou. ap Tomucnas Tpuwmosuh

2. nou. ap Papomup CreBanoBuh

B. A. npeacentuka Hayusor Beha

ap Byphuna Pyxuh

Duwe”  perdus

JlocTaBsbeHO:
- AyropuMma pesynrara,
- Peuensenruma,
- Apxusu HB.

32000 Cacak, Srbija. Kralja Petra I, br. 9; Tel: 032/221-375, 221-413, Fax: 032/221-391; Direktor: 032/222-625; Prodaja sadnica i voéa: 032/228-125;
Komercijala: 032/225-457; e-mail: institut-cacak@eunet.yu
32000 Cadak, Serbia, Kralja Petra I 9; Tel: +381 (0) 32 221 375, 221 413, Fax: +381 (0) 32 221 391; Director: +381 (0) 32 222 625; Sale of Nursery Stock,

Fruit: +381 (0) 32 228 125: Commercal Office: +381 (0) 32 225 457; e-mail: institut-cacak@eunet.yu




IIpunor 3: YnaHCTBO y KOMHUCH]aMa 3a
TUILIOMCKE U MacTep paJioBe



YHUBEP3UTET V KPAI'VJEBIY
AI'POHOMCKHU ®AKVIITET ¥V YAYKY

Jlana 03.10.2014.roguxe

Cnucak cTyneHaTa OCHOBHHX aKaJIeMCKHX CTyAHja KoJ Kojux je ap Tomucnas
Tpumosuh 610 MEHTOp AMIIIIOMCKOT (3aBpIIHOT ) paja

Crynent

Hacnos pana

Jlatym onbpane

1. Mapuja C. UBopoBuh

«TexHonoryja MpoU3BOIHE
M cMp3aBama JomMahux nura
y XJiaamadyd MopasHia»

12.11.2007.rom.

2. Jacmuna M. Josanosuh

«TexHoIOTHja MPOU3BOAIE
H CMp3aBama MeIHBa y
XJaamadyn-MoopaBuiay

05.05.2008.roz.

3. Jlanunua M. [Tomaguh

« UHayCcTpHjCKH HAaYuH
IPOU3BOABE 3aMP3yTOT
TeCTay

26.04.2013.rox

Cnucak cTyaeHaTa OCHOBHHUX aKaJeMCKHX CTyaHja KO Kojux je ap Tomucnas
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ZAPISNIK

O ODRZANOJ JAVNOJ ODBRANI
MAGISTARSKE TEZE

Dana 13.05.2008. odrzana je javna odbrana magistarske teze magistranta

ALEKSANDRE B. PETROVIC, dipl. inz. pod nazivom: ,,UTICAJ
GVOZPA NA ELEKTROHEMIJSKE KARAKTERISTIKE NIKAL-OKSIDNE
ELEKTRODE KADMIJUM/NIKAL-OKSID AKUMULATO

Po zaklju¢enju javne odbrane utvrduje se da je ALEKSANDRA (Borivoje)
PETROVIC, dipl. inz. odbranila magistarsku tezu.

Beograd, 13.05.2008. KOMISIJA
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3. Dr Snezana Goj ¢, red. prof. TMF
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ZAPISNIK

sa odbrane doktorske disertacije  Mr BRANIMIRA JUGOVICA

Komisija za odbranu doktorske disertacije Mr Branimira Jugoviéa odredjena na sednici Nastavno-
nauénog veca TehnoloSko-metalurskog fakulteta u Beogradu odrzanoj dana 17.07.2008. godine u sastavu:

1. Dr Branimir Grgur, van. prof. TMF

2. Dr Miodrag Maksimovi¢, red. prof. TMF

3. Dr Jasmina Stevanovi¢, naucni savetnik IHTM, Beograd

4. Dr Tomislav TriSovi¢, nauéni saradnik ITN-SANU, Beograd

sastala se nadan 25.12.2008. godine u 16,00 sati i konstatovala sledece:

1

. Na temu koju je predlozilo NNV TMF-a na svojoj sednici od _ 21.10.2005. godine Vece naucnih

oblasti Univerziteta je dalo saglasnost na sednici od  26.01.2006. godine ¢ime je Mr Branimiru
Jugovicu odobrena izrada doktorske disertacije pod nazivom:

»ELEKTROHEMIJSKI IZVORI ENERGIJE SISTEMA
METAL|ELEKTROPROVODNI POLIMER NA BAZI VODENIH RASTVORA*

. Veée Tehnolosko-metalurskog fakulteta na sednici od 17.07.2008. godine imenovalo je Komisiju za

ocenu i odbranu doktorske disertacije Mr Branimira Jugoviéa u sastavu:

1. Dr Branimir Grgur, van. prof. TMF

2. Dr Miodrag Maksimovi¢, red. prof. TMF

3. Dr Jasmina Stevanovi¢, nau¢ni savetnik IHTM, Beograd

4. Dr Tomislav TriSovi¢, naucni saradnik ITN-SANU, Beograd

. Vece Tehnolosko-metalurskog fakulteta na svojoj sednici od 25.09.2008. godine prihvatilo je Izvestaj o

oceni doktorske disertacije Mr Branimira Jugovi¢a i donelo odluku da se izvestaj sa primerkom

disertacije stavi na uvid javnosti, a po isteku roka od 30 dana, dostavi na saglasnost Vecu nauénih
oblasti Univerziteta.

. Vece naucnih oblasti Univerziteta, na sednici odrzanoj 27.11.2008. godine donelo je odluku kojom

se daje saglasnost na izvestaj o uradjenoj doktorskoj disertacije Mr BRANIMIRA JUGOVICA pod
nazivom: ,, ELEKTROHEMIJSKI IZVORI ENERGIJE SISTEMA
METAL|[ELEKTROPROVODNI POLIMER NA BAZI VODENIH
RASTVORA®, ¢ime su se stekli zakonski uslovi da se doktorant pozove na javnu odbranu svoje
doktorske disertacije.

Javna odbrana disertacije zakazana je za 25.12.2008. godine u 16,00 sati u Sali za sednice
Tehnolosko-metalurSkog fakulteta.

Clanovi komisije pred kojom se vrdi odbrana disertacije odlugili su da odbrani predsedava
Dr_Branimir Grgur

Predsednik Komisije, Dr Branimir Grgur u zakazano vreme otvorio je sednicu, izneo biografske podatke
o doktorantu i njegovoj dosadasnjoj nauc¢noj i stru¢noj delatnosti, pro¢itao spisak objavljenih i saopstenih
radova kao i odluke Veca Tehnolosko-metalurikog fakulteta koje su se odnosile na prijavu, ocenu i
odbranu disertacije. Zatim je pozvao Mr BRANIMIRA JUGOVICA da pristupi izlaganju svoje
disertacije.




Doktorant je izneo bitne postavke doktorske disertacije, ciljeve i puteve reSavanja postavljenih problema,
izneo do kojih je zakljucaka doSao na osnovu izvrienih merenja, eksperimentalnih i teorijskih ispitivanja.
Na osnovu izvedenih zakljucaka doktorant je pokazao da ova doktorska disertacija predstavlja originalan
doprinos nauci.

Po zavrSenom izlaganju doktoranta ¢lanovi Komisije su izneli svoje ocene disertacije i postavili doktorantu
pitanja u vezi sa obrazlozenjem i odbranom nauénih postavki iznetih u disertaciji. Na sva postavljena
pitanja doktorant je dao konkretne odgovore koje su ¢lanovi Komisije u potpunosti prihvatili.

Posle javne odbrane Komisija se povukla da bi razmotrila i prodiskutovala izlaganje doktoranta, odgovore i
odbranu disertacije. Razmotrivii sve c¢injenice, Komisija je donela jednoglasno odluku da je Mr

BRANIMIR JUGOVIC odbranio svoju doktorsku disertaciju sa temom: ,ELEKTROHEMIJSKI
IZVORI ENERGIJE SISTEMA METAL|ELEKTROPROVODNI POLIMER NA

BAZI VODENIH RASTVORA® i time stekao pravo na promociju u nauéni stepen DOKTORA
TEHNICKIH NAUKA iz oblasti: HEMIJA I HEMIJSKA TEHNOLOGIJA.

Predsednik Komisije Dr Branimir Grgur javno je sag odluku Komisije pred kojom je doktorant
odbranio doktorsku disertaciju i zaklju¢io zasedanje u sati.

U Beogradu, 25.12.2008. godine
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[Ipumor 5. /loka3 0 aHTa)KOBamwy Ha
ArpoHoMcCKOM (pakyarety y Hauky

(YuuBepsureT y Kparyjepiy)



YHUBEP3HUTET ¥ KPAT'YJEBIY
ATPOHOMCKH ®AKVYJIITET
Bpoj: 39411
Yawyak,23.02.2011.roa.

Ha ocHoBy un. 65. 3akoHa o BHcOkoM oOpasoBamy, 4. 30. u 33. 3akoHa o pany (Cin.riacHuK
PC 6p. 24/05 1 61/05), un. 3. TloceGHOr KoJIeKTHBHOT YroBopa 3a BUCOKO 0Opa3zoBame (CI.riacHuk
PC 12/09) u un. 8. IlpaBunnuka o pany 3akibydyje ce

¥TOBOP O PALY
N3MEBY
1. Arponomckor daxynrera y Hauky, Yuusepsurera y Kparyjesity, kora 3actyna aekad, npod.ap
Mupocnas Cnacojesuh ¢ jeane crpaue u
2. np Tomucnas Tpumosuh, ca npebusanumrem y Beorpany, Vi.Mupnjescku BeHan Op. 6/22,
10 3aHUMamy HOKTOp TEXHHYKHX Hayka, C ApYyre CTpaHe.
Unan 1.

VroBopHe cTpaHe KoHcTaTyjy Aa je ap Tomucnas Tpuwosuh, omrykom CtpydHor seha 3a
TEXHHYKO-TEXHONOIKe Hayke YHuBep3uteta y Kparyjesiy 6p. 28/5 oa 12.01.2011.roaune, n3abpana
y 3Bame BaHpeAHH npogecop 3a yKy Hayyny obGnact: MHKemepcKH nNpouecH €a HemyHuMm
pagHum BpemeHoMm oa 20%, Ha nepHoOJ OJ MET roAHHA.

Unan 2.
3anocnenu uma VIII crenes cTpyuHe cnpeme ¥ MO 3aHHMamy je JOKTOP TeXHHYKHMX HaykKa.
Hnan 3. :

3anocnesu he obaBsbatH NOCNIOBE BaHpeAHH Mnpodecocp 3a YKy HayuHy objact:
Hnxkemepekn npouecH, yrphene IlpaBHIHHKOM O cHcTeMaTH3alMjd IOC/IOBAa M PagHMUX 3ajaraxa
3anocyieHuX Ha ArpoHoMcKoM (akynrety y Hauky.

HWmenoBanu he obasmaTh mocioBe M3 cTaBa 1. Ha ArpoHomckoM ¢akynrtery y Yauky,

yn.llapa lymana 6p.34.

Unaw 4.
H36op y 3Bame W 3acHMBame palHOr OjgHOca Ha oapeljeHo Bpeme, Ha mepHoa oA met
roanHa, 3a uMeHoBaHor Tede oa 23.02.2011. roa. go 22.02.2016.ronuxe.
Unan 5.
3anocnena je Iy)Ha Jia CTYIH Ha paj faHa 23.02.2011.roaune.
tnan 6.
3anocneHH 3acHHBA paJHH ONHOC Ca HEMyHHM paJHWUM BPEMEHOM, OJHOCHO ca paJHHUM
BpemeHoM of 20%, mTo nHeBHO W3HOCH 1,6 yacoBa WK 8§ 4acoBa HeJEJbHO.
Unan 7.
3anocneHoM ce yTBpljyje OCHOBHa 3apaja 3a MocloBe koje obaBiba y BuCHHH ofl 14.565,20
nuHapa y 6pyTo m3nocy (3a 20% paaHor Bpemena), a ofpauyHaBa ce mo koeduuujenty 28,01
ytephenum Ypenbom o usmenn Ypenbe o HOpMaTUBHMa M CTaHAapIyMa YCJIOBa pajia YHUBEP3UTETA U
(pakynTera 3a enaTHOCTH Koje ce ¢uHaHcupajy n3 6yuera (Cn.rnacHuk PC 6p. 110/07) .
3apajty 3amoC/IeHOr YMHM 3apaja Kojy 0cTBapH 3a 00aB/beHH Paj H BpeMe NPOBENEHO Ha Pany,
yeehaHa 3apajia, HakHaja 3apajie W ocTana npumasa. ITo ocHOBY MHHYJIOr pajia 3apaja ce ysehasa 3a
0,4% 3a cBaky HaBplleHY TOAMHY PaJHOT CTaxa..
3amocieHn MMa NpaBo Ha HAKHAMy IMyTHHX TPOLIKOBA M MPaBo Ha Apyra MpUMarmka Y CKiamy ca
3aKOHOM 0 pajy, KONeKTHBHHM YroBopoM U IIpaBHITHHKOM 0 paiy.
Unan 8.
daxynTeT MOJe 3aTOCIIEHOM Jla 0TKAa’ke YrOBOP 0 paay ako 3a TO MOCTOjHU ONpPaBJaHK pasyior
KOjH ce OJJHOCH Ha paHy cocOOHOCT 3aTl0C/EHOT, BEeroBo NoHalnawmke M norpede daxynrera,  TO:
1. ako je yTBpljeHO 1a 3amociieHy He OCTBApyje pe3y/TaTe pajaa, OJIHOCHO /la HeMa noTpebHa
3HalkAa M cnocoGHOCTH 32 N0CNIOBE Ha KOjUMa paju;
2. aKO HE MOLUTYje pagHy AHCLHILIHHY: HEONPaBJaHO Y3acTONHO M30CTajame ca pafa 3 paaHa
JlaHa MIM 5 pajlHiuX JlaHa ca MpeKHIUMa Y TOKY TPW Mecella, 3aKallllbaBa Ha I10ca0 WM HalyliTa paj
TIpe Kpaja pafHOT BpeMeHa, ako je Ha OJICYCTBY WM TOIWIIkeM oIMopy 6e3 pemema M Jp.; OAHOCHO
AKO0 je HeroBo mNoHAallaWke TaKBO [a He MOXe Ja HacTaBu paa Ha PakynTeTy M TO: OMETame
3amocieHHX Ja pale, Tyda, calja, Joa3ak Ha mocao y MHMjaHOM cTamwy, ynoTpeba ajnkoxosa 3a Bpeme
Paja ITo je NOBEO 0 MHjaHCTBA, CAMOBOJBHH MPEKHI paja M ap.;
3. aKo 3amocieHH CBOjOM KPHBIILIOM YYHHH MoBpeay paiaHe obasese yrephene ITpasunnukom

0 pamy, H To:



* HEM3BpILABake WM HecaBecHO, HeOIaroBpeMeHo W HeMapHO U3BpIIaBame pagHHX 00aBesa,

* aK0 HE3aKOHHUTO pacrioiaxke cpecTBuMa PDaxynrera,

* @KO TOBpEIH MpOIHWCE O 3alITHTH OJ MOXKapa, eKCIUIO3Hje, eeMEHTAPHMX HEIOroaa M APYrux
IITETHHX [eJI0Bamka, Kao U HeNpHuap:KaBarka Mepa o 6e30e[JHOCTH W 3/lpaBjby Ha pany,

* ako 3noynoTpebu pagHy obase3y y HamepH ja 3a cebe wiy apyror npudaBy MIMOBHHCKY KOpHCT Behe
BpensocTH (npeko 30.000 muHapa), OIHOCHO CBaKO APYro HE3aKOHWUTO M HeoBjalnheHO NoHallame
ca HaBeJIeHOM HaMepoM,

* W3a3MBake HANWOHAIHE WM BEPCKE HETPNEJbMBOCTH OpPraHW30BAKEM CTYAEHATa y MOJMTHYKE
CBpXEe,

* HEOCTBapHBamke HACTaBHOT MUIaHa U nporpama daxynrera ,

+ on0Wjame M3BpIUABama IOCIOBA WIM PAaIHHX HANOTA AeKaHa WM MpoJeKaHa, ako 3a TO He I0cToje
onpapiaH# pa3io3H,

* JaBame HeTaYHUX MoJaTaka, ako je To O6mno oj OuTHOr ymua_]a Ha OOHOIIEHkE OMIyke Ha
®daxynrery,

* aKo 310ynoTpebu 1mosoxkaj ¥ npekopadu opnamhemna,

* aKo 0J1a NOCIIOBHY, CIyXOeHy WK IpYTy TajHY YTBpheHy 3aKOHOM HITH OMIITHM akToM PakynTeTa,

* QKO HELENHCXOTHO W HEOATOBOPHO KOPHCTH CPEICTBA paja,

* aKO NPOHEBEPH WK YKpazie HMOBUHY DaKkynTeTa,

* HeopnamheHa TIOC/TyTa CpeICTBAMA IIOBEPEHHM 3aTI0C/IEHOM 3a 06aBbame nocIoBa,

* HEOTIpaBJaHO HENPHCYCTBOBakE CeIHMIaMa oprana Pakynrera,

4. ako y4YMHU KPHBHYHO [I€10 Ha paly U Y BE3H ca pajioM;

5. aKo ce 3amocleH He BpaTH Ha paj Ha DaxynTer y poky of 15 naHa of naHa ucTeka poka
3a HerwtalieHO OZICYCTBO HMJIH MUpOBame pagHOr 0JHOCca y cMuUcTy oBor ITpaBuiHuKa;

6. aKo 3anocieHd 370yNoTpedH MPaBo HAa OACYCTBO 300r MPHBpEMEHe CIPeveHOCTH 3a
pan;

7. ako 3amocneHH onfMje 3aK/bYYHBAH€ AaHeKca YroBopa o paay, y clyyajeBuma

TIPOITHCAHHM 3aKOHOM,

8. ako ycrnen TEXHOMOMIKHX, eKOHOMCKHX HJIH OPraHW3allHOHUX IPOMEHa MpecTaHe norpeba
3a obaBmbameM onpeljeHor nocna win gohe 1o cMamema 00HMa rocna.
Unaw 9.
IMocnopasan je myxaH na obe3benu Ge3bemHOCT M 3alUTHTY 3[paBJba Ha pafy y CKIamy 3a
3aKoHOM 0 pamy, ApYTHM 3aKOHOM H OTIIITHM aKTOM.
3anocinenH je ay)kaH [a ce NpHApKaBa MPOMHCAHUX Mepa 3alliTHTE Ha pajy.
Ynan 10
ITocnonasan ce obase3yje na GnaropeMeHo ymiahyje ZONPUHOCE 3a NMEH3U]CKO, HHBAIHMACKO
¥ 3[PaBCTBEHO OCHTYpame Yy CKIAmy ca 3aKOHOM.
Unan 11.
3anocrieHy W MOCIoAaBall IPUXBaTajy 1a ce Ha CBa Npasa, obaBe3e U OATOBOPHOCTH KOja HHCY
ytepheHa oBEM YTOBOpOM, IpUMemYjy oarosapajyhe oapesnbe 3akoHa o pajy, KOIEKTHBHOT yroBOpa
u [lpaBunnnka o pamy.
Unan 12.
INocnopagar je DyxaH [a 3allOC/IEHOM Y ClIydajy MOBpeje Ha pajy WM INTETE HAa pagy WiK y

BE3M ca pajioM, HaJOKHA/IM MTETY y CKiaiy ca onpeadbaMa 3aKoHa.

Unan 13.
Csaka OJI YrOBOPHHX CTpaHa MOKe Jia OTKa)ke OBaj YTOBOp IOJ YCIIOBHMA H Y CITy4ajeBuMa
yTBpl)eHHM 3aKOHOM H OIIITHM aKTOM.
Hnan 14..
Osaj Yroeop cauMieH je y 4 UCTOBETHa NpHMepKa O] KOjHX CBaka YroBOpHa CTpaHa
3ajpaBa 1o 2 npuMepKa.

V Yauky, nana 23.02.2011.r

"*W
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YuusepsuteT y Kparyjesuy
Arponomeku Pakyarer
Yauak, Cpouja

University of Kragujevac
Faculty of Agronomy
Cacak, Serbia

Yuupepcurer B Kparyesue
ArpoHomuyeckmuii pakyabTer
Yayak, Cepbusn

Université de Kragujevac
Faculte des sciences agronomiques
Catak, Serbia

. ili_apa ,ﬂymaﬁa 34, 32000 H:E:illaK;, Cpiﬁnja;;'
Cara Dugana 34, 32000 Catak, Serbia
_Ten/Tel: +381 32/30 34 00 uam/or +381 32/30 34 10 Fax: +381 32/30 34 01 www.afc kg ac.rs, afdekanat@kg.acrs

Jarym 10.10.2014. rogune
bpoj 2229/1
IlorBpaa

kojom ce norsphyje na je np Tommcnap Tpumosuh nusajuwpao mer amaparypa 3a
ekcrnepuMeHTanHe BexOe u3 Tepmonunamuke u Texnonoruje xnahemwa. To cy:

1. Anmapatypa 3a Mepeme XHAPOCTATHYKOT IPUTHCKA,

2. Anapatypa 3a IpOU3BO/IbY Ae3HH(HIHjeHCa — aKTHBHOT XJI0pa,

3. Amaparypa 3a opehuBarme 3aITHBEHOCTH KOMOPE,

4. Anaparypa 3a IEeMOHCTpaIlijy OCHOBHHX €JIeMeHaTa PacxjaqHe HHCTANAIH]e,

5. Anapatypa 3a Mepere BIaXXHOCTH Basyxa.

HOTBp)Ia ce m,u;aje Ha JIMYHH 3aXTEB Ka0 JTI0Ka3 0 pealli30BaHUM aKTHBHOCTHMA.

C noluroBamem,

MckH pakyarer y Hauxky
Hexan

o¢. n1p Baagera Cresosuh
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1 PRILOG 2/PRILOGA 2
Odobreni projekti izmedju Republike Srbije i Republike Slovenije za 2012-2013
2 Sprejeti projekti med Republiko Slovenijo in Republiko Srbijo v letih 2012-2013
Naslov projekta v slovensg¢ini Naslov projekta na srpskom jeziku Evidencioni broj projekta Naziv raziskovalne organizacije v Sloveniji
3
1|Ohranjevalci, razli¢ne operatorske in matri¢éne Oc¢uvanja i razne operatorske i matriéne jednacine [451-03-1251/2012-09/01 Institut za matematiko, fiziko in mehaniko
4 enacbe ter njihova uporaba sa primenama
2|Sréna funkcija in natriuretiéni peptidi pri bolnikih z |Sréana funkcija i natriuretski peptidi u bolesnika sa|451-03-1251/2012-09/02 Bolnisnica Golnik, Kliniéni oddelek za plju¢ne
akutnim poslabSanjem KOPB akutnim pogor8anjem hroni¢ne opstruktivne bolezni in alergijo
5 bolesti plu¢a
3|Spektroskopija in hitra sen¢na fotografija lasersko |Spektroskopija i brza fotografija senke laserski 451-03-1251/2012-09/03 Univerza v Ljubljani, Fakulteta za strojniStvo
6 povzrocene plazme uzrokovane plazme
4]ldeje o Evropi in evropeizaciji v primerjalni Ideje o Evropi i evropeizaciji u komparativnoj 451-03-1251/2012-09/04 Znanstvenoraziskovalni center Slovenske
perspektivi: Slovenija in Srbija perspektivi: Slovenija i Srbija akademije znanosti in umetnosti
7
5| Visoko energijski ortosilikatni katodni materiali za |Visoko energijski ortosilikatni katodni materijali za |451-03-1251/2012-09/05 Kemijski institut
8 litijeve ionske akumulatorje litijum jonske
6| Oblikovanje nanostrukturiranih multifunkcionalnih  |Nanostrukturno dizajniranje vi§efunkcionalnih i 451-03-1251/2012-09/06 Institut "JoZef Stefan"
in sintranih funkcionalno gradientnih elektri¢nih in |sinterovanih funkcionalno gradijentnih elektriénih i
bioloskih materialov bioloskih materijala
9
7|Umetnostna izmenjava in ustvarjanje Umetni¢ka razmena i kreiranje jugoslovenskog 451-03-1251/2012-09/07 Znanstvenoraziskovalni center Slovenske
jugoslovanske identitete v vizualni kulturi 1848- identiteta u vizuelnoj kulturi od 1848-1990: Srbija- akademije znanosti in umetnosti
10 1990: Srbija-Slovenija/Slovenija-Srbija Slovenija/Slovenija-Srbija
8|Radonski indeks v zdravilis¢ih in Radonski indeks pojedinih banjskih lecilista i 451-03-1251/2012-09/08 Institut "Jozef Stefan"
speleoterapevtskih centrih v Sloveniji in Srbiji speleolosko-terapijskih centara u Sloveniji i Srbiji
11
9|Narec¢na leksika srbskega in slovenskega jezika - |Dijalekatska leksika srpskog i slovenackog jezika [|451-03-1251/2012-09/09 Znanstvenoraziskovalni center Slovenske
12 komparativni aspekt — komparativni aspekt akademije znanosti in umetnosti
10| Uporaba umetne inteligence pri trajnostnem Primena vestacke inteligencije u odrzivom razvoju |451-03-1251/2012-09/10 Univerza v Ljubljani, Fakulteta za strojnistvo
13 razvoju obdelovalnih postopkov
11|Sistem evalvacije vernakularne arhitekture JV Sistem evaluacije vernakularne arhitekture na 451-03-1251/2012-09/11 Univerza v Ljubljani, Fakulteta za arhitekturo
14 Evrope: sistem, dokumentiranje, znanstvena teritoriji jugosto¢ne Evrope Sistematizacija,
12|Raziskovanje regionalne strukture slovenskih in Istrazivanje regionalne strukture pogranicni 451-03-1251/2012-09/12 Univerza v Ljubljani, Filozofska fakulteta
srbskih obmejnih obmodcij s Hrvasko in Madzarsko |podrucja Slovenije i Srbije prema Hrvatskoj i
15 Madarskoj
13|Jadransko-balkanska regionalna povezava: Mreza zemalja Adria-Balkan regiona: Smanjenje |451-03-1251/2012-09/13 Univerza v Ljubljani, Fakulteta za gradbenistvo
blaZenje ogroZenosti druZzbe in okolja s plazenjem [rizika od kliziSta i uticaja na drustvo i okolinu in geodezijo
16 tal.
14| Problematika raziskovanja, soo&enja in Problematika raziskovanja, soo€enja in 451-03-1251/2012-09/14 Univerza v Ljubljani, Filozofska fakulteta
vrednotenja komunistiéne zapuscine / Izkusnja vrednotenja komunisti¢ne zapus&ine / I1zkusnja
17 Slovenije in Srbije Slovenije in Srbije
15| Antioksidativni in antiapoptoti¢ni ucinek ekstrakta |Anti —oksidativni i anti-apopti¢ni efekat ekstrakta [451-03-1251/2012-09/15 Univerza v Ljubljani, Biotehniska fakulteta
18 borovnic (Vaccinium myrtillus L.): in vivo terin borovnice (Vaccinium myrtillus L.): in vivo i in vitro
16|Potencialni zdravstveni ucinki funkcionalne hrane |Potencialni zdravstveni benefit funkcionalne hrane [451-03-1251/2012-09/16 Univerza v Mariboru, Medicinska fakulteta
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na bazi depurizirane sirotke

bazirane na depurinizovanoj surutki




F G H I J K L

1
2

Ime in priimek Ime i prezime Naziv institucije u Srbiji Sredstva v |Sredstva u |Sredstva v |Sredstva u

odgovornega rukovodioca Sloveniji v |Srbiji za Sloveniji v |Srbiji za

raziskovalca v projekta u Srbiji letu 2012 |godinu letu 2013 |godinu
3 [Sloveniji (EUR) 2012 (EUR) 2013

Peter Semr Dragan S. Prirodno-matematicki fakultet, Univerzitet u NiSu 1500 1500 1500 1500
4 Djordjevi¢

Mitja Lain$¢ak Aleksandar N. Klinicki centar u Zemunu 1500, 1500 1500 1500

Neskovi¢

5

Janez MozZina Marinkovi¢ Bratislav|Institut za fiziku, Zemun 1500, 1500 1500 1500
6

Tanja Petrovi¢ lidiko Erdei Filozofski fakultet, Univerzitet Beograd 1500 1500 1500 1500
7

Robert Dominko |Dragana Jugovi¢ |Institut tehnic¢kih nauka SANU, Beograd 1500, 1500 1500 1500
8

Sreco Davor Smilja Markovi¢ Institut tehnickih nauka SANU, Beograd 1500 1500 1500 1500

Skapin
9

Barbara Murovec [Nenad Makuljevi¢ |Filozofski fakultet, Univerzitet Beograd 1500 1500 1500 1500
10

Janja Vaupoti¢ Zora S. Zuni¢ Institut za nuklearne nauke "Vin¢a" 1500, 1500 1500 1500
11

Metka Furlan Jasna Vlaji¢ Institut za srpski jezik SANU,Beograd 1500 1500 1500 1500
12 Popovi¢

Janez Kopac¢ Milenko Sekuli¢ Fakultet tehni¢kih nauka, Univerzitet Novi Sad 1500 1500 1500 1500
13

Borut Juvanec Biljana Arandjelovi¢ | Gradjevnsko-arhitektonski fakultet, Univerzitet Ni§ 1500 1500 1500 1500
14

Jernej Zupanci¢ |Lazar Lazi¢ Prirodno-matematicki fakultet, Univerzitet Novi Sad 1500 1500 1500 1500
15

Matjaz Miko$ Biljana Abolmasov |Rudarsko-geolo$ki fakultet, Univerzitet Beograd 1500 1500 1500 1500
16

Mitja Ferenc Momdilo Pavlovi¢  [Institut za savremenu istoriju, Beograd 1500 1500 1500 1500
17

Natada Poklar Dusan Sokolovi¢ Medicinski fakultet, Univerzitet Ni$ 1500, 1500 1500 1500
18 Ulrih

Avrelija Cenci¢ Gordana Koci¢ Medicinski fakultet, Univerzitet Ni§ 1500, 1500 1500 1500
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17{Mikrostrukturne preiskave materialov za Ispitivanje mikrostrukture materijala za 451-03-1251/2012-09/17 Institut "Jozef Stefan"
shranjevanje vodika v korelaciji z desporcijskimi  |skladiStenje vodonika i korelacija sa desorpcionim
20 lastnostmi osobinama
18| Vloga neotipljivega kapitala za gospodarsko rast in|Uloga neopipljivog kapitala za privredni rast u 451-03-1251/2012-09/18 Univerza v Ljubljani, Ekonomska fakulteta
prestrukturiranje v drzavah Zahodnega Balkana in |perspektivi drzava zapadnog balkana i Slovenije
21 Sloveniji
19Minerali kot prekurzoriji za napredne tehnologije Minerali kao prekursori za savremene tehnologije [451-03-1251/2012-09/19 Institut "Jozef Stefan"
22
20|Avtomatizirana fotokemi¢na naprava z Automatski uredaj za in situ tretman voda sa 451-03-1251/2012-09/20 Univerza v Mariboru, Fakulteta za kemijo in
elektrokemi¢nim generatorjem za dezinfekcijo fotoelektrohemijskim i elektrohemijskim kemijsko tehnologijo
23 vode in situ generatorima dezinficijenasa
21|Oksidi prehodnih kovin perovskitnega tipa z Perovskiti prelaznih metala sa multiferroi¢nim 451-03-1251/2012-09/21 Institut za matematiko, fiziko in mehaniko
24 multiferoi¢nimi lastnostmi svojstvima
22|Srbi in Slovenci: migranti, manjsina, kolektivne Srbi i Slovenci: Migranti, manjina, kolektivni 451-03-1251/2012-09/22 Znanstvenoraziskovalni center Slovenske
25 identitete in spomini identiteti i pamcenje akademije znanosti in umetnosti
23|Uporaba tehnologije upravljanja poslovnih Primena tehnologija sistema za upravljanje 451-03-1251/2012-09/23 Institut "Jozef Stefan"
26 procesov v e-izobrazevalnih sistemih tokovima rada u sistemima za
24| Tehnologija izdelave Au nano delcev i’ehnglaéua bl:c;f;vodnje i ispitivanje 451-03-1251/2012-09/24 Univerza v Mariboru, Fakulteta za strojniStvo
27 biokompatibilnosti Au nano-Cestica
25| Strukturni prehodi proteinov in njihovo Strukturalni prelazi proteina i njihovo 451-03-1251/2012-09/25 Univerza v Ljubljani, Fakulteta za kemijo in
prepoznavanje z majnhimi molekulami: prepoznavanje sa manjim molekulima kemijsko tehnologijo
28 Termodinamika v povezavi s funkcijo
26|Prilagoditev gospodarjenja z gozdovi pricakovanim|Prilagodjavanje Sumske ekonomije o¢ekivanim 451-03-1251/2012-09/26 Univerza v Ljubljani, Biotehniska fakulteta
29 podnebnim spremembam klimatskim promenama
27|Hemoglobin iz obnovljivih virov kot izhodni Hemoglobin iz obnovljivih sirovina kao osnov za  |451-03-1251/2012-09/27 BIA podjetje za laboratorijsko in procesno
30 matenal za hem-zelezo pr0|zvod za preventlvo in |preparat opremo d.o.o. Ljubljana
28| Zagotavljanje kakovostl unlver2|tetnega Studija: Zagotavljanje kakovosti univerzitetnega Studija: 451-03-1251/2012-09/28 Univerza v Ljubljani, Filozofska fakulteta
vloga in odgovornost Studentov in uiteljev vloga in odgovornost Studentov in u€iteljev
31
29|Uporaba alternativnih cenovno ugodnih materialov |Upotreba alternativnih jeftinih materijala za 451-03-1251/2012-09/29 Kemijski institut
32 za izboljSanje kvalitete pitne vode poboljSanje kvaliteta pijace vode
30| Geokemicne lastnosti onesnazenih obmocij in Geohemijske karakteristike zagadenih podrucjai |451-03-1251/2012-09/30 Geoloski zavod Slovenije
geokemicne lastnosti preteklih katastrofi¢nih geohemijski pokazatelji katastrofalnih dogadaja u
33 geoloskih dogodkov geoloskoj proslosti
31|Modeliranje termomehanskih pogojev in Modeliranje termo-mehanickih uslova i 451-03-1251/2012-09/31 Univerza v Mariboru, Fakulteta za strojniStvo
34 d|men2|on|ranje reaktorjev za hidrolizo konstruisanje reaktora za h|dro||zu ligno-celuloznih
32 Potrebe in poti malih gospodarstev za povecCanje |Potrebe i nacini unaprdjenja medjunarodne 451-03-1251/2012-09/32 Univerza v Ljubljani, Fakulteta za druzbene
35 mednarodne konkurenénosti v pokriznem konkurentnosti malih ekonomija u post kriznom vede
33|Depozicija zracnih onesnazil v mahovih: kovine, Depozmlja atmosfersklh polutanata u 451-03-1251/2012-09/33 Univerza v Ljubljani, Biotehniska fakulteta
36 dusSikove spojine in PAH-i. mahovinama: teski metali, azot i PAH
34|Projektna zrelost podjetij in razvoj novih izdelkov |Projektna zrelost i razvoj novih proizvoda 451-03-1251/2012-09/34 Univerza v Mariboru, Fakulteta za strojniStvo
37
35|Multivariatna analiza biodiverzitete in kakovost Multivarijaciona analiza biodiverziteta i kvalitet 451-03-1251/2012-09/35 Znanstvenoraziskovalni center Slovenske
38 travnlkov zahodnega Balkana kot osnova za prirodnih travnjaka zapadnog Balkana kao osnova akademije znanosti in umetnosti
36 Medkulturnl odn05| na obmoqu bivSe Jugoslavije Medukulturnl odnosi na prostoru bivSe Jugoslavije [451-03-1251/2012-09/36 Univerza na Primorskem, Fakulteta za

39

humanisti¢ne Studije Koper
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Sa$o Sturm Ljiljana Matovic¢ Institut za nuklearne nauke Vin¢a, Beograd 1500 1500 1500 1500
20

Janez Prasnikar |Bozidar Cerovi¢ Ekonomski fakultet u Beogradu, Univerzitet Beograd 1500 1500 1500 1500
21

Nina Daneu Branko Matovi¢ Institut za nuklearne nauke Vin¢a, Beograd 1500 1500 1500 1500
22

Marjana Simoni¢ |Tomislav Triovi¢ |[Institut tehni¢kih nauka Srpske akademije nauka i 1500 1500 1500 1500

umetnosti

23

Marko Jagodi¢ Zorica Marinkovié- |Institut za multidisciplinarne studije, Beograd 1500 1500 1500 1500
24 Stanojevi¢

Maja Godina Lada Stevanovi¢ Etnografski institut SANU Beograd 1500, 1500 1500 1500
25 |Golija

Tanja Arh Miroslav Trajanovi¢ |MaSinski fakultet, Univerzitet Nis 1500 1500 1500 1500
26

Rebeka Rudolf Miodrag Colié Medicinski fakultet, Univerzitet Ni§ 1500 1500 1500 1500
27

Jurij Lah Uro$ Andjelkovi¢ Institut za hemiju, tehnologiju i metalurgiju, Beograd 1500 1500 1500 1500
28

Andrej Boncina Milan Medarevi¢ Sumarski fakultet, Univerzitet Beograd 1500, 1500 1500 1500
29

Ales Podgornik Vesna lli¢ Institut za medicinska istrazivanja, Beograd 1500 1500 1500 1500
30

Jasna Mazgon Nataéa Vujisi¢ Filozifski fakultet, Univerzitet Beograd 1500 1500 1500 1500

Zivkovi¢

31

Natasa Novak Nevenka Raji¢ TehnoloSko Metalurski Fakultet, Univerzitet Beograd 1500 1500 1500 1500
32 |Tugar

Gorazd Zibret Vladica Cvetkovi¢ |Rudarsko - geoloski fakultet, Univerzitet Beograd 1500 1500 1500 1500
33

Aleksandra Lobnik [Mirko Komatina Masinski fakultet, Univerzitet Beograd 1500 1500 1500 1500
34

Matija Rojec Slavica Penev Institut ekonomskih nauka, Beograd 1500 1500 1500 1500
35

Franc Bati¢ Aneta Sabovljevi¢ |Bioloski fakultet,Univerzitet Beograd 1500 1500 1500 1500
36

Iztok Palci¢ Danijela Lali¢ Fakultet tehnickih nauka, Univerzitet Novi Sad 1500 1500 1500 1500
37

Urban Silc Zora Daji¢ Poljoprivredni fakultet Univerzitet Beograd 1500 1500 1500 1500
38 Stevanovi¢

Blaz Lenarci¢ Ivan Kovacevi¢ Filozofski fakultet, Univerzitet Beograd 1500 1500 1500 1500
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37

Vzpostavitev slovensko-srbske kolekcije zrnatih
stroCnic za zagotovitev trajnostne uporabe v

Obrazovanije i kori§éenje srpkso slovenacke zbirke
znanih mahunarki u cilju poboljSanja odrzivosti

451-03-1251/2012-09/37

Kmetijski institut Slovenije

40 kmetijskih sistemih obeju zemlje
38|Inteligentno pridobivanje podatkov s pomocjo Inteligetno pretrazivanje informacija bazirano na |451-03-1251/2012-09/38 Univerza v Ljubljani, Fakulteta za racunalnistvo
41 ontologij ontologijama. in informatiko
39|lzolacija in karakterizacija bakteriofagov Izolacija i karakterizacija Acinetobacter baumannii |451-03-1251/2012-09/39 Univerza v Ljubljani, Biotehniska fakulteta
specifiénih za bakterijo Acinetobacter baumanii specifiénih bakteriofaga
42
40|Alternativne rastline v ekolo$ki pridelavi: razsiritev [Alternativne kulture u organskoj proizvodniji u ulozi |451-03-1251/2012-09/40 Univerza v Mariboru, Fakulteta za kmetijstvo in
43 ponudbe prehranskih proizvodov na trzis¢u proSirenja ponude prehrambenih proizvoda na biosistemske vede
41|Ugotavljanje nekaterih onesnazevalcev okolja, ki |Monitoring odredenih kontaminenata zivotne 451-03-1251/2012-09/41 Univerza v Ljubljani, Veterinarska fakulteta
imajo v prehranski verigi pomembno vlogo pri sredine znacajnih za
44 zagotavljanju varne in kvalitetne hrane bezbednost i kvalitet hrane u lancu ishrane
42|Celostni pristop k raziskavi kakovosti zelenjave Holisticki pristup prouc¢avanju Kvaliteta vo¢a 451-03-1251/2012-09/42 Univerza v Ljubljani, Biotehniska fakulteta
45
43|Vpliv procesnih parametrov na proces granulacije |Optimizacija granulacije topljenjem u uredaju tipa |451-03-1251/2012-09/43 Univerza v Ljubljani, Fakulteta za farmacijo
46 s talinami v vrtin¢no slojnih plasteh fluidizirajuceg sistema
44|Eksperimentalne in teoreti¢ne raziskave absorpcije|Eksperimentalno i teorijsko ispitivanje sorpcije 451-03-1251/2012-09/44 Institut "Jozef Stefan"
vodika v sistemih Mg-Zr-Fe-Ni in Ti-Fe-Ni vodonika u Mg-Zr-Fe-Ni i
47 Ti-Fe-Ni sistemima
45|Karakterizacija senzori¢nih in fizikalnokemijskih Karakterizacija senzornih i fizickohemijskih 451-03-1251/2012-09/45 Univerza v Ljubljani, Biotehniska fakulteta
lastnosti za&¢itenih tradicionalnih suSenih mesnin |atributa zasti¢enih tradicionalnih fermentisanih
iz Slovenije in Srbije suvih proizvoda od mesa iz Slovenije i Srbije.
48
46| Vpliv pridelovalnih sistemov v poljedelstvu na Uticajproizvodnih sisstema u ratastvu na kvalitet i |451-03-1251/2012-09/46 Univerza v Mariboru, Fakulteta za kmetijstvo in
49 pridelek, kakovost in varstvo okolja prinos biosistemske vede
47|Spektroskopska in LC-MS/MS dolocitev Spektroskopsko i LC-MS/MS odredjivanje 451-03-1251/2012-09/47 Univerza v Ljubljani, Fakulteta za kemijo in
bioflavonoidov v Zivilih in farmacevtskih pripravkih |biofilingog u hrani i farmacetskih oblicima kemijsko tehnologijo
50
48| Diagnosti¢na vrednost novih kazalcev zgodnjega [Dijagnosti¢ka vrednost novih biomarkera u ranom |451-03-1251/2012-09/48 Univerza v Ljubljani, Fakulteta za farmacijo
odkrivanja ateroskleroze pri bolnikih z ledvi¢no otkrivanju aterosklezore kod pacijenata sa
odpovedjo pri kroni¢ni ledvi¢ni bolezni termalnim stadijumom renalne bolesti
51
49|Morfoloske, funkcionalne, genetske in MorfoloSke, funkcionalne, genetska obelezja i 451-03-1251/2012-09/49 Univerza v Ljubljani, Medicinska fakulteta
farmakoloske lastnosti arterij mozganskega farmakoloska evaluacija prekobrojnih arterija u
Willisovega kroga pri €loveku: vrednotenje in humanom mozdanom arterijskom prstenu
52 primerjava z Zivalskimi modeli evaluacija i poredjenje sa Zivotinjskim modelom
50| Trajnost in energetska uginkovitost mehanskih Odrzivost i energetska efikasnost masinskih 451-03-1251/2012-09/50 Univerza v Ljubljani, Fakulteta za strojnistvo
53 sistemov v intralogistiki in energetiki sistema u intralogistici i energetici
54
55
56
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Jelka Sustar Mirjana Vasi¢ Institut za povrtarstvo i ratarstvo, Novi Sad 1500 1500 1500 1500

Vozli¢
40

Marko Bajec Bosko Nikoli¢ Elelktrotehnicki fakultet, Univerzitet Beograd 1500 1500 1500 1500
41

Rok KostanjSek |Petar Knezevié¢ Prirodno-matematicki fakultet, Univerzitet Novi Sad 1500, 1500 1500 1500
42

Martina Bavec Marija Bodroza- IstraZivacko-razvojni institut za prehrambene 1500 1500 1500 1500
43 Solarov tehnologije, Novi Sad

Anton Vengust Dragan R. Milicevi¢ |Institut za higijenu i tehnologiju mesa, Beograd 1500 1500 1500 1500
44

Dragan Znidarci¢ [Zarko M. llin Poljoprivredni fakultet, Univerzitet Novi Sad 1500, 1500 1500 1500
45

Stane Srci¢ Jelena Parojci¢ Farmaceutski fakultet, Univerzitet Beograd 1500 1500 1500 1500
46

Andraz Kocjan Vasil Koteski Institut za Nuklearne Nauke Vin¢a 1500, 1500 1500 1500
47

Bozidar Zlender [Vladimir Tomovi¢ |Tehnolo$ki fakultet, Univerzitet Novi Sad 1500, 1500 1500 1500
48

Franc Bavec Jovan Crnobarac  |Poljoprivredni fakultet, Univerzitet Novi Sad 1500 1500 1500 1500
49

Helena Prosen Predrag T. Burdevi¢|Fakultet inzenjerskih nauka, Univerzitet Kragujevc 1500 1500 1500 1500
50

Darko Cerne Zorana Jeli¢- Farmaceutski fakultet, Univerzitet Beograd 1500 1500 1500 1500

Ivanovi¢

51

Gorazd Drevensek|Ljiljana Vasovi¢ Medicinski fakultet, Univerzitet Ni§ 1500 1500 1500 1500
52

Boris Jerman Nenad Zrni¢ Masinski fakultet Univerzitet Beograd 1500 1500 1500 1500
53
54
55
56

57
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Electrochemical Polymerization of Aniline

Milica M. Gvozdenovi¢!”, Branimir Z. Jugovi¢?, Jasmina S. Stevanoviés,

Tomislav Lj. Triovi¢? and Branimir N. Grgur?

Department of Physical Chemistry and Electrochemistry,

Faculty of Technology and Metallurgy, University of Belgrade, Belgrade,
2nstitute of Technical Sciences, Serbian Academy of Science and Arts,

3Center for Electrochemistry, Institute of Technology and Metallurgy, Belgrade
Serbia

1. Introduction

From its revolutionary discovery, up to day electroconducting polymers attracts attention of
researchers along scientific community. Among numerous known electroconducting
polymers, polyaniline and its derivates are probably the most investigated. Such popularity, in
both theoretical and practical aspects, is a consequence of its unique properties: existence of
various oxidation states, electrical and optical activity, low cost monomer, red/ox reversibility,
environmental stability etc. (Inzelt, 2008; Horvat-Radosevi¢ & Kvastek, 2006; Gospodinova &
Terlemezyan, 1998). These diverse and important features seem to be promising in vide area of
practical applications in: rechargeable power sources (Gvozdenovi¢ et al., 2011; Jugovic et al.,
2006; Jugovi¢ et al., 2009), sensors (Bezbradica et al., 2011; Dhaoui, 2008; Grummt et al. 1997,
Gvozdenovié et al., 2011; Mu & Xue, 1996), magnetic shielding, electrochemical capacitors (Xu
et al., 2009), electrochromic devices (Kobayashi et al. as cited in Mu, 2004; Wallace et al., 2009),
corrosion protection etc. (Biallozor & Kupniewska, 2005; Camalet et al., 1996, 1998, 2000a,
2000b; Gvozdenovi¢ & Grgur, 2009; Gvozdenovié et al., 2011; Kralji¢ et al., 2003; Popovi¢ &
Grgur, 2004; Popovié¢ et al. 2005, Grgur et al., 2006; C")zylimaz et al, 2006). Polyaniline is
commonly obtained by chemical or electrochemical oxidative polymerization of aniline (Elkais
et al., 2011; Jugovi¢ et al., 2009; Lapkowski, 1990; Stejskal & Gilbert, 2002; Steiskal at al., 2010)
although photochemically initiated polymerization (Kim et al., 2001 as cited in Wallace et al.,
2009; Teshima et al., 1998) and enzyme catalyzed polymerization were also reported (Bhadra et
al.,, 2009; Nagarajan et al., 2000).

Polyanilne obtained by electrochemical polymerization is usually deposited on the
electrode, however electrochydrodinamic route was also developed resulting in polyaniline
colloids of specific functionalities (Wallace et al., 2009). Electrochemical polymerization of
aniline is routinely carried out in strongly acidic aqueous electrolytes, through generally
accepted mechanism which involves formation of anilinium radical cation by aniline
oxidation on the electrode (Hussain & Kumar, 2003). Electrochemical polymerization of
aniline is proved to be auto-catalyzed (Mu & Kan, 1995; Mu et al., 1997). The experimental
conditions, such as: electrode material, electrolyte composition, dopant anions, pH of the
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electrolyte etc., all have strong influence on the nature of the polymerization process
(Camalet et al., 2000; Cirié Marjanovic et al., 2006; Cérdova et al., 1994; Dui¢ & Mandi¢, 1992;
Giz et al., 2000; Gvozdenovié¢ & Grgur, 2009; Inzlet, 2008; Lippe & Holze, 1992; Mu & Kan,
1998; Mun & Kan, 1998; Nunziante & Pistoia, 1989; Okamoto & Kotaka, 1998a, 1998b, 1999;
Popovié¢ & Grgur, 2004; Pron et al., 1993; Pron & Rannou, 2010; Wallace et al., 2009). The low
pH is almost always needed for preparation of the conductive polyaniline in the form of
emeraldine salt, since it is evidenced that at higher pH, the deposited film is consisted of low
chain oligomeric material (Stejskal et al., 2010). The doping anion incorporated into polymer
usually determines the morphology, conductivity, rate of the polyaniline growth during
electrochemical polymerization, and has influence on degradation process (Cérdova et al.,
1994; Lippe & Holze, 1992; Mandi¢ et al., 1997; Okamoto & Kotaka, 1999, Pron & Rannou,
2010). The electrochemical polymerization of aniline is practically always carried out in
aqueous electrolytes, although polymerization in organic solvents such is acetonitrile was
also reported. Recently it was observed that ionic liquids electrolytes might be used for
successful preparation of conductive polyaniline (Heinze et al., 2010; Wallace et al., 2009).
Finally, electrochemical polymerization and co-polymerization of numerous substituted
aniline derivates, resulted in polymer materials with properties different from the parent
polymer, were also investigated (Karyakin et al. 1994; Kumar, 2000; Mattoso & Bulhoes,
1992; Mu, 2011; Zhang, 2006)

Since there is a still growing interest for the research in the field of conducting polymers
with polyaniline as the most representative, the aim of this paper is to review the extremely
rich literature attempting to describe all important aspects of electrochemical
polymerization of aniline.

2. Polyaniline

Polyaniline is probably the eldest known electroconducting polymer, since it was used for
textile coloring one century ago (Sayed & Dinesan, 1991; Wallace et al., 2009).The great
interest in research of polyaniline is connected to discovery of its conductivity in the form of
emeraldine salt and existence of different oxidation forms (Inzelt, 2008; MacDiarmid et al.,
as cited in Wallace et al., 2009; Syed & Dinesan, 1991).

2.1 Different oxidation states of polyaniline

Unlike other know electroconducting polymers, polyaniline can exist, depending on degree
of oxidation, in different forms, known as: leuoemeraldine, emeraldine and perningraniline.
Leucoemeraldine, eg. leucoemeraldine base, refers to fully reduced form; emeraldine, eg.
emeraldine base, is half-oxidized, while perningraniline, eg. perningraniline base, is
completely oxidized form of polyaniline. The only conducting form of polyaniline is
emeraldin salt, obtained by doping or protonation of emeraldine base (Fedorko et al., 2010;
MacDiarmid et al., 1987, Pron & Rannou, 2002).

The unique feature of mentioned polyaniline forms is ease of its mutual conversions by both
chemical and electrochemical reactions as it can be seen in Fig.l. (Gospodinova &
Terlemezyan, 1998; Kang et al., 1998; Stejskal et al., 1996).

Apart from the changes in oxidation levels, all the transitions among polyaniline forms are
manifested by color and conductivity changes (Stejskal et al., 1996). The conducting
protonated emeraldine in the form of green emeraldine salt, obtained as a product of
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electrochemical polymerization of aniline in acidic electrolytes, can be easily transformed by
further oxidation to fully oxidized dark blue perningraniline salt, which can be treated by
alkali to form violet perningraniline. Emeraldine salt can also be reduced to transparent
leucoemeraldine, or can be transformed by alkali to blue non conducting emeraldine. The two
blue forms of polyanilne, perningranilne salt and emeraldine have different shades of blue
(Stejskal et al., 1996). Both reduction of emeraldine salt to leucoemeraldine and oxidation to
perningraniline states are followed by decrease in conductivity (Stejskal et al., 2010).
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Fig. 1. Different forms of polyaniline

2.2 Polyaniline conductivity

The mechanism of polyaniline conductivity differs from other electroconducting polymers,
owing to the fact that nitrogen atom is involved in the formation of radical cation, unlike
most of the electroconducting polymers whose radical cation is formed at carbon. On the
other hand, nitrogen is also involved in the conjugated double bonds system. Therefore,
electrical conductivity of polyaniline is dependent both on the oxidation and protonation
degrees (Fedorko et al., 2010; Genies at al., 1990; Pron & Rannou, 2002; Wallace et al., 2009).
As mentioned before, polyaniline is characterized by existence of various oxidation forms.
Polyaniline in the form of emeraldine base can be doped (protonated) to conducting form of
emeraldine salt. Emeraldine base, half oxidized form, is consisted of equal amount of amine
(-NH-) and imine (=NH-) sites. Imine sites are subjected to protonation to form bipolarone
or dicatione (emeraldine salt form). Bipolarone is further dissociated by injection of two
electrons both from electron pairs of two imine nitrogen, into quinodiimine ring, and the
third double bond of benzenoid ring is formed (Stejskal, 2010).

Unpared electrons at nitrogen atoms are cation radicals, but essentially they represent
polarons. The polaron lattice, responible for high conductivity of polyaniline in the form of
emeraldine salt is formed by redistribution of polarons along polymer chain, according to
shematic representation given in Fig. 2. (Wallace et al., 2009)

Although both bipolaron and polaron theoretical models of emeraldine salt conductivity
were proposed (Angelopulus et al., as cited in Wallace et al., 2009; Tanaka et al., 1990), it was
lately confirmed that, beside from the fact that few of spineless bipolarons exist in
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polyaniline, formation of polarons as charge carriers explained high conductivity of
polyaniline (Mu et al., 1998; Patil et al., 2002). As mentioned, unique property of polyaniline
is conductivity dependence on the doping (proton) level (Chiang et al., 1986; Wallace et al.,
2009). The maximal conductivity of polyaniline is achieved at doping degree of 50%, which
corresponds to polyaniline in the form of emeraldine salt (Tanaka et al., 1989). For higher
doping degrees some of the amine sites are protonated, while lower doping degrees means
that some of the imine sites were left unprotonated (Wallace et al., 2009), explaining why, in
the light of the polaron conductivity model, reduction of emeraldine salt to
leucoemeraldine and oxidation to perningraniline states decrease the conductivity. The
order of magnitude for conductivity varies from 102 S cm, for undoped emeraldine, up to
103 S cm! for doped emeraldine salt (Inzelt, 2008; Wallace et al., 2009).

Emeraldine base

OO OO
OO

Formation of polarones by
bipolarone dissociation

Bipolarone

2 s

Bz
»+Z2—TI

Polarones

A

T

Delocalization

H H

-OHOA-O-HOH-

A A

I Rezonation formes
H H H H
| | | |
N N N N
+ +
’e g

A

Fig. 2. Schematic presentation of polyaniline conductivity

Beside the fact that doping degree has the pronounced effect on the conductivity, various
other factors such as: moisture amount (Kahol et al., 1997; Patil et al., 2002), morphology
(Monkman & Adams, 1991; Zhou et al., 2007), temperature (Probst & Holze, 1995) etc. were
also found to had influence on the polyaniline conductivity.

3. Mechanism and kinetics of the electrochemical polymerization of aniline

Generally, electroconducting polymers are obtained by either chemical or electrochemical
oxidative polymerization, although reductive polymerization was also reported (Heinze et
al., 2010; Inzlet et al., 2000; Yamamoto & Okida, 1999;Yamamoto, 2003, as cited in Inzelt,
2008). Chemical polymerization is used when large quantity of polymer is requested.
Electrochemical polymerization is favorable, since in the most cases the polymer is directly
deposited on the electrode facilitating analysis. On the other hand, electrochemical
polymerization is especially useful if polymer film electrode is needed. By proper design of
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the electrochemical experiment, polymer thickness and conductivity can be easily
controlled. It is believed that electrochemical polymerization is consisted of three different
steps, in first, oxidation of the monomer at anode lead to formation of soluble oligomers in
the diffusion layer, in the second, deposition of oligomers occurs through nucleation and
growth process, and finally, the third step is responsible for chain propagation by solid
state polymerization (Heinze et al, 2010). Unfortunately, a general mechanism of
electrochemical polymerization could not be established, since it was evidenced that various
factors had influence. However, it was observed that first step of the electrochemical
polymerization was formation of reactive cation radicals (Heinze et al., 2010; Kankare, 1998).
The next step, strongly dependent on the experimental conditions, is believed to be essential
for the polymer growth (Inzelt, 2008). The knowledge on the kinetics of the nucleation and
growth process during electrochemical synthesis of electroconducting polymers is also of
great interest, since it would be useful in control of the morphology, density, crystallinity
etc. of the desired polymer.

3.1 Mechanism

Both the mechanism and the kinetics of the electrochemical polymerization of aniline were
extensively investigated (Andrade et al. 1998; Arsov et al. 1998; Carlos et al. 1997; Hussain &
Kumar, 2003; Inzelt et al., 2000, Bade et al. 1992; Lapkowski, 1990; Malinauskas et Holze, 1998;
Mandi¢ et al., 1997; Mu & Kan, 1995; Mu et al., 1997). Electrochemical, similarly to chemical,
polymerization of aniline is carried out only in acidic electrolyte, since higher pH leads to
formation of short conjugation oligomeric material, with different nature (Wallace et al., 2009).
As stated before, it is generally accepted that the first step of the polymerization process of
aniline involves formation of aniline cation radicals, by anodic oxidation on the electrode
surface, which is considered to be the rate-determining step (Zotti et al., 1987, 1988). The
existence of aniline radical cation was experimentally confirmed, by introducing molecules,
(resorcinol, hydroquinone, benzoquinine etc.), capable of retarding or even stopping the
reaction, which evidenced a radical mechanism (Mu et al., 1997). The oxidation of the aniline
monomer is an irreversible process, occurring at higher positive potentials than redox
potential of the polyaniline (Inzelt, 2008).

The following step is dependent on numerous factors such as: electrolyte composition,
deposition current density, or potential scan rate, nature and state of the anode material,
temperature etc. (Inzelt, 2008). There is a request for relatively high concentration of radical
cations near the electrode surface. Radical cations can be involved, depending on reactivity, in
different reactions. If it is quite stable, it may diffuse into the solution and react to form soluble
products of low molecular weights. On the other hand, if is very unstable, it can react rapidly
with anion or the solvent, in the vicinity of the electrode and form soluble products with low
molecular weights (Park & Joong, 2005). In favorable case, coupling of the anilinium radicals
would occur, followed by elimination of two protons and rearomatization leading to
formation of dimer (lately oligomer). The aniline dimer, or oligomer, is further oxidized on the
anode together with aniline. The chain propagation is achieved by coupling radical cations of
the oligomer with anilinium radical cation. Finally, the counter anion originating from the
acid, normally present in the electrolyte, dopes the polymer, meeting the request of
electroneutrality. The mentioned mechanism of aniline electrochemical polymerization is
schematically presented in Fig. 3 (Hussain & Kumar 2003, Wallace et al. 2009).
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Fig. 3. Schematic presentation of mechanism of electrochemical polymerization of aniline.

It was evidenced that electrochemical polymerization of aniline is an autocatalytic process
(Inzelt, 2008; Mu & Kan, 1996; Mu et al., 1997; Stilwell & Park, 1996; Wallace et al., 2009). It
was observed that current increased over time, at constant potentials higher than 0.80 V and
that anodic peak potentials shifted to more negative values upon increasing cycle number
(Mu et al., 1997). Generally, it means that the more polymer formed on the anode, the higher
the rate of the electrochemical polymerization.

3.2 Nucleation and growth of polyaniline

Explanation of the kinetics of the nucleation and growth process during electrochemical
synthesis of electroconducting polymers is usually relaying on the metal deposition theory
(Heinze et al., 2010; Kankare, 1998). According to the theory, two kinds of nucleation
process exist, instantaneous and progressive, with three types of growth refering to: one-
(1D), two- (2D), and three- (3D) dimensional processes. Instantaneous nucleation implies
constant number of nuclei, growing without the further formation of nuclei. In the case of
progressive nucleation, nuclei are constantly generated. 1D growth implies growth in only
one direction, e.g. perpendicular to the electrode surface. In the 2D growth, the nuclei has
preference to grow parallel to the electrode surface, while the 3D growth is characterized by
the similar rates for these processes perpendicular and parallel to the electrode are quite
similar (Heinze et al., 2010).

It was shown, mostly base on potentiostatic experiments, that several stages of polyaniline
growth during electrochemical polymerization of aniline were involved, proceeding
through different mechanism (Mandi¢ et al.,1997). Cyclic voltammetry studies indicated that
polyaniline growth was strongly dependent on type and concentration of anion in the
electrolyte (Zotti et al.,1988). Studies on the early stages of the polyaniline growth indicate
progressive nucleation of the polyaniline film, with 2D or 3D growth mechanism or 3D
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instantaneous nucleation, depending on electrolyte concentration and composition (Bade et
al.,, 1992; Cérdova et al., 1994; Mandic et al., 1997). The mass transfer controlled early stage
of the polyaniline growth leads to formation of a compact layer (Inzlet 2010). In the case of
perchloric acid, depending on monomer concentration, the nucleation process proceeds
from progressive, at lower, to instantaneous nucleation at higher concentration (Mandi¢ et
al.,, 1997). At advanced stage, characterized by exponential current increase, 1D growth was
assumed, resulted in continual branching and formation of the open structure (Cruz &
Ticianelli, 1997)

3.3 Factors affecting electrochemical polymerization of aniline

Electrochemical synthesis of electroconducting polymers is strongly dependent on
numerous parameters involved, such as: nature of the doping anion (affecting morphology,
order of the polymer rate growth, nature and the composition of the solvent (to nucleofilic
solvent would react with cation radicals formed by monomer oxidation on the anode)
electrode material (depending on its surface energy controls the ease of the desired polymer
deposition), temperature of the electrochemical polymerization etc. (Heinze et al., 2010;
Inzelt, 2008; Pron & Rannou, 2002; Pruneanu et al., 1998; Wallce et al., 2009).

3.3.1 Doping anions

Electrochemical polymerization of aniline, as mentioned before, is practically always carried
out in strong acidic aqueous electrolytes. Doping anions incorporated in polyaniline
originate from the acid, and represent its conjugated base. The dopant anions are inserted
during electrochemical polymerization fulfilling the request of electroneutrality, and
therefore their concentrations are on the stoichiometric levels, for its reasonable that their
presence have strong influence on, polyanilne morphology, conductivity, and
electrochemical activity and the polymerization process itself (Arsov et al., 1998; Cordova et
al,. 1994; Dhaoui et al., 2008; Koziel, 1993, 1995; Lapkowski, 1990, 1993; Lippe & Holze, 1992;
Okamoto & Kotaka, 1998; Pron et al., 1992; Pron & Rannou, 2002).

It was experimentally confirmed that polyanilne obtained in the presence of so called “large
dopant anions”, originated from hydrochloride acid, sulfuric acid, nitric acid, p-
toluensulfonic acid, and sulfosalicylic acid promoted formation of more swollen and open
structured film, while the presence of “small ions” such is ClOs or BFy, resulted in
formation of a more compact structure (Nunziante & Pistoria, 1989; Pruneanu et al., 1998;
Zotti et al., 1988). The order of the polyaniline growth was also proved to increase with the
size of the dopant anion (Inzelt et al., 2000). It was shown that addition of polyelectrolytes in
polymerization electrolyte resulted in insertion of these molecules as dopants (Hyodo &
Nozaki 1988, as cited in Wallace et al. 2009). It was also possible to obtain optically active
polyaniline by electrochemical polymerization in the presence of (+) or (-) camphorsulfonic
acid, leading to insertion of chiral dopants (Majidi et al., 2009).

3.3.2 Electrolyte composition

As mentioned previously, electrochemical polymerization of aniline is usually performed in
aqueous electrolytes. There is limited number of studies referred to electrochemical
polymerization in non-aqueous solvents (Genies & Lapkowski, 1987; Lapkowski, 1990;
Pandey & Singh, 2002; Sahin et al., 2003). In the early studies acetronitrlie was mostly used
as solvent, for example Watambe et al. (Miras et al. 1991, Watambe et al. 1989, as cited in
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Wallace et al., 2009) made first electrochemical polymerization of aniline in acetonitrile
solution containing lithium perchlorate, the resulted polymer exhibited similar redox
properties as “ordinary” prepared polyaniline.

Lately, apart from acetonitrile, the studies involved use of: dichlormethane, nitrobenzene
with various electrolytes such as: sodium tetraphenylborate, tetraethilammonium
tetrafluoroborate and tetraetilammoniumperchlorate and resulted films showed different
microstructures and electrochemical activity (Pandey & Singh, 2002). Other studies referred
to electrochemical polymerization of aniline and fluoro- and chloro- substituted anilines and
their coopolymers with aniline in acetonitrile containing tetrabutilammonium perchlorate
and perchloric acid. The obtained polymers exhibited similar electrochemical and UV-
behavior to “ordinary” polyaniline, but their conductivities were remarkably lower,
explained by the steric effects of the substituent (Sahin et al. 2003). Various alkyl substituted
anilines were electrochemically polymerized in both acetonytrile and dimethiylsulfoxide,
their conductivities were also very low suggested that there were not in the typical state of
the emeraldine salt (Yano et al., 2004). Successful electrochemical co-polymerization of
aniline and pyrrole was also carried out in acetonitrile.

Finally, electrochemical polymerization of aniline was performed in various ionic liquids
(Heinze et al., 2010; Innis et al., 2004; Li et al., 2005; Mu, 2007). For example, using IR and
NMR spectroscopy Mu showed that the ionic liquid, namely 1-ethyl-3-methylimidazolium
ethyl sulfate was incorporated in polyaniline during electrochemical polymerization. It was
also observed that resulted polyaniline had exhibited good electrochemical activity in
solutions with pH 12, and also considerably wider window of the detectable color changes
at higher pH values, this effect was explained by the fact that used ionic liquid possessed
high buffer capacity, which improved the redox activity and the electrochemical activity in
broader pH range (Mu, 2007). Apart from the strong influence of the solvent, the presence of
other components in the electrolyte solution, used for electrochemical polymerization of
aniline, also had influence, primarily, on the morphology of the deposit (Inzelt, 2008). It was
shown that presence of alcohols in the electrolyte would lead to polyaniline in the form of
nanofibres agglomerated into interconnected network, FTIR spectra of the resulted polymer
revealed strong interactions between alcohol and polyaniline molecules (Zhou et al., 2008).

3.3.3 Electrode material

Electrochemical polymerization of aniline is easily performed at so called inert electrodes,
such as: platinum, gold, various graphite, carbons or indium-tin-oxide glasses, according to
previously described mechanism. But the fact that relatively high electrode potential is
required for oxidation of aniline, restricts the usage of other materials. The electrochemical
polymerization of aniline on active metals is usually considered for application in corrosion
protection (Biallozor & Kupniewska, 2005; Tallman et al., 2002). The problem connected to
electrochemical polymerization onto active metals is either dissolution, or formation of non-
conducting passive layer, on the potentials necessary for oxidation of aniline.

In the case of iron and steel the potential at which polymerization starts is in the region of
active dissolution, leading to lost of the metal and contamination of the electrolyte, therefore
it necessary to find a suitable electrolyte that would enable strong passivation of the metal
without suppressing further electrochemical polymerization. The most common electrolyte
used to electrochemical deposition of polyaniline on steel and aluminum is oxalic acid
(Camalet et al., 1996, 2000a, 2000b; Martyak et al., 2002). The use of oxalic acid permitted
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formation of passive layer consisted of iron oxalate, on which aniline polymerize. It was also
showed that p-toluen sulfonic acid can be used for electrochemical polymerization of
aniline, the deposition occurred after passivation. The passive film, in contrast to oxalic acid,
was consisted mainly of iron oxide (Camalet et al., 1998). Other approach involves the
pretreatment of the steel surface by polypyrrole, which can be easily formed
electrochemically on iron and steel, with low extent of the metal dissolution, after this
treatment aniline is easily electrochemically polymerized (Lacroix et al., 2000). The problem
with electrochemical polymerization of aniline on aluminum is occurrence of two
simultaneous processes electrochemical polymerization and passivation of the electrode

by very stable protective oxide (Biallozor & Kupniewska, 2005). The studies of
electrochemical polymerization on aluminum and its alloys involved pretreatment of the
metal, and further polymerization (Huerta-Vilca et al., 2005; Wang & Tan, 2006). Similarly to
steel, oxalic acid and p-toluen sulfonic acid electrolytes were used to grow polyaniline on
aluminum (Conroy & Breslin, 2005; Karpagam et al., 2008). It was shown that sodium
benzoate could be used to electrochemically polymerize aniline, without need for
pretreatment, on steel, copper and aluminum (Gvozdenovi¢ & Grgur, 2009; Gvozdenovi¢ et
al. 2011; Popovi¢ & Grgur, 2004). Electrochemical polymerization of substituted anilines on
various metals and alloys were also carried out (Chaudhari & Patil 2007; Chaudhari et al.,
2009; Pawar et al., 2007).

3.4 Experimental performance

Generally, experimental set-up for electrochemical synthesis of electroconducting polymers
in laboratory conditions is simple. It involves, in majority of cases, standard three-electrode
electrochemical cell, although in some cases of galvanostatic polymerization, two electrode
cell can be used (Wallace et al., 2009). The polymer obtained by this procedure is deposited
directly on the electrode. Novel experimental set-up, enabling electrochemical generation of
polyaniline colloids, using flow-through electrochemical cell, was also reported (Aboutanos
et al., 1999; Innis et al., 1998). In this novel electrochemical cell, anode was separated from
two and cathodes by ion exchange membrane. The anodic and cathodic electrolytes were
passed through electrode compartments at specified flow, while polymerization was
achieved at constant potential.

The most common experimental techniques used for electrochemical polymerization of
aniline are: cyclic voltammetry (potentiodynamic), galvanostatic and potetntiostatic
techniques. Polymerization using cyclic voltammetry is characterized by cyclic regular
change of the electrode potential and the deposited polymer is, throughout the experiment,
changing between its non-conducting and conducting (doped) state, followed by exchange
of the electrolyte through polymer (Heinze et al., 2010). At the end of polymerization the
obtained polymer is in its non-conducting form, moreover, cyclic voltammetry favors
formation of disordered chains and open structure (Heinze et al., 2010) As stated before,
relatively high potential is required for electrochemical oxidation of aniline monomer,
therefore at first 2 - 10 cycles, the upper potential limit is high, but owing to autocatalytic
nature of aniline electropolymerization, the upper potential limit can be decreased to avoid
degradation resulted from over oxidation of perningranilin form of polyaniline (Inzelt,
2008). Recently, it was shown that cyclic voltammetry can even be useful for formation of
nanostructure polyaniline . It was shown that different sized polyaniline nanofibres were
electrochemicaly polymerized, by different scan rates, in the presence of ferrocensulfonic
acid (Mu & Yang, 2008).
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Galvanostatic polymerization, owing to current control, enables reaction to proceed at
constant rate. Galvanostatic synthesis permits estimation of the polymer mass deposited on
the electrode (Kankare, 1998). On the other hand, galvanostatic polymerization leads to
formation of polyaniline in its conductive form.

Electrochemical polymerization of aniline on graphite electrode from hydrochloride acid
electrolyte, obtained by cyclic voltammetry (numbers on the figure refers to cycle number)
given in Fig. 4., while in the insert of the Fig.4, hronopotnetiometric curve of galvanostatic
polymerization from the same electrolyte is shown (Gvozdenovi¢ et al., 2011; Jugovi¢, PhD
thesis, 2009; Jugovic et al., 2009)

Electrochemical polymerization of aniline proceeds together with insertion of chloride
anions (dopant) from the electrolyte, according to:

(PANI), + nyCl- - [PANIv* (Cl) ], + nye

Where y refers to doping degree, ration between the number of charges in the polymer and
the number of monomer units (Kankare, 1998).

As seen on cyclic voltammograms in Fig.4., doping of chloride ions started at potential of ~ -
0.1 V (SCE), the first well defined anodic peak, situated at potential of 0.2 V (SCE) indicate
transition of leucoemeraldine form of polyaniline to emeraldine salt, followed by the
changes of y between 0 and 0.5.
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Fig. 4. Cyclic voltammograms of electrochemical polymerization of aniline on graphite
electrode from aqueous solution of 1.0 mol dm-3 HCl and 0.25 mol dm= aniline, at scan rate
of 20 mV s, Insert: Chronopotentiometric curves of aniline polymerization at constant
current density of 2.0 mA cm-2.

Second anodic peak, occurred at potenial of ~ 0.5 V (SCE) denotes formation of fully doped
perningraniline salt (y = 1).

The potentiostatic technique of electrochemical polymerization is characterized by
pronounced changes in the current i.e. polymerization rate, and similarly to galvanostatic
polymerization obtained polymer is in its doped form (Heinze et al., 2010). It was observed
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that potentiostatic method could be useful in obtaining polyaniline nanowiers (Gupta &
Miura, 2007). Modified potentiostatic techniques were also reported.

Some of the researches used pulse potentiostatic technique to obtained polyaniline
electrochemically (Tang et al., 2000; Tsakova et al, 1993; Zhou et al., 2007). The
potentiostatic pulse technique implies application of periodic cathodic and anodic pulses,
with important parameters, lower (cathodic) and upper (anodic) limit potentials with
additional cathodic and anodic pulses duration, during given time. It was observed (Zhou et
al., 2007) that mentioned parameters had strong influence on the morphology of polyaniline,
thus on its electrochemical activity.

3.5 Electrochemical co-polymerization of aniline and aniline derivates

Owing to its conductivity and redox activity, polyaniline is considered for practical
application in various fields. Unfortunately, beside its unique properties, application of
polyaniline in biochemical systems is limited as a consequence of the lost of activity at pH
above 4 (Karyakin et al, 1994; Malinauskas, 1999; Mu 2011). This problem might be
overcome by introduction of so- called pH functional groups into polyaniline chain (Mu,
2011). This could be achieved either by sulfonation (Wei et al., 1996) or by co-
polymerization, which is more efficient way to alter the properties of parent polymer.
Electrochemical polymerization of aniline and aniline derivates with pH functional groups,
sulpho, carboxyl or hydroxyl was reported. It was observed that self-doped polyanilines,
obtained by electrochemical co-polymerization of aniline with: o-aminobenzoic acid, m-
aminobenzoic acid, or m - aminobenzensulfonic acid had exhibited redox activity at high
pH (Karyakin et al., 1996).

Apart from aniline and aniline derivate, electrolyte solution also contains acid necessary for
protonation of nitrogen atom. The obtained co-polymers are often called self-doped
polyanilines, since the introduced negatively charged functional groups plays role of an
intermolecular dopant which is able to compensate the charge on positively charged
nitrogen atoms of the polymer. The presence of intermolecular anion alters properties of
“ordinary” polyaniline, and has influence on the polymerization process as well. It was
shown that upper switching potential limit had important influence on self-doping, the limit
of 0.9 V was proven to be optimal, and while in the case of un- substituted aniline, upper
limit was lower.

The problem related to electrochemical activity of self-doped polyaniline is its rapid lost.
Recently, it was showed that electrochemical polymerization of aniline and 5-aminosalycylic
acid, which nears two acidic functional groups, had lead to co-polymer with satisfactory
redox activity (Mu, 2011).

4. Conclusion

Although polyaniline is among the first know electroconductive polymers, the interest in
this field of study still exist, since its diverse and unique properties can be useful in various
practical applications. Electrochemical polymerization of aniline and aniline derivates were
intensively investigated. Various factors such as: electrode material, dopant anions,
electrolyte composition, monomer type, pH etc. were proven to exhibit influence in the
electropolymerization process and properties of the desired polymer. The electrochemical
synthesis of polyaniline, similar to chemical, is practically always performed in strong acidic
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electrolytes, according to radical mechanism, and the polymer is deposited on anode,
permitting easy way for further analysis. It was also proved that, using inconvenient
experimental setup, polyaniline colloids can also be obtained electrochemically. Finally,
studies of electrochemical co-polymerization of aniline and its derivates with acidic
functional groups were also performed, leading to so called self-doped polyanilines, with
benefit of being electrochemically active even in high pH solutions.
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Ni—Co alloy deposits and their parent metals were formed on Cu substrates by electrolysis under different current densities applied
in the galvanostatic regime. A quantitative scanning electron microscopy technique was employed to study the morphology and
surface roughness of the obtained deposits. The structure of the deposits is governed by the nature of depositing ions and quantity
of evolved hydrogen. The caulifiower morphology and the highest mean surface roughness values are the results of electrodepo-
sition from the Ni containing bath. The structure of the Co deposits formed under the same conditions and determined by the
formation of the hexagonal close-packed phase results in a more uniform grain size distribution and formation of smoother platelet
deposits. The mean surface values of the parent metals are independent of the current density. The dendritic growth is a special
case of a structure formed only in the Ni-Co alloy deposition at selected, high current densities of 220 and 400 mA cm™. The
dendrites obtained at a higher current density of 400 mA cm™2 have shown more developed structures with smaller dendrites that

have more pronounced secondary branch and high order branches.

© 2010 The Electrochemical Society. [DOI: 10.1149/1.3336957] All rights reserved.

Manuscript submitted December 28, 2009; revised manuscript received February 1, 2010. Published April 8, 2010. This was Paper
2713 presented at the Vienna, Austria, Meeting of the Society, October 4-9, 2009.

The electrodeposition is one of the well-known approaches de-
veloped in recent years for the preparation of the nanostructured
pure metals and alloys.l‘2 The Ni—Co alloys have been widely in-
vestigated due to their unique magnetic and electrical properties,
which have found a potential application in different computer read/
write heads and microelectromechanical systems.™

In general, electrolytic deposits can be compact or disperse.
The disperse deposits are formed under electrolysis conditions,
which favor a complete diffusion control of the process. The elec-
trodeposition represents an excellent tool for the formation of metal
disperse deposits with a highly developed surface area, which can be
successfully used as electrodes in electrochemical devices such as
fuel cells, batteries, and sensors.” The basic characteristics of these
electrodes, which should be fulfilled to be used for these purposes
are the open porous structure, which enables the rapid transport of
gas and liquid, and the extremely high surface area, which is desir-
able for electrochemical reactions. According to this, in the galvano-
static powder deposition, the initial deposition current density must
be larger than the limiting diffusion current density.8 The elec-
trodeposition at overpotentials belonging to the plateau of the
diffusion-limiting current density leads to the formation of dendritic
deposits. The strong hydrogen codeposition leads to a stirring of the
solution and changes the mass-transfer limitations at the electrode
surface.” At the same time, the evolved hydrogen affects the mass-
and heat-transfer, limiting the current density and ohmic resistance,
leading to the formation of the open porous deposit structures with a
high surface area.”

In this work, Ni—Co nanoscaled deposits were prepared and char-
acterized using different techniques, with respect to elucidating the
effect of the current density and electrolyte composition on the for-
mation of the dendritic deposits.

5,6

Experimental

The Ni, Co, and Ni—Co nanostructured deposits were obtained in
the galvanostatic regime at a current density range of
65-400 mA cm2. The electrolyses were performed from ammo-
nium sulfate—chloride solutions for the concentration ratio

* Electrochemical Society Active Member.
* E-mail: lidija.rafailovic@univie.ac.at

Ni>*/Co?* = 1 of a solution composition as follows: total concentra-
tion 0.12 M (NiSO, + CoS0Qy), 0.5 M NH,Cl, and 3.5 M NH,OH at
pH 10. The parent metal deposits were prepared from the same
supporting electrolyte with a total metal ion concentration of Co>*
or Ni** being 0.12 M. The reagents of the analytical purity and
deionized water were used for the bath preparation. The temperature
of the bath during deposition was maintained at 298 K. The Ni, Co,
and Ni—Co deposits were prepared at the constant current density
with a quantity of electricity of 0.043 Ah cm™ and an average
sample thickness of (25 = 5) wm. The Cu electrodes placed in the
center of the cell with a 1.0 cm? surface area and a 0.2 cm thickness
were used as working electrodes. A Ti plate covered with
RuO,/TiO, (10 cm? geometric area), placed close and parallel to
the Cu plate, was used as an anode [dimensionally stable anode
(DSA)]. The schematic representation of the electrochemical cell
used for the deposition is presented in Fig. 1.

The polarization measurements were carried out by a computer-
controlled electrochemical system (PAR M 273A, software PAR
M352/252, version 2.01) with a sweep rate of 1 mV s~'. For the
correction of the IR drop, the current-interrupt technique was used
with a time of current interruption of 0.5 s. The polarization curves
were measured in a three-electrode electrochemical cell at
(298 * 1) K (Fig. 1), where the DSA was replaced by a large-area
platinum mesh. The Luggin capillary connecting the reference elec-
trode [saturated calomel electrode (SCE)] to the electrolyte was po-
sitioned at a distance of 0.2 cm from the working electrode (copper
rod embedded in resin, d =4 mm). Before each experiment, the
working electrode was highly polished with an alumina-paste
(0.05 pm)-impregnated polishing cloth.

The average current efficiency for the hydrogen evolution reac-
tion is determined by the measurement of the quantity of evolved
hydrogen based on Faraday’s law. The overall electrodeposition cur-
rent was calculated as a function of the electrodeposition time. The
thickness of the deposits was estimated based on their cross-section
images.

The surface morphology was analyzed by XL 30 environmental
scanning electron microscope (ESEM) with field emission gun (FEI
Co., Netherlands). The profile and roughness measurements, as well
as three-dimensional (3D) area analyses, directly from the stereo-
scopic images of the specimen surface were carried out using MeX
software from Alicona (A). The cross-section alloy composition
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Figure 1. (Color online) Schematic representation of the electrochemical
cell.

analyses of the deposited samples embedded in the resin were per-
formed by ESEM using the energy dispersive X-ray analysis (EDX)
technique (Genesis).

X-ray powder diffraction (XRD) analysis was carried out using
an MPD diffractometer (Philips, NL) with Cu Ka radiation (40
kV/30 mA) in Bragg/Brentano geometry. The step scan mode was
utilized with 0.03° in a 26/1.15 s step. The angular 26 range inves-
tigated was 20-110°.

Results and Discussion

Cathode polarization and efficiency.— During the cathodic elec-
trodeposition of the iron group metals from aqueous solutions, a
competitive cathodic hydrogen evolution reaction occurs.'? Because
the formation of the disperse and powder deposits is enhanced by a
small metal ion concentration and high deposition current density,
polarization curves were measured with a correction for the IR drop.
In this case, the plateau corresponding to the limiting current density
cannot be established, as in the case for the electrodeposition per-
formed from aqueous solutions containing an electropositive metal
such as Cu due to the intensive hydrogen evolution reaction almost
from the beginning of the deposition. At the end of this plateau and
at larger overpotentials, the intensive hydrogen evolution takes
place. Therefore, the polarization curves for the electrodeposition of
Ni, Ni—Co, and Co are complex with the appearance of the limiting
current density in a wide range of potential values (Fig. 2a), char-
acterized by the electrodeposition currents that grew (Fig. 2b) with
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Figure 2. Polarization curves for galvanostatic Ni, Ni-Co, and Co deposi-
tion from the solution containing: [J, 0.12 M NiSO4; A, 0.12 M (NiSO,
+ CoS0,) with concentration ratio Ni>*/Co?* = 1; and O, 0.12 M CoSO, in
0.5 M NH,CI and 3.5 M NH,OH measured with IR drop correction. Scan

rate: | mV s7l.

the increasing of the overpotential. The corresponding overpotential
needed for the deposition is most positive for the deposition of Co,
followed by the deposition of Ni—Co alloy and Ni.

The electrodeposition potentials of Ni, Ni-Co, and Co are very
similar with the values of about —0.5 V vs SCE. The range of
potentials of —0.6 to —1.0 V is the activation control region of the
metal and alloy electrodeposition. The deposition at overpotentials
higher than —1.1 V is characterized by a sharp increase in the cur-
rent density, most probably as a consequence of the formation of
dendritic deposit with more developed structures.

The hydrogen evolution reaction in the alkaline solution pro-
ceeds according to the three reaction mechanisms ~ resulting in the
release of OH™ ions in the layer surrounding the electrode and,
therefore, an increase in pH. However, the bath for the electrodepo-
sition consists of NH,CI/NH,OH used as a buffering agent for pH
10, and no significant increase in pH during deposition was ob-
served.

The hydrogen overpotential can manifest itself through the ca-
thodic current efficiency (Fig. 3). The hydrogen evolution during the
deposition of the alloys diminishes the current efficiency, depending
on the electrolyte composition and on the current density. These
results agree well with the polarization measurements where the
electrodeposition performed from bath with Co bath has a lower
hydrogen overpotential and consequently a lower current efficiency.
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Figure 3. The dependence of the current efficiency on current density for Ni,
Ni-Co, and Co electrodeposition (electrolyte composition: Ni-0.12 M
NiSO,, Ni-Co alloy-0.12 M (NiSO, + CoSO,), Ni**/Co** = 1, and Co-0.12
M CoSO,).

Also, the evolution of hydrogen provides some additional stirring
effect and enhances the formation of disperse deposits with more
developed structures. Deposition becomes dependent on hydrogen
evolution because at current densities, j = 200 mA cm™2, the hy-
drogen evolution is predominant in the overall cathodic process. The
current efficiencies m = 50% (Fig. 3) for the Ni-containing electro-
Iyte and m = 40% for the Co-containing electrolyte at a current
density of 200 mA cm™ were found. The hydrogen method used
for the calculation of the current efficiency of the Ni, Co, and Ni—Co
alloys results in slightly higher values in comparison with the cur-
rent efficiency data obtained by the gravimetric method. An expla-
nation is attributed to the fact that the formation of dendritic depos-
its at higher current densities can cause the fall of some amount of
deposit into the solution, resulting in less weight values and, conse-
quently, diminished values of the calculated current efficiency.

Growth of Ni, Co, and dendritic Ni—Co deposits on Cu
substrates.— The needlelike deposits known as dendrites are usu-
ally obtained by electrodeposition at low cation concentrations. By
definition, dendrite represents a skeleton of monocrystals and con-
sists of stalk and branches resembling a tree.®

The scanning electron microscopy (SEM) of the Ni—Co deposit
cross sections obtained on copper substrates has shown the gradual
evolution of the dendritic formation (Fig. 4a-c). With an increasing
current density, a detailed investigation of the deposits morphology
has shown a formation of primary dendrites, which further grows
with increasing current density. The sample obtained at a current
density of 65 mA cm™ revealed the formation of a rough deposit
(Fig. 4a). The propagation of this structure by branching produces
dendrites, as shown in Fig. 4b. The dendrites obtained at a higher
current density of 400 mA cm™ (Fig. 4c) have shown more devel-
oped structures with smaller dendrites that have more pronounced
secondary branch and high order branches. A comparison with de-
posits obtained from pure Ni baths revealed a formation of a rough
deposit only (Fig. 5a). In contrast, electrodeposition performed at
the lowest value of the current density, i.e., 65 mA cm™2, from a
pure Co bath has shown a formation of dendritic growth (Fig. 5b). In
the particular case of anisotropic Co deposition when the hexagonal
close-packed (hcp) lattice is formed, the growth along the high in-
dex axis does not lead to a formation of low index planes. Therefore,
the hep lattice serves as a growth site for the dendrite formation
because the development of protrusions along some axis in the di-
rection of the increasing concentration is more favorable. Repeated
nucleation results in the dendrite formation. Although deposits pro-
duced from simple solution salts without additives are often den-
dritic or treelike, real dendritic structures are formed only from
Ni-Co baths (Ni**/Co?* = 1), whereas with increasing current den-

Figure 4. (Color online) Cross sections of Ni—Co deposits galvanostatically
obtained from the solution containing 0.12 M (NiSO, + CoSO,),
Ni?*/Co®* = 1 at current density: (a) 65, (b) 220, and (c) 400 mA cm™.

sity, the dendritic growth is even more pronounced (Fig. 4b and c).
In this range of concentrations, Ni and Co exhibit a mutual solid
solubility. The deposition from bath with different Ni>*/Co>* con-
centration ratios, i.e., 0.25, 0.5, 2, and 4, results in more disperse
than the dendritic growth.14

EDX composition analysis of Ni—Co deposits.— The cross-sec-
tion composition analysis of the alloys galvanostatically deposited
from the solution containing the total concentration of
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Figure 5. (a) Cross section of Ni deposit galvanostatically obtained from the
solution containing 0.12 M NiSO, at current density of 65 mA cm™. (b)
Cross section of Co deposit galvanostatically obtained from the solution
containing 0.12 M CoSOj at current density of 65 mA cm™.

0.12 mol dm™3 of ion metal with a ratio Ni**/Co?* = 1 is presented
in Table I. The composition of the dendritic deposit samples near the
electrode surface and in some distance is different (see Table I).
An EDX analysis revealed that at higher current densities, i.e.,
220 and 400 mA cm™2, the deposition of Co is enhanced near the
electrode surface (~1 pm) due to the lower overpotential for the
Co electrodeposition (sptM818, sptM820 in Fig. 4b and c), reaching
values of the corresponding ions in the solution (sptM817, sptM819
in Fig. 4b and c¢). An explanation can be attributed to the fact that at
high current densities, the hydrogen evolution is higher (Fig. 3),
providing some stirring effect and leading to the more uniform dis-
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Figure 6. XRD of Ni-Co deposits galvanostatically obtained on Cu sub-
strate from the solution containing 0.12 M (NiSO, + CoSO,), Ni**/Co**
=1 at current density: (a) 65, (b) 220, and (c) 400 mA cm™> (S-reflection
attributed to the Cu substrate).

tribution of Ni’>* and Co”* ions in the diffusion layer and therefore
resulting in a more uniform composition of the deposit. At high
current densities, high growth velocities deplete the cations in the
double layer, and the growth is controlled by mass transfer in the
electrolyte. However, for a lower current density of 65 mA cm™
(Fig. 4a), the deposition comes more under the activation control, so
the deposition of Co is enhanced compared to Ni.

At a current density of 65 mA cm™2, the content of Co in the
deposit is higher than in the electrolyte, as a consequence of the
lower overpotential for the Co?* reduction compared to Ni>*, as can
also be seen from the polarization curves (Fig. 2). In the current
density range 65-400 mA cm™2, the current density increase results
in an increase in the nickel content in the deposits. The phenomenon

Table 1. Cross-section composition analysis of Ni-Co alloys gal-
vanostatically deposited at different current densities.

J

Atom % Ni Atom % Co (mA cm™) Spot position
40 60 65 Interface
22 78 65 Bulk

39 61 220 Interface
49.5 50.5 220 Bulk

37 63 400 Interface
49.5 50.5 400 Bulk

Table II. Phase composition, grain size, and cell parameters of the Ni-Co deposits galvanostatically obtained from solution containing
0.12 mol dm™ (NiSO, + CoSO,), ratio Ni>**/Co?* = 1 at current density: (a) 65, (b) 220, and (c) 400 mA cm™2,

Content of the phases

(atom %) Lattice parameters

Current density Grain size a c Cell volume
(mA cm™) Amorphous fec/hep (+3 nm) (A) (A) (A%)
65 72 19 3.5291 43.953

/ 28 15 2.5053 4.0717 22.132
220 20 13 3.5296 43.972

9 71 11 2.4987 4.0767 22.043
400 5 11 3.5329 44.095

15 80 10 2.4947 4.1005 22.100
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of the anomalous codeposition (characteristic of the electrodeposi-
tion of iron group metals) is very pronounced in the production of
compact deposits. In the disperse deposits, the anomalous codeposi-
tion is much less pronounced, so that the composition of the deposits
obtained at high current density is almost similar to the concentra-
tion of the metal ions in the electrolyte (Fig. 4c). Increasing the
current density shifts the ratio of Ni and Co in the alloys closer to
the value of the concentration of the corresponding ions in electro-
Iyte.

Structural analysis of Ni-Co deposits.— The nanostructured
dendritic deposits were analyzed by XRD (Fig. 6). The Rietveld
refinement procedure15 was used to determine the structure and the
grain size of the deposits. For this purpose, Rietveld’s refinement
program TOPAS V3.0 (Bruker AXS GmbH, Germany) was used.'®
The quality of the refinement progress was controlled by monitoring
the fit parameter R, the goodness of fit, and the Durbin—Watson
factor.

A detailed Rietveld’s analysis revealed that Ni—Co alloys ob-
tained by the galvanostatic deposition using the same electrolyte at
different current densities consist of a mixture of solid solutions.
The crystal structure obeys the phase diagram17 because the ob-
tained bulk deposits are in the range of concentrations where Ni and
Co exhibit solid solubility (see Table I.)

The face-centered cubic (fcc) phase, whose structure is defined

by the Fm3m space group, and hcp, whose structure is defined by
the P63/mmec space group, were identified. By increasing the current
density, the structure and composition of the obtained deposits is
progressively changed.

The increase in the current density leads to the increase in the
content of the fcc phase, as well as the formation of significant
amounts of the amorphous phase (Table II). Furthermore, the cell
volume of the fcc phase increases slightly with increasing current
density (Table II).

At a current density of 65 mA cm™2, mainly the hcp phase, the
equilibrium phase of Co stable at room temperature is generated,
and it is in good correlation with the EDX results of the bulk mate-
rial (Table I). At higher electrode polarization, i.e., far from equilib-
rium, at a current density of 220 mA cm™2, the fcc phase growth
preferentially on the polycrystalline FCC-structured Cu substrate.
Still, an amount of 20% hcp phase (Co) calculated by the XRD
Rietveld refinement is present (Table IT). Taking into account the
amount of an amorphous phase of 9%, this means that approxi-
mately 70% of the deposit is composed of the fcc solid solution.

In the deposition at a current density of 400 mA cm™2, even
further from equilibrium in comparison with deposits obtained at
220 mA cm™2, the growth of the fcc phase is more pronounced
(Table II.). As determined by TOPAS using the Rietveld method, the
disperse deposits with more developed structures obtained at a high
current density, i.e., 400 mA cm™2, also contained an up to 15%
amorphous phase. The amorphous phase content, attributed to the
enhanced background intensity, was estimated by the determination
of the integral area of the broad diffuse diffraction halo, which can-
not be assigned to distinct diffraction maxima correlated with crys-
talline phases and by comparing with samples without an amor-
phous phase.

The classical expression8 for the steady-state nucleation rate J is
given by

J=K; exp - % [1]
mn

where K; and K, are practically overpotential-independent con-
stants. The nucleus probability formation J is enhanced by the in-
crease in the overpotential m. The electrochemical deposit formation
at higher current densities is accompanied by higher overpotential
values. Based on the equation, obviously, a further increase in the
current density decreases the grain size of the deposits down to 10
nm (Table II).

10pum

10pum

Figure 7. (Color online) 3D SEM reconstruction of the surfaces of Ni-Co
deposits galvanostatically obtained at current densities: (a) 65, (b) 220, and
(c) 400 mA cm™.

Surface morphology of Ni-Co deposits.— The nature and mag-
nitude of the applied electric field across the counter-working elec-
trode arrangement determines (i) grain size, (ii) surface roughness,
and (iii) dendritic electrodeposit growth.

The surface roughness of the Ni-Co deposits was determined by
the 3D SEM reconstruction of the specimen surface (Fig. 7a-c).
Such a characterization gives quantitative results of the mean sur-
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Figure 8. (Color online) 3D SEM reconstruction of the surface of Ni deposit
galvanostatically obtained at current density of 400 mA cm™.

face roughness: ¢ = 3 m in the deposit obtained at current density
65 mA cm™2 (Fig. 7a) and ¢ = 1 pm in the deposits obtained at
current densities 220 and 400 mA cm™2 (Fig. 7b and c¢). The value
o represents a picture of local surface irregularities and gives the
height deviation of the surface from the mean level. An increase in
the current density results in a decrease in the mean roughness be-
cause at higher current densities, the amount of crystal nuclei on the
surface is enhanced, causing a more homogeneous grain size distri-
bution and, therefore, formation of a smoother deposit.

The effective surface roughness increases due to the increase in
the coarseness of the deposit with increasing current density (Fig. 7b
and c). This surface amplification leads to the initiation of the pref-
erential growth of protrusions or dendrites. The Ni deposits obtained
from simple solution salts are characterized by a cauliflower surface
morphology and mean surface roughness values of ¢ =4 pm for
all analyzed deposits obtained at current densities of 65, 220, and
400 mA cm™2. A typical 3D SEM reconstruction of the surface of
the Ni deposit is presented in Fig. 8.

Co deposits have shown mean o values of 1 pm, and the result
of the deposition is the appearance of smoother deposits compared
to the Ni deposits (Fig. 9). One of the consequences of hydrogen
evolution is that H, bubbles are attached to the surface during depo-
sition and therefore can cause growth of the deposit around the
bubbles before they are released. Such impact of hydrogen during
the codeposition of Ni can cause larger mean surface values of Ni
deposits. The confirmation of these is the presence of craters or
holes in the Ni deposit (Fig. 10a), clearly visible on the surface of
one typical SEM micrograph. The bottoms of the holes consist of
small Ni particles, while around them during codeposition, larger
cauliflower particles are formed. A faster growth of the deposit
around bubbles is caused by increasing current density because the
overall current is concentrated around the bubbles, which are not

10pum

Figure 9. (Color online) 3D SEM reconstruction of the surface of Co deposit
galvanostatically obtained at current density of 220 mA cm™.
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Figure 10. (a) SEM micrograph of Ni deposit formed by galvanostatic depo-
sition at current density of 400 mA cm™. (b) SEM micrograph of Co de-
posit formed by galvanostatic deposition at current density of
220 mA cm™. (c) SEM micrograph of Ni—Co dendrites formed by galvano-
static deposition at current density of 400 mA c¢cm™.

conductive. This directly results in the formation of high surface
area disperse deposit confirmed by 3D SEM results and the value of
surface roughness of o =4 pm. A typical SEM micrograph of par-
ticles of the Co deposit (Fig. 10b) separated by boundaries is char-
acterized by the platelet morphology with very fine nanosized crys-
tallites growing on the surface during codeposition from the Co-
containing bath. In both cases, the particles consist of smaller
agglomerates of grains.

The surface morphology of the Ni—Co deposit is characterized by
the formation of dendrites. Figure 10c shows the cauliflower-shaped
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Figure 11. (Color online) Schematic representation of the dendrite forma-
tion.

particles with dendrites growing on its surface. Increasing the over-
potential under a strong hydrogen codeposition leads to the dendritic
deposits formation in the Ni—Co alloy deposition.

The basic cause of dendritic growth is the formation of the dif-
fusion field of depositing ions that favors the development of pro-
trusion in the direction of increasing concentration. Dendrite exhib-
its a highly ordered structure and grows and branches in well-
defined directions.

The motion of the growing interface is controlled by a concen-
tration of the diffusing particle and electric potential.]8 According to
Fick’s law, which satisfies the equation for a nonlocal growth pro-
cess, such as electrodeposition, the low value of the growth velocity
and the large value of the diffusion length enhance the deposition
preferentially on protrusions.

Well-defined organizations, such as dendritic, are formed under
such conditions. A schematic representation of the common effect of
hydrogen and electrolysis conditions, which favor the dendrite for-
mation, is shown in Fig. 11.

Apart from decreasing the concentration of the depositing ion,
the formation of a dendritic deposit can also be enhanced by increas-
ing the concentration of the supporting electrolyte, increasing the
viscosity of the solution, decreasing the temperature, and decreasing
the velocity of motion of the solution.®

Conclusion

The grain size of Ni-Co deposits is determined by the applied
overpotential. Increasing current density results in finer grain depos-
its. The structure of Ni—Co deposits is characterized by a solid so-
lution formation; increasing current density results in an increase in
the volume fraction of the cubic phase. The morphology of Ni—Co is
affected by conditions applied during electrolysis. Morphology is
determined by the nature of depositing ions. The Ni deposit exhibits
a spherical growth during deposition, which manifests itself by a
typical cauliflower structure; the surface pattern of the Co deposit is
characterized by a platelet structure. The composition of the alloy

deposit is determined by the hydrodynamics conditions in the near
electrode layer; with increasing current density, the hydrogen evo-
lution is predominant, leading to the more uniform distribution of Ni
and Co ions in the double layer, and, therefore, the composition of
the deposits reaches the real value of the corresponding ions in the
solution. The whole process determines the density of nucleation
sites and the final morphology of the deposit. The formation of the
dendritic Ni—Co alloy deposits is enhanced by increasing the current
density and leads to a decrease in the mean roughness. The number
of atoms in the nucleus having the critical radius declines with the
overpotential square, resulting in a more rapid nucleation at higher
current density and the formation of smaller crystals with the aver-
age grain sizes of 10 nm. The increase in the current density leads to
an increase in the volume fraction of the cubic phase in the nano-
crystalline alloy deposits with a corresponding decrease in the grain
size.
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The nickel and cobalt disperse alloy deposits of five different compositions were obtained by electrode-
position on Cu substrates in the galvanostatic regime from an ammonium sulfate-chloride solution.
The effect of cathodic current density and Ni%*/Co?* ions concentration ratio in the electrolyte on the
composition, microstructure, morphology and mechanical properties of Ni-Co alloys were investigated.
Conditions for formation of nanostrustured disperse deposits and surface roughness was determined by
3D SEM reconstruction of the specimen surface. It was established that formation of the disperse deposits
with highly developed structures is favored from bath with equal Ni2*/Co?* ions concentration ratio in
the electrolyte. Cathodic polarization diagrams determined for all investigated alloys have shown shift
of the cathodic potential for alloy deposition to the more negative values with increasing Ni?*/Co?* ions
concentration ratio in the electrolyte. An increase of in the cobalt content in the alloy was observed
with decreasing the current density and increasing of the Co?* ions concentration ratio in the bath. X-ray
analyses of nanocrystalline Ni-Co deposits show formation of a single phase face-centered cubic (FCC), a
single phase hexagonal-close packed (HCP) and mixture of FCC solid solutions and HCP phase depending
on the current density applied and electrolyte composition. The increase of HCP phase content in the
nanocrystalline deposits appears as a result of both, the increase in Co?* ions concentration in the bath
and decrease of deposition current density. The mechanical properties of nanocrystalline deposits have
shown increase of the hardness with increasing Ni content in the alloy. The cross-section of the samples
electrodeposited on Cu substrates from electrolytes with equal ion metal concentration at lower current
density values revealed the beginning of a dendrite structure formation.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

The recent interest in the electrodeposition of iron-group met-
als (Ni, Co and Fe) and their alloys is due to their unique magnetic
and thermophysical properties [1,2]. Electrodeposition is a process
which is capable for depositing nanocrystalline metals and alloys
[3] onto recessed and non-uniform surfaces, and therefore has
found a role in microelectromechanical systems (MEMS) [2,4-7].
The hardness and strength of the electrolytic deposits are bet-
ter than alloys prepared by conventional metallurgical processes
[2]. One of the most important aspects of electrodeposition pro-
cess is possibility for production of nanocrystalline materials which
exhibit unique properties compared to the microcrystalline coun-
terparts [3].

A metal powder represents a loose deposit which can sponta-
neously fall off from the electrode or can be removed by tapping or

* Corresponding author.
E-mail addresses: dminic@ffh.bg.ac.rs, dminic2003@yahoo.com (D.M. Mini¢).

0254-0584/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.matchemphys.2009.11.029

by other similar way [8-10]. The electrodeposition of the powders
from the solutions, established by the work of Calusaru [11] pos-
sesses significant advantages over other methods for synthesis of
nanocrystalline materials [3]. This method usually yields products
of requested chemical composition and high purity, which can be
well pressed and sintered [12-14]. The effect of operating condi-
tions, electrolyte composition, temperature and pH on the Ni-Co
composition and properties of obtained deposits are widely inves-
tigated [15-18]. On the other hand, electrodeposition at very high
current density and high overpotential is only investigated for the
case of the obtaining of powders [19-21].

However, electrochemical synthesis of disperse deposits on
the substrate is insufficiently investigated [8]. Investigations of
such Cu deposits formed at high current densities characterized
by open and very porous structures with extremely high surface
areas were initiated recently [22]. It has been stated that the open
and porous structures of copper deposits obtained at high current
densities were ideally suited for use as electrodes in electrochem-
ical devices such as fuel cells, batteries and chemical sensors [22],
while the extremely high surface area is relevant for evaluating
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some electrochemical reactions [23]. Surface microstructure plays
a crucial role in application such as a magnetic storage, printing
devices and all other similar technological procedures, but corre-
lation between surface morphology and roughness structure with
deposition parameters is still open topic [24]. Three-dimensional
(3D) characterization seems more adapted for applied research.
Therefore, the aim of this study is investigation of the influence
of deposition current density on microstructure of disperse Ni-Co
deposits and correlation between electrolysis conditions for for-
mation of such rough deposits on the substrates with morphology,
surface roughness and mechanical properties.

2. Experimental

The deposits were obtained in an open glass electrochemical cell with a vol-
ume of 1 dm3, thermostatically controlled at a temperature of 298 K. A Ti-plate
covered with RuO;/TiO, (10 cm? geometric area), placed close and parallel to the
Cu plate, was used as an anode (DSA). The solutions were made from analytical
grade chemicals and triple distilled water. The alloys were electrodeposited from
mixed ammonium sulfate-chloride solutions of different Ni?*/Co?* ions concen-
tration ratios of 0.25, 0.5, 1, 2 and 4 (total concentration of NiSO4 +CoSO4 was
0.12 moldm~?) using 0.5 moldm~3 NH,4Cl and 3.5 moldm~3 NH4OH as a buffering
agent and a supporting electrolyte at pH 10. The electrodeposition was performed
with a constant current regime ranging from 65 to 400 mA cm~2. The deposition
time was adjusted to the same quantity of electricity (43 mAcm~2).

Polarization diagrams were recorded with the three-compartment standard
electrochemical cell at a temperature of 298 K. The platinum foil counter electrode
and the reference-saturated calomel electrode (SCE) were placed at separate com-
partments, connected to the working electrode by a Luggin capillary positioned at a
distance of 0.2 cm from the working electrode surface. The working electrode was a
copper electrode rod (d = 0.4 cm). Before each experiment the working electrode sur-
face was polished using 0.05 wm alumina impregnated polishing cloths. The Ni-Co
alloys were electrodeposited with same quantity of electricity (43 mAhcm~2).

Polarization measurements were performed by a computer controlled electro-
chemical system (PARM 273A) using the corrosion software (PARM352/252, version
2.01) with a sweep rate of 1 mVs~!. To obtain polarization curves corrected for the
IR drop, current interrupt technique was used with the time of current interruption
being 0.55s.

The current efficiency of alloy deposits was determined at different current den-
sities by measuring the mass of the deposit on the copper cathode which was used
as a working electrode.

Surface morphology was examined using an XL 30 ESEM-FEG (environmental
scanning electron microscope with field emission gun, FEI Company, NL). The 3D
reconstruction of the specimen surface was characterized by SEM using MeX soft-
ware from Alicona (A). It enables to carry out a 3D analysis directly from the digital
images yielding profile and roughness measurements and also area analysis as well
asvolumetric measurements. An alloy composition analysis was performed by ESEM
using the energy dispersive X-ray spectrometry (EDX) software Genesis (USA). X-
ray powder diffraction (XRD) analysis was carried out using a MPD diffractometer
(Philips, NL) with CuKa radiation (40 kV/30 mA). Step scan mode was utilized with
0.03° in 26 per 1.15s step.

The micro-hardness of the deposits was determined using a Vickers microhard-
ness indenter with a load of 50 wN. Cross-sections of the Ni-Co samples deposited
on the Cu substrates were performed for indentation measurements. The final value
quoted for the hardness of the deposits was the average of 10 measurements. Opti-
cal micrographs of the sample cross-sections were obtained by optical microscope
Olympus SZX 12 (JP).

3. Results and discussion
3.1. Current efficiency

Fig. 1 shows the polarization curves for different compositions of
the electrolyte performed on a Cu cathode. The shape and position
of the polarization curves strongly depend on the electrolyte com-
position. A decrease in the content of Co%* as well as an increase in
the content of Ni2* shifts the position of the corresponding polariza-
tion curves towards negative values of the potentials corresponding
to the potential of the Ni/Ni%* deposition of pure nickel.

Metal and alloy deposition of the iron group from aqueous
solutions, is accompanied by a concurrent hydrogen evolution reac-
tion [25] which significantly affects the shape of the polarization
curve and the morphology of the obtained deposits. According to
the polarization diagrams, corrected for IR drop (which is indis-
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Fig. 1. Polarization curves for the cathodic process of Ni-Co deposition on cop-
per cathode for different composition of the electrolyte: (O) Ni**/Co?* =0.25; ()
Ni2*/Co%* =0.5; (A) Ni2*/Co?* =1, (O) Ni?*/Co?* =2 and (M) Ni*/Co?* =4, corrected
for IR drop. Scan rate TmV 1.

pensable because the galvanostatic deposition for production of
disperse deposits is performed at high current densities using small
ion metal concentration), the Ni-Co electrodeposition at overpo-
tentials higher than - 1.2V is characterized by sharp increase
of the current density where disperse deposits with high devel-
oped structures are formed. Formation of the disperse deposits is
dependant on hydrogen evolution since at current density higher
than 200 mA cm~2, the current efficiency is less than 50% (Fig. 2)
for all investigated electrolyte compositions. Hydrogen provides
some additional stirring effect and enhances formation of disperse
deposits with more developed structures.

The hydrogen evolution during the deposition of the alloys
diminishes the current efficiency, depending on the electrolyte
composition as well as on the current density. These results are
in agreement with polarization measurements where alloys with
less nickel content have lower hydrogen overpotential and con-
sequently a lower current efficiency. In the current density range,
where the disperse deposits were obtained, the current efficiency
decreases with the increase of the current density and with the
decrease of the Ni2* concentration in the electrolyte.
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Fig. 2. Current efficiency of the Ni-Co deposition process for the different current
densities and compositions of the electrolyte: (O) Ni?*/Co?* =0.25; (A) Ni?*/Co?* =1
and (M) Ni%*/Co?* =4,
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Fig. 3. Dependence of the alloy composition on Ni2*/Co?* ratio in the electrolyte at
a current density 65 mA cm~2,

3.2. Composition of the Ni-Co alloys

In order to define the influence of the electrolyte concentra-
tion on composition of the obtained disperse Ni-Co deposits, the
electrodeposition from five electrolytes of different compositions
at current density of 65mAcm~2 was performed. The chemical
composition of the alloys galvanostatically deposited was deter-
mined for alloy samples as an average of 3 measurements with
surfaces of 10 um? with an error of £2%. Afterwards, current den-
sities of 220 and 400 mA cm~2 were selected to define the effect of
the current density on deposit composition for a chosen electrolyte
composition.

According to the EDX analysis, the electrolyte composition
(Ni2*/Co?* ions ratio) as well as the current density, affects the com-
position of the electrodeposited alloys remarkably, Figs. 3 and 4.
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Fig. 4. Dependence of the alloy composition on current density from an electrolyte
with concentration ratio Ni2*/Co%* =1.
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Fig. 5. X-ray diffraction patterns of alloys deposited from the electrolyte with dif-
ferent Ni?*/Co?* concentration ratio: (a) 0.25,(b) 0.5, (c) 1,(d) 2 and e) 4 at a current
density 65 mAcm~2 (a-reflections attributed to the «-Ni; e-reflections attributed
to the e-Co; S-reflection attributed to the Cu substrate).

However, the percentage of Ni in the deposit, especially for the
deposit obtained from the electrolyte with [Ni2*]/[Co%*]=0.25 was
lower than in the electrolyte solution, Fig. 3. This indicates that the
electrochemical alloying leads to an increase in the reaction rate of
Co at relatively low current density of j=65mA cm~2 resulting in
the higher content of cobalt in the alloy than in the electrolyte. Such
behavioris in accordance with the term “anomalous co-deposition”
asintroduced by Brenner [25] which refers to the preferential depo-
sition of the less noble metal, i.e. Co. Besides, with the increase of
the Ni2* concentration in the electrolyte, the Ni content in the alloys
almost reaches its content in the electrolyte.

The difference between the electrolyte composition and the
deposit composition (Fig. 4) is much less pronounced at high cur-
rent density, i.e. j =400 mA cm~2. The composition of the obtained
deposit is almost similar to the concentration of the metal ions
in the electrolyte. In this case, the composition of the deposits is
dependent on the current density, indicating that an increase of
the current density is accompanied by a decrease of the cobalt con-
tent in the deposit. An increase of the current density leads to an
increase of the overpotential which is combined by an increase of
the activation of the electrode reaction. This results in an increase
of the nickel content in the deposits.

3.3. Microstructure of deposits-Influence of chemical composition
of the electrolyte on microstructure

Fig. 5 shows a series of XRD patterns for all five alloys elec-
trodeposited from different bath compositions at a selected current
density of j =65 mA cm~2 with same quantity of electricity and with
an average sample thickness of (25 +5) pm.

The X-ray analysis of the deposits shows the presence of solid
solutions of Ni and Co with a structure which changes progressively
with the change of their chemical composition depending on the
used electrolyte. For the lowest content of Ni, a single phase deposit
involves the hexagonal close-packed (HCP) phase also known as &-
phase (Fig. 5a). With the increase of nickel content in the deposit
ranging to 30-40 at%, the mixture of face centered cubic (FCC) also
known as a-phase and the HCP phase was found (Fig. 5b-d). With
the further increase of Ni content in Ni deposit, only a single FCC
phase is observed (Fig. 5e). The noticed diffraction peaks of Cu with
low intensity belong to the substrate material. Deposits rich in Co
and deposits rich in Ni (Fig. 5a and e) exhibit cell volumes compa-
rable to the theoretical values of Co (22.1 A3) and Ni (43.8 A3), cf.
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Table 1

Phase composition, grain size and cell parameters of the electrodeposited alloys.
Ni?*/Co?* [current density Crystal structure/concentration (%) Grain size (nm) a(A) c(A) Cell volume (A3)
Ni?*/Co%* =0.25/ 65 mA cm 2 HCP/100 20 2.506 4.069 22.126
Ni?*/Co?* =0.5 65 mA cm 2 FCC/27 HCP/73 11/9 3.533/2.505 4.076 44.114/22.153
Ni?*/Co?* =1/ 65 mA cm—2 FCC/28 HCP/72 19/15 3.529/2.505 4.072 43.955/22.127
Ni?*/Co?* =1/ 220 mAcm 2 FCC/71 HCP/21 amorphous phase/8 13/11 3.530/2.499 4.077 43.971/22.043
Ni?*/Co%* =1/ 400 mA cm 2 FCC/82 HCP/3 amorphous phase/15 11/10 3.533/2.495 4.100 44,096/22.100
Ni2*/Co%* =2 65 mA cm 2 FCC/87 HCP/13 14/5 3.528/2.480 4.057 43.901/21.610
Ni?*/Co%* =0.25/ 65 mA cm 2 FCC/100 13 3.526 43.833

P

Fig. 6. SEM micrographs of Ni-Co deposits obtained at a current density 65 mA cm~2 from an electrolyte with different Ni?*/Co?* concentration ratio: (a) 0.25, (b) 0.5, (c) 1,
(d)2 and (e) 4.



L.D. Rafailovic et al. / Materials Chemistry and Physics 120 (2010) 409-416 413

Fig. 7. X-ray diffraction patterns of alloys deposited from an electrolyte with
concentration ratio Ni%*/Co?* =1 at different current densities: (a) 65mAcm2,
(b) 220mAcm~2 and (c¢) 400 mAcm~2 (a-reflections attributed to the a-Ni; &-
reflections attributed to the £-Co; S-reflection attributed to the Cu-substrate).

Table 1.

The morphology of all Ni-Co deposits strongly depended on the
chemical composition of the alloy deposit, i.e. the chemical com-
position of the electrolyte, Fig. 6. For the chosen current density of
65mA cm—2 particles with a size varying from 5 to about 50 wm
composed of fine nanosized crystallites of different morphology
were obtained.

The morphology of the alloy deposited from electrolyte with the
highest concentration of [Co%*] ions in the electrolyte, at current
density of 65 mAcm~2 is shown in Fig. 6a. This deposit possesses
the platelet structure.

For the concentration ratio [Ni2*]/[Co?*]=1 in the electrolyte,
the morphology of the deposit is slightly changed and consists of
cauliflower particles exhibiting a surface morphology based on pre-
ferred oriented platelets (Fig. 6¢). Fig. 6b and d show enhanced
dendritic growth with more disperse deposits obtained from the
baths with the concentration ratio [Ni2*]/[Co2?*]=0.5 and 2, respec-
tively. At one and the same current density of 65 mAcm~2, more
developed structures are formed leading an increase of the mean
surface roughness. Finally, the particles deposited from the elec-
trolyte with the highest content of Ni show cauliflower structure,
Fig. 6e. The morphology of the deposits is similar to the morphol-
ogy of the pure Ni obtained from the Wath’s bath without addition
of a surfactant substance [8,20].

The SEM micrographs show that the surface morphology of the
deposit is determined by the nature of the electrochemically active
ions or complexes and the kinetics of the electrocrystallization pro-
cess.

3.4. Phase analysis of deposits-Influence of current density on
microstructure

A detailed Rietveld’s analysis revealed that the phase com-
position of the deposited Ni-Co solid solutions depends on the
composition of the electrolyte bath as well as on the applied cur-
rent density (Fig. 7). Rietveld’s refinement procedure [26] is able
to simulate the XRD pattern from given starting parameters. The
purpose of this simulation is therefore to refine individual param-
eters, e.g. phase content, grain size, and crystal lattice parameters,
to obtain a good fit. For this purpose Rietveld’s refinement program
TOPAS V3.0 (Bruker AXS GmbH, Germany) was used [27]. The qual-
ity of the refinement progress was controlled by monitoring the fit
parameter Ryyp, the goodness of fit (GOF), and the Durbin-Watson
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Fig.8. Evolution of the FCC phase content in deposits as a function of current density
from an electrolyte with concentration ratio Ni?*/Co?* =1.

factor.

The deposits obtained from an electrolyte with a equal ion metal
concentration ratio, [Ni2*]/[Co%*]=1, have shown the formation of
a mixture of both phases, HCP and FCC. The formation of solid solu-
tions is a consequence of the mutual miscibility of Ni and Co in the
range of concentration in the obtained deposits (Table 1) which is in
accordance to the phase diagram [28]. The decrease of the current
density results in pronounced crystallization and an increase of the
size of crystallites as well as a higher HCP content in the alloys. Evo-
lution of the FCC phase content from the same bath was achieved
by the increase of current density (Fig. 8).

If the kinetics of the deposition process is fast, a disperse deposit
can be obtained at low driving force, while a much larger driving
force is needed for kinetically slow processes such as Ni and Co
deposition [8] resulting in an electrodeposition process far from
equilibrium conditions, i.e. at high overpotentials, and in the for-
mation of the FCC phase. At low overpotentials, a higher amount of
Co as the HCP phase is formed.

3.5. Grain size of Ni-Co alloy deposits

The electrolyte composition and the current density have a
great effect on the grain size of the deposits. Average grain sizes
were calculated from the peak broadening from XRD according to
the Scherrer equation with the Rietveld refinement method [26].
Obtained alloy deposits were composed of fine nanosized crystal-
lites (cf. Table 1).

The alloy electrodeposited at selected current density of
65 mA cm~2 from the electrolyte with the ratio [Ni2*]/[Co2*]=0.25
(Fig. 5a), contains the &-Co phase with hexagonal close-packed
lattice and with an average grain size of 2042 nm. The average
grain size in the deposits consisting single FCC phase was 13 +2 nm
(Fig. 5e).Ingeneral, deposits with finer grain sizes are obtained with
increasing [Ni2*] concentrations in the electrolyte. With increasing
Co content in the alloys (Table 1) the average size of crystallite
increases ranging from 13 to 19 nm for the FCC phase and from 15
to 20 nm for the HCP phase. The mixture of two phases leads to a
further grain size refinement of deposits.

A reduction of the grain size was also achieved by an increase
of the current density. Increasing the current density leads to the
increase of the overpotential, and therefore increases the nucleus
formation probability resulting in smaller critical radii and the
number of atoms constituting the nucleus. Hence, the increase
of current density decreases the grain size of the Ni-Co deposits
(Table 1). The formation of electrochemical deposits from elec-
trolytes with a higher [Ni2*]/[Co%*] ratio is accompanied by higher
overpotential values, therefore deposit with finer grains is formed
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Fig. 9. 3D SEM reconstruction of the surfaces of Ni-Co deposits obtained at a current density 65 mA cm~2 from the electrolyte with different Ni?*/Co?* concentration ratios:

(a) 0.25; (b) 1 and (c) 4.

from a bath containing a higher Ni2* ions concentration (Table 1.).
For the deposition of more disperse deposits composed from fine
nanosized crystallites, the use of the overpotentials higher than
1.3V are requested, specifically in the case of the deposits obtained
from electrolyte with concentration ratio [Ni2*]/[Co2*]>0.5.

3.6. Surface roughness of Ni-Co alloy deposits

The 3D dataset was deduced from two stereoscopic images
obtained by tilting the sample stage in the ESEM at the eucen-
tric point with an angle of 5°, Fig. 9a-c. The calculated roughness
parameters are shown in Table 2.

The concentration ratios [Ni2*]/[Co%*]=0.25 and 4 correspond-
ing to a single-phase systems, led to a surface with similar mean
roughness values in spite of different morphology, (Fig. 6a and e),
respectively. In the case of a ions concentration [Ni2*]/[Co%*]=1,
involving more than one phase, the Ra values are almost 3 times
higher, and the active surface increases in comparison to the spec-
imens with ratios of 0.25 and 4. An increase in the current density
resultsinadecrease in the mean roughness (Table 2), since at higher
current densities the amount of crystal nuclei on the surface is

enhanced. The larger the nucleation rate, the more homogenous
is the grain size distribution leading to the formation of smoother
deposits (see also, Fig. 6a and e). 3D SEM reconstruction experimen-
tal results confirmed the beginning of disperse deposits formation
in galvanostatic deposition using current density, j > 65 mA cm2.

3.7. Mechanical properties of Ni-Co deposits

Nanoindentation test were performed to investigate the
mechanical properties of the deposited samples. A load of 50 wN
was applied on the cross-section of the samples (deposits on cop-
per substrate). The low applied load is needed to make penetration
depths small enough to avoid the influence of the substrate on
the hardness measurements. The nanoindentation test demon-
strated that nanocrystalline deposits have a higher hardness with
an increase of the Ni content in the sample (Fig. 10). The hardness
of the Ni-Co alloys deposited from the same bath composition but
at different current densities shows a reduction of the hardness,
not as significant as in the case of the hardness measured on the
samples prepared from the different bath compositions.

Table 2

Roughness parameters of alloys deposited from electrolytes of different Ni2*/Co?* concentration ratio and at different current densities.
Ni2*/Co?* concentration ratio Current densities (mA cm=2) Ra (pm) Rz (pum) RS
0.25 65 0.7 4.7 1.64
0.5 65 1.3 52 1.34
1 65 3.0 13.1 1.98
1 220 1.1 5.2 1.38
1 400 1.0 6.5 1.62
2 65 2.1 9.2 1.37
4 65 1.0 4.7 1.64

Ra, mean roughness, Rz, the difference between the highest and the lowest point in the picture of defined scan, RS, active surface, the ratio of the real surface including
topography to a projected surface of the measurements (a square with dimensions of 23 pum x 15 wm).
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Fig. 10. Hardness of Ni-Co deposits as a function of current density and electrolyte
composition: (A) concentration ratio Ni%*/Co?* =1 at different current densities, (M)
different concentration ratio Ni?*/Co?* at a current density 65 mA cm2.

In contrast to some authors [29], the hardness is increased with
an increase of the Ni content in the deposits. According to the opti-
cal micrographs of the cross-sections of the deposits obtained on
the Cu substrate presented in Fig. 11, two possible reasons can
cause such behavior. One is the grain size and the second is poros-
ity inside the deposit with high Co content (Fig. 11a). The release
of hydrogen in the layer surrounding the electrode also affects the
properties of the obtained deposits, causing the formation of craters
in the deposit (Fig. 11¢). The deposit obtained form the electrolyte
with the highest concentration of Ni2* are compact (Fig. 11c), while
the deposits obtained at the same current density from the bath
with the concentration ratio Ni%*/Co%* =1 show a dendritic struc-

ture (Fig. 11b). It should be indicated that when the grain size is
smaller than 10 nm, the grain refinement may cause softening of
the nanocrystalline metals. In these measurements, differences in
the grain size have not been so significant, but they still affect the
large difference in the hardness value (Fig. 12).

The hardness measurements performed on the Ni-Co
deposits obtained from an electrolyte with a concentration

(a) (b)

415

M)

. W24 2+
Concentration ratio,Ni“ /Co R

Fig. 12. Effect of the grain size on nanohardness of Ni-Co deposits performed

from an electrolyte with different Ni%*/Co?* concentration ratio (d, average value
of grains).

ratio [Ni2*]/[Co%*] =1 at different current densities have shown a
reduction of hardness. The explanation can be attributed to the
fact that at higher current densities a more disperse deposit with
porous structure and very high surface area is formed. Nanohard-
ness of deposits decreases with increasing current density since
evolution of the dendritic structure occurred during deposition at
higher current densities.

The grain size is the main parameter influencing the grain
boundary hardening. Based on the Hall-Petch relationship,
nanocrystalline material is expected to exhibit higher strength than
their microcrystalline counterparts [30]. In the present study, the
nanograin size did not affect the softening of the deposits formed
from electrolytes with equal ion compositions, Ni2*/Co?* =1 at dif-
ferent current densities, considering grain sizes of the deposits
were in the range of 10 nm. Although the more dendritic deposits
performed at higher current densities, are characterized by areduce

(c)

65mAcm2.

Fig. 11. Cross-section of Ni-Co deposits obtained on copper substrate from an electrolyte with concentration ratio Ni>*/Co?*: (a) 0.25; (b) 1 and (c) 4 at a current density
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grain size, the formation of the deposits with a very disperse den-
dritic structure has a decisive influence on the measurements.

4. Conclusions

The microstructure as well as the morphology of the Ni-Co alloy
deposits electrochemically obtained from an ammonium sulfate-
chloride solution depends on the deposition current density and the
bath composition. With a decrease in the deposition current den-
sity the volume fraction of the HCP phase in the deposits increases
accompanied by the crystal grain growth. The increase of HCP
phase content in the nanocrystalline deposits appears as a result
of both an increase in the Co?* ions concentration in the bath and
a decrease of the deposition current density. The increase of the
current density and the decrease of the Co2* ions concentration in
the bath results in finer grain deposits. Surface morphology and
mean roughness of the deposits depend on the concentration ratio
in electrolyte; in the case of equal ions concentration of Ni%*/Co2*
in the electrolyte, the mean roughness of the deposit is the high-
est. It is possible to achieve variety of microstructural properties by
choosing the current density or the electrolyte composition appro-
priately.
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Polyaniline electrode (PANI) was formed electrochemically at graphite electrode. Electrochemical
polymerization was performed at constant current density of 2.0 mAcm~2 from aqueous solution of
1.0 mol dm~—3 HCl with addition of 0.25 mol dm~3 aniline monomer. Electrochemical characterization of
the PANI electrode in chloride and chloride/citrate electrolyte was performed using cyclic voltammetry
and galvanostatic measurement in order to study the influence of citrate ions on charge/discharge capa-
bility and cycling efficiency. It was observed that, for anodic potential 0.32 V, higher electrode capacity of
PANI electrode in chloride/citrate electrolyte was obtained, comparing to chloride electrolyte, indicating
positive effect of citrate ions on cycling characteristics. On the other hand, for higher anodic potential
limitof 0.50V, faster decrease of the electrode capacity in chloride/citrate electrolyte was observed. It was
suggested that influence of both chloride and citrate anions had exhibited influence on electrochemical
behavior of PANI electrode in citrate containing electrolyte.
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1. Introduction

Due to their unique properties, such as: mechanical strength,
electrical conductivity, corrosion stability, possibility of chem-
ical and electrochemical synthesis, electroconducting polymers
(ECP) are considered in wide area of practical application such as:
microelectronics, optoelectronics, active corrosion protection, sen-
sors, electromagnetic shielding, and electrochemical power sources
[1-8].

ECP can be synthesized by both chemical and electrochemical
oxidative polymerization. However, electrochemical synthesis is
favorable permitting the control over the reaction rate. On the other
hand, electrochemical polymerization occurs together with doping
by organic or inorganic ions in a single step.

Among large number of ECP, polyaniline (PANI) is the most
investigated as possible cathode material for aqueous based elec-
trochemical power sources [5-13]. Systems consisted of PANI
cathode combined to some electronegative metal (mainly zinc)
anode, are likely to accomplish most of the three E criteria: energy
(high energy content with respect to volume and weight), eco-
nomics (low manufacturing and maintenance costs, long service
life) and environment (toxic free, safety, low energy consumption,
easy to recycle) denoted as the determining factors of an electro-

* Corresponding author. Tel.: +381 11 3303695; fax: +381 11 3303695.
E-mail address: branimir.jugovic@itn.sanu.ac.rs (B.Z. Jugovic).

0254-0584/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.matchemphys.2010.10.011

chemical power system success [14,15]. However, these systems
still have not been commercialized due to several reasons, related
to the fact that PANI is degradable at potentials higher than 0.5V
[16,17]. The main reason is connected to zinc dendrite and solid
phase formation [6,8,18]. Zinc deposits, obtained from common
chloride electrolytes, are almost completely in the form of den-
drites, even if the deposition was performed using low current
densities.

Fast growing zinc dendrites can lead to shortcutting with cath-
ode affecting poor efficiency and cycling life. Addition of some
organic anions to metal deposition baths, due to formation of metal
complexes, can lead to both higher quality metal deposits and to
suppression of dendrite deposits [19].

It was shown previously, that addition of citrate anions to com-
mon chloride electrolyte had led to formulation of smooth zinc
deposits without irregularities even at electrode edges. On the
other hand, corrosion rate in citrate containing electrolyte was low-
ered to one order of magnitude comparing to chloride electrolyte
[20]. Hence, the aim of this work was to investigate electrochemi-
cal characteristic of PANI electrode as possible cathode material in
citrate containing electrolyte to be used combined to zinc anode in
rechargeable electrochemical power sources.

2. Experimental

PANI electrode was formed by electrochemical synthesis on graphite electrode
(§=0.64cm?) from aqueous solution of 1.0moldm~3 HCI (p.a. Merck) containing
0.25 moldm~3 aniline (p.a. Aldrich), at constant current density of 2 mA cm~2.
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Fig. 1. Cyclic voltammogram of PANI electrode in 1.0moldm~3 HCl and
0.25 moldm~3 aniline (v = 20mV s~ '). Insert: Galvanostatic curve of electrochem-
ical polymerization of aniline at graphite electrode in 1.0moldm=3 HCl and
0.25moldm~3 aniline, j=2.0mA cm~2, and dedoping by j=1.0mAcm~"'.

After electrochemical polymerization, PANI electrode was galvanostatically dis-
charged (dedoped) in the same solution with a current density of 1mAcm=2 to
the potential of —0.6V, than rinsed in double-distilled water, and transferred into
another electrochemical cell for further characterization. Prior to use, aniline was
distilled under argon atmosphere. The working electrode, cylindrically shaped
graphite inserted in Teflon holder, was first mechanically polished by fine emery
papers (2/0, 3/0 and 4/0, respectively), and than by polishing alumina (1 wm, Banner
Scientific Ltd.) on polishing cloths (Buehler Ltd.). The traces of the polishing alumina
were removed from the electrode surface in an ultrasonic bath during 5 min.

PANI electrode was characterized using cyclic voltammetry and chronopo-
tentiometric measurements in chloride and chloride/citrate electrolytes. Chloride
electrolyte was consisted of aqueous solution of 0.5moldm~3 NH4Cl and
0.2 moldm~3 ZnCl,, while chloride/citrate electrolyte was consisted of 0.5 mol dm—3
NH,4Cl and 0.2 mol dm~3 ZnCl, with addition of 0.3 moldm~3 Na-citrate. All exper-
iments were performed in standard three compartment electrochemical cell at
ambient temperature (22 °C). Saturated calomel electrode (SCE) was used as refer-
ence, while Pt wire served as counter electrode. The electrochemical measurements
were carried out using PAR 273A potentiostat/galvanostat interfaced to PC.

3. Results and discussion

Chronopotentiometric curve of PANI electrochemical poly-
merization on graphite electrode from 1.0moldm~3 HCl and
0.25moldm~3 aniline at constant current density of 2.0 mA cm—2
during 10805 is given in insert of Fig. 1. Aniline electrochemical
polymerization occurs together with doping by chloride anions,
according to:

(PANI), + nyCl~ — [PANP*(CI™)], + nye™ 1)

where y refers to doping degree (ratio between the number of
charges in the polymer and the number of monomer units). After
polymerization, PANI electrode was discharged (dedoped) galvano-
statically with current density of 1mAcm~2, and transferred to
another electrochemical cell for further investigation.

Six successive cyclic voltammograms (v=20mV s~ ') of the
PANI electrode are shown in Fig. 1. Voltamogramms are charac-
terized by constant charge increase resulted from the formation
of insoluble PANI. The observed anodic and cathodic peaks cor-
respond to different oxidation forms of PANI. First anodic peak,
occurring at potential of ~0.2 'V, is connected to doping of chloride
anions indicating transition of leucoemeraldine (y = 0) form of PANI
to emeraldine salt (y=0.5). Further increase in potential, above
~0.50V, refers to transition of emeraldine salt to perningraniline
salt (y=1) [20]. Between these well defined peaks, small peaks

Leucoemeraldine base

+2e” -2¢€
-2A° +2A

Emeraldine salt

H H H H
| | | |
[) 1)
A A
n
+2e” -2e
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Pernigraniline salt

N= N—
® ®
A A y
n

2

Fig. 2. Generalized scheme of various PANI oxidation forms.

> eZ—IT
> eZ—T

could be assigned to hydrolysis and degradation products of PANI
[20-22]. Different forms of PANI oxidation states are schematically
represented in Fig. 2 [20]. Leucemeraldine is fully reduced form
of PANI, with doping degree, y=0, conductive emeraldine salt is
half oxidized form (y =0.5), while perningraniline salt refers to fully
oxidized form (y=1).

As it could be seen in insert of Fig. 1, polymerization occurred
at potentials ~0.7 V, meaning that PANI is mostly obtained in the
form of perningraniline salt. Comparing the polymerization charge
0f0.60 mAh cm~2 and discharge charge of ~0.14 mAh cm~—2, it could
be concluded that only 23% of the total mass, was obtained in the
form conducting of emeraldine salt and therefore available for the
further charge exchange. The rest of the charge refers to formation
of inactive PANI oligomers and degradation products [20].

Chronopotentiometric charge/discharge curves of the PANI
electrode in chloride and chloride/citrate electrolyte, obtained by
different current densities between 0.25 and 1.00mAcm~2 are
given in Fig. 3.

As it can bee seen in Fig. 3, in both chloride and chloride/citrate
electrolyte, charging of PANI electrode started at potential of
~—0.1V.In chloride electrolyte, potential almost linearly increased
up to ~0.5V. In chloride/citrate electrolyte, at potentials higher
than 0.35V, faster increase of the potential was observed. Such
behavior is probably connected to appearance of degradation prod-
ucts, occurring at higher potentials. Discharge of the PANI electrode
started at ~0.45V in chloride, and ~0.3V in chloride/citrate elec-
trolyte, at potentials lower than ~0.1V, sharp decrease of the
potential in both electrolytes could be explained by diffusion
limitations. Even though, the open circuit potential of the PANI
electrode in chloride electrolyte was higher than in chloride/citrate
electrolyte, chloride/citrate electrolyte exhibited better discharge
characteristics, especially when lower current densities were used.

Dependences of charge/discharge capacities of PANI electrode
in chloride and chloride/citrate electrolytes are given in Fig. 4.
Charge/discharge characteristics of PANI electrode in both elec-
trolytes were affected by the applied current density, probably as a
consequence of chloride anion diffusion limitation trough the poly-
mer film [23]. As it can be seen in insert of Fig. 4, columbic efficiency
was higher in chloride/citrate electrolyte.
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Fig. 3. Charge/discharge curves of PANI electrode in (O) chloride and (®) chlo-
ride/citrate obtained with current densities: (1) 0.25; (2) 0.50; (3) 0.75; (4)
1.00 mAcm2.

It was previously showed that anodic potential limit had exhib-
ited influence on charge/discharge characteristics of the PANI
electrode, resulted in decrease of the electrode capacity during
cycling [10]. On the other hand, it was observed that addition of
citrate anions had enhanced characteristics of negative zinc elec-
trode [19], in terms of both deceased corrosion rate and absence of
zinc dendrite growth. For that reason, charge/discharge behavior of
the PANI electrode was investigated in chloride/citrate electrolyte.
In Figs. 5 and 6 chronopotentiometric charge/discharge curves of
the PANI electrode in chloride/citrate electrode during ten cycles,
obtained by current density of 1TmAcm~2 and different anodic
potential limits of 0.5 and 0.32V are given, respectively. Cyclic
voltammograms taken before and after ten cycles of are given in
inserts of both Figs. 5 and 6.

As seen in Figs. 5 and 6, anodic potential limit had great
influence on charge/discharge behavior of PANI electrode in chlo-
ride/citrate electrode. For higher anodic potential limit of 0.5V
(Fig.5) charge/discharge capacities constantly decreased over time.
As seen in insert of Fig. 5, cyclic voltammograms taken before
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Fig.4. Dependences of charge: (®) chloride/citrate; (W) chloride, and discharge: (O)
chloride/citrate; (O) chloride, capacity of PANI electrode on current density. Insert:
Columbic efficiency.
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Fig.5. Charge/discharge curves of PANI electrode during ten cycles,j=1mAcm~2 in
chloride/citrate electrolyte for anodic potential limit of 0.50 V. Insert: cyclic voltam-
mograms: (-) before and (. . .) after ten cycles, v =20mV s~

and after ten cycles showed capacity lost, suggesting that strong
PANI degradation had occurred. For anodic potential limit of 0.32V
in Fig. 6 charge/discharge curves of the PANI electrode in chlo-
ride/citrate electrolyte were the same over ten cycles, meaning
that electrode capacity remained practically constant. This fund-
ing indicates that degradation of PANI did not occurred. As seen in
insert of Fig. 5, cyclic voltammograms of the PANI electrode before
and after ten cycles remained the same, confirming again the fact
that there was no PANI degradation during cycling. It is interesting
to mention that charge/discharge capacities of the PANI electrode
were almost two times higher in chloride/citrate than in chloride
electrolyte (given in dot lines in Fig. 6).

The dependences of charge and discharge capacities of the PANI
electrode, calculated by integration of anodic and cathodic parts
of voltammograms from Figs. 5 and 6, on cycle number is given in
Fig. 7.

As seen in Fig. 7, for anodic potential limit of 0.50 V, permanent
lost (around 25%) of the capacity during ten cycles was observed

_06 " ] n 1 " 1 " 1 L 1 1 " 1 "
0 50 100 150 200 250 300 350 400
t/'s

Fig. 6. Charge/discharge curves of PANI electrode during ten cycles,j=1mAcm~2 in
chloride/citrate (full lines) and chloride electrolyte (dot lines), for anodic potential
limit of 0.32V, (dot lines) chloride. Insert: cyclic voltammograms: (-) before and
(...) after ten cycles, v =20mV s™.
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Fig.7. Dependences of PANI electrode capacities on cycle number in chloride/citrate
electrolyte, for anodic potential limit of 0.5 V: (®) charge; (O) discharge and 0.32V:
(m) charge; (O) discharge. Insert: Columbic efficiency for anodic potential limit of:
(@)0.5V and (W) 0.32V.

even though the initial capacity was higher, than one obtained for
anodic limit of 0.32 V. On contrary, there was practically no capac-
ity lost observed for the potential limit of 0.32V. Since PANI was
always polymerized under the same conditions, the decrease of the
capacity for higher anodic potential limit of 0.5 V in chloride/citrate
electrolyte could be connected to the presence of citrate anions.
The effect of the doping anions, proposed by Yang et al. [24] could
be attributed to the hydrophobic effect following the Hofmeister
series [25]:

Clos~ > NO3~ > I" > Br~ > CI" > F~ > HPO4% > S042~ > citrate>~ (1)

According to this, perchlorate ions are the most hydrophobic,
citrate ions are the most hydrophilic, while chloride are in the mid-
dle. So, it was expected that chloride ions would form relatively
stabile ion pars in oxidized PANI film, therefore PANI degradation
could be limited to certain degree by dissociation of the ion par,
resulting in slower degradation kinetics of PANI in chloride than in
chloride citrate electrolyte.

In Fig. 8 cyclic voltammograms of the PANI electrode in chloride,
chloride/citrate and in pure citrate (0.3 moldm—3 Na-citrate) are
given.

As it can be seen in Fig. 8, doping process in chloride, chlo-
ride/citrate, and pure citrate electrolyte, started at potential of
0.15V. Anodic peak potential connected to doping of leucoemeral-
dine to emeraldine salt in chloride and chloride/citrate electrolytes
was observed at practically the same potential of 0.25V, while
the peak potential in pure citrate electrolyte was shifted for more
than 100 mV in the positive direction. On the other hand, in chlo-
ride/citrate electrolyte, doping preceded through a broad peak,
indicating that both chloride and citrate anions were involved in
doping. It could be suggested that, at lower potentials doping by
chloride occurred, while at higher potentials doping by citrate
anions occurred. Comparing the values of the potentials in dop-
ing area for chloride and chloride/citrate electrolytes for the same
value of current densities, it seams that doping reaction in chlo-
ride/citrate was shifted for about 30 mV in negative direction. This
negative shift of the potential resulted in higher charge/discharge
capacities obtained in chloride/citrate than in chloride electrolyte.
On the other hand, in order to avoid fast PANI degradation and
decrease in charge exchange ability, it is highly recommended that
anodic potential limit during cycling should not exceed ~0.35V.

20 —

-2

j/ mAcm

-0.4 -0.2 0.0 0.2 0.4
E/V (SCE)

Fig. 8. Cyclic voltammograms of PANI electrode in: (1) chloride, (2) chloride/citrate
and (3) citrate electrolyte, v = 20mV s,

4. Conclusion

Electrochemical synthesis of PANI on graphite from aqueous
solution of hydrochloric acid containing aniline monomer was per-
formed under galvanostatic conditions. The polymerization charge
was 0.60 mAh cm~2 while discharge charge was ~0.14 mAh cm~2.
It was concluded that only 25% of the total deposited PANI mass was
obtained in the form of conducting emeraldine salt, and therefore
available for charge exchange. The rest of the charge refers to for-
mation of inactive PANI oligomers and degradation products. Based
on electrochemical studies, it was concluded that in chloride/citrate
electrolyte both citrate and chloride anions were engaged in dop-
ing. The faster decrease in charge/discharge capacity, for potential
limit of 0.50V, in chloride/citrate electrolyte compared to chlo-
ride electrolyte, was explained by hydrophilic effect of citrate
ions. Higher charge/discharge capacities in chloride/citrate elec-
trolyte were explained by negative doping potential shift of about
30 mV, enabling wider potential frame for doping/dedoping (charg-
ing/discharging). It was recommended that charging potential
should not exceed 0.35V.
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Electrochemical polymerization of polyaniline (PANI) coating on copper electrode was performed gal-
vanostatically in the current density range between 0.50 and 1.25 mA cm~2, from aqueous solution of
0.3 moldm~3 sodium benzoate and 0.2 moldm~3 aniline. The corrosion behavior of PANI coated copper
and copper electrode exposed to 0.5 mol dm~3 sodium chloride solution was investigated by potentiody-
namic and electrochemical impedance spectroscopy techniques. It was observed that thin PANI (5 wm)
coating had provided efficient protection (~96%) to copper in 0.5 moldm~3 sodium chloride solution.
Unusual initial impedance behavior to that normally observed with conventional organic coatings was
attributed to dedoping of benzoate anions from the polymer coating.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The unique properties of electroconducting polymers (ECP),
such as: electrochemical activity, environmental stability, eases
of synthesis procedures both chemical and electrochemical [1-9],
permits them to be considered in wide range of various practical
applications: electronic devices, rechargeable power sources, sen-
sors, biosensors, magnetic shielding and active corrosion protection
as well [10-18].

Copper and large numbers of its alloys are widely used in
industrial application such as process equipments, electrical and
electronics devices, marine etc. Apart from high electrical and ther-
mal conductivity and excellent formability, copper also exhibits
good corrosion resistance; however it corrodes in variety of aggres-
sive environments [ 18]. The corrosion protection strategy of copper
is usually based on inhibition, using organic compounds mainly
benzotriazoles, aminotriazole and its derivates [ 19-24]. Apart from
good protective properties of inhibitors in variety of corrosive
environments, they are quite toxic, hence application of elec-
troconducting polymers (ECP) could be considered as possible
environmental friendly procedure in corrosion protection of cop-
per. Both chemical and electrochemical oxidative polymerization

* Corresponding author. Tel.: +381 11 3303695; fax: +381 11 3303695.
E-mail address: popovic@tmf.bg.ac.rs (M.M. Gvozdenovic).

0379-6779/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.synthmet.2011.04.029

are used to obtain ECP. Electrochemical synthesis is favorable per-
mitting direct polymer film synthesis on metal surface without
oxidizing agent, followed by doping by organic orinorganicionsina
single step. The basic problem related to electrochemical polymer-
ization of ECP on copper, in general, is the fact that two competitive
processes occur on anode: electrochemical synthesis and deposi-
tion of ECP and dissolution of copper on potentials necessary to
oxidize the monomer. Hence, it would be beneficial to work with
electrolyte which can passivate copper and, on the other hand,
permits electrochemical polymerization.

Most of the studies devoted to corrosion protection of copper by
ECP are connected to use of polypirrole (Ppy). Recently, Bazzaoui et
al. have used electrochemical synthesis of PPy on copper and brass
from aqueous solution of sodium saccharinate and pyrrole solution,
the obtained coating exhibited significant corrosion protection in
both chloride and hydrochloride solutions [17]. Redondo and Bres-
lin obtained homogenous PPy film electrodeposited on copper from
pyrrole containing phosphate solution; the growth of the film was
achieved on previously oxidized copper electrode in the phosphate
solution. The coating effectively protected copper in a chloride
solution [25,26]. Fenelon and Breslin also electrodeposited Ppy
coating on Cu, CuZn and CuNi with good protective properties
from sodium oxalate solution [27,28]. Herrasti et al. investigated
electrochemical synthesis of PPy on previously passivated copper
electrodes using different electrochemical techniques, they pointed
out that chronopotentiometry seemed to produce best protective
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coating for long immersion times in chloride solution [28,29].
Tiiken et al. performed electrochemical synthesis of polythiophene
(PTh) on copper electrode previously coated with thin PPy film.
They concluded that PPy/PTh coating on copper had provided good
protection during long immersion in sodium chloride solution [30].

Apart from the fact that polyaniline (PANI), owing to the low
price of its monomer, could be considered as most challengeable
EPP for the purpose of corrosion protection in general, only few
studies were dedicated to use of PANI in corrosion protection of
copper. Brusic et al. investigated the possible use of PANI and its
derivates for corrosion protection of copper and silver [31]. Unsub-
stituted PANI in both doped in the form of salt (doping with HCI
or dodecylbenzensulfonic acid) and undoped in the form of base
were investigated, together with substituted PANI with etoxy and
propyl groups, were investigated. The polymers were applied on
copper foils by spin coating procedure. It was observed that etoxy
substituted PANI in the form of base had provided best corrosion
protection, even better than benzotriazole. The protective function
was connected to the inhibition of oxygen reduction.

Chaudhari and Patil obtained uniform and adherent film of
poly (o-etoxyaniline) on copper from aqueous o-etoxyaniline
and salicilate containing solution using cyclic voltammetry. They
observed decrease of the corrosion rate compared to uncoated cop-
per in sodium chloride solution for almost 140 times [32]. They
also investigated corrosion protective features of electrochem-
ically copolymerized poly (o-anididine-co-o-toluidine) coatings
on copper and based on both potentiodynamic polarization
and electrochemical impedance measurements, they observed
increased corrosion protection of copolymer comparing to respec-
tive homopolymers [33]. The same authors also investigated
electrochemical synthesis and corrosion protection of poly (o-
anisidine) coatings on brass [34].

Ozyilmaz et al. used cyclic voltammetry to perform electro-
chemical synthesis of PANI coating on nickel plated copper from
oxalic acid and sodium oxalate solution [35,36].

It was observed that PANI obtained from both solutions had
provided increased corrosion protection of nickel plated copper
electrode in sodium chloride solution.

It can be concluded that there is constant interest in application
of ECP in general for the corrosion protection of copper, although
there is only few studies dedicated to the use of PANI in such sys-
tems.

Previously, we have shown that electrochemical syntheses PANI
film on mild steel and aluminum from aqueous sodium benzoate
solution [15,37] had resulted in homogenous and strongly adherent
thin PANI film with increased corrosion protection properties. The
aim of this paper was to investigate conditions for electrochemi-
cal synthesis of thin protective PANI film on copper from sodium
benzoate solution containing aniline.

2. Experimental
2.1. Electrochemical polymerization of PANI on copper

Potentiodynamic anodic polarization curves of copperin 0.1-0.3
sodium benzoate with and without presence of 0.2 moldm~2 ani-
line were recorded at scan rate of 0.5mVs~!.

Polyaniline (PANI) film on copper was obtained by electrochem-
ical polymerization from aqueous solution of 0.3 mol dm~3 sodium
benzoate and 0.2 moldm~3 aniline under galvanostatic conditions
in the current density range of 0.50-1.25 mAcm2.

Prior to use, aniline (p.a. Aldrich) was distilled under argon
atmosphere. Electrolytes were prepared with distilled water. Cop-
per sheet (S=2.0cm?) served as working electrode. Before all
experiments, working electrode was first mechanically abraded

2.0 e

1.5

1.0

E/V (SCE)

0.5

0.0
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Fig. 1. Potentiodynamic anodic polarization (v=0.5mVs~!) curves of copper elec-
trode in: () 0.1 moldm~=3, (0J) 0.3 moldm—3 and (A) 0.5 moldm~3 Na-benzoate.

by fine emery papers (2/0, 3/0 and 4/0, respectively) and then
by polishing alumina (1 m, Banner Scientific Ltd.) on polishing
cloths (Buehler Ltd.). After mechanical polishing, the traces of the
polishing alumina were removed from the electrode surface ultra-
sonically during 5 min.

The mass of the electrochemically polymerized PANI film was
determined by measuring the mass difference of copper sam-
ples before and after dissolution of PANI in hot methanol/acetone
(30/70) mixture.

2.2. Corrosion behavior

Corrosion behavior of copper electrode and PANI coated copper
electrode in 0.5 moldm—3 sodium chloride solution was investi-
gated using potentiodynamic measurements and electrochemical
impedance spectroscopy (EIS). The working surface area of the cop-
per and PANI coated copper electrode used in potentiodynamic and
EIS measurements was reduced to 0.5 cm?2, using Teflon holder in
order to avoid the edge effects. The three compartment electro-
chemical cell was used in all experiments. Copper and PANI coated
copper electrode served as working, standard calomel (SCE) as ref-
erence and platinum wire was used as counter electrode.

EIS measurements were performed at open circuit potentials in
the frequency range between 50 mHz and 100 kHz, while below
5Hz the fast Fourier technique (FFT) was used. All experiments
were performed using instrumentation consisted of PC controlled
PAR263A potentiostat/galvanostat connected to PAR frequency
response detector FRD100.

Scanning electron microscope (SEM) micrographs of PANI
coated copper taken before and after immersion in 0.5 moldm—3
sodium chloride were made using scanning electron microscope —
Jeol, JSM-5800.

3. Results and discussion
3.1. Electrochemical polymerization of PANI on copper

In order to obtain optimal concentration of sodium benzoate
for electrochemical synthesis of PANI on copper, anodic polariza-
tion curves of copper electrode in different concentration of sodium
benzoate were recorded, and presented in Fig. 1.

As it can be seen in Fig. 1, corrosion potential, Ecorr, Of copper
electrode in sodium benzoate had value ~—0.10 V(SCE). At poten-
tials more positive than 0.3 V(SCE), passivation of the electrode
occurred, with critical passivity current density of 200, 90 and
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Fig. 2. Potentiodynamic anodic polarization (v=0.5mVs~') curves of copper in:
(O) 0.3moldm~3 sodium benzoate and (®) 0.3 moldm~3 sodium benzoate and
0.20 moldm~3 aniline.

40 wA cm—2 and the mean value of passivation current density of 25,
15 and 13 pAcm~2 for sodium benzoate concentration of 0.1, 0.3
and 0.5 moldm3, respectively. At potentials more positive than
1.3V transpassive region probably connected to transformation
in the structure of the passive layer followed by oxygen evolu-
tion reaction was observed. There is no significant difference in
anodic polarization curves of the copper in different concentra-
tion of sodium benzoate, although the lowest value of the critical
passivation current density was achieved in 0.5 mol dm~3 sodium
benzoate, while almost the same value of the mean passivation
current density was achieved in 0.3 and 0.5 mol dm~3 sodium ben-
zoate solutions. In order to ensure good conductivity and solubility
of sodium benzoate, concentration of 0.3 mol dm~3 was used in all
further experiments.

In Fig. 2, anodic polarization curves of copper electrode in
0.3moldm~3 sodium benzoate with addition of 0.2 moldm3
aniline, are given for lower concentration of monomer, it was prac-
tically impossible to grow polymer film, similar observation could
be find in literature for the growth of the polypyrrole on copper
[29].

As it could be seen in Fig. 2, in the presence of aniline, corro-
sion potential was shifted for ~50mV in the negative direction,
connected to anodic inhibitory effect of absorbed aniline monomer
[15]. After short passivation of copper, in aniline containing elec-
trolyte, polymerization started at potentials more positive than
0.4V(SCE) and proceeded up to the potential of 2.5V(SCE). The
observed pick at ~0.7 V(SCE) could be connected to the existence
of polyaniline in the form of pernigraniline salt [38], at potentials
more positive than ~2 V(SCE), slow oxygen reduction reaction was
observed.

Chronopotentiometric (galvanostatic) curves of electrochemical
polymerization of aniline on copper electrode from aqueous solu-
tion of 0.3 moldm~3 sodium benzoate and 0.2 moldm~3 aniline,
obtained by different current densities during 1000s are given in
Fig. 3, while in the insert of Fig. 3, chronopotenitometric curve for
first 25 s of polymerization, with current density of 1.25 mol dm~3,
is presented.

As it could be seen in Fig. 3 dissolution of copper was not
observed, initial increase of the potential, observed during first 25 s
of polymerization (insert of Fig. 3), is related to the formation of
polyaniline layer on copper surface, while further slower increase
of the potential could be connected to polymerization of aniline on
already formed polymer on the metal surface.

2.0 T T T T

E1V(SCE)
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4-125

0 200 400 600 800 1000
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Fig.3. Chronopotentiometric (galvanostatic) curves of Cu electrode in 0.3 mol dm—3
sodium benzoate and 0.2 moldm~3 aniline solutions obtained by different current
densities (as marked in the figure). Insert: chronopotentiometric curve obtained
with 1.0mA cm~3 during 25 s of polymerization.

Dependence of the experimentally determined PANI mass (full
symbols) together with calculated theoretical mass of the PANI
film (full line) on applied polymerization current density is given
in Fig. 4. Insert of Fig. 4 shows dependence of the polymerization
efficiency on the polymerization current density, given as a ratio
of experimentally determined and calculated theoretical mass of
PANIL

Theoretical mass, m; (mgcm~2) of PANI film was calculated
assuming 100% current efficiency, and taking into account aver-
age molar mass of aniline monomer unit in the polymer, according
to equation [39]:

(= Jt(Mm +yM,)
(2 +y)Fp

where j (Acm~2) is polymerization current density over time, t
(s); Mm and M,, gmol-1, are molar mass of aniline monomer
(93.13gmol" 1) and inserted benzoate anions (121.12gmol™1),
respectively, F=96,484 Cmol~! is Faraday constant, and y is doping
degree. Due to the high polymerization potential, it was rea-
sonably to assume that most of the PANI film was obtained in

(1)
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Fig. 4. Dependence of the experimentally determined mass of PANI film (®) and (OJ)

theoretical PANI mass on current polymerization densities. Insert: polymerization
efficiency.
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perningranilin form referring to y =1, schematically presented in
Fig. 5.

As seen in Fig. 4, mass of the polymerized PANI on copper
increased with increase of the current density, but polymerization
efficiency, after having practically the same values for lower current
densities, decreased for higher current densities. Such observation
could be connected to the formation of polyaniline degradation
and hydrolysis products [38], and oxygen evolution reaction. Since,
the completely uniform PANI films were obtained for higher cur-
rent densities and in order to achieve lower extent of degradation,
polymerization current density of 1.0 mA cm~2 was used in further
experiments. Using equation:

m
s - (2)
where m (gcm~2) is experimental mass of the deposited PANI, and
assuming that density of the benzoate doped PANI was similar
to sulfate doped (p=1.3 gcm™3) [40], thickness of the PANI film,
obtained with current density of 1.0 mA cm~2, during 1000s, was
estimated to be ~5.0 wm.

3.2. Corrosion behavior

3.2.1. Polarization measurements

Potentiodynmanic polarization curves (v=0.5mVs~1) of copper
and copper coated by electrochemically deposited PANI film, after
24 h of immersion in 0.5 mol dm—3 NaCl are given in Fig. 6.

As it can be seen in Fig. 6, anodic polarization curves of copper
and PANI coated copper are under activation control, characterized
by the Tafel slope of ~54mV dec~!, connected to anodic dissolu-
tion of copper, while cathodic polarization curves are under mixed
activacion—diffusion control of oxygen reduction. The corrosion
potential of pure copper was, Ecorr = —0.270 V(SCE), while corrosion
potential of PANI coated copper was Ecorr = —0.225 V(SCE). Corro-
sion current densities were determined as intercept of anodic Tafel
lines with corrosion potential. It was found that corrosion cur-
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Fig. 6. Potentiodynamic (v=0.5mVs~') polarization curves of: (®) Cu and (O) PANI
coated Cu in 0.5 mol dm~3 NaCl.
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Fig. 7. Complex plane (Nyquist) impedance spectra of: (®) Cu and (O) PANI coated
Cu in 0.5 moldm—3 NaCl.

rent densities for copper and PANI coated copper were jorr.cu = 3.1
and jeorr,cyjpant =0.19 pA cm~3. The protection efficiency of PANI
expressed as:

E— Jeorr,cu —jcorr,Cu/PANl « 100% 3)

jcorr,Cu

was estimated to 96%.

3.2.2. Electrochemical impedance spectroscopy (EIS)

EIS spectra in complex plane (Nyquist plot) of copper and PANI
coated copper electrodes after 24 h of immersion in 0.5 moldm—3
Nadl, are shown in Fig. 7.

As it can be seen in Fig. 7, without detailed analysis in the term
of equivalent circuits and fitting procedure, the low frequency part
of the impedance spectra for copper electrode, related to corro-
sion process, indicates mixed activation-diffusion control, while
semi cycle at higher frequencies could be attributed to the for-
mation of corrosion film products [19-21]. On the other hand,
the impedance spectra of PANI coated copper is characterized by
two slightly depressed overlapping semi cycles, with significantly
higher value of the overall impedance comparing to pure copper,
indicating protective features of the PANI film.

Complex plane spectra of PANI coated copper taken at dif-
ferent times of exposure in 0.5 moldmmoldm~3 NaCl are given
in Fig. 8, while insert of Fig. 8 shows the time dependences of
the corresponding open circuit (corrosion) potential, at which the
impedance spectra were taken.

As seen in Fig. 8, without detailed analysis, the overall
impedance of PANI coated copper, unusually to conventional
organic coatings, firstly increased, from the value of ~8 k2 cm? at
the beginning of immersion, to ~16 k2 cm? after 540 h of immer-
sion. The increase of the impedance might be a consequence of
cathodic dedoping of benzoate anions from PANI film, according
to:

(PANP+(CgH5C0O0™), )y + nye — (PANI), + ny CgH5CO0~ (4)
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Fig. 8. Complex plane (Nyquist) impedance spectra of PANI coated Cu after: (@)
120h, (W) 240h, (a) 360h, (v) 540h and (O) 720h of exposure to 0.5 moldm3
NacCl. Insert: time dependences of corresponding open circuit potentials.
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Fig. 9. SEM micrographs of PANI coated Cu (a) before and (b) after 7 days of immersion in 0.5 mol dm~3 NaCl.

Dedoping provoked the lost of the PANI film conductivity,
reflected in the increase of the overall impedance. Since the shift of
the open circuit potential to more negative values is characteristic
of dedoped state [41], the observed decrease in corrosion potentials
(insert of Fig. 8), also confirms the assumption of dedoping process.
After observed increase, the overall impedance of PANI started to
decrease slowly, meaning that PANI started to act as conventional
organic coating enabling barrier corrosion protection of the metal
surface.

3.2.3. Corrosion process of PANI coated copper

In order to observe the effects of corrosion media on surface
morphology of PANI coating on copper, SEM micrographs were
taken before and after immersion in NaCl, and given in Fig. 9(a)
and (b), respectively.

As it could be seen in Fig. 9, before exposure to corrosion media,
PANI coating was compact and uniformly deposited on copper sur-
face. After immersion in NaCl, the development of pores in the
coating was clearly observed.

It is well known from the literature [12,42] that corrosion pro-
cess of copper in NaCl solutions can be explained by activation
controlled anodic dissolution, according to:

Cu —» Cut+e~ (5)

In further chemical reactions Cu* reacts with Cl- generating
CuCl, which is then transformed to CuCl,~ and rate determining
cathodic reaction under mixed activation-diffusion control of oxy-
gen reduction, according to:

02 +2H,0 + 4e~ — 40H- (6)

On the other hand, corrosion process of PANI coated copper
exposed to NaCl solution can be explained by the same reactions
of anodic dissolution and cathodic oxygen reduction (5) and (6)
occurring on the metal surface in the pores of the PANI film and
slow parallel cathodic reaction of benzoate anions dedoping (4),
which is confirmed by the impedance data.

4. Conclusion

Electrochemical synthesis of PANI film on copper from aqueous
solution of sodium benzoate containing aniline was investigated
using potentiodynamic and galvanostatic experiments. Protective
PANI coating was successfully obtained with high polymeriza-
tion efficiency (~90%) under galvanostatic conditions using current
density of 1.0mAcm~2 from aqueous solution of 0.3 moldm3
sodium benzoate containing aniline.

Corrosion behavior of copper in the presence of thin (5 pum) PANI
film in 0.5 mol dm~3 NaCl solution was investigated using potentio-
dynamic and electrochemical impedance spectroscopy techniques.

It was observed that PANI thin coating had provided high protec-
tion efficiency to copper. Unusual impedance behavior to those
observed with organic coatings, reflected in initial increase of the
overall impedance, was connected to dedoping of benzoate ions
from the PANI film, after which the values of the overall impedance
started to decrease similar to those with classical organic coatings.
Therefore, corrosion process of PANI coated copper in NaCl was
explained by the same electrochemical reactions of copper anodic
dissolution and cathodic oxygen reduction occurring in parallel
with slow cathodic dedoping of the benzoate anions from the PANI
film, after dedoping, PANI coating started to act like conventional
organic coating.
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Electrochemically synthesized polyaniline (PANI) and lead dioxide have been investigated as electrode
materials for PANI/1.1 M HSOy4; 0.5 M (NH4);SO04/PbO; rechargeable cell. At constant current charge/
discharge of the cell, the average discharge potential of 1.1 V, specific capacity of 50 mA h g, specific
energy of 55 W h kg, and self discharge rate of 2.2% per day have been obtained.
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1. Introduction

Replacement the Pb negative electrode with polyaniline (PANI)
could avoid some of the problems with negative Pb electrode
compared to classical Pb/PbO, systems [1—3]. Additionally, both the
specific energy and the specific power could increase significantly,
owing to the much smaller mass of PANI electrode compared to
classical Pb negative electrode. Moreover, lower concentration of
sulfuric acid and decrease of lead content in such cell increase its
ecological acceptability of such cell.

In our previous work, electrochemical characteristics of poly-
aniline (PANI) and lead dioxide (PbO,) electrodes were investigated
in 1.1 M H,SO4, aiming to characterize thin film PANI and PbO;
electrode for the potential application in aqueous based PANI/
H,S04/PbO; cell. [1]. Considering electrochemical behavior, for
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different doping (oxidation) potential limits, and dedoping capacity
of PANI electrode in 1.1 M H,SO4 it was suggested that doping
potential should not exceed 0.4 V. The obtained specific electrode
capacity of PANI electrode was 240 mAh g~'. This value was
obtained considering only the electroactive mass (0.48 g) of the
total deposited PANI mass (2.1 mg). So, the realistic value of the
specific electrode capacity will be around 50 mA h g, By simu-
lation of the charge/discharge characteristic, based on the half cell
reactions, it was estimated that cell charging voltage would range
between 1 and 1.9 V, while discharge would occur between 1.35
and ~0.8 V, with most of the charge delivered at above 1 V.

In the PANI/PbO, system, the half cell reaction for charge and
discharge can be given as [1]:

h
[PANK* (soﬁ*)y]n 4 2nye == (PANI), + nyS0.2~ (1)

discharge

where y is doping degree, and:
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charge P
PbSO,4 4+ 2H;0 =—= PbO, + S04*~ +4H" + 2e (2)

discharge

The overall reaction in the cell would be:

" 2 charge
nyPbSO, + 2nyH,0 + [PANIY (504 ) ] ——> PbO,
yln discharge
+ (PANI), + 2nyS04%~ + 4nyH* 3)

It is very important to bear in mind that, according to given
schema, during cell charging, PANI would be dedoped, on contrary,
during cell discharge, PANI would be doped.

It is interesting to note that from early work on PANI, Pb and
PbO, cells, by Kitani et al. [4], until now, practically no data on
electroconducting polymers (ECP)/PbO-, cells were provided in the
literature. There were attempts to improve characteristics of
negative, Pb electrode, and prevent grids corrosion by PANI coat-
ings, conducted by Martha et al. and Cheraghi et al. [5—7].

After the reexamining of the results in 1.1 M H3SOy, it was
concluded that PbO; electrode had poor cyclization characteristics
and low coulombic efficiency in this electrolyte. In the present
study we have used the novel electrolyte consisted of 1.1 M sulfuric
acid and 0.5 M ammonium sulfate which has good buffer capacity
and benefits to PbO; electrode [8].

Hence, the aim of this work was investigation of electrochemi-
cally synthesized polyaniline and lead dioxide as the electrode
materials for PANI/1.1 M H;SOg4; 0.5 M (NH)4S04/PbO, cell.

2. Experimental

Thin film PANI electrode was electrochemically synthesized from
aqueous 1.1 M sulfuric acid solution with addition of 0.25 M aniline
monomer (p.a. Merck, previously distilled in argon atmosphere). The
polymerization was performed on graphite electrode (S = 18 cm?),
galvanostatically at constant current of 36 mA, during 5000 s, with
the total polymerization charge of 50 mA h. After polymerization,
PANI electrode was discharged with the current of 18 mA to test the
film quality, washed with bidistilled water and transferred into
another electrochemical cell for further investigations.

The mass of PANI was determined by measuring the graphite
electrode before and after electropolymerization, followed by
overnight drying in vacuum.

Lead dioxide electrode was prepared on pure lead (99.95%)
(S = 18 cm?), according to Planté formation process described in
detail by Petersson et al. [9,10]. In order to remove lead oxides,
naturally formed in the air, the lead sample was dipped in 8 M
HNO3 for 30 s, and rinsed in bidistilled water prior to immersion in
0.5 M H,SO4 and 0.05 M KCIO4 (p.a. Merck) for the formation
process. The lead electrode was initially pretreated cathodically at
constant current of 36 mA during 25 min, and then oxidized and
reduced galvanostatically in the same electrolyte at current of
36 mA. After formation process, the remains of perchlorate ions
were removed from the electrode by rinsing in bidistilled water.
Finally, the PbO; electrode was completely oxidized in pure 1.1 M
H,S04 with the current of 36 mA during 1500 s.

For all further electrochemical experiments electrolyte con-
sisted of 1.1 M sulfuric acid and 0.5 M ammonium sulfate was used.

Prior to investigation, working electrode was mechanically
polished firstly with fine emery papers (2/0, 3/0 and 4/0, respec-
tively) and then with polishing alumina of 1 pum (Banner Scientific
Ltd.) on the polishing cloths (Buehler Ltd.). After mechanical pol-
ishing the traces of the polishing alumina were removed from the
electrode surface ultrasonically in ethanol during 5 min.

Electrochemical synthesis and characterization of PANI and
PbO, electrodes were performed in a single compartment

electrochemical cell with total volume of 100 cm?. Platinum mesh
(S = 18 cm?) was used as counter, while saturated calomel elec-
trode, SCE, (E, = 0.243 V vs. SHE), served as reference electrode. For
the characterization of the PANI/PbO, cell the same electrochemical
cell, with electrode gap of 1 cm, was used.

The electrochemical measurements were carried out using PAR
M273 potentiostat/galvanostat controlled by a computer, while
voltage data was collected using ISO-Tech IDM 73 multimeter
connected to the computer via RS 232.

3. Results and discussion
3.1. Synthesis and characterization of PANI electrode

Fig. 1 shows the chronopotentiometric curve of aniline poly-
merization on graphite electrode at constant current of 36 maA,
during 5000 s with the polymerization charge, gpo1, of 50 mA h from
aqueous solution of 1.1 M H,SO4 and 0.25 M aniline (ANI) mono-
mer. Aniline polymerization, in sulfuric acid solution, proceeded in
the potential range between 0.7 and ~0.52 V according to the
equation:

n(ANI) + nyS04%~ = [PANIY+ (soﬁ*)y} _+2nye (4)

The mass of PANI deposited on graphite electrode, determined
in a separate experiment after drying in vacuum overnight, was
0.0989 g. The corresponding thickens of PANI electrode, assuming
the density of sulfate doped PANI of 1.43 g cm >, was estimated to
~40 pm [11].

Insert of Fig. 1 shows cyclic voltammogram of the PANI electrode
in 1.1 M sulfuric acid and 0.5 M ammonium sulfate, for the anodic
potential limit of 0.5 V. Doping of the PANI electrode with sulfate
anions started at ~—0.1 V and proceeded up to the potential of
0.4 V. The well defined peak at 0.2 V, could be attributed to the
changes of the doping degree of PANI between y >0 and 0.5. It
should be noted that at low negative potentials leucoemeraldine
form (y = 0) could exist as well [12]. Above potentials of ~0.4V the
possibilities of formation the quinone-like degradation products is
expected [1,13].
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Fig. 1. Galvanostatic curves of aniline electropolymerization (I = 36 mA) and discharge
(I =18 mA). Insert: cyclic voltammogram of PANI electrode in 1.1 M sulfuric acid and
0.5 M ammonium sulfate.
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In the cathodic scan, reduction of degradation products and
emeraldine salt to leucoemeraldine proceeded in the potential
range between 0.5 and —0.3 V.

Doping/dedoping curves of PANI electrode for different currents,
and for doping potential limit of 0.4 V are shown in Fig. 2. Curves
are characterized by constant increase/decrease of the potential
which is connected to the changes of the emeraldine salt doping
degree given by overall reaction:

[PANI], + nySO,2~ —f [PANP* (50427) | +2nye  (5)
dedoping yin

Fig. 3 shows calculated values of doping/dedoping electrode
capacity and specific capacity for different currents. As it can be
seen electrode capacity was dependent on the applied current, and
decreased from 7 (6.5) to 5.5 mA h, or from 70 (65) to 55 mA h g~!
with increasing the current. Decrease in the electrode capacity with
increasing of the current, is connected with slow diffusion of sulfate
anions through polymer film. Coulombic efficiency, shown in the
insert of Fig. 3, for the current higher than 30 mA was ~ 100%, while
for the current lower than 30 mA, was higher than 100%
(103—108%). This unusual results, as pointed out in our previous
paper, could be explained by the possibilities of hydrogen evolution
reaction (E; = —0.24 V) or even more probably by formation of
protonated leucoemeraldine at low current and negative potentials
[1]. Such additional charge was, after current interruption, quickly
discharged, at the PANI electrode open circuit potentials of —0.05 V
and was not observed during charge.

As pointed out, the degradation of PANI could occur above
~0.4 V. So, behavior of PANI electrode during cyclization, at
a constant current of 36 mA for charging potential limits of 0.35 and
0.45 V, was investigated, and shown in Fig. 4. As it can be seen in
Fig. 4, during first ten cycles for charging with potential limit of
0.35V, discharge time remained constant. Charging of the electrode
to the potential of 0.45 V, during nine cycles, provoked some small
decrease of the discharge times, inducing the additional decrease of
the discharge time for potential limits of 0.35 V during twentieth
cycle. Hence, it could be suggested that charging potential limits
should not exceed 0.4 V.

3.2. Synthesis and characterization of PbO, electrode

Fig. 5 shows galvanostatic synthesis of PbO; on the oxide free
lead electrode at constant current of 36 mA in aqueous solution of
0.5 M H,S04 and 0.05 M KClOy4, according to the similar procedure
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Fig. 2. Doping/dedoping curves of PANI electrode for different currents, marked in
figure.
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Fig. 3. Calculated values of PANI electrode capacity (Q) and specific capacity (qs) for
different currents. Insert: Coulombic efficiency.

described by Petersson et al. [9,10]. Initially, the electrode was
treated cathodically for 1500 s at 36 mA and then oxidized and
reduced galvanostatically in the same electrolyte. After current was
applied, during 10 s, potential had the similar value as the open
circuit potential, ~—0.52 V. This time could be assigned to the
induction period, ting, of the PbSO4 formation. When most of the
lead surface was converted into PbSQj, increase of the potential up
to the ~1.7 V followed by a plateau at ~1.55 V, could be connected
to transformation of PbSO4 into PbO,. After 700 s, electrode was
discharged to ~0.7 V, with the same current. According to Fig. 5 the
total time, which could be connected to the formation of PbO,, was
700 s (or 7 mA h). Relying to Faradays law, and assuming formation
process efficiency of 100% [9,10], the calculated mass and corre-
sponding thickness of the PbO, electrode, were 31 mg and 1.85 pm
respectively.

Charge/discharge curves of PbO, electrode, for different
currents, in 1.1 M sulfuric acid and 0.5 M ammonium sulfate are
shown in Fig. 6. Charge of the electrode started at 1.4 or 1.5V,
depending on applied current, followed by slow increase of the
potential. After that period of time, faster increase of the potential
could be connected to oxidation of small amounts of PbSO4
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Fig. 4. Potential-current curves of PANI electrode during cyclization at a constant
current of 36 mA for charging potential limits of 0.35 and 0.45 V.
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Fig. 5. Dependence of potential on time during galvanostatic formation of PbO,
electrode.

remains, and oxygen evolution. Discharge of the PbO, occurred via
one well defined potential plateau of 1.27 + 0.01 V.

From Fig. 6 the capacities of charge/discharge processes were
calculated and shown in Fig. 7. Charge capacity increased non-
linearly from 8.5 to 9.7 mA h with increasing current. On contrary,
discharge capacity of ~7 mA h was practically independent on
applied current. Coulombic efficiency of charge/discharge, shown
in the insert of Fig. 6, for the current lower than 30 mA, ranged from
81 to 82.5%, while for the current higher than 30, decreased from 82
to 73%.

During the cyclization of PbO, electrode (Fig. 8), small decrease
of charging and increase of discharging potentials, and practically
constant capacity were observed. Decrease of the peak during
cyclization, was also observed for the first 100 s of the charging
process, and could be connected to oxidation of PbSO4 phase.

3.3. Electrochemical characteristic of PANI/PbO; cell

Comparing the results for PANI and PbO, electrode it can bee
concluded that disbalance in the charge/discharge time, for the
same current existed. In Fig. 9 charge/discharge curves for PbO,
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0.5 M (NH,),SO 30 mA
1.6+ e 275 mA 22.5 mA B
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tls
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Fig. 6. Charge/discharge curve of PbO, electrode for different currents, marked in
figure.
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Fig. 7. Dependence of charge/discharge capacity of PbO, electrode for different
current. Insert: Coulombic efficiency of charge/discharge.

electrode at current 22.5 mA (j = 1.25 mA cm~2) and 27.5 mA
(i = 153 mA cm2), and for PANI electrode of 22.5 mA
(j = 1.25 mA cm~2) are shown. As it can be seen, charge/discharge
times, were practically equal for the PbO, current of 27.5 mA and
22.5 mA for the PANI electrode. To avoid this problem we reduced
the surface area of PbO, electrode to 14.7 cm?. Now, for the overall
cell current of 22.5 mA, current density for PbO, electrode was
1.53 mA cm 2, and for PANI electrode 1.25 mA cm 2.

With such surface reduced PbO; electrode, the charge/discharge
characteristics of the complete cell, during ten cycles with current
of 22.5 mA, were investigated and shown in Fig. 10. Charging of the
cell started at ~0.85V, followed by voltage increase up to 1.5 V. The
shoulder in the potential range of 1.5—1.8 V could be associated to
behavior of PbO, electrode, and sharp increase of the voltage above

L7 T T T T T T T T T T
PbO,

6L LIMHSO+ i
0.5 M (NH,),SO,

E/V (SCE)

0 200 400 600 800 1000 1200
t/s

Fig. 8. Potential-current curves of PbO, electrode during cyclization at a constant
current of 27.5 mA.
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Fig. 9. Comparison of charge/discharge curves for PbO, and PANI electrode.

1.8 V to PANI electrode. Open circuit voltage of charged cell was
1.4 V. Discharge of the cell occurred in the potential range of 1.4 to
0.8 V, followed by the sharp decrease of the voltage, which can be
connected to behavior of PbO, electrode. Average discharge voltage
was ~1.1 V, comparable to those of cadmium/nickel oxide and
metal hydride/nickel oxide batteries. It should be noted that
discharge of the cell below 0.4 V could affect PANI electrode, due to
the possibilities of degradation. Decrease of the charge/discharge
times during cyclization was most probably connected to some
electrode capacity disbalance, rather than active mass degradation.

Self discharge rate was investigated after five days, and results
are shown in Fig. 11. After five days, decrease of the open circuit
potential from 1.4 V to 1.32 V, and discharge time of 11% were
observed, giving self discharge rate of 2.2% per day. The reasons of
such high self discharge rate were probably connected to both
electrodes. Thin film PbO, was probably discharged due to the
presence of the organic impurities form PANI electrode. Self
discharge of PANI electrode, as proposed by Rahmanifar et al. [14],
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Fig. 10. Charge/discharge curves of PANI/PbO, cell during cyclization.

24F 0 Mand 2" A
22 1=225mA i
20|
1.8 |
16|
1.4 |
12 ]
1.0 |

U/v

" ]
discharge ]

0.8

0.6 L discharge ]
04 [ after five 1
T} days ]
02 F 4
00 -I N 1 N 1 N 1 N 1 N 1 |

0 200 400 600 800 1000 1200
t/s
Fig. 11. Determination of the self discharge rate of PANI/PbO, cell.

occurred as a consequence of the reaction of soluble hydroquinone
(HQ) like species with pernigraniline salt form of PANI, giving
protonated emeraldine, via simplified reaction:

[PANI (5042*) 4],1 + nHQ 4 2ne I discharse [

PANI (soﬁ*)z]

n
+nQ +2nS04%~ (6)

Based on the above given redox reaction, HQ is formed under
the conditions at which PANI existed in the pernigraniline form,
and then the resulting HQ reacted with the remaining pernigrani-
line and converted it to the emeraldine conductive form. This could
be the main cause of the reduced open circuit potential and the
capacity.

Knowing the masses of PANI (0.0989 g) and PbO, (25.4 mg,
initial mass of PbO; reduced for 18%) it was possible to draw the
diagram of charge/discharge over specific capacity of the cell. As it
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Fig. 12. Dependence of charge/discharge voltage on specific capacity of the PANI/PbO,
cell.
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can be seen in Fig. 12 available specific discharge capacity was
50 mA h g~ ! of active electrode mass, with active mass utilization of
83%. For the average discharge voltage of 1.1 V, specific discharge
energy of 55 W h kg~ was calculated.

4. Conclusions

Polyaniline and lead dioxide electrode were successfully
synthesized from sulfuric acid based solutions. Charge/discharge
characteristic of the separate electrodes was investigated in 1.1 M
sulfuric acid and 0.5 M ammonium sulfate electrolyte. Based on this
results, electrodes were balanced and characteristics of polyaniline/
lead dioxide cell were investigated. At the charge/discharge current
of 22.5 mA the average discharge potential of 1.1 V, specific capacity
of 50 mA h g™, specific energy of 55 W h kg, and self discharge
rate of 2.2% per day were obtained. High self discharge rate was
connected to reaction of soluble hydroquinone like species formed
during the polyaniline charging.
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surface area in the form of powders or in the form of
disperse layers on the substrate [1,2]. Different processing
parameters can change chemical composition, crystallite
size and morphology of the deposit, which significantly alter
its physical and chemical properties [1]. High surface area
porous materials attract great interest due to their wide
range of possible applications in electrocatalysis [3-6]. Still,
the rate of electrochemical reactions is not related directly
in a simple way to the surface area of the electrode since in
the case of porous materials the active surface and there-
fore the reaction rate can be even reduced by a decrease in
accessible surface area. Therefore, an advanced porous
electrode should have both, micro- and nanoscaled fea-
tures [3]. Recently, the production of multiscale porous
materials with nanoramified dendritic walls was achieved by
dynamic hydrogen templating [7]. During electrodeposition
of metals at high current densities hydrogen bubbles are
formed in a cathodic side reaction and serve as a template
for multiscale porous structures allowing the synthesis of
bulk foams without introducing additional processing steps
or use of hazardous chemicals. Silver [8] and gold [9] metal
foam electrodes have been achieved by deposition directly
on the electrode surface. Recently, we showed that CoNi
dendritic alloys exhibit promising results as catalysts for
oxygen evolution reaction that is of particular interest for
electrochemical conversion and storage devices [10].

In this paper we report the synthesis of a multiscale open
porous foam of NiCoFe and its excellent electrocatalytic
performance. Oxidized FeCoNi ternary alloys have shown
enhanced battery performances when used as anode in
Li batteries [11]. The higher conductivity of cobalt oxy
compounds in comparison to the nickel compounds leads to
a better reversibility when used as positive electrode material
for alkaline batteries [12]. The low thermal expansion coeffi-
cient of NiCoFe alloys allows applications as high temperature
alloy [13]. It is the aim of the present work to synthesize a
novel dendritic NiCoFe alloy foam electrode by dynamic
hydrogen templating showing favorable features on multiple
length scales: from micrometer pores to nanodendritic struc-
tures to nanograins with a high density of catalytic sites.

Experimental

The ternary alloy structures were prepared by electrode-
position on polycrystalline Ti cathodes at a constant current
density of j=1Acm~2 in ammonium sulfate-chloride solu-
tion (0.09 M NiSO4+ 0.03 M FeSO4+ 0.053 M CoSO4+0.4 M
H3BO5+0.28 M NH4CL, at pH=2 adjusted with HCl) [14], at
room temperature without stirring, using a Jaissle potentio-
stat, IMP 83 PC-10. For the synthesis of NiCoFe structures,
Ti was used as a cathode and Ti/RuQ,, TiO, was used as an
anode. The electrolyte solutions were made from analytical
grade chemicals and high purity water. All samples were
carefully treated to prevent oxidation that can be caused by
their high surface area exposed to oxygen and moisture in
the air [15].

The polarization measurements were carried out by a
computer controlled electrochemical system (PAR M 273 A)
in a three-electrode compartment electrochemical cell at
(298 +1) K with a sweep rate of 1 mV s~". For the correction
of the iR drop, a current interrupt technique was used with

a time of current interruption of 0.5s. The working
electrode was a Ti rod with a diameter of 2 mm embedded
in a resin. A Pt-mesh with large surface was used as a
counter electrode. The electrochemical characterization of
the oxygen reduction/oxidation performance for the NiCoFe
electrodes was done by linear sweep voltammetry (LSV) at a
scan rate of 10 mVs~" in 0.1 M KOH at pH= 12.6.

The determination of the phase content and the crystal-
lite size were conducted by X-ray diffraction in Bragg-
Brentano geometry. The evaluation was done by Rietveld
refinement [16] using the TOPAS software. The morphology
was analyzed with a scanning electron microscope (SEM)
equipped with a field emission gun. The profile and rough-
ness measurements were carried out from stereoscopic
images using MeX software (Alicona). To analyze the foam
structures in detail transmission electron microscopy (TEM)
studies were carried out at 200 kV in a CM200 (Philips). TEM
bright field images and diffraction patterns were recorded
from pieces of the sample that were transferred to a carbon
grid. To determine the crystallite size from the electron
diffraction patterns, the peak analysis using selected area
diffraction (PASAD) software was used [17].

Results and discussion

Figure 1 shows the results on the electrochemical behavior
of NiCoFe with a polarization curve of the ternary alloy. For
comparison the polarization curves of the pure metals Ni,
Co and Fe were obtained with the same concentration of
the respective metal ions present in the solution. It is
characteristic for the iron group metals (Ni, Co and Fe) and
their alloys that electrodeposition from an aqueous electro-
lyte is accompanied by intensive hydrogen evolution, which
is caused by their negative standard electrode potentials
relative to hydrogen [18]. Therefore, it is necessary to
correct all polarization measurements for the iR drop in
the electrolyte during the process [19,20]. The standard
redox potentials of Ni?*, Co?*, Fe?* and H* are —0.50,
—0.52, —0.68 and —0.24V vs. a saturated calomel elec-
trode (SCE), respectively. The linear sweep exhibits some
similarities. As indicated in Figure 1, the potential shows at
the beginning a region (i) of rather linear dependence on
the logarithm of the current density up to a current density
of about 102> A cm~2; this is followed by a region (ii) with
almost no dependence of the potential on current density
until a limiting current density of about 107%3Acm™2 is
reached. Thereafter, in region (iii) the potential decreases
strongly with increasing log j. The different regions are
indicated for NiCoFe in Figure 1. Region (i) can be explained
as mixed electron transfer and diffusion control of the
metal reduction reaction coinciding with limited hydrogen
evolution. Region (i) can be explained as electron transfer
and region (ii) as mixed electron transfer and diffusion
control of the metal reduction reaction coinciding with
hydrogen evolution. Region (iii) is indicative of significant
hydrogen evolution. The relative overpotentials for the
hydrogen evolution reaction, after iR correction, at around
0.1 A cm~2 at this pH, increase from Co > Fe > Ni.

Figure 2 shows the structure and morphology of NiCoFe
deposits obtained at different current densities. At a
current density of 0.1 Acm™2 (sample A) a compact smooth
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Figure 1 Linear sweep voltammograms for the electrodeposi-

tion of Ni, Co, Fe metal deposits and NiCoFe alloy deposits in
ammonium sulfate-chloride solutions measured with an iR drop
correction. In the case of NiCoFe, the different electrochemical
regions are indicated with arrows marked (i), (ii) and (iii).
Schematic representations of NiCoFe deposits obtained in
region (ii) and (iii) at current densities of 0.1 and 1 Acm2,
respectively, are shown.

deposit is formed (cf. Figure 2a). Only small protrusions are
visible at higher magnification and the sample is completely
dense (cf. insert Figure 2a). As shown in Figure 1 this current
density represents the border between regions (ii) and (iii).
Therefore mixed electron transfer and diffusion control is
active leading to the formation of the smooth deposit. In
contrast, at a current density of 1 Acm™2 (sample B) a 3D
dendritic structure with open pores is obtained (Figure 2b).
The pore walls have a finer morphology consisting of ‘cauli-
flower-like’ particles containing open multiscaled dendritic
structures (as shown in the insert of Figure 2b). The pores
and microstructure are a consequence of the vigorous
hydrogen gas evolution and diffusion-limited metal deposi-
tion active in region (iii) as concluded from Figure 1. It should
be noted that the morphology of the compact smooth deposit
does not change when deposition time is increased until the
same charge is passed compared to the dendritic foam
structure (¢=18005s).

The chemical composition was determined by energy
dispersive X-ray spectroscopy yielding a composition of
NipgCo4sFess in the case of the smooth deposit obtained at
a current density of 0.1 Acm~2 (sample A). This indicates an
anomalous co-deposition of the iron group elements [18]
where the less noble metal is deposited preferentially to
the nobler one. On the other hand in the case of the
dendritic foam deposit obtained at a current density of
1Acm~2 (sample B) a composition of NisgCoszgFe,q, corre-
sponding to that of the electrolyte is obtained. Intensive
hydrogen evolution causes gas stirring, changing the mass
transfer conditions in the double layer and hence the local
electrolyte composition at the electrode surface. Under
pure diffusion control the composition of the deposit is
determined by the composition of the electrolyte.

Figure 2c shows the X-ray profiles corresponding to the
deposits. In the case of the smooth deposit (sample A) broad
peaks corresponding to a mixture of FCC and BCC structure

(C) o-Ti
* - (Ni,Co)Fe (BCC structure)

° + - (Ni,Co),Fe (FCC structure

sample A °

sample B

i Sonsh

b Pl nght

f T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100 110

26 (%)

Figure 2 NiCoFe alloy deposits obtained by electrodeposition at
different current densities on a Ti substrate (deposition time
t=180s): (a) SEM image of the rather smooth deposit obtained at
j=0.1 Acm™2 characterized by a compact morphology; only at
higher magnification soft hills are visible (sample A). (b) SEM image
of a dendritic foam deposit obtained at j=1Acm~ showing an
open porous ‘cauliflower-like’ morphology (sample B). (c) Corre-
sponding X-ray profiles; the smooth deposit (sample A) shows broad
peaks resulting from a mixture of FCC and BCC structure of the
nanocrystalline Ni,oCoysFess deposit and sharp peaks from to the Ti
substrate; the dendritic foam deposit (sample B) shows broad peaks
resulting from a mixture of FCC and BCC structure of the
nanocrystalline NigCossFess deposit.

is observed. The BCC structure of (Ni, Co)Fe solid solution is
expected from the phase diagram for the given composition
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Figure 3 Open dendritic NiCoFe foam obtained by electrodeposition at a current density of j=1 Acm™2. (a) 3D SEM reconstruction
of the surface showing the distribution of pores formed during hydrogen co-deposition. A roughness profile across the surface is
shown as insert. (b) TEM bright-field image revealing a highly branched dendritic structure. The dendrites are very fine with
branches down to 50 nm. (c) The corresponding TEM diffraction pattern shows FCC structure only. (d) TEM dark-field image of the
same area as (b). The dendrites consist of a nanograined structure with crystallites smaller than 10 nm.

(NioCoysFess) [21]. In addition the reflections arising from
the Ti substrate are visible because the deposit is very thin
(around 1 um). The dendritic foam deposit (sample B) shows
peaks corresponding to the FCC structure of the (Ni, Co)sFe
solid solution in accordance with the significantly different
composition obtained at the higher current density
(NisgCoszgFeyg). No reflections from the Ti substrate are
visible because the deposit is thicker (around 20 pm).

In the case of the smooth compact layers delimitation can
occur during electrodeposition because of oxidation of Ti
substrates. Nevertheless, Ti substrate represents an excel-
lent choice for the deposition of the nanodendritic foam
structure showing a uniform distribution of the deposit. The
crystallite size was evaluated from the X-ray profiles by
Rietveld refinement leading to an area weighted mean of
7.4+1 and 6.5+1nm in the case of sample A and B,
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respectively. This can be correlated with the linear sweep
voltammogram (cf. Figure 1). Deposition at a current
density of 0.1 Acm™2 belongs to region (ii) with almost no
dependence of the overpotential on current. Since from the
nucleation theory, the crystallite size is mainly affected by
the increase of overpotential [22], the crystallite size is not
changed after reaching the plateau in the polarization
diagram. The increase of the overpotential with increasing
current after the plateau in region (iii) is connected with an
increase in hydrogen bubble evolution only.

Figure 3 shows a detailed investigation of the dendritic
foam deposit by methods of electron microscopy. The 3D
SEM reconstruction of surface (Figure 3a) reveals pro-
nounced circular depressions with about 20 um diameter
caused by the intensive gas bubble evolution. In addition a
roughness on a smaller scale is encountered in the roughness
profile shown as insert. Therefore to analyze the structure
on an even finer length scale, a TEM investigation of the
deposited FeCoNi foam was carried out. The resulting bright
field image (cf. Figure 3b) reveals dendritic branches with
sizes less than 50 nm containing nanocrystals smaller than
10nm. The corresponding TEM diffraction pattern (cf.
Figure 3c) is caused by a nanocrystalline FCC structure.
The evaluation of diffraction patterns from different areas
using the PASAD software [17] leads to the result that the
deposit is homogenous in structure.

Recently, we investigated the morphology of NiCoFe
powders obtained by electrodeposition. TEM methods yield
the results that the particles have a highly branched
dendritic structure extending from the micrometer scale
to the nanoscale. Since the material is deposited far off the
thermal equilibrium it contains a high density of stable
defects such as grain boundaries and twin boundaries,
as one nanograin contains about three twins [23]. All these
defects provide active sites in the form of surface steps for
electrochemical reactions [24]. Therefore, the achieved
dendritic NiCoFe alloy foam provides in addition to
the multiscaled high surface area also a high density of
active sites.

250

200

smooth electrode (sample A)
nanodendritic foam electrode (sample B)

150

100

50

j ImA ecm?]
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Figure 4 Cyclic voltammograms on smooth NiCoFe electrodes
and dendritic NiCoFe foam electrodes recorded in 0.1 M KOH
solution (scan rate of 10 mVs~'). The nanodendritic foam
electrode shows a significantly enhanced reaction rate attrib-
uted to the multiscale dendritic foam structure.

In Figure 4 cyclic voltammetry curves of both, the smooth
electrode and the dendritic foam electrode are shown.
The curves were recorded in a 0.1 M KOH solution at room
temperature with a potential range from —400 mV to+600
mV vs. SCE at a sweep rate of 10mVs~'. The cyclic
voltammograms show reversible redox processes; oxygen
reduction in the cathodic region and oxidation of NiCoFe
in the anodic region. The dendritic foam electrode
demonstrates a significantly enhanced reaction rate when
compared with the smooth electrode. Therefore the nano-
dendritic NiCoFe alloy foam is a promising candidate as
bifunctional catalyst in alkaline solutions. The catalytic
activity is enhanced for both, the cathodic reduction of
oxygen and the anodic evolution of oxygen. In the case of
fuel cells, the performance of a smooth electrode is limited
by the significant anodic overpotential required for oxygen
evolution due to the presence of an oxide layer that covers
the entire surface [25,26]. The achieved dendritic NiCoFe
alloy foam on contrary shows a good reversibility and a high
activity in the cathodic region. This is linked to processes
involving the redox reaction between the redox couple M"'/
M". The reversibility of the electrocatalytic processes offers
the possibility to use non-noble NiCoFe transition metals for
the fast electron transfer reaction between the oxidized
NiCoFe dendritic alloy in dilute alkaline media that are of
considerable interest for practical applications.

For the dendritic foam electrode the oxygen evolution
potential is slightly positively shifted as compared to the
smooth electrode and shows a significantly increased rate.
Integration of the peak in the anodic region from 250 mV to
400mV vs. SCE gives a charge of 500mCcm~2 for the
dendritic foam electrode. The formation of (Ni,Co,Fe)(OH),,
which is most probable at this pH, would require a charge of
around 0.07 mCcm™2. The enhancement in reaction rate
due to the high surface area of the foam electrode can be
expressed as an effective roughness factor indicating the
effective surface over the geometrical area. In the present
case a value of about 7000 is achieved that can be attributed
to the multiscale dendritic foam structure plus taking into
account in addition to the high surface area, the fact that
the reaction rate is further enhanced by the presence of a
high density of defects providing active sites.

Conclusion

In summary we demonstrated the excellent electrochemical
features of nanodendritic NiCoFe foam. Its catalytic activity
is strongly enhanced for both, the cathodic reduction
of oxygen and the anodic evolution of oxygen and shows a
good reversibility. Therefore it is a promising candidate as
bifunctional catalyst in electrochemical conversion and
storage devices. Ternary NiCoFe alloys were deposited at
different current densities. At a current density of 0.1 A
cm™2, corresponding to mixed electron transfer and diffu-
sion control, a smooth electrode is formed. In contrast
to that during galvanostatic deposition at a high current
density of 1 Acm™2 a multiscaled foam structure is achieved
with pore sizes around 20 um and nanodendritic walls.
The dendritic branches are very fine with sizes less than
50 nm and consist of nanocrystals containing a high density
of defects. The achieved dendritic NiCoFe foam electrodes
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show a significantly increased reaction rate for oxygen
reaction when compared with the smooth NiCoFe electrode.
The increase is ascribed to the multiscale 3D morphology
and the defects formed during hydrogen template deposi-
tion. The resulting structure has a high surface area and
a high density of active sites yielding a value of about 7000
for the effective roughness factor. In addition the composi-
tion of the achieved foam is in accordance to the chem-
ical composition of the electrolyte, whereas the compact
deposit obtained at a lower current density results in a
distinct change of alloy composition content.
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Abstract Electrochemical behavior of zinc and thin
polyaniline (PANI) electrodes in citrate/chloride-contained
electrolyte has been investigated by the means of electro-
lyte composition optimization. Electrolyte contained 0.8 M
sodium citrate, 0.3 M ammonium chloride, and ~0.3 M
zinc chloride has been found to be an optimum electrolyte
for the further applications in the real zinc—polyaniline
citrate/chloride-based secondary cell.

Keywords
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Polyaniline - Zinc - Batteries - Citrate -

1 Introduction

According to the three E’ criteria suggested by Riietschi
and Beck [1, 2], zinc—polyaniline (PANI) secondary cells
have some potential advantages, in comparison with clas-
sical (protonic and aprotonic) cells, such as ecological
acceptability, uses of water-based electrolytes, and rela-
tively low manufacturing costs. The Zn | ammonium
chloride, zinc chloride | PANI electrochemical system is
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one of the most investigated [3], and is based on the fol-
lowing half-cell reactions:
Charge

PANI - =
[ N ]n + nyC Discharge

(Positive electrode),

[PANV+ (cI- )}} e 0

where y is the doping degree, and

Charge
= Zn
Discharge

Zn* 4+ 2e (Negative electrode). (2)

The reaction during charge/discharge of the complete cell

can be given as follows:

2[PANI], +2nyCl™ + nyZn*"
Charge

= 2[PANP* (CI7), | +mZn.
Discharge “ln

(3)

Such system has been investigated by different authors
[3-14]. It was concluded that zinc passivation and dendrite
formation, as well as degradation of PANI at higher
potentials are the main reasons why this system has not
been commercialized till now.

In our previous articles [15, 16], it was shown that cit-
rate/chloride-based electrolyte at pH ~5 has some poten-
tial advantages in comparison with pure chloride
electrolyte. Due to the complexation of the free zinc ions,
citrate anions produce negative shift of the open circuit
potentials for more than 100 mV.

On the other hand, decrease of exchange current density
and increase of deposition overpotential in chloride/citrate-
contained electrolyte lower dendrite formation and proba-
bly zinc corrosion rate. In the cycling regime for the anodic
potential limit of ~0.35 V (SCE), citrate/chloride elec-
trolytes show better characteristic (higher specific capacity
and Columbic efficiency of the PANI electrode) than the
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pure chloride electrolyte. Faster decrease of specific
capacity in cycling regime for the anodic potential limits of
0.5V (SCE) in citrate/chloride than in pure chloride
electrolyte has been explained by higher hydrophilic effect
of citrate anions. In citrate/chloride electrolyte, it seems
that both anions are involved in doping of the PANI film,
producing the broad peak. It was suggested that at the less
positive potentials, doping proceeds with chloride, and at
the more positive potentials with citrate anions, where
faster degradation can occur [15].

In this article, we further investigated the behavior of the
zinc and PANI electrode in citrate/chloride-contained
electrolytes, mainly by the means of the electrolyte com-
position optimization, with the aim to obtain necessary data
for preparation of the real cell, the characteristic of which
will be given in the second part of this article.

2 Experimental

The working electrodes, zinc plate (S = 2 cmz), and
cylindrically shaped graphite inserted in Teflon holder
(S = 0.64 cm?) were mechanically polished with fine
emery papers (2/0, 3/0, and 4/0, respectively) and then with
polishing alumina (0.05 pm, Banner Scientific Ltd.) on the
polishing cloths (Buehler Ltd.). After mechanical polish-
ing, the traces of polishing alumina were removed from the
electrode surface in an ultrasonic bath in ethanol during
5 min. For all the experiments, three-compartment elec-
trochemical cells, with platinum foil (S = 2 cm?) as a
counter and saturated calomel electrode, E, = 0.243 V
(SHE), were used as a reference electrode at room tem-
perature. The electrochemical measurements were carried
out using Gammry PC3 and PAR 386 potentiostat/galva-
nostat controlled by a computer via interface.

Corrosion rate of the zinc electrode was investigated by
measuring the mass loss of the polished pure zinc plate
=28 sz) after exposure for over 120 h in 200 ml of the
investigated solution.

The zinc deposition efficiency was determined by
measuring the mass difference of the polished copper
substrate 2 x 2 cm (S = 8 cm?) after zinc deposition, and
by applying the Faraday’s law. In all the cases, the total
deposition charge was the same (50 mA h cm™2). For the
current density of 5 mA cm_z, the zinc deposition/disso-
lution efficiency was determined by measuring the poten-
tials. Micrographs of the zinc deposits at different current
densities were obtained with an optical microscope (LE-
ICA-DC 150) connected to the computer.

Polyaniline thin film electrode was obtained from the 1
M hydrochloric acid solution with the addition of 0.25 M
aniline monomer (p.a. Merck, previously distilled in the
argon atmosphere), at a constant current density of

@ Springer

2 mA cm~? for 1080 s. The total polymerization charge
was 0.6 mA h cm™ 2. After polymerization, the electrode
with the current density of 1 mA cm™2 was discharged,
washed with bidistilled water, and transferred into the
second electrochemical cell for further investigations.

All the electrolytes were prepared from p.a. grade
chemicals (Merck) and bidistilled water. pH of all the
investigated electrolytes was ~ 5, adjusted by 2 M sodium
hydroxide, 1 M hydrochloric, or 1 M citric acid.

3 Results and discussion
3.1 Zinc electrode
3.1.1 Polarization and corrosion measurements

Figure 1 shows the polarization curves for the zinc depo-
sition/dissolution reaction in the electrolytes containing
0.8 M Na-citrate and 0.3 M NH,Cl with the addition of
0.05, 0.10, 0.30, and 0.50 M ZnCl, in comparison with the
electrolyte containing 0.20 M ZnCl, + 0.50 M NH,CI, at
pH ~5.

The zinc deposition/dissolution reaction of the chloride-
contained electrolyte was characterized with an open cir-
cuit potential of —1 V (SCE) or —0.76 V (SHE), single
anodic and cathodic Tafel slopes of +33 mV dec™', and
exchange current density of ~ 1.5 mA cm™ 2. These values
provoke the growth of dendrites during deposition reaction,
as it is shown in Fig. 2 and explained in more details in
Jugovié et al. [15].

F T T T TTTIg T T
i | (1)0.20M ZnCl, ]
0.95 I 0.50 M NH,CI
1.00 e °°
100 F e J
-1.05 -
~ -1.10 -* -
9 -
2 115 + .
> 0 /R0
QD l20F o .
125 F : .
| (2) 0.8 M Na-cit
.130 I 03MNHCI
xMZnCl2
135 F pH=5 .
10* 10° 10°

j/Acm’

Fig. 1 IR-corrected polarization curve of the zinc electrode in the
electrolytes containing (1) 0.5 M NH4Cl 4+ 0.2 M ZnCl, and (2)
0.8 M Na-citrate and 0.3 M NH,4CI with the addition of (a) 0.5, (b)
0.3, (¢) 0.1, and (d) 0.05 M ZnCl,



J Appl Electrochem (2009) 39:2521-2528

2523

Fig. 2 Micrographs of the zinc deposits from 0.20 M ZnCl, +
0.50 M NH,CI. Deposition current density 3.5 mA cm ™2, deposition
time 3 h, magnification 100x

Open circuit potential of the zinc electrode in citrate/
chloride-contained electrolyte has more negative values in
comparison with pure chloride electrolyte, which implies
complexation of free zinc ions by citrate anions. For the
same current density during polarization, it could be
observed that anodic potentials (battery discharge) in
citrate/chloride-contained electrolyte were significantly
lower than that in the pure chloride electrolyte. This means
that discharge voltage in citrate/chloride electrolyte will be
higher. On the other hand, due to the more negative
cathodic potentials (battery charge) in citrate/chloride
electrolyte, charge voltage will be minimum 0.2 V higher
than that in the pure chloride electrolyte.

Exchange current density was determined from the
intercept of anodic Tafel line with open circuit potentials,
since cathodic Tafel line was not well defined. In the
separate experiments for all the citrate/chloride-contained
electrolytes, the corrosion current density was determined
as well. Determined values of equilibrium potentials, and
exchange and corrosion current densities were summarized
and shown in Table 1.

From the values given in Table 1, it can be observed that
open circuit potential, and exchange and corrosion current
densities decrease with decreasing zinc chloride concen-
tration. Comparing the values of exchange and corrosion

Table 1 Determined values of open circuit potentials, and exchange
and corrosion current densities of solid zinc electrode for different
concentrations of zinc chloride in citrate/chloride-contained
electrolytes

¢(ZnClL,)M EJV (SCE) EJ/V (SHE) joy/mA cm 2 jeon/nA cm™>

0.50 —1.094 —0.853 1.0 50
0.30 —1.122 —0.881 0.5 10
0.10 —1.180 -0.939 0.4 9
0.05 —1.209 —0.968 0.3 5

current densities, it can be concluded that the main reac-
tions at the open circuit potential were deposition and
dissolution reactions of zinc, while contribution of the
corrosion was between 2% and 5%. From these results, it
could be suggested that the low concentration of the zinc
chloride will be beneficial from the anode point of view.
However, on the other hand, under cathodic polarization,
low concentration of the zinc chloride provokes relatively
low value of the limiting current density. For example, in
solution containing 0.05 M ZnCl,, the limiting current
density was ~ 10 mA cm™ 2, while in the electrolyte con-
taining 0.5 M ZnCl,, the limiting current density was
>50 mA cm~ 2. Hence, based on the values of exchange,
and limiting and corrosion current densities, as well as the
value of the open circuit potential, the optimum zinc
chloride concentration will be ~0.3 M.

Polarization curve of the solid zinc electrode in the
“optimum electrolyte” containing 0.8 M Na-citrate, 0.3 M
NH4CI, and 0.3 M ZnCl, is shown in Fig. 3.

Anodic part of the polarization curve was characterized
with the single Tafel slope of 60 mV dec™ up to the
current densities of 30 mA cm 2. Cathodic part has few
not well-defined waves, marked as (a—d), which could be
connected with limiting currents. Hence, the value of
cathodic Tafel line in this electrolyte cannot be determined.
On the other hand, even the overpotential for the hydrogen
evolution reaction on zinc is very high; some possibilities
that hydrogen evolution could occur exist. At pH ~ 35, the
concentration of the free hydrogen ion corresponds to a
negligibly small diffusion limiting current density. How-
ever, in the presence of the protonated citrate species (such
as HCitz_) which could serve as a proton donor, the

-1.05 T A ; ERERAL
i ,//? ]
/l
-1.10 60 mV dec” %A
— - L
115
/ \
8120t N b
2 o)
>
Z 125
| c) /
0.3 MNH,CI ) \
-1.30 0.8 M Na-cit BEE ] 7]
L | 03MZnCl,
-135F— pH~S D)
-1.40 Lw
10" 10° 107

jlAcm’
Fig. 3 IR-corrected polarization curve of the zinc electrode in the

electrolyte containing 0.8 M Na-citrate, 0.3 M NH,Cl, and 0.3 M
ZI’IC12
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limiting current density for hydrogen evolution could be
significantly higher [17, 18].

For this reason, the influence of deposition current
density and morphology on deposition current efficiency
was investigated.

3.1.2 Current efficiency and morphology of the zinc
deposits

Figure 4 shows determined current efficiency of zinc
deposition reaction for the different deposition current
densities. Copper substrate was applied to avoid possible
oxidation of the zinc substrate which could affect the
results, and to determine zinc deposition/dissolution effi-
ciency. In all the cases, the total deposition charge was the
same (50 mA h cm™?).

Inset of Fig. 4 shows electrode potentials during zinc
deposition. The electrode potentials were similar to the one
obtained from polarization curves. For the same current
density of 5 mA cm™? dependence of the deposition and
dissolution potentials of the zinc on copper over time was
measured in order to obtain Columbic efficiency. It was
observed that the Columbic efficiency for deposition/dis-
solution (charge/discharge) reaction was ~ 100%.

From Fig. 4, one can see that the current efficiency of
zinc deposition reaction for low current densities of
2 mA cm™? was relatively small (80%). By increasing the
deposition current density to 5 mA cm 2, the current
efficiency increases up to 98%. Further increases of the
current density provoked a small decrease of the current
efficiency, from 97 to 94%.

T T T T T T T
100 | ¢=50mAhcm™
®-. ‘@ . _S=80m2 ]
95 L . S s 4

. )
90 ' -
i ' Y SmAcm’ ]
2 ' I ; .
= gL * = : i

= m :
N . Q :
= . 2 i .
0 @ Z 2ot ypoyyoor
| pooosoee o
[ 1
75 L |L.P4| ] [ R
0 5 10 15 20 25 |
t/h
70 A 1 A 1 1 1
0 5 10 15 20
j/mAcm’2

Fig. 4 Determined current efficiency of zinc deposition reaction on
the copper electrode for the different deposition current densities.
Inset: galvanostatic curves for zinc deposition at current densities of
(1) 2, (2) 5, 3) 10, and (4) 20 mA cm™2 and for dissolution at a
current density of 5 mA cm™>
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These results could be connected with the morphology of
zinc deposits, shown in Fig. 5. A deposit obtained at a
relatively small current density (2 mA cm™?) was coarse
and porous, with a lot of cavity induced by hydrogen evo-
lution. Further increase of current density to 5 mA cm™ >
and above, coarsens the deposit and decreases its porosity.

It should be noted that at the dendrite formation was not
observed in any current density, even when the deposition
charge was ~5 times higher than that in the pure chloride
electrolyte (see Fig. 2).

3.1.3 Mechanism of the zinc deposition reaction

Considering the polarization measurements, deposition
current efficiency, and morphology, the following mecha-
nism for zinc deposition reaction could be suggested.

At pH ~5 in the presence of citrate in solution, zinc ion
forms different types of complex with suggested species
[19]:

Zn*" + HCit?>~ = ZnHCit  (pK, = 3.0) (4)
Zn*t + Cit” = ZnCit™  (pK, = 4.8) (5)
ZnCit™ + Cit*~ = ZnCit,*™ (pK, = 1.7). (6)

Due to the values of stability constants, it could be
suggested that the main species in the solution was ZnCit™,
and the concentration of ZnHCit is considerably smaller,
while the concentration of ZnCit247 and free zinc ions are
rather low. Since deposition current density and potential
depend on the concentration of the reacting species,
decreasing the concentration provokes the decrease of the
deposition current density, and at some point, the limiting
current could be observed. Hence, the few waves in the
cathodic part of the polarization curve (Fig. 3) could be
assigned to the reduction of different species from the
solution.

According to this analysis, it could be suggested that at
relatively low current densities (~2 mA cmfz), simulta-
neous deposition of zinc (~ 80%) from less stable complex
or free zinc ion and hydrogen evolution (~20%) from
protonated citrate species occurred, for example, via the
following reactions:

2HCit*™ + 2e = H, + 2Cit*~ (7)
Zn*" +2e =7Zn (8)
ZnCity*~ 4 2e = Zn + 2Cit*". 9)

Further increase of the current density (~5-15 mA cm™2)
leads to increases of the zinc deposition rate from more
stable complex forms, such as

ZnHCit + 2e = Zn + HCit*", (10)

or more probably,
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Fig. 5 Micrographs of the zinc
deposits for different current
densities in citrate/chloride-
contained electrolyte,
magnification 100x

10 mA em™

ZnCit™ 4 2e = Zn + Cit*~. (11)

At the same time, the hydrogen evolution rate from pro-
tonated citrate species, which is now under the domination
of limiting current, tends to much lower potentials, and
practically does not affect the current efficiency. For the
current density of 20 mA cm > and above, due to the
negative potentials, the possibilities of hydrogen evolution
from water molecule now exists, which influence further
decrease of the zinc deposition current efficiency.

Considering the presented analysis, it could be sug-
gested that some optimum zinc deposition current densities
(battery charge) lie in the range of ~5-15 mA cm ™2 On
the other hand, any anodic current density (battery dis-
charge) in the range of 0.5 up to 30 mA cm > could be
applied.

3.2 Polyaniline electrode

On the basis of determined “optimum composition of the
electrolyte” for the zinc electrode, the electrochemical
behavior of PANI electrode in the same electrolyte was
investigated. Figure 6 shows galvanostatic curve of the
aniline polymerization from the solution containing 1 M
HCI and 0.25 M aniline monomer on graphite electrode at
a current density of 2 mA cm™? with a polymerization
charge of 0.6 mA h cm™2 Polymerization starts at the

20 mA cm™

potential of ~0.6 V and proceeds in the potential range
between 0.72 and 0.68 V.

After polymerization, electrode with 1 mA cm™? was
discharged, washed with bidistilled water, and transferred
into the three-compartment electrochemical cell with
chloride/citrate electrolyte. After transfer, the electrode

0.8 T T T T T T T T T T

0.6 2 mA cm”

0.4 —
=)
O 0.2 —
2
>
~ 0.0 i
S5

02 1 M HCI

0.25 M Aniline
0.4 .
-06 L 1 L 1 | 1 L 1 L 1
0 200 400 600 800 1000

tls
Fig. 6 Galvanostatic curves (2 mA cm™2) for the aniline polymer-

ization and discharge (1 mA cm™?) in the solution containing 1 M
HCI and 0.25 M aniline on graphite electrode
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was conditioned at a potential of —0.6 V for 600 s to be
completely discharged.

Figure 7 shows typical charge/discharge curves of PANI
electrode for the different current densities. The potentials
were limited to 0.35 V for charge and to —0.3 V for dis-
charge. Charge of the discharged PANI electrode starts in
the potential range between ~—0.1 and ~0.02V
depending on the applied current density. Potential
increases practically linearly up to 0.35 V. Discharge of the
electrode occurred in the potential range between ~0.3
and ~0.2 V with an average discharge potential of ~0 V.
For the potentials more negative than —0.2 V, diffusion
limitations provoke the sharp decrease of the potentials.

Times of charge/discharge for different current densities
determined from Fig. 7 are shown in Fig. 8. Calculated
Columbic efficiency for the charge/discharge, shown in the
inset of Fig. 8, was affected with the applied current density.

Assuming the limitations of anion diffusion through
polymer film, it was possible to extrapolate the maximum
electrode capacity by plotting the reciprocal square root
values of the determined electrode capacity (shown in the
inset of Fig. 9) with applied current densities. As it can be
seen in Fig. 9, the determined maximum electrode capacity
(go) of PANI electrode was ~0.15 mA h cm 2. On the
other hand, some operating electrode capacity was in the
range of 0.08-0.13 mA h cm™2 depending on the applied
current density. All the investigated current densities
(0.75-3 mA cm™2) could be applied, but lower values will
be favorable due to the higher capacity and Columbic
efficiency.

Charge/discharge curves at a constant current density of
1 mA cm™2 versus the cycle number were shown in
Fig. 10. The cycling potentials were limited to 0.35 V for
charging and to —0.6 V for discharging. As it can be

04 T T T T T T T T T T T T T

I
w

o
o

E/V (SCE)
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-0.3 . T 1 T . T -
100 200 300 400 500 600

tls

Fig. 7 Charge/discharge curve of the PANI electrode in citrate/
chloride electrolyte for different current densities (marked in figure)
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Fig. 9 Dependence of the reciprocal square root values of the
electrode capacity (shown in the inset) on applied current densities

observed during the twenty cycles, the electrode capacity
practically has a constant value without degradation. The
same could be concluded from the cyclic voltammograms,
shown in the inset of Fig. 10, since before the first and after
twenty cycles, there were no changes in the shape of the
voltammograms.

3.3 Possible characteristics of the real cell
Considering the above presented results for the zinc and

PANI electrode in the optimum composition of the elec-
trolyte, the possible electrochemical characteristics of
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Fig. 10 Charge/discharge curve at a constant current density
(1 mA cm™?) versus cycle number in citrate/chloride electrolyte for
the anodic potential limit of 0.35 V. Inset: cyclic voltammograms
(v =20 mV s’l) of PANI electrode before first (—) and after twenty
cycles (---)

ZnlPANI secondary cell necessary for the cell optimization
was discussed and simulated.

The Zn | 0.8 M Na-citrate, 0.3 M NH,Cl, and 0.3 M
ZnCl, | PANI electrochemical system will be mainly based
on the following half-cell reactions:

Charge

[PANI], +nyCl~ =
Discharge

[PANIY*(cr)y} e

(Positive electrode),
where y is doping degree, and
Charge

ZnCit™ +2e &
Discharge

Zn + Cit’~  (Negative electrode).

(13)

The reactions during charge/discharge of the complete cell
will be as follows:

2[PANI], 4+ 2nyCl~ + nyZnCit~
Charge
= 2[PANIY+ (cr)y} +nyZn + nyCit*

Discharge

(14)

The citrate anion was not considered as a doping anion for
the PANI electrode during charge, because it was sug-
gested that at less positive potentials, doping proceeds with
chloride and at the more positive potentials (>0.35 V) with
citrate anions, where faster degradation could occur [15].

It should be noted that the cell has to be formed in the
discharged state.

For the given optimum composition of the electrolyte,
the operating current densities will be in the range
of ~0.75-3 mA cm > for the PANI electrode and

Zn10.8 M Na-cit, 0.3 M NH,Cl, 0.3 M ZnCl, | PANI

J.(PAND =1 mA cm”

3 JogZn) =5 mA cm” g

02 b

0.0 &1 N 1 N 1 N 1 N 1 =
0 100 200 300 400

tls

Fig. 11 Simulation of the possible charge/discharge characteristic of
ZnlPANI cell in citrate/chloride-contained electrolyte

5-15 mA cm™? for the zinc electrode. Due to the differ-
ences in the current densities, the area of PANI electrode
should be at least five times higher than that for the zinc
plate electrode. On that manner, Fig. 11 shows the simu-
lation of charge/discharge curve with possible errors, for
the complete ZnlPANI cell in chloride/citrate electrolyte
for the current density of 1 mA cm™ for PANI and
5 mA cm™? for the zinc electrode. Data were extrapolated
from Figs. 4 and 10, and simulation was done according to
the procedure given in [20].

As it can be seen from Fig. 11, charge of the cell will
occur in the voltage range between ~1.05 and ~1.62 V.
After charge, the open circuit voltage will be ~1.25 V.
Discharge will occur at the voltage range between 1.2 and
~0.4 V, with the most of the capacity (~85%) delivered
above 0.8 V.

4 Conclusion

By investigating the polarization characteristic of the
zinc deposition/dissolution reaction and corrosion rate
from electrolytes containing 0.8 M sodium citrate, 0.3 M
ammonium chloride, and different concentrations of zinc
chloride (0.05-0.5 M), it was suggested that there will be
some optimum electrolyte composition with ~0.3 M of
zinc chloride.

Based on the determined deposition current efficiency
and morphology of zinc deposits, it was suggested that
some optimum deposition (charge) current density will be
in the range of ~5-15 mA cm 2.

In the optimum electrolyte, PANI electrode shows satis-
factory characteristics for potential application as a positive
electrode in the Zn[PANI secondary cell. Operating electrode
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capacity in the range of 0.8 to 0.13 mA h cm™2 depending
on the applied current density (0.75-3 mA cm™?) was
determined. All the investigated current densities could be
applied, but lower values will be favorable due to the higher
electrode capacity and Columbic efficiency.

According to the differences in the electrodes optimum
current densities, the area of the PANI electrode should be
at least five times higher than that for the zinc electrode.

By the simulation of the charge/discharge characteristic
of the real cell, it was suggested that charge will occur in
the voltage range between ~1 and ~ 1.6 V. After charge,
the open circuit voltage will be ~1.25 V, and discharge
will occur in the voltage range between 1.2 and ~0.4 V,
with the most of the capacity (~85%) delivered above
0.8 V.
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Primena filmova elektroprovodnih polimera kao
jednog od nacina aktivne zaStite metala od korozije
predstavlja novi vid zastite baziran na potpunoj ili de-
limi¢noj zameni katodnih reakcija korozije, redukcije
kiseonika (u atmosferi odnosno kiselim, neutralnim i al-
kalnim rastvorima) ili vodoni¢nih jona (u kiseloj sredi-
ni) katodnom reakcijom redukcije (dedopovanja) elek-
troprovodnog polimera [1-3]:

M-[EP"" (A™),], + nye- — M-[EP], + nyA™ O]

gde je EP elektroprovodni polimer, A anjon (dopant), a
y stepen dopovanja, uz odgovarajucu reakciju anodnog
rastvaranja metala:

M — M" +me )

Za razliku od klasi¢nih premaza, kod prevlaka na
bazi elektroprovodnih polimera tokom vremena dolazi
do povecanja otpornosti filma (usled dedopovanja, od-
nosno otpustanja anjona iz elektroprovodnog polimera) i
povecanja stepena zastite od korozije [2,3].

Osnovni problem pri elektrohemijskom dobijanju
filmova elektroprovodnih polimera na metalima pred-
stavlja visok potencijal elektropolimerizacije od pribliz-
no 0,7 do i preko 1 V, §to uslovljava intenzivno ras-
tvaranje metala. 1z tog razloga, pri sintezi se moraju ko-
ristiti rastvori elektrolita koji pasiviraju metal, ¢ime se
umanjuje rastvaranje, ali pri tome formirani film ne sme
imati izolatorska svojstva ¢ime bi se sprecilo taloZenje
elektroprovodnog polimera. Jedan takav primer je ok-
salna kiselina u ¢ijim rastvorima su dobijene zadovolja-
vajuée karakteristike filmova polipirola ali uz znatno
rastvaranje Celika u poéetnom periodu taloZenja (tako-
zvani indukcioni period) [2-5]. Polianilin, sa druge
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SINTEZA | KOROZIONO PONASANJE POLI-
ANILINA NA MEKOM CELIKU, BAKRU | ALU-
MINIJUMU IZ BENZOATNIH RASTVORA

U radu je ispitivana elektrohemijska sinteza polianilina (PANI) na mekom celiku, alu-
minijumu i bakru iz rastvora natrijum-benzoata i monomera anilina. Ustanovljeno je
da se tanki, dobro adherentni, filmovi polianilina mogu formirati na svim ispitivanim
metalima pri anodnim gustinama struja od 0,5—1,5 mA cm™. Ispitivano je koroziono
ponasanje metala sa previakom polianilina u rastvoru 0,5 mol dm™ NaCl (3%). Usta-
novljeno je da ove prevlake pruzaju korozionu zastitu svim ispitivanim metalima u da-
toj korozionoj sredini.

strane, predstavlja izazovan materijal zbog znatno nize
cene polazne sirovine (monomera anilin) od pirola.
Camaleta je u seriji radova [6-8] ispitivao uslove talo-
zenja polianilina na celiku iz rastvora para-toluensul-
fonske kiseline, oksalne kiseline, kao i litijum-perhlo-
rata. Iz svih rastvora dobijena je prevlaka, ali uz primet-
no rastvaranje Celika u pocetnom periodu polimeriza-
cije.

U prethodnim radovima, ustanovljeno je da se tan-
ke prevlake, od nekoliko um polianilina mogu dobiti iz
rasvora natrijum-benzoata na mekom celiku, kao pod-
sloja za kataforetsko nanosenje epoksidnih prevlaka [9].
Ovakva kombinacija je pokazala neuobicajeno poboljsa-
nje korozionih karakteristika sistema u odnosu na kla-
si¢ne kataforetske prevlake u kiselim i neutralnim ras-
tvorima [10,11].

Cilj ovoga rada je da se ispitaju uslovi elektropoli-
merizacije tankih filmova polianilina iz rastvora natri-
jum-benzoata i korozione karakteristike na celiku, alu-
minijumu i bakru kao jednih od najznacajnijih konstruk-
cionih materijala.

EKSPERIMENTALNI DEO

Elektrohemijska sinteza polianilina ispitivana je u
0,5 M natrijum-benzoata (p.a. Merck) uz dodatak ani-
lina (predhodno destilisanog u atmosferi argona) kon-
centracije 0,1 M. Svi eksperimenti su uradeni u trodel-
noj staklenoj elektrohemijskoj éeliji zapremine 150 cm’
u prisustvu vazduha. Radne elektrode su bile od mekog
gelika C1212, aluminijuma i bakra (p.a. ¢istoée). Koris-
¢ene su elektrode dimenzija 1x1 cm sa ukupnom povr-
§inom od 2 cm’. Kontra elektroda je bila mreZica od
platine povrsine oko 5 cm?, a referentna elektroda je bila
zasi¢ena kalomelova elektroda. Eksperimentalna deblji-
na filma polianilina je procenjena merenjem mase uzo-
raka pre i posle elektropolimerizacije. Koroziono pona-
Sanje metala sa prevlakom polianilina je ispitivano u 3%
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rastvoru (0,5 M) NaCl snimanjem polarizacionih krivih.
Temperatura elektrolita u svim eksperimentima je bila
sobna 2243 °C

U svim eksperimentima je koriS¢en potenciostat/
/galvanostat PAR M273 u interaktivnoj vezi sa racu-
narom.

REZULTATI I DISKUSIJA

Sinteza polianilina na mekom ¢eliku, aluminijumu i
bakru

Sinteza polianilina na mekom celiku

Na slici 1 prikazane su anodne polarizacione krive
mekog Celika u rasvoru natrijum-benzoata i uz dodatak
anilina pocevsi od korozionog potencijala do vidljivog
izdvajanja kiseonika. Anodna polarizaciona kriva u ras-
tvoru natrijum-benzoata ima tipian izgled pasivacione
krive za metale.

LA | LR | LA | LA |
Fe
2.0 - = = 0.5 M Na-benzoat
' +0.1 M anilin ; i
L5y =1mvs’ ...." N
1o} -
Y o5t -
> - .
= 0.0 3 _
L K -
<
0.5+ Tt < -
B [0 Y S A1 RS WY R T
10° 10° 10" 10°
j/mAcm'2

Slika 1. Anodne polarizacine krive za meki celik u rastvoru 0,5
M natrijum-benzoata i uz dodatak 0,1 M anilina.

Figure 1. Anodic polarization curves for mild steel in 0.5 M
sodium benzoate and with addition of 0.1 M aniline.

Pocetak pasivacije u 0,5 M rastvoru natrijum-ben-
zoata odigrava se pri potencijalima od ~—0,500 V (ZKE).
Gustina struje pocetka pasivacije je iznosila 0,09 mA
cm ™, dok je srednja vrednost gustine struje pasivne
oblasti iznosi oko 5 wA cm™. U prisustvu anilina ko-
rozioni potencijal se pomera ka pozitivnijim vrednos-
tima za skoro 0,7 V. To bi moglo da ukaze da monomer
anilina deluje kao inhibitor korozije u ispitivanom ras-
tvoru. Elektropolimerizacija anilina se odigrava u ob-
lasti potencijala od 0,4 do ~1,7 V.

16

Na slici 2 prikazane su galvanostatske krive ras-
tvaranja mekog Celika i elektropolimerizacije anilina pri
razli¢itim gustinama struja talozenja.

35
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Slika 2. Galvanostatske krive mekog Celika u rastvoru 0,5 M
natrijum-benzoata (tackaste linije) i u rastvoru 0,5 M nat-
rijum-benzoata i 0,1 M anilina (pune linije) pri razlicitim
gustinama struja.

Figure 2. Galvanostatic curve of the mild steel in 0.5 M so-
dium benzoate (dotted line) and in 0.5 M sodium benzoate
and 0.1 M aniline (full line) for different current densities.

Sa slike se moze videti da ne postoji indukcioni pe-
riod, odnosno da ne dolazi do rastvaranja gvozda pre
polimerizacije anilina. Za razliku od talozenja polipirola
iz oksalatnih rastvora [1-3] gde ne dolazi do porasta
potencijala tokom vremena, iz rastvora na bazi Na-ben-
zoata i anilina potencijal formiranja polianilina je znat-
no visi i iznosi u po¢etnom periodu oko 1,2 V. Nakon
pocetnog perioda dolazi do blagog povecanja poten-
cijala §to je praceno prekrivanjem slobodne povrsine
mekog Celika prevlakom polianilina. Nakon §to je celo-
kupna povrSina prekrivena prevlakom polianilina, $to je
ustanovljeno vizualnim posmatranjem, dolazi do naglog
porasta potencijala i do vidljivog izdvajanja kiseonika.
Ovo je verovatno posledica male provodljivosti formi-
ranog filma gvozde-benzoat-polianilin i znatnog uspora-
vanja dalje polimerizacije anilina na ve¢ formiranom
filmu. Da bi se izbegla visoka preoksidacija filma svi
uzorci predvideni za koroziona ispitivanja su talozeni sa
gustinom struje od 1,5 mA cm™ do potencijala od 3 V.

Sinteza polianilina na aluminijumu

Na slici 3 prikazane su anodne polarizacione krive
aluminijuma u 0,5 M natrijum-benzoata i uz dodatak 0,1
M anilina.

Korozioni potencijal bez anilina je iznosio —0,66 V,
a pri dodatku anilina, za razliku od mekog celika, ne-
gativirao se za ~200 mV (-0,87 V). U osnovnom ras-
tvoru natrijum-benzoata nije primec¢ena tipicna pasiva-
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ciona kriva za metale. Pri potencijalima izmedu — 0,3 do
1,3 V opazen je plato sa vrednoscu gustine struje od oko
40 uA cm™ koji se moZe pripisati formiranju poroznog
hidratisanog filma aluminijum-oksida. Pri vi§im poten-
cijalima od 1,3 V opazaju se jo§ dva platoa sa gustinama
struje od ~80 PA cm™, koji su verovatno posledica
transformacija u hidratisanom oksidnom sloju. Pri do-
datku monomera anilina, polimerizacija zapocinje pri
potencijalu od oko 0,7 V, a polarizaciona kriva pokazuje
karakteristike slicne talozenju metala. Grani¢na gustina
struje difuzije iznosila je oko 4 mA cm™.

35pAL
- —0— 0.5 mol dm” Na-benzoat
__—0— +0.1 mol dm” anilin

3,0

2,5
2,0
L5
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0,5 -
0,0 -
-0,5 -

_1’0 b el sl P |
10° 107 10" 10

j/mA cm”

Slika 3. Anodne polarizacine krive aluminijuma u rastvoru 0,5
M natrijum-benzoata i uz dodatak 0,1 M anilina.

Figure 3. Anodic polarization curves of aluminum in 0.5 M
sodium benzoate and with addition of 0.1 M aniline.

Na slici 4 prikazane su galvanostatske krive oksi-
dacije aluminijuma u natrijum-benzoatu i uz dodatak
anilina. Kao $to se sa slike moze videti u odsustvu ani-
lina, visoki potencijali se veoma brzo dostizu pri bilo
kojoj primenjenoj gustini struje. Krive su okarakterisane
sa nekoliko prevojnih tacaka, koje verovatno odgova-
raju transformaciji hidratisanih oksida i na visim po-
tencijalima izdvajanju kiseonika. Dodatkom monomera
anilina, galvanostatske krive polimerizacije ukazuju da
dolazi do sinteze polianilina, ali konstantni nagib tokom
produzene oksidacije takode ukazuje da se verovatno
simultano odigrava i oksidacija aluminijuma. Za dalja
ispitivanja koriS¢eni su uzorci dobijeni pri gustinama
struja od 1,5 mA cm™.

Sinteza polianilina na bakru

Na slici 5 prikazane su anodne polarizacione krive
bakra u 0,5 M natrijum-benzoata i uz dodatak 0,1 M
anilina.

Anodna polarizaciona kriva u rastvoru natrijum-
-benzoata ima tipican izgled pasivacione krive za me-
tale. Korozioni potencijal je iznosio —0,06 V, a pocetak

pasivacije se odigrava pri potencijalima od ~0,14 V.
Gustina struje pocetka pasivacije je iznosila 100 pHA
cm?, dok je srednja vrednost gustine struje pasivne
oblasti iznosi oko 10 pA cm™. Pri potencijalima vigim
od 1 V uocava se transpasivna oblast, usled verovatne
transformacije povrsinskog filma bakra i izdvajanja
kiseonika. U prisustvu anilina korozioni potencijal se
vrlo malo pomera ka negativnijim vrednostima. Elektro-
polimerizaciji anilina koja se odigrava u oblasti poten-
cijala od 0,25 do 1,25 V, verovatno predhodi formiranje
slabo rastvornog bakar-benzoata pri potencijalima nizim
0d 0,25 V.

3,0

E/V (ZKE)

1,5 R
Jj/ mA em’”
1.0 - - = 0.5mol dm” Na-benzoat g (1)3 |
b -3 ITH .
+0.1 mol dm™ anilin )15
4)2.0
0,5 L 1 L 1 L 1 L 1 L
0 500 1000 1500 2000 2500

t/s

Slika 4. Galvanostatske krive aluminijuma u rastvoru 0,5 M
natrijum-benzoata (tackaste linije) i u rastvoru 0,5 M natri-
jum-benzoata i 0,1 M anilina (deblje linije) pri razlicitim
gustinama struja.

Figure 4. Galvanostatic curve of the aluminium in 0.5 M so-
dium benzoate (doted line) and in 0.5 M sodium benzoate and
0.1 M aniline (thicker line) for different current densities.
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Slika 5. Anodne polarizacine krive bakra u rastvoru 0,5 M
natrijum-benzoata i uz dodatak 0,1 M anilina.

Figure 5. Anodic polarization curves of copper in 0.5 M
sodium benzoate and with addition of 0.1 M aniline.
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Na slici 6 prikazane su galvanostatske krive ok-
sidacije bakra u natrijum-benzoatu i uz dodatak anilina.

Kao §to se sa slike moze videti, u odsustvu anilina
visoki potencijal se veoma brzo dostize i pri veoma
niskoj gustini struje (0,5 mA cm™). Krive elektropoli-
merizacije anilina su okarakterisane sa nekoliko prevoj-
nih tacaka, koje se verovatno mogu pripisati transforma-
cijama razli¢itih stanja polianilina. Za dalja ispitivanja
kori$¢eni su uzorci dobijeni pri gustinama struja od 1,0
mA cm >, s obzirom da pri vi§im gustinama struje dolazi
do znatnog porasta potencijala i izdvajanja kiseonika.

2’0 T T T T T T T T T T T
18 ¢ §
| .
L6k o .
o 1,4 _" i
@ . 1.0
> 12 i
W
ol 075 |
08 4
= ]
0,6 ]
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Slika 6. Galvanostatska kriva bakra u rastvoru 0,5 M natri-
Jjum-benzoata pri gustini struje od 0,5 mA ecm™ (tackasta li-
nija) i elektropolimerizacije anilina na bakru iz rastvora 0,5
M natrijum-benzoata i 0,1 M anilina pri razlicitim gustinama
struja (mA em™) oznacenim na slici.

Figure 6. Galvanostatic curve of the copper in 0.5 M sodium
benzoate at current density of 0.5 mA cm™ (dotted line) and in
0.5 M sodium benzoate and 0.1 M aniline for different current
densities marked on the figure.

Karakteristike polianilinskog filma na ispitivanim
metalima

Na svim metalima dobijene su prevlake polianilina
crne boje Metodom savijanja je ustanovljeno da su pre-
vlake adherentne poSto pri pucanju osnovnog metala
nije doslo do odvajanja prevlake od osnovnog metala.

Na osnovu odredenog prirastaja mase po jedinici
povrsine tokom elektropolimerizacije i uz pretpostavku
da je gustina polianilina dopovanog benzoatnim anjo-

nima p = 1,5 g cm™ [12] procenjene su debljine, o, fil-
mova polianilina. Teorijska debljina filma je izracunata
koris¢enjem jednacine [9]:

5o JMay +3M,)
2+»Fp

gde je M, molarna masa anilina (93,13 g mol™), My
molarna masa benzoatnog anjona (121,12 g mol™), ¢
vreme elektropolimerizacije, a y procenjeni stepen do-
povanja benzoatnim anjonima. S obzirom na visoke po-
tencijale elektropolimerizacije za proracun je predpos-
tavljeno da se dobija perningranilin sa stepenom dopo-
vanja od ~1 [12]. Rezultati procenjenih eksperimen-
talnih i teorijskih debljina filmova polianilina sumarno
su prikazani u Tabeli 1.

Poredenjem ekesperimentalno dobijenih i teorijski
procenjenih debljina filmova, koje odgovaraju masi po-
lianilina, procenjeno je iskoris¢enje struje elektropoli-
merizacije. Kod bakra i mekog Celika iskori$cenje struje
1 tokom elektropolimerizacije je procenjeno na oko
80%, dok je kod aluminijuma procenjeno na ~70%.

3

Koroziono ponasanje

S obzirom da se tanke prevlake polianilina predvi-
daju za upotrebu kao podsloj za talozenje kataforetskih
epoksidnih prevlaka, ispitivanja korozionog ponasanja
su ograni¢ena na relativno kratki vremenski period od
10 casova.

Na slikama 7-9 prikazane su uporedne polariza-
cione krive ispitivanih metala i metala sa prevlakom
polianilina u 3% rastvoru natrijum-hlorida koji je sadr-
zavao rastvoreni kiseonik iz vazduha. Kod svih Cistih
metala katodna reakcija je redukcija rastvorenog mole-
kularnog kiseonika pod uslovima dominantne difuzione
kontrole, dok je anodna reakcija aktivaciono kontrolisa-
no rastvaranja metala. Iz preseka anodne Tafelove linije
sa korozionim potencijalom odredene su gustine struje
korozije koje su sumarno date u tabeli 2. Na istim
slikama (slike 7-9) date su i polarizacione krive ispiti-
vanih metala sa prevlakom polianilina. Sa slika se moze
videti da su polarizacione krive metala sa prevlakom
polianilina veoma sli¢ne polarizacvionim krivama za
osnovne metale posebno u anodnom delu, ali sa znatno
nizim gustinama struja. S obzirom na relativno niske
vrednosti korozionog potencijala (redoks potencijal za
polianilin iznosi oko 0,3 V) moZe se smatrati da se po-

Tabela 1. Prirastaj mase pri razlicitim gustinama struja elektropolimerizacije anilina, procenjena eksperimentalna i teorijska

debljina filma i iskoriscenje struje elektroplimerizacije n;

Table 1. Increase in mass at different current densities of the aniline electropolymerization, the estimated experimental and
theoretical film thickness and current efficiency of the electropolymerization 1

M-PANI j/mA cm2 t/s m/ mg cm™2 Oexp) / UM Oteor) / UM Ny ! %o
MC 1.50 215 0.20 0.13 0.16 81.2
Al 1.50 2400 1.8 12 17.7 70.6
Cu 1.00 1080 0.65 0.43 0.53 81.1
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lianilin nalazi u delimi¢no dedopovanom stanju, ali koji

jos uvek poseduje odredenu provodljivost (y > 0).
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Slika 7. Polarizaciona kriva za meki Celik (o) i meki Celik sa
prevlakom polianilina (e) debljine 0,13 ym u 3% rastvoru
NaCl.

Figure 7. Polarization curve of mild steel (o) and mild steel
with polyaniline (0.13 ym) coatings (®) in 3% NaCl solution.
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Slika 8. Polarizaciona kriva za aluminijum (o) i aluminijum sa
previakom polianilina (e) debljine 12 um u 3% rastvoru
NaCl.

Figure 8. Polarization curve of aluminum (o) and aluminum
with polyaniline (12 ym) coatings (®) in 3% NaCl solution.

Na osnovu izlozenih rezultata i sli¢nosti polariza-
cionih krivih korozionih reakcija, moze se zakljuciti da
se rastvaranje metala odigrava kroz pore filma poliani-
lina, a redukcija korozionog agensa verovatno na samoj
povrsini filma smanjene provodljivosti. To ukazuje da
polianilin u zastiti ispitivanih metala od korozije ima
prevashodno barijerni zastitni efekat, odnosno smanje-
nje izloZene povrsine metala korozionom agensu.

Na osnovu odredenih vrednosti gustina struje ko-
rozije moguce je izraCunati stepen zastitnog dejstva iz-
razenih u procentima preko sledeée jednacine:

jM _ jM(PANI)
Z= {—k‘” Lot jxlOO 4)
iM

Jior

gde su jM i jMPAND oystine struje korozije za metale i
metale sa prevlakom polianilina.

Cu

00T 304 NaCI

0,1} ,
. Jio = 0.6 LA cm
g " 52 mV dek’
> -0,2 r
53]

03k Jioy =33 MA cm”

04 T

10° 107 10° 10° 10 10° 10" 10"

j/Acem®

Slika 9. Polarizaciona kriva za bakar (o) i bakar sa previakom

polianilina (e) debljine 0,43 um u 3% rastvoru NaCl.

Figure 9. Polarization curve of copper (o) and copper with

polyaniline (0.43 um) coatings (®) in 3% NaCl solution.

Stepen zastitnog dejstva moze posluziti i za pro-
cenu poroznosti prevlaka polianilina prema jednacini:

Poroznost =~ 100 — Z ®)

Sumarni rezultati odredenih gustina korozije Cistih

metala, metala sa prevlakom polianilina, zaStitni efekat i
procenjena poroznost su prikazani u Tabeli 2.

Zahvaljujuéi korozionoj stabilnosti filma poliani-

Tabela 2. Odredene vrednosti gustina struje korozije ispitivanih metala bez i sa prevlakom polianilina, izracunati stepen zastitnog

dejstva i procenjena poroznost previake polianilina

Table 2. Determined corrosion current density of investigated metals without and with polyaniline coatings, calculated protection

degree, and estimated porosity of polyaniline coatings

Metal Jior/ LA cm™ d(PAND)/pum i o(PANI) / uA cm™ Z/% Poroznost, %
Fe 14 0,13 1,0 92,9 7,1
Al 73 12 0,35 95,2 4,8
Cu 33 0,43 0,6 82,0 18
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lina koji ne pokazuje klasiéne mane epoksidnog prema-
za (bubrenje i degradacija tokom vremena) moguce je
predpostaviti ranije uocenu dugotrajnost veoma tankih
filmova polianilina u zastiti metala od korozije [9—11].
U prvim trenucima nakon kontakta sa korozionim agen-
som, usled relativno niskog korozionog potencijala me-
tala, dolazi do brzog dedopovonja povrsine filma poli-
anilina. S druge strane, difuziono usporeno dedopovanje
zaostalih koli¢ina anjona u dubini filma polianilina i
smanjenjivanje provodljivosti, moZze objasniti ranije pri-
meceni porast impedanse tokom vremena kao posledice
usporavanja reakcije redukcije kiseonika na slabo pro-
vodnom filmu polianilina [9—11].

ZAKLJUCAK

Na osnovu rezultata moze se zakljuciti da se iz ras-
tvora na bazi natrijum-benzoata i monomera anilina mo-
gu dobiti dobro adherentni filmovi polianilina na svim
ispitivanim metalima. Ispitivanjem korozionog ponasa-
nja Cistih metala i metala sa prevlakom polianilina u 3%
rastvoru natrijum-hlorida, zaklju¢eno je da do smanjenja
brzine korozije metala dolazi uglavnom zbog barijernog
efekta relativno poroznog filma. Kroz pore filma odig-
rava se anodna reakcija rastvaranja metala, a redukcija
agensa korozije se verovatno odigrava na povrsini filma
polianilina smanjene provodljivosti.
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SUMMARY

ELECTROCHEMICAL SYNTHESIS AND CORROSION BEHAVIOR OF THIN POLYANILINE FILM ON MILD
STEEL, COPPER AND ALUMINUM

Ali Ramadan Elkais', Milica M. Gvozdenovi¢', Branimir Z. Jugoviéz, Tomislav L;j. TriSovi¢?,
Miodrag M. Maksimovi¢', Branimir N. Grgur'

'Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia
’Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia

(Scientific paper)

The electrochemical synthesis of polyaniline (PANI) on mild steel, Kljuéne reci: Polianilin ® Meki celik
aluminum and copper from the sodium benzoate solutions has been ¢ Bakar e Aluminijum e Korozija
investigated. It has been shown that thin, highly adherent, polyaniline Key words: Polyaniline ® Mild steel
films on the investigated metals could be obtained by anodic oxidation e Copper e Aluminum e Corrosion

with current densities in the range of 0.5 and 1.5 mA cm™. The corrosion
behavior of mild steel, aluminum and copper with polyaniline coating in
0.5 mol dm™ NaCl (pH 3) solutions, has been investigated by polarization
technique. The corrosion current densities, porosity and protection
efficiency was determined. It has been shown that polyaniline coating
provided corrosion protection of all mentioned metals.
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Pa3Boj TutaHckux RuO,/TiO, aHopa u ypehaja 3a in situ nponssoamby

dKTUBHOT XJ10pa

Mupocnas [l. Cnacojesuh’, Tomucnas Jb. Tpuwosuh®?, Nlenka Pubuh-3enenosuh’,

Naene M. Cnacojesuh’

1YHU86p3ULTl€lA7 y Kpaiyjesuy, AipoHomcku ¢axynitei, Yauaxk, Cpouja
“Uncutyim WexHuuxux Hayka CAHY, beoipag, Cpduja
’ YHusepsuitei y beoipagy, TexHonowko—meianypwku ¢axynitiei, beoipag, Cpduja

HsBog

Y paay je paT npernen pasBoja aKTUBHMX TUTAHCKMX aHOAA 3a peakuujy okcuaaumje
XNOPUAHUX jOHa Y WUCTparKMBayYkMm nabopatopujama y Cpbuju. MNpuKasaHW cy M HOBM
pesynTaTM UcTpaxuBarba edekTa TemrepaType Tepmuyke obpage, cactasa v aebsbuHe
akTuBHe RuO,/TiO, NnpeBnake Ha TUTaHy Ha HbEHA MUKPOCTPYKTYPHA CBOjCTBA M 0APpa3 OBUX
CBOjCTaBa Ha KaTa/IMTUUKY aKTUBHOCT, jOHCENEKTUBHOCT M KOPO3MOHY CTabuaHocT vy
npouecy Aobujarba aKTUBHOT X/10pa. YCTAHOB/bEH je U epeKaT KMHETUUYKMX U ONePaTUBHUX
napameTtapa npoueca efiekTponanse pasbnaxeHuUx pacTBopa HaTPWjym-Xxa1o0puaa Ha WUCKo-
puwhere cTpyje U eHepruje no akTUBHOM X10py. Ha OCHOBY OBMX WMCMUTMBAHAa KOHC-
TpyucaHa je henuvja 3a enektponausy u ytepheHe cy onTMmasHe BpeAHOCTU TEXHOMOLKNX
napameTtapa npoueca Npou3BoAHEe aKTMBHOF xnopa. CBeobyxBaTHa UCTPaXkKnBarba pesyn-
TMpana Cy KOHCTPYKLMjOM PasinymUTUX TUNOBA MNOCTPOjerba 3a in Situ NPoOu3BOAHY aKTUB-

HAYYHU PAL,

YK 621.3.032.22:661.417/.418

Hem. Ind. 67 (2) 313-321 (2013)

doi: 10.2298/HEMIND120414076S

HOT X/10pa.

Kmwyune peuu: pesnHdekumja, akTMBHM XN10p, aHoAa.

Jocmyiino Ha UniiepHedily ca agpece uacoduca: http://www.ache.org.rs/Hl/

MuKpob1OoNoWKM HeucnpasHa Boga 3a nuhe wu
BOJaA KOja Ce KOPWUCTW y NpoLecy NpousBoAr-e y noro-
HUMa npexpambeHe WHAYCTPUje Y3POK je YecTux enu-
Aemuja 3apasHux 6onectn. 3ato je 3a Aobujarbe
34paBcTBeHO 6e3beaHux npomssoga HeonxogHa edu-
KacHa gesnHdeKumnja Boae, Kao n aesmHobeKkumja obje-
KaTa 1 onpeme. Y CBeTy ce y MHOrMM 3eM/baMa BOJAa
Ae3nHouKyje racoButMm xaopom. 36or noteHumjanHe
onacHoctn op, u3bujarba uHumMpeHata, y EBponckoj
YHUjU je 3abparbeH TPAHCNOPT U CKNAAMULLITEHE TOKCUY-
HOT racoBMTOr X/10pa. Buweroauwma UCTpaxknBarba y
nabopatopujama dakynteta u nHctutyta y Cpbuju [1-
—31] pesyntupana cy passojem gomahux ypehaja 3a
npou3Boary Ae3nHOEeKLMOHOr CpeacTBa — aKTUBHOTN
XN0pa 0f, HETOKCUMYHE CMPOBMHE — BOAEHOr pacTBOpa
HaTpujym-xnopunga. Y osum ypehajuma ce enektpo-
NM30M pas3bnaxkeHor, HeyTpaiHOr BOAEHOr PacTBopa
HaTpujym-xiopuaa pfobuja pactBop Xunoxaoputa w
XUMNOX/IOPUTHE  KUCEZIMHE, CHAXXHOT  OKCMAALMOHOT
cpeacTBa Koje yHuMwTaBa MUKpoopraHusme. OBaj Tex-
HOJ/IOWKM NOCTyNnaK He 3arahyje OKONMHY M Hema wTe-
THUX YTULAja Ha 34paB/be pafHUKa.

Y npouecy gobujarba aKTMBHOI X/I0pa €NeKTPOIU-
3o0m pasbnaxkeHor pacTBopa HaTpujym-xaopuaa Ha

Mpenucka: M.A. Cnacojesuh, ArpoHOMCKM dakrynTeT, YHUBEP3UTET y
Kparyjesuy, Llapa Aywaxa 34, Yauak, Cpbuja.

E-nowrTa: ljiljana.spasojevic51@yahoo.com

Pap npumsmen: 14. anpun, 2012

Pap npuxsaheH: 2. jyn, 2012

aHOAM Ce aHOAHOM OKCUAAUMjOM XJOPUAHUX jOHa
n3gBaja xnop:

2CI" —Cl+2e” (1)

MN3pgojeHn xnop audyHayje Kpos aHoaHu andy-
3MOHM C/I0j Ka Macu pacTBopa W NPUTOM CUMYATAHO
xuaponusyje. Xugponusa je 6p3a peakumja Tako ga npu
pH BpegHocTMma pactBopa Behum opg 6,5 rotoBo caB
XJ10p XMAponusyje y aHogHom Andy3MoHOM Clojy pe-
aKumjom:

Cl,+ H,0 —>HCIO + CI" + H* (2)

YcnocTas/ba Ce paBHOTEXKA AUcouMjaumje XMNnoxno-
PUTHE KNUCeNnHe:

HCIO =2 H +ClO™ (3)

HacTana XMnoxnopuTHa KUCeNMHA M jOHWU XuMo-
XNopuTa (aKTMBHU Xnop) n3 gudysnoHor cnoja AndyH-
Ayjy ca jeaHe cTpaHe Ka aHoau, raoe ce oKkcuayjy no
xnopara:

3
60CI™+3H,0 —2CI0; +4Cl" +6H" +.0, +6e (4)

a ca Apyre cTpaHe y Macy pacTBopa, rae noasiexy xe-
MMjCKOj KOHBEP3MjM A0 X/1opaTa:

2HOCI+0CI" — CIO; +2CI™ +2H" (5)
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Oundysuja n xugponusa xnopa n gudysmja akTUBHOr
xnopa oapehyjy KOHUEHTPauMoHu npodun aKTUBHON
X/iopa y aHogHom audysnmoHom cnojy. OBaj npodun
oapehyje ¢NyKc aKTUMBHOrN Xx/J0pa Ha aHOAHOj NoBp-
WMHK, @ TUME U aHoAHe rybuTKe CTpyje HacTase OKCU-
Aaunjom akTMBHOT xnopa [3-5,9-11,23]. ybuum ctpyje
HacTajy u aHogHOM oKcupaumjom soge [3-5,9-11,23]:

2H,0 -0, +4H" +4e” (6)

Y npouecy aobujarba aKTMBHOF X/I0pa TemnepaTypa
€/1eKTPOINTA je penaTuBHO HucKa (t < 30 °C) wTo ycno-
paBa peakuujy XemMujcKke KOHBep3uje aKTMBHOI Xa0pa
0o xnopata [3-5,9-11,23]. Npn BpeaHoctuma pH oko
6,2 KOHBep3Mja je Hajbp:Ka, jep je y Toj obaacTm ogHOC
KOHUEHTPaLUMja XUMOXJIOPUTHE KUCENIMHE U jOHA XWUMO-
XNopuTa TakaB pga obesbehyje mMaKkcMmanHy O6p3unHYy
XEMWjCKe KOHBEep3Mje akTUBHOT xa0pa Ao xnopata [11].
3aT0 ce npouec NPon3BoAHE aKTUBHOF X/10pa U3BOAMN Y
anKanHoj cpeanHn. MehyTum, y MHOrMM cayyajeBuma y
NpaKcK, jako anKkalHWM PacTBOPM aKTUBHOT X/J0pa He
Mory Aa ce Kopucte. [leo aKTMBHOI X/iopa Ce TpaHC-
nopTyje Ha KaToay rae ce peaykyje A0 XJ0PUAHUX joHa
LUTO Y3pOKyje rybuTKe aKTMBHOF X/JI0pa Koju ce y ante-
paTypu, pagu nakwer obpadyHa YKYMHOTr WCKOpML-
hetrba CTpyje, 03Ha4yaBa Kao KaToaHu rybuum [8-11,14—
-17]:

ClO” +H,0+2e” —CI" +20H" (7)

MowTo je KoHUEHTpaLMja HATPUjym-xnopuaa y npo-
uecy aobujarba akKTMBHON X10pa 06MYHO Mama og 30,0
g dm_3, 3HauajHe aHogHe rybuTKe CTpyje y3poKyje u
aHo4Ha OKcmaaumja Boje.

EKCMEPUMEHTATHU AEO

Ha nogecHo npunpems/beHOj TUTAHCKOj OCHOBU Tep-
MWYKMM MOCTYNKOM je pOpMMpaH akTMBHM duam of
OKCcuAa pyTeHujyma u TuTaHa [3-5,8]. [naTke TUTaHCKe
nsoye cy, nocae necknpara n ogMmawhumearea ca 3acu-
heHnunm pactsopom NaOH y etaHony, HarpusaHe 20 min
y K/byyanoj 20 mac.% HCl. Ha oBako npunpemsbeHe
naovye HaHoueH je pacteop RuCl;-3H,0 u TiCl, y 2-npo-
naHony KoHueHTpaunje 20 g dm™ PaYyHATO Ha 4yucTe
meTane. CactaB pacrtsopa je sapupao og 5,0 go 100
mol% Ru. PacTBop je HaHoOLWeH BuLe NyTa, CBE [OK ce
He nocTturHe gebs/bMHa npesfake Koja oarosapa macu
081080 20¢g m > yncTux meTana. Mocne HaHoLWerba
CBaKoOr c/l0ja pacTBopa, Nso4ye cy cyweHe Ha 50 °C, a
3aTUM neyeHe 10 min Ha UCNUTUBAHO] TemnepaTypwu.
HakoH nocneprer HaHolwerwa pacTBopa njaoye cy ne-
yeHe 60 min Ha UCNUTMBAHO] TemnepaTypu Koja je Ba-
pupana og 300 go 800 °C. KpuctanHa cTpykTypa ¢op-
MUWpaHe NpeBaake UCNUTaHa je peHAreHCKOM CTPYKTYp-
HOM aHanu3om Ha Philips andpakromeTpy ca rpadut-
HUM MmoHoxpomaTpom u CuKa 3paverem.

314

EnekTpoxemujcka mepera BpLUEHA Cy Y KIACUYHO]
enekTpoxemujckoj henuvju sanpemumte 1,0 dm?® ca no-
cebHMm genom 3a pedepeHTHy 3acuheHy Kasomenosy
enekTpoay. PagHe enekTpose 6une cy y o6aunky naovya
nospwuHe 4 cm’, a nomohHy eneKTpoay je UYMHMNA
napanenHo MnocTaB/beHa TUTaHCKa naoda. CBM NOTeH-
LMjann y TEKCTY M Ha CAMKama Aath cy Npema CTaH-
[apaHO] BOLOHWYHO] enekTpoau. TOKOM enekTpoxe-
MMjCKUX Meperba KopuwheHOo je cTaHZapAHO enek-
TPUYHO KO/IO CacTaB/beHO Of, Mporpamepa ca MOTeH-
ymoctatom (RDE Potentiostat Pine instrument Co.,
Grove City, Pennsylvania), X-Y nucauya (Hewlett Packard
7035B) u aurutanHor sontmetpa (Pro's Kit 03-9303C).
PacTBopu cy npaB/beHM Of, TPU NyTa AeCTUANCAHE BOAE
n Merck xemukanmja. AHOGHO, KaTOAHO M YKYMHO UCKO-
puwhere cTpyje oapehHnBaHO je Ha OCHOBY cacTaBa
racHe cMellle Koja U3nasu n3 enektponmsepa [5]. Kymy-
NIaTMBHO McKopuwhere cTpyje oapehnBaHo je Ha 6a3um
KOHUEHTPaLUuje aKTUBHOI x1opa y pacteopy. KoHueH-
Tpauuja akTUBHOT X/I0pa oapehrBaHa je NnoTeHUMoMeT-
pujckom TUTpaumjom HaTpujym-apceHatom(lIl) [5].

PE3YNTATU N ANCKYCUIA

McnuTuBaH je yTuuaj npupoae aHOAHOT U KaToAHOT
MaTepujana, KMHEeTUYKUX U OMnepaTMBHUX MapameTtapa
Ha eNleKTpoAHe NPeHaneTocTy, Naj HanoHa y enekTpo-
NINTY, KaTOAHO, aHOAHO U YKYNHO ucKkopuwhere cTpyje
M Ha MNOTPOLWHY eHeprvje No jeauHUUM NPOU3BOAA-
aKTUBHOT xnopa. Ha ocHoBy fo6ujeHnx pesynTaTa yTBp-
heHa je onTMmanHa KOHCTpyKumja heanje n ontumanHe
BPEAHOCTN TEXHOIOWKMUX NapameTtapa npoueca. KoHa-
YHM UCXOA WUCTPAXKMBakba Ha OBOM MPOjEKTY je KOH-
CTPYKLMja HOBUX MOCTPOjeHa 33 MPOU3BOAHY aKTUBHOT
xnopa [1-31].

Y TOKy peanusauuvje npojekta npumereHa je
Aomaha TexHo/norMja mM3pase akTMBMPAHUX TUTAHCKUX
aHofa 3a eneKkTponusy pasbnaxkeHux pacTBopa X/1o-
puaa y ankanHoj cpeamHn. CHUMarem aHOAHWUX nona-
PU3ALUMOHNX KPUBM MNPU ENeKTPOAU3KN pasbaaskeHmx
pacTBopa xno0puaa UCNUTAH je yTuuaj cagprkaja RuO, y
npessakama Ha HMXOBY KATa/IMTUUYKY aKTMBHOCT. Ha
OCHOBY TWX MONAPU3ALMOHUX KpuBUX oapeheHa je
33aBMCHOCT aHOZHOT NOTEHLMjaNa Ha I'YCTUHU CTpyje A0
1,0 kA m 2 og cagpxaja RuO, (camka 1). Mpesnake ca
cagp:kajem 40 mol% numajy BEeNMKY KAaTaIMTUYKY aKTUB-
HocT. Ca noseharwem cagprkaja RuO, msHag 40 mol%
KaTaMTUYKA aKTUBHOCT Ce 3HayajHuje He merba. Me-
hytum, nosehawe cagprkaja RuO, nocnewyje u3gBa-
jatbe KMCEeOHMKA aHOAHOM OKCMAAuMjoM BOAe LWTO
CMatbyje joHCeneKTMBHOCT npessakKa. NojayaHo nsaBa-
jarbe KMCeOHWKa cMakbyje M cTabuaHocT aHopda, jep
M3[BOjEHM KUCEOHWK ybp3aBa pacTBapare RuO, wu
dopmuparbe cnabonposogHor mehycnoja og Hectexmo-
METPUjCKUX OKcuaa TuTaHa. Mpu cagpxajuma RuO,
marbum oz 40 mol% noteHumMjan Harno pacTte ca cma-



M.A. CNACOJEBUT u cap.: PA3BOJ TUTAHCKUX RuO,/TiO, AHOOA

Hem. ind. 67 (2) 313-321 (2013)

ereM cagpaja RuO, 36or noseharba enekTpuyHe
OTMOPHOCTU MpEB/aKe M CMarberba 6poja aKTUBHMX
LeHTapa 3a peaKkuujy okcngaumje XN0puaHUX joHa.
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Cnuka 1. 3asucHociti omeHyujana RUOz/TlOz aHoga og
cagpxaja RuO; y apesnakama (30 g dm > NaCl, pH 7,0
t=25%C,j=1,0kAm?).

Figure 1. RuO2/TiOz anode potennal as afunctlon ofRqu
content in the coating (30 g dm™, t=25 C, j=1.0 kA m™
pH 7.0).

AHanusa eKkcnepMmeHTaNHUX pe3ynTaTa ykasyje fa
Hajbosba eneKkTpoXxeMmjcKa CBOjCTBa noceayje TUTaHCKa
aHofa ca npesnakom cactaBa 40 1 60 mol% TiO, (cauka
1).

OBe npeBnake cagp:ke MUHUMANHE KOAUYMHE Nie-
MEHWUTOr MeTafa pyTeHWjyma Koju um obesbehyje Be-
JIMKY KaTa/UTUYKY aKTUBHOCT, A06pYy jOHCEeNneKTMBHOCT
M 0obpy KOPO3MOHY CTabUAHOCT MpWU eneKkTpPo/v3un
BOAEHWX pacTBopa HaTpujym-xnopuga [3-5,8].

PeHareHCKOM aHanM30M MCMWTaH je yTuuaj caap-
*aja RuO, u Temnepatype dopmuparba Ha MUKpPO-
CTPYKTYpHa CBOjCTBa npeBnaka. CBe npesnake ca py-
TeHWjymom popmMmunpaHe Ha TemnepaTypama HUMXUM of,
600 °C cagprke $pasy meTacTabuAHOr YBPCTOr pacTBopa
RuO,-TiO, ca BeNMUMHOM KpUCTANHOT 3pHa OKo 10 nm,
Ca B€/IMKOM MWUHUMANHOM TYCTUHOM XaOTUYHO pacno-
peheHux gucaoKaumja u BeIMKOM CperOM BpeaHOL-
hy MuKpoHanpesama. lNpeBnake ca cagpiajem RuO,
marbum og, 10 mol% nopeg, pyTuaHe CTPYKTYpe 4YBpcTor
pactBopa caap:ke u ¢asy aHataca TiO,. Ca nopactom
cagpkaja RuO, og 5 no 40 mol% y npesnakama ¢op-
MupaHum Ha 500 °C nosehaBa ce npoceyHa AMMEH3N]ja
KPUCTanHUx 3pHa ca 12 Ha 26 nm. MNpu gabem nose-
hawy cagpraja RuO, go 100 mol% BennyunHa Kpuc-
Ta/IHUX 3pHA ce 3HayajHuje He nosehasa [3,4]. Mpe-
BNlake popmupaHe Ha TemnepaTypama Buwmum og 700
°C cagprke aBe dase pyTunHe CTpyKType: ¢pasy yncror
RuO;, n ¢asy uuctor TiO,. Ca nopactom TemnepaType
dopmuparba npesnaka og 500 Ha 700 °C pacTe cpeapba

OMMeEH3Mja Kpuctana ca 26 Ha 75 nm. MNpu dopmuparsy
npeesaka Ha TemnepaTypama Huxum og 400 °C xno-
pUAM PYyTEHWjYMA M TUTAHA Ce He KOHBEPTYjY Y Lenoctm
y OKcuae, na oBe MpeBJiake MMAjy Makby eNeKTPUYHY
npoBoA/buBOCT. MpeBnake dopmmpaHe Ha Temnepary-
pama Buwum og 550 °C Takohe umajy mamby enek-
TPUYHY NpoBOA/BMBOCT 360r dopmuparba HecTexmo-
METPUjCKUX OKCKMAA TUTaHa y mehycnojy TUTaH-aKTUBHa
npesnaka [3,4].

Hajbos/ba enekTpoxemujcka CBOjCTBa nocenyjy npe-
BNaKe Ao6WjeHe TEPMMYKMM MOCTYMKOM — KOHBEP3U-
jom xnopuaa pyTeHujyma M TUTaHa PacTBOPEHUX Yy
2-nponaHo/y Yy kbUXOBE OKCUAE, 1 TO Y YCKOM Temnepa-
TypHOM MHTepBany o4 420 go 500 °C (cauka 2). Y Tom
MHTepBany TemnepaTtypa dopmupa ce meTactabuiHu
YBPCT PacTBOp OKCMAA PYTEHWjyMa WM TUTaHa BUCOKe
KOMMAKTHOCTU M fobpe apxe3sunje. PyTuaHa cTpyKTypa
yBpCTOr pacTBopa obesbehyje Ao6pa enekTpoxemmnjcka
cBojctea [3,4].
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Cnuka 2. 3agucHoctu totienyujana 40 mol% RuO:, 60 mol%
TiOz aHoge og Wwemiepaiiype d)opmupawa apesnaxa (30 g dm™
NaCl, pH 7,0t =25 C, j= 1,0 kKA m™).
Figure 2. Potential of 40 mol% RuO:z, 60 mol% TiO: anode as
a function ofcoatmgformanon temperature (30 g dm™> NaCl,
t=25 ‘Cj—10kAm ,pH 7.0).

Ha cavum 3 npukasaH je ytuuaj AebsbmHe npesnake
Ha HbeHY KaTaJIMTUYKY aKTUBHOCT 3a peakuujy OKCU-
Jaumnje xnopuaHux joHa. OebrbuHa npesBnaka u3pa-
KEHa je MpeKo mMace HaHeTUX MeTana pyTeHujyma u
TUTaHa MO jeAVHULM NOBPLUMHE TUTAHCKe Nao4e, Kao
WwTo je yobuuajeHo. Ca nopactom aebsbuHe npesnake
HeHa KaTa/IMTMYKa aKTUBHOCT M3pa*KeHa MoTeHuu-
janom npwu ryctuHu cTpyje oa 1 kA m~ crnopo pacte y
MHTepBany pebsbmHa og 5 go 20 g m. Mosehatbe
KaTa/IMTUYKe aKTUBHOCTU je 3HAaTHO Marbe M3apaxKeHo
on noseharwa peanHe nospwuHe. Ca noseharbem
[eb/bmHe npesnaka pacte u gybuHa nopa, na je oTe-
*KaH NPEeHOC XJIOPUAHUX jOHA Y FbUXOBY YHYTPALLHOCT U
NPeHOC HACTasor X10pa M akTUBHOI X10pa U3 nopa y
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macy enekTposuta. NMpesnake aebsbuHe og 10 o 15 g
m~ Cy KOMMAKTHe, AOK npeBnake aebsbe oa 15 g m~
MMajy MYKOTUHE WU HKUXOB Bpoj pacTe ca nopacTtom
Aeb/byHe. 3aTo oBe npeBnake bpxe Kopuaupajyy u
NaKwe ce nacusupajy. Koa npesnaka Takbmx o4 5gm-
ca cMmarberbem aebsbuHe KaTaNUTUUKa akTUBHOCT Hario
onaza. TOKOM TepMuyKor ¢dopmuparba TaHKUX npe-
BN1aKa HacTajy cnabonpoBOAHN HECTEXMOMETPU|CKU OK-
cnam TutaHa. OBO Yy3poKyje 6p3y Koposujy u nacu-
BaUMjy TaHKWUX NpeBnaka npu enekTponunsu pasbna-
KEHUX XopuaHux pacteopa [3,4]. MNpuKasaHu pesyn-
TaTW MoKasyjy Aa Hajbosba eNieKTPOXeEMUjCKa CBOjCTBa
MMajy npesnake aebsbmHe 04100015 ¢g m™ [3,4].
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Cnuka 3. 3agucHociu tolieHyujana 40 mol% RuO:, 60 mol%
TiOz aHoge og gedmuHe dpesnaxe (30 g dm™> NaCl, pH 7,0,
t=25%C,j=1,0kAm?).
Figure 3. Potential of 40 mol% RuO:z, 60 mol% TiO: anode as

afunctlon ofcoatmg thickness (30 g dm™ NaCl, t = 25 <,
=1.0kAm™, pH7.0).

Ha ocHOBY Mnonapu3auMoHUX KPUBUX CUMYITaHUX
peaKkumja M3aBajarba XJ10pa U KUCEOHUKA OKCMAALMjOM
XNOPUAHUX jOHa M BoAe MpPU enekTpoausu pasbna-
YKEHOor pacTBopa HaTpujym-xnopuaa (oa 20 o 30 g dm™
NaCl) na 25 °C u pH 7,0, ogpeheHa je onTumanHa
obnact noTeHuMjana 3a NPOU3BOAHY AKTUBHOI X/10pa
o4 1,35 po 1,39 V Kojoj ogrosapa ryctuHa ctpyje og 1,0
kA m™

Mpw enekTponnsm pacrteopa cactasa 30 g dm~® Nacl
n 5 g dm > NaClO ryctuHom ctpyje oa 1,0 kA m™ Ha
t = 25 °C v npu pH 7,0 nocTn:Ke ce BUCOKO aHOAHO
uckopuwherse ctpyje og 86% [4,5,8] n nobuja pactsop
KOjU Ce MOXKe KOpUCTM Kao eduKacaH pacTBop 3a ge-
3nHbEeKuMjy.

OnTMmanHe rycTuHe CTpyje Mpu eNekTpoansn pac-
TBOpa ca cagp:Kajem NaClog 10 o 30 g dm npm 6,5 <
pH < 7,5 Ha TemnepaTypu og 15 go 30 °C oarosapajy
obnactn noteHymajana og 1,35 go 1,39 V. OBe ryctuHe
cTpyje 06e36ehyjy BenMKy MNpOW3BOAHOCT €/eKTpo-
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NiM3epa ca MaKCMMaZHUM UcKopuwherem cTpyje y3
BEJINKY KaTaZIMTUYKY aKTUBHOCT U Many KOpPO3ujy aHoaa
[4,5,8].

Ca cmarbewem KoHueHTpaumje NaCl y pactBopy
¢dasopusyje ce okcupaumja Boae, Na onaja MCKOPULL-
here cTpyje U Npon3BoAHOCT henunje 3a eneKkTpoamsy,
a pacTe yTpOoLaK eHepruje no KoJIMYUHU NpousseaeHor
aKTMBHOT x/s10pa (civka 4).
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Cnuka 4. 3agucHoci aHogHol uckopuwhersa ciapyje (ni) og
KOHUeHmpauuja Hawpuij X710puga u axuusHor x10pd y
paciieopy: @ — 1, 0x107° u A — 5X10 Z mol dm™> NaCIO
(pH7,0t=25 C,j=1,0 kAm™).

Figure 4. Anodic current efficiency (i) as a function of sodium
chloride and active chlorine concentration in the solution:

@ 1.0x107 and A —5x107 mol dm™> NaClO (t = 25 T,

j=1.0kAm™, pH7.0).

PacTBOp aKTMBHOI X/I0pa Ca BEAUKMM CagprKajem
NaCl, sehum oa 50 g dm™> yecto je 36or BenuKor canu-
HUTeTa, HenodecaH 3a Kopuwhere y Ae3nHpeKunoHe
cspxe. AHanusupajyhu KBanuteT npoussefeHor pac-
TBOpPA, NPOM3BOAHOCT henunje 3a eneKkTpoamnsy, yTpoLak
eHepruje no jeAMHWUUM KOAWYMHE AKTMBHOI X/I0pa M
TPajHOCT aHOAHEe MnpeBfaKe, YCTAHOB/bEHA je ONTU-
MaJiHa KOHUEHTPpaumja HaTpujym-xnopuaa y pacrtsopy
3a eneKkTponmnsy oa 25 0035¢g dm™ [3-5,8,12,26].

TemnepaTtypa enekTpoAMTa yTude Ha BpeaHoCT
aHOAHOr noTeHuMjana M Ha aHoAHO WcKkopuwhere
CTpyje Mo aKTMBHOM X/10py. AHOAHM NOTEHUMjan onaja
Ca NoBuLIEeHEeM TeMMNePATYpPe LOK UCKopulwherbe cTpy-
je pacte (cnuka 5).

Ownjarpam npukasaH Ha cavum 5 ykasyje Ha To ga
nosehatbe TemnepaType pacTtBopa 3HaTHO Buwe ybp-
3aBa peakumjy oKcuzaumje XJ0pUAHUX joHa Hero pe-
aKuujy okcuaaumje soge u andy3sunjy akTUBHOT X10pa.
Ca noseharbem TemnepaType MHTEH3UBMPA Ce KOHBEP-
3Wja aKTMBHOTI XJ0pa Yy X/0paT, WTO Y3pOKyje rybuTke
aKTMBHoOr xnopa [4,5,8,11,23]. AKko ce oBu rybuumn ms-
payvyHajy 1 NpunuLy aHogHUM rybuumma, aobuja ce aa
YKYNHO aHOAHO WcKopuwhere CTpyje pacte ca nose-
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harem Temnepatype go 50 °C, a npu pgasbem pacty
TemnepaTtype uckopuwhere cTpyje onaga (cavka 5).
TemnepaTypHu uHTepsan og, 25 Ao 35 °C je onTumanaH
MHTEpPBan Koju obesbehyje MaKCMManHy enekTpoxe-
MMjCKY edUKaACHOCT eneKkTposn3epa 3a NPOU3BOALY
aKTMBHOTr Xx/s0pa. MehyTum, ako je 3axTeBaHa Temne-
paTypa pacTBopa npumeTHO Beha of TemnepaType OKo-
NIMHe, Yy cucTeMy mopa Aa noctoju nocebaH ypehaj 3a
3arpeBatbe pacTeopa. YK/byumBLUM W OBaj NapameTap y
aHann3y edpUKaCcHOCTU MPOU3BOAHE aKTUBHOI X10pa
3aK/byyyje ce Aa je onTUMaNHM TemnepaTypHU UHTep-
Ban og 15 no 30 °C.
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Cnuka 5. 3asucHocit uckopuwhera ciwipyje og wiemidepaiiype:
A — aHogHo uckopuuwiheroe; @ — 00pauyHawmio yKyiaHo aHOGHO
uckopuwhere (1,0>dO_2 mol dm™ NaClO, 30 g dm™ Nadl,
j=1,0kAm™~, pH 7,0).

Figure 5. Temperature dependence of current efficiency:

A — anodic efficiency; @ — calculated total anodic efficienc
(1.0x107% mol dm™* NaClO, 30 g dm™ NaCl, j = 1.0 kA m™,
pH 7.0).

Y enekTponuUTUYKOM npouecy Aobujarba aKTUBHOT
XN0pa eNneKkTpoan3om pasbnaxkeHux pactsopa xaopuaa
Y aNKa/IHOj CpeauHWN, Ha KaToau ce oABWja peakuuja
n3aBajarba BOAOHMKA U ANPY3MOHO KOHTPO/IMCAHA pe-
AYKUMja aKTUBHOT xJiopa. AHaIM30M BPeaHOCTU NpeHa-
neTocTM u3aBajarba BOLOHWKA, KOPO3MOHE CcTabun-
HOCTU U LLeHe KowTaka KaTogHOor maTepujana n moryh-
HoCcTU ¢dopmuparba BMNONapHUX eNeKkTpoda YCTaHOB-
JbEHO je Aa je TUTaH HajnogecHuju matepujan 3a uspa-
Ay Katopa [6,7,9,10].

Ba)kHO je uctahu fa Katoge o, TUTAHa TOKOM
enekTponunse ancopbyjy aToMCKM BOLOHUK Koju mocTe-
NeHo pasapa MeTasiHy KPUCTaNHy peLleTKy, LWTo ce
yo4yaBa M0jaBOM LPHOT Mpaxa Ha MOBPLIMHKU KaToaa.
Mpw ryctmHama cTpyje marbum oz 1,2 kA m’ OBaj npo-
Lec je penaTtuMBHO Cnop, Na ce u HakoH 10 roguHa paga
y hennjama 3a npousBoary aKTUBHON X/I0pa TUTAHCKe
KaToAe 3HayajHuje He owTeTe.

O6auk henuje, gumeHsnje enekTposa n mehyenek-
TPOAHO pacTojarbe YTUYY Ha WUcKopuwhere cTpyje u
eHepruje. AHaNM30M BpEeMEHa 3agp)KaBakba efneme-
HaTa 3anpemMunHe eNekTpoanTa y heamnju ycTaHoB/bEH je
HeH onTumanaH obnuk [1,2,13-17,27,28]. AnumeH3uje
efleKTpoaa 3aBuce oA KanauuTeTa enekTpoaunsepa. lo-
BehatbeM BUCUHE enekTpoga nosehasa ce Haromwna-
Batb€ MexypoBa KaTo4HO WM34BOjeHOr BOAOHMWKA Y rop-
UM genosuma henuje WTO y3pOKyje HepaBHOMEPHY
pacrnofeny ryctuHe cTpyje MO BUCUHW €NeKTPOAHMUX
noBpLlKHa. bp3nMHa KpeTarba eNeKkTposuTa OyXK efekK-
TPOAHWUX MOBPLIMHA 3aBMCU Of, OAHOCA BUCUMHE W
WwupuHe enekTpoge. MNpu ogHocy 3:1 obesbehyje ce
6p3nHa KpeTarba eNeKkTpPosMTa Koja cnpeyasa Haromu-
NaBatbe MexypoBa BOLOHWMKA Y FOpHMM Aef0BUMA
henuvje n Koja obesbehyje edprMKacHO ogHOLIEHE AKTUB-
HOr X/70pa y NpuxBaTHW pesepsoap. henuja ce noc-
TaB/ba Yy pacTBop Ha ogpeheHoj aAybuHM Tako pa ce
OTBOP 3a y/Na3 pacTBopa Hafasu y Ooem, a u3nas
npou3Bofa enekTponuse y roprteem aeny henwmje. To-
KOM efniekTponuse y henunju ce Hanasm cmella pactsopa
M racoBMTOr BOAOHMKA, a Y MPUXBAaTHOM pe3epBoapy
oko henwuje of HeHoOr ynasa Ao M3nasa, Haaasm ce camo
pacTBop. Ycaen pasnuvke cneumduyHMX maca cagpkaja
y henvju n pacteopa y npuxsaTHOM pe3epBoapy oA4Buja
ce peumpkynaumja pacteopa 4uja je 6p3nHa nponop-
uMoHanaHa sucuHu henuje (,indpTuHr edekat”). AHoge
mory 6uTh y 061Ky mpexke 1y 06/1MKy niodve. AKTUBHA
noBpwuHa aHoge obnuka mpexe je 1,3 go 1,6 nyta
Beha of reomeTpujcke NOBpWWHE aHOZA Y O6AUKY
nnaova.

KaToaHu rybuum cTpyje y3poKoBaHW peayKuujom
AKTMBHOT X/10pa ce cMakbyjy noBehatbem ogHoOCca aHOA-
He M KaToAHe nospluHe. TexHWYKM je HajjegHOCTaB-
HWje Aa MaNu enekTPoM3epyu ca aHOAHOM MOBPLUMHOM
70 0,04 m?, UMajy enektTpoge y ob6auky naoya [9].

AHanunsa KoHcTpyKuuje henuje, gumeHsuja enek-
TPOA4a, MexaHUuKe YBpcTohe 1 enekTpuyHe OTNOPHOCTH
TUTaHa yKa3syje Ha To Aa aAeb/bmHa enektpoaa o 2,0 go
3,0 mm ob6e36ehyje uBpCTY KOHCTPYKuMjy henuje u
penaTMBHO Manu nag, HamoHa y TUTAHCKMM Mao4Yama.
Mag HamoHa y eNeKTPoOANUTy 3aBUCK of, MehyenekTpoa-
HOr pactojatba. CMarberbe mehyenekTpoaHor pacToja-
Hba Y3POKyje: a) CMarberbe e/IeKTPUYHE OTMOPHOCTU
pacTBoOpa ycnes cMarberba AYKMHE NyTa Kojum ce npe-
HOCW HaenekTpucate U 6) nosehare OTNOPHOCTU
ycnen cmarberba edeKkTMBHE NOBPLUMHE PacTBOpa KPo3
KOjy ce NpeHOCU HaeneKkTpucarbe 36or noseharba KoH-
LEeHTpaumje racHUX MexypoBa KaTOAHO U3ABOjeHOr BO-
AOHMKA. YCTAaHOB/bEHO je Aa je onTumanaH pasmak 3,0
mm [1,2,13-17,27,28].

Ha ocHOBY npuKasaHWX UCTPaXkMBakba M 3aK/by4yaka
[1-31] KOHCTpyMCaHM Cy HOBM TUMNOBW LUAPNKHUX pe-
LMPKYIALMOHUX M NPOTOYHMX NOCTPOjerba 3a Mpous-
BOAHY aKTMBHOT X/10pa ca NOTNYHOM ayTOMAaTU3aLunjom
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M JA/bMHCKUM yrpas/bakbem. KanauuTeT n KapakTepuc-
TUKe NOCTpOjeHba 3aBUCE 0, heroBe HameHe.

Ha canum 6 npukasaHa je wema jegHor LWapKHOr
noctpojerba npomussegeHor y Cpbuju. Ypehaj je KoHc-
TPyMCaH Ha OCHOBY eKCMepuMMEHTa/IHUX pe3yaTaTta
BULLUETOAMLHUX UCAUTUBaAHbA M3BeAeHUX y nabopato-
pujama HeKOIMKO daKynTeTa u UHCTUTYTA Y 3EM/bU.

Mpe nywTara y pag osor ypehaja, y peakuMoHy
nocyay ce AoAa ogMepeHa KOJIMYMHA HaTUjyM-xnopuaa
M NOCyAa HanyHM omeKwaHoM BogoMm. Ypehaj 3a ome-
KlWaBakbe BOAe nopen KOMOHE CagpXu W ayTomaTtu-
30BaH CUCTEM 33 pereHepauujy jOHM3mMerMBadYKe mace.
Tokom paga ypehaja, y eNekTpoansepy Hactaje akTuB-
HU XJ1IOp KOjW Cce CTpyjarbem pacTBopa TpaHcnopTyje y
peaKkuMOHy nocyay. Ha cBakux cejam mMUHYTa enekTpo-
N3e ayTOMATCKM Ce YK/byuu y paf M3MmerbMBay TOM/o-
Te. Kpo3 mera TOKOM TPOMUHYTHOT paga npoTuye xna-
[Ha BOAA U X1aZM PacTBOp Y peakunoHoj nocygu. Mpo-
uec enektponuse Tpaje 30 yacoBa. 3a OBO Bpeme
nobuja ce 80 dm? pactBopa NaClO koHueHTpauuje 1,0
g dm™. HakoH 3aBpLUEHE eNeKTponM3e OoTBapatbem
BeHTMNa (8) pacTBOp nNpenasn y NpuxsaTHW pe3epBoap

OJaK/ie ce CMCTEMOM 3a Ao3upatbe ybpusrasa y npea-
BuheHu npocTop.

Ha cnnum 7 npukasaHa je wema jegHor TMna peunp-
Ky/laLMOHOT NocTpojerba npounssegeHor y Cpbuju. OBaj
T™MN ypehaja je HamereH 33 MPOM3BOAHY AKTUBHOT
xnopa 3a ae3nHoeKkumjy 6aseHcKux Boga y Kojuma ce
Hanasmoa3 pgo6g dm~ Nacl.

LeHTpudyranHom nymnom ce Ha jegHom Kpajy 6a-
3eHa ycucaBa 6aseHcKa BOAa M NOTUCKYje Kpo3 new-
YaHW GUNTEP M M3MEHMBAY TOMIOTE Y ENEeKTPOan3ep.
MewyaHn punTep ce KOPUCTU 33 OACTPatbMBabE MeXa-
HUYKMX HeuyncToha U3 BoAe, a U3MEeHMBaAY TOM/IOTe ca
ayTOMATCKOM perynaumjom 3a keHo xnaherbe uam 3ar-
peBatbe. Y e/IeKTpoAM3epy ce MNPOU3BOAUN aAKTUBHMU
xnop u ybauyje y 6aseH cTpyjarbem pactBopa. Y b6a-
3eHy, aKTMBHM X/IOp OKcuAyje NpUCYyTHE MUKpoopra-
HU3MeE U peayKyje ce [0 XN0puAHMX joHa. Boay ca Hac-
TaIMM XNOPUAHUM jOHUMA LeHTpudyranHa nymna ycu-
caBa W MOHOBO MOTUCKyje Yy enekTponusep. Ha Taj
HauYMH Ce MOHaB/ba LMKAYC OKcMZaumje XA0pUAHMUX
joHa un peayKumje akTMBHOr xsopa. MNpoussogra Mno-
TpebHe KoAMYMHE aKTUBHOT X/10pa 3a ePpUKacHy Ae3uH-

Cnuka 6. Llema wapxHol ypehaja 3a Gpou3sogry akiiugHoi xnopa: 1 — peakyuoHa ocyga; 2 — Upuxeawina ocyga; 3 — KONOHA 3d
oMeKwiasare 8oge; 4,5 — cucttiem 3a gosupare; 6 — usMerusau wounoie; 7 — enekmwponusep; 8 — eeHmun; 9 — uciipasnau u

MEPHO-peTyNauuoHu CUCIEM.

Figure 6. A schematic of a batch-type device for active chlorine generation: 1 — reaction vessel; 2 — receptacle; 3 — water softening
column; 4,5 — dosing system; 6 — heat exchanger; 7 — electrolyzer; 8 — valve; 9 — rectifier and measurement and requlation system.
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deKumjy baseHcKke Boge peryauwe ce n3bopom jaunHe
CTpyje 1 BpemeHa Tpajarba enekTponunse. Y HajHoOBUjum
TMNOBMMA e/IeKTpoAun3epa yrpaheHe cy enektpoge ca
,Camonpeunwhasarbem”. To cy TUTAHCKe eNekTpose ca
AKTUBHMM KaTa/IUTUUKMM C/I0jEM UMjU ce nonapuTer
TOKOM e/1IeKTPOIn3e Mera. Y C/yyajy KOHCTAHTHOT Ha-
najarba, NONApUTET ENeKTPoAa Ce Meha Y TPEHYTKY
YK/byyera ypehaja y pas AOK ce Ko YonepcKor 1 npe-
KMAQYKOr Hamajatba NONAPUTET Mera HaKoH oapehe-
HOT BPeMeHa Y BPEMEHCKOM PAcnoHy o, Hy/la A0 ocam
yacoBa. Kopg 0BWX enekTposM3epa CBaKa enekTpona
jefHO Bpeme paan Kao aHoAa, a NOTOM Kao Katoaa. Y
KaTOAHOM LMKAYCY, U34ABOjeHN BOAOHMK pa3apa Kame-
Hau Ha enektpoau [31].

PactBopu npounsseseHun y ypehajuma 3a npomssos-
by aKTUMBHOI X10pa MOy [a Ce KOpUCTe 3a BesnKe
rpajcKe M Masie ceocke cucteme BogocHabaeBara, 3a
ceocke byHape, 3a 6aseHe 3a Kynawe, Ae3nHderuunjy
onpeme n objekata y npexpambeHoj MHAYCTPWjK, 3a
besberbe TEKCTUNA, Y bapmaLeyTCKo] UHAYCTPUU U Y
NPWMapHOj NO/bONPUBPEAHO] NPOU3BOALM (33 AE3WH-
beKkumjy cemeHa u objekata y CTOYapCKoj NpPousBoA-
W), NPU Npepaay oTNAAHUX BOAA, UTA.

3AK/bYYAK

Ha ocHOBy eKcrnepuMMeHTanHo ucnuTaHor edekta
TemnepaTtype Tepmuyke obpage, cactaBa u aebsbuHe

Skimer

.ﬁf\,/\._,/"\_,/_\/“\,-/l; J/ B A A A A A S A o A ey

akteHe RuO,/TiO, npeBnake Ha HbeHY KaTaJIMTUYKY
AKTMBHOCT, jOHCENEKTUBHOCT U KOPO3UOHY CTabuaHOCT
y npouecy fobujarba aKTUBHOF X10pa eleKTPoSIN30M
pa3bnaxkeHUx pactBopa HaTpujym-xaopuaa ogpeheHe
Cy ONTUMA/IHE BPeAHOCTU NapameTapa TepMuykor ¢op-
MUparba YBPCTOr pacTBopa OKCMAA PyTEHWUjyma U TU-
TaHa. Hajbo/ba enekTpoxemumjcka CBOjCTBA MMajy HaHO-
KpPUCTaKHe NpeBaake YBPCTOr pacTBOpPa PYTU/IHE CTPYK-
Type, cactaBa 40 mol% RuO,, 60 mol% TiO,, nobujeHe
Ha 500 °C. MpeBnake cy KOMMAKTHE W afAXEPEeHTHE,
nebsbmHe 10 go 15 g m~ ca KPUCTaZIMMa NPOCeYHUX
AMMeH3Mja 26 nm. YCTaHOB/bEH je U edeKaT KUHeTHY-
KUX W OMepaTUBHMX MNapameTapa esieKTPOXeMUjCKor
npoueca fobunjarba aKTUBHOF X/10pa Ha UcKopuwhere
CTpyje n eHepruje No akTMBHOM Xx/s10py. Ha ocHoBy ao-
bujeHnx pe3synTtaTta yTBphHeHe cy onTMManHe BpPeaHOCTH
TEXHOJ/IOWKMX MapameTapa MpoLeca NpousBOAHE ak-
TUMBHOI xnopa. CBeobyxBaTHA WUCTpaKuMBarba PesynTu-
pana cy KOHCTPYKUMjOM PasiMYnTMX TMNOBA MOCTpoOje-
Ha 32 MPOM3BOAHY aKTUBHOT X/10pa.

3AXBA/THULIA

AyTopu ce 3axBasbyjy MUHUCTApCTBY NpoCBeTE, Hay-
Ke M TeXHoJ/IoWKor pas3soja Penybaunke Cpbuje Ha ¢u-
HaHCcKjcKoj nomohu ToKoM M3pagae oBor paaa (Mpojekat
6poj 172 057).

Filtraciona mlaznica

elektrolititka
celija

©

Reflektor

Filtraciona

AE ] ~ pumpa
|

Izmenjivaé
toplote

Cnuka 7. Lllema peyupxynauuoHol ypehaja 3a Gpou3gogry akiiugHol Xnopd.
Figure 7. A schematic of a recirculating device for active chlorine generation.
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SUMMARY

DEVELOPMENT OF RuO,/TiO, TITANIUM ANODES AND A DEVICE FOR IN SITU ACTIVE CHLORINE GENERATION

Miroslav D. Spasojevi¢', Tomislav Lj. Tridovi¢"?, Lenka Ribi¢-Zelenovi¢', Pavle M. Spasojevic’3

University of Kragujevac, Faculty of Agronomy Cacak, Serbia

?Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, Serbia

3University of Belgrade, Faculty of Technology and Metallurgy Belgrade, Serbia

(Scientific paper)

Chlorine is used worldwide for water disinfection purposes. However, due to
its toxicity the EU has imposed a set of standards that must be applied when
transporting and storing chlorine. In Serbia, numerous studies have been con-
ducted attempting to develop the technology for the generation of active chlorine
disinfectant, but with a non-toxic aqueous solution of sodium chloride as the raw
material. This study provides an overview of the titanium anodes activated by
thermally obtained solid solution of ruthenium and titanium oxide development.
It also presents new findings on the effect of the temperature of thermal treat-
ment, the composition, the thickness of an active coating on its microstructural
properties, and consequently on the catalytic activity, ion selectivity, and corro-
sion stability during active chlorine generation through the electrolysis of dilute
sodium chloride solutions at room temperature. The study also evaluates the
effect of the kinetic and operational parameters of the electrochemical process of
active chlorine generation on both current and energy efficiencies. The results
obtained were used to determine optimal values of technological parameters of
the production process. This comprehensive research resulted in the construction
of different types of remote-controlled and fully automated active chlorine gene-
rating plants.

Keywords: Disinfection e Active chlorine
e Anode
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Characteristics of polyaniline lead - dioxide power sources

M. M. Gvozdenowu, T. Lj.TriSovi¢™ , J. S. Stevano#i , B. Z. Jugow , B. N. Grgur

Faculty of Technology and Metallurgy, UniversityB#lgrade, Karnegijeva 4,
Belgrade, Serbia
“Institute of Technical Science, Serbian AcadenScignce and Arts, Knez Mihalova
35, Belgrade, Serbia,
" CEH, Institute of Chemistry Technology and Metajymjegoseva 12, Belgrade,
Serbia

ABSTRACT:

Polyaniline (PANI) anode, electrochemically synihed on graphite electrode from
sulfuric acid solution, and electrochemically fodniin film lead dioxide cathode,
were investigated for possible applications as telde materials in
PANICH,SO,[0PbG, aqueous based rechargeable power sources. Thaagton of
charge/discharge characteristics of the cell, basedalf cell reactions investigations,
was evaluated. Charging of the cell would occuh&voltage range of 1.2 and 1.7 V,
while discharge would occur in the range of 1.3 and

Key words polyaniline, lead dioxide, power sources
INTRODUCTION:

Electroconducting (ECP) polymers due to their djeqgiroperties such as: low
specific weight compared to classical inorganic poands, high energy and power
density and ability of reversible exchange of iohaye gained much attention as
possible electrode materials in electrochemical ggowources. The determining
factors of a battery system are recognized as étlirecriteria” (energy, economics,
environment), which are likely to be accomplishedsystems based on ECP, metals
and aqueous electrolyfesh\mong numerous ECP, up to now only few of thera ha
been investigated for possible use in electroch@&mpower sources. The most
extensively investigated systems are based on mithy@ (PANI) combined to
electronegative metals. In this work electrocheitycaynthesized PANI on graphite,
as anodic material, and electrochemically syntleesiead dioxide as cathode were
investigated for possible application in PAM,SO,0PbQ, rechargeable power
sources. In such system, the half reaction forgshgrof the cell can be given as:

[PANIY*(SO)]n + 2nye - (PANI), + nySO” (1)
PbSQ + 2H,0 - PbG + SQ? + 4H' + 2e 2)

Is important to note that in fully charged PAM,SO,[IPbG battery PANI is in its
dedoped form.

EXPERIMENTAL: Polyaniline thin film electrode wasorined by anodic
polymerization from aqueous solution of 1.1 mol dM#,SO, and 0.2 mol dm
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aniline at constant current density of 2.5 mATon graphite. Prior to use aniline
(p.a. Aldrich) was distilled in argon. Cylindricalshaped graphite electrode was first
mechanically polished with fine emery papers (20 and 4/0) and than with
polishing alumina (m Banner Scientific Ltd.) on polishing cloths (BleshLtd.).
After mechanical polishing, the traces of aluminarevremoved from the electrode
surface in ethanol using ultrasonic bath. Afterypmrization, PANI electrode was
dedoped with current density of 1.25 mA &mvashed with bidistilled water and than
investigated in 1.1 mol dhH,SO.. The lead dioxide electrode was prepared from
pure 99.95 % lead, according to established Plambéation procedure described by
Peterson et &l.

All experiments were carried out in three comparitnelectrochemical cells.
Saturated electrode served as reference, whilphatfoil (S = 2 cml) was used as
counter electrode. Electrochemical measurements performed using GMRY PC3
potentiostat controlled by computer.

RESULTS AND DISCUSSION:

Characterization of PANI electrode

In Fig. 1. charge/discharge curves of PANI eleatrémt different current densities of:
0.50 — 1.25 mA cif and anodic potential limit of 0.32 V in 1.1 mol dri,SQ, are
shown. Anodic potential limit was chosen bearingrimd that at potentials higher
than 0.35 V degradation of PANI is expecte@harging of the electrode starts at
potential of(10.05V and discharging in the potential range betw@.3 and — 0.3 V.
Charging capacity, as seen in insert of Fig. lindependent on current density, while
discharging capacity decrease with increasing otrdensity. For current densities
below 1.25 mA crif, columbic efficiency is higher than 100 %. Thissebvation
could be connected to possibilities of hydrogen l#ian and protonization of
emeraldine at negative potentials and low curremsdies. This additional charge is
easily discharged at open circuit potentials arglr@acontribution in further charging

0.4 ——
© q
0.3 o q,
0.2 ;-33—0
m
O 01
@/ 05 10 15
> i/ mAcm?
- 0.0
L . 2
j/mA cm
~ 1) 0.50
01 2)0.75
3) 1.00
-0.2 4) 1.25
1 1 L 1 1 L 1

0 200 400 600 800 1000 1200 1400
t/s

Fig.1. Charge/discharge curves of PANI electrodalitferent current densities in 1.1
mol dm?® H,SQu. Insert: Charge/discharge capacity
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Cycling characteristics of PANI electrode obtaineith constant current density of
1.25 mA cn? during 15 cycles is given in Fig. 2. Since, thg@raeation of PANI
possibly occurs above potentials(6D.35 V, in order to investigate the influence of
degradation, the cycling potential limits were exted to 0.45 V for charging and —
0.6 V for discharging

0.4 j=1.25 mAcm”

0.2

0.0

-0.2

E/V (SCE)

-0.4

-0.6 Cycle No.

0 50 100 150 200 250 300 350
t/s

Fig. 2. Cycling characteristics of PANI electrodeli1l mol dri? H,SO; at constant
current density of 1.25 mA cfnInsert: Dependence of the electrode capacity on
cycle number

As it can bee seen from Fig. 2. charge/dischargeesuare practicaly the same during
fefteen cycles, with almost constant values of tebele charging and discharging
capacity, with columbic efficiency dil 95 %. Based on obtained results, it could be
concluded that in investigated potential range adation of PANI didn’t occur, but it

is expected to occur during prolonged cycliztion, is is recommended that the
optimal potential limit for charging of PANI eleotte should b&0.35 \/.

Characterization of Pb@electrode

In order to investigate discharge characteristit®lectrochemically formed PO
electrodé, the following procedure was applied. Electrodes\@bwvays charged with
current density of 2 mA cihduring 500 s, and than discharged with currensities
between 1 and 4 mA c¢fmas seen in Fig. 3. Based on discharging times, the
dependences of columbic efficiency and dischargaaty on applied current density
were calculated and given in insert of Fig. 3. IBaver current densities of 1.0 and 2.0
mA cm? columbic efficiency isO 85 %, while current efficiency and discharge
capacity decrease for higher current densitiespgbly as a result of diffusion
limitations. Thus, for further investigation discha current of 2 mA ciiwas used.
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E/V (SCE)

Fig. 3. Discharge characteristics of Btelectrode in 1.1 mol dfhH,SQ; for

different discharge current densities. Insert. Deleeces of columbic efficiency and
discharge capacity on discharge current density.

In order to investigate cyclic characteristic, Bl#lectrode was submitted to fifteen
charge/discharge cycles in 1.1 mol 8,SO, with current density of 2.0 mA cf

and results are presented in Fig. 4.

17+
q,=0277mAhcm’ 9,=0239mAhcm®

j,=2mAcm?®

E/V (SCE)

"0 200 400 600 800 1000

t/s

Fig. 4. Cycling characteristics of Ph@lectrode in 1.1 mol dthH,SQ, at constant
current
density of 2.0 mA ci

As it can been seen from Fig. 4., during fifteecley charge/discharge capacity has
practically constant values, with constant columefticiency of [0 85 %. These
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findings suggest that electrochemically formed Pblectrode accomplishes demands
for potential application in PANIH,SO,[IPbG; cell.

Possible characteristics of PANH,SQ,/PbO, power sources

Based on charge /discharge characteristics of RakidIPbQ electrodes (presented in
Fig. 2. and Fig. 3.), simultation of the possibleceochemical characteristics of
PANICH,SO,[PbG cell were done for anodic current density of 1 omA? (PANI
electrode) and cathodic current density of 2 mA*di@bQ electrode), assuming that
for low current densities voltage loss resultedrfradditional ohmic drops can be
neglected, and that PANI electrode was formed obnorasupport with low roughness
factor of 2. Obtained results are presented in %ig.

2.0 - | PANI|1.1 M H,SO,|PbO, I 7

18 .

charge

00 02 04 06 038 1.0

Normalized time

Fig. 5. Simultation of the possible electrochemid@racteristics of
PANIOH,SO,PbG; cell

As it can bee seen from Fig. 5. charging of thd oeturs in the voltage range
between 1.2 and 2.1, but since there is no additiocharge above 1.7 V, system

should be charged only to that voltage. After chmygpen circuit voltage id11.35
V similar to metal hydride cells.
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Improved eectrolyte for zinc-polyaniline batteries

B.Z. Jugové!, T. Lj. TriSovi*, J. Stevanoyf, M. Gvozdenowi®, B.N. Grgu?
Ynstitute of Technical Science, Serbian Acaden8cince and Arts, Knez Mihailova 35,
Belgrade
?|nstitute of Electrochemistry, ICTM, Njego$eva EigBade
3Faculty of Technology and Metallurgy, KarnegijeveBélgrade

Electrochemical behavior of zinc and polyanilinéAfR) electrode polymerized from 0.1 M
HCI and 0.1 M aniline on graphite electrode, in M2ZnCl, and 0.50 M NHCI (chloride
electrolyte) and with addition of 0.33 M Na-citrafehloride/citrate electrolyte) were
investigated. In the chloride/citrate comparingwhloride containing electrolyte for the zinc
electrode negative shift of the open circuit padraf 150 mV, decreases of exchange current
density for more than order of magnitude and irsgeaf cathodic Tafel slope, due to the zinc
ions complexation, were observed. In citrate/cdi®rlectrolyte zinc dendrite formation were
completely suppressed. PANI electrodes show betle&gcharge characteristic in
chloride/citrate electrolyte with determined maximdischarge capacity of 164 mAH g

Key words: polyaniline, citrate, batteries

1. Introduction

Up to now zinc-PANI batteries has not been comnaéreid from few main reasons.
First reason is degradation process of PANI atrg@tls more positive than ~0.5 V [1, 2], and
second is zinc passivation, which is possibly eslato the formation of the solid phases
ZnCl,-3NH,Cl and ZnC}-2NH,CI on the anode surface [3]. On the other handhioride
containing electrolytes Zn electrodes form dendriieiring charge—discharge cycles [5]. It
results in decreased coulombic efficiency of bateand charge life. Main reason for that are
sort circuit provoked by penetration of dendritesotigh separator to cathode or formation of
the anodic slime.

It is well known that some organic anions can farmmplexes with the metal ions,
that results much better quality of the metal dépasnd suppress dendrite formation [7].
Probably, the best choice will be oxalic anionse da the small ionic radius, good PANI
doping-dedoping characteristics, etc [8]. Unforteha zinc oxalate is an insoluble salt.

In this paper we have investigated behavior of zZnd PANI electrodes in chloride
containing electrolytes with addition of citratd@rs, which at pH~5 that can form an soluble
zinc citrate [ZnCit] complex.

2. Experimental
Polyaniline was obtained from hydrochloric aciduson (0.1 M) with addition of

0.1 M aniline monomer (p.a. Merck, distilled in angatmosphere), at constant current
density of 1 mA cnf on graphite electrode. Electrolytes containing KL.3NH,CI, 0.20 M
ZnCl, and with addition of 0.33 M Na-citrate were pregghrfrom p.a. grade chemicals
(Merck) and bidistiled water. For all experimenktsee compartment electrochemical cell,
with platinum foil &=2 cnf) as a counter and saturated calomel electrode ragegence
electrode at room temperature was used.

The working electrodes, graphit=0.64 cnf) and zinc $=2 cnf), were mechanically
polished with fine emery papers (2/0, 3/0 and 4é3pectively) and then with polishing
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alumina of 1um (Banner Scientific Ltd.) on the polishing clotfBuehler Ltd.). After
mechanical polishing the traces of polishing altanirere removed from the electrode surface
in an ultra-sonic bath during 5 min. The electroultal measurements were carried using a
PAR 273A potentiostat controlled by a computer tiglfpa GPBI PC2A interface.

3. Resultsand discussion

On Fig. 1. comparison of zinc deposition-dissolation graphite electrode from
chloride and chloride/citrate containing electrelitare shown. As it can be seen from
chloride electrolyte, deposition processes stdrisogentials around -1 V, thought one well
defined peak, at —1.17 V, after at potentials mgative than —1.4 V proceed simultaneous
zinc deposition and hydrogen evolution reactionsariodic direction, zinc dissolution occurs
at potentials more positive than —1 V through oaekpand one shoulder. In citrate/chloride
electrolyte deposition-dissolution reaction is &f for ~0.15 V in negative direction and
diffusion limited peak is two times smaller, thanadhloride electrolytes. This behavior could
be explained by zinc ions complexation and lowenhthe free zinc ions activity, as well as
diffusivity of zinc citrate complex comparing witthloride electrolyte.

15 citrate _
------ chloride

10 f -

I R PR NI R SRU BENPIN BRI SRR |
-16 -14 -12 -10 -08 -06 -04 -02 0.0

E/V (SCE)

Fig. 1. Cyclic voltammograms of graphite electraadé) 0.50 M NHCI + 0.20 M ZnC} and
2) with addition of 0.33 M Na-citrate. Sweep raergV s.

In Fig. 2 micrographs of zinc deposits obtainasirfrchloride and chloride/citrate
electrolytes at a constant current density of 3%am? and with deposition charges of 10.5
mA h cm? are shown.
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Fig. 2. Micrographs of the zinc deposits from &00M ZnCL + 0.50 M NHCI and b) with
addition of 0.33 M Na-citrate.
Deposition current density 3.5 mA @rdeposition time 3 h, magnification 200 x.

In chloride electrolyte, Fig. 2a, obtained deposite practically completely dendritic,
so potential risk of fast dendrite growth througiparator, during the longer charging times,
and formation of short circuits with cathode ismanently present. On the other hand in
chloride/citrate electrolyte, Fig. 2b, deposit ma®th without irregularities even in the edges
where local current density due to the currentritistion phenomena is higher than at the
central surface.

The overpotential and the current density in atitivacontrolled deposition inside the
Tafel region are related by:
b\

=—In— 1
d 2SI @

Therefore, increasing. and decreasing leads to an increase in the deposition overpatenti
at the constant current density. It follows frorhaadailable data that the former effect is more
pronounced resulting in deposits with a finer gigire with decreasing value of the exchange
current density.

This analysis explain differences in deposit motpbgyp for chloride and
chloride/citrate electrolytes taking into accoumtt Tafel slopes are —35 and —108 mV {ec
and exchange current densities are 0.38 and 0.@2¢m, respectively. Hence, in chloride
electrolyte at 3.5 mA cih deposition overpotential is only =30 V, while ihlaride/citrate
electrolyte is —220 mV.

Insert of Fig. 3. shows the galvanostatic curve golymerization of aniline from
solution containing 0.10 M HCI and 0.10 M anilin@memer on graphite electrode at current
density of 1 mA cnf with polymerization charge of 0.3 mA h @mPolymerization starts at
potential of 0.75 V and proceed in the potentiaigex between 0.75 and 0.7 V. After
polymerization, electrode was washed with bididtiwater and transferred in the three
compartment electrochemical cell with chloride blocide/citrate electrolyte. After transfer,
electrode was conditioned at potential of —0.8 ¥&00 s and cyclic voltammograms in the
potential range between —0.8 and 0.4 V were takeshawn in Fig. 4. In anodic direction
doping of the anions occur at potentials more p@sithan —0.2 V, with pronounced peak at
0.15 V. In cathodic direction dedoping of anionsuwrcthrough one shoulder in the potential
range of 0.4 to 0.05 V and one well defined peatk whe maximum at —0.1 V. Dedoping of
anions is finished at potentials of —0.4 V. Smailfifedences in the shapes of cyclic
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voltammograms between chloride and chloride/citedeetrolytes, could indicate that only
chloride anions are involved in doping/dedopingtiea.

T T T T T T T T T T T T T

8 s 0.LMHCI + 5 -
0.1 M Anilina .
6F & o7 : 4
2 : .
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e 2r 0 200 400 600 800 1000 1200 c T

G g ;
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2" 1)0.20 M znc} 7

0.50 M NHCI
4" 2)+0.33 M Na-it. 7
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Fig. 3. Cyclic voltammograms of PANI electrode inchloride and 2) chloride/citrate
electrolyte (v=20 mV9). Insert: galvanostatic curve for aniline polyrzation from 0.1 M
HCl and 0.1 M aniline at 1 mA cfon graphite electrode.

Figure 4. shows charge-discharge curves in chl@rdkechloride/citrate electrolytes at
current density of 0.25 mA cf Charging curves in both solutions are practicaintical,
but discharging curve in chloride/citrate solutizewve higher discharge potentials and longer
discharge time. Up to now we do not have explandto that kind of behavior.

0.5
04k
0.3 I
02}
01l

0.0

-0.1

E/V (SCE)

j=0.25 mA crif
1) 0.20 M ZnCJ
[ 0.50 M NHCI 3
041 2)+0.33 M Na-cit. n™.

05

-0.2

03

0 200 400 600 800 1000

Fig.4. Charge-discharge curve for 1) chloride andn®oride/citrate electrolyte at current
density of 0.25 mA cif.

Charging/discharging characteristics of PANI filhectrode are affected with applied
current density, mainly because chloride aniongusiibn limitation through PANI film.
Charging/discharging reaction, assuming that ohlgrade anions are involved, can be given
with following scheme [7]:

PANI +ncl 22858 pANI(CI), + e 3)

discharge
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On Fig. 5 dependence of capacity during dischargegsses for different discharging
current densities are shown.
09— F—— 17—

/ 150

9, =164 mAh g -

0.08

0.07 I
0.06 I
0.05 -—
0.04 -—
0.03 -—

q/ mA h cnf

0.02 -
0.01+

0.00 I 1 | 1 | 1 | 1 | 1 | 0
0.0 0.2 0.4 0.6 0.8 1.0

j/ mA cni’
Fig. 5. Dependance of charge (left) and specifergé (right) at different discharge
current density for PANI electrode in chloride/ate electrolyte.

Discharge capacity increase with decreasing appii@dent density and for the
limiting case whetji— 0, discharge capacity has a value of 0.082 mAR.cm

Assuming the 100% current efficiency during theypmtrization of aniline and using
the equations [8]:

=My, +yM, ) @
2+y)F

It could be calculated that mass of the PANI orpbii@ electrode was approximately 0.5 mg.
Hence, for the limiting case with discharge capaoit 0.082 mAh crit specific discharge
capacity could be estimate on 165 mAh ¢n the range of investigated current densities of
0.25 to 1 mA crif, specific discharge capacity was in the range 30 fo 85 mAh d,
respectively.
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Abstract

Polyaniline electrode, was obtained by electrocleahpolymerization at constant current density
of 2.0 mA cn¥ from aqueous solution of 1.0 mol @I Cl containing 0.25 mol difaniline.
Electrochemical characterization of the polyanikectrode in chloride and chloride/citrate
electrolyte, for different anodic potential limitas performed using cyclic voltammetry and
galvanostatic measurements. It was observed thanfmdic potential 0.32 V, higher electrode
capacity in chloride/citrate was obtained. For an@wtential limit of 0.50 V, faster decrease o th
electrode capacity in chloride/citrate electrolias also observed. It was suggested that influence
of both chloride and citrate anions has to be takEnaccount.

Key words polymers, electrochemical techniques, electrocbanproperties
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1. Introduction

Due to their unique properties, such as: mechastoanhgth, electrical conductivity,
corrosion stability, possibility of chemical aneéetirochemical synthesis, electroconducting
polymers (ECP) were considered in wide area oftmaapplication such as: microelectronics,
optoelectronics, corrosion protection, sensorgteleagnetic shielding, and electrochemical
power sourcegl-8]

ECP could be synthesized by both chemical andreldwmical oxidative polymerization.
However, electrochemical synthesis is favorablengiéing the control of the reaction and
polymerization without oxidizing agent togetherhwitoping by organic or inorganic ions in a
single step.

Among large number of ECP, polyaniline (PANI) ig timost investigated as cathode
material in agueous based electrochemical poweres(5-13]. Although systems consisted of
PANI cathode combined to electronegative metal filgainc) anode, are likely to accomplish
most of the three E criteria: Energy (high energgtent with respect to volume and weight),
Economics (low manufacturing and maintenance ctistg, service life), Environment (toxic free,
safety, low energy consumption, easy to recyci)@iated as the determining factors of an
electrochemical power system success [14,15] thiéhave not been commercialized from several
reasons.

2. Experimental

Electrochemical synthesis of PANI on graphite etet¢ S= 0.64 cm) was performed at
constant current density of 2 mA @from aqueous solution of 1.0 mol &k Cl (p.a. Merck) and
0.25 mol drit aniline. After polymerization, PANI electrode wascharged in the same solution
with 1 mA cni® to the potential of — 0.6 V, than rinsed in bidlkst water, and transferred into
electrochemical cell containing for further chaesiztation. Prior to use aniline (p.a. Aldrich) was
distilled in argon atmosphere. The working eleatradylindrically shaped graphite inserted in
Teflon holder was first mechanically polished whte emery papers (2/0, 3/0 and 4/0,
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respectively), and than with polishing aluminarfl, Banner Scientific Ltd.) on polishing cloths
(Buehler Ltd.), the traces of the polishing alumiere removed from the electrode surface in an
ultrasonic bath during 5 min.

PANI electrode was characterized using cyclic voltaetry and galvanostatic cyclization
measurements in chloride (0.5 mol dH.Cl and 0.2 mol dii ZnClL) and chloride/citrate (0.5
mol dmi® NH,Cl and 0.2 mol dii ZnCl, with addition of 0.3 mol diiNa-citrate). All experiments
were performed in standard three compartment eleiwémical cell at ambient temperature {22
Saturated calomel electrode was used as referehde, Pt wire served as counter electrode. The
measurements were carried out using PAR 273A gdottat/galvanostat interfaced to PC.

3. Resultsand discussion

Electrochemical polymerization of aniline on graptelectrode from 1.0 mol dfrand 0.25
mol dm® aniline at constant current density of 2.0 mAZduring 1080 s is given in insert of Fig.1.
After polymerization, PANI electrode was dischargéth current density of 1 mA ¢ and
transferred to another electrochemical cell fotHer investigation. Six successive cyclic
voltammogramsy(= 20 mV §') of PANI electrode are shown in Fig.1. Voltamograsnare
characterized by constant charge increase as ki of$ormation of insoluble PANI, while anodic
and cathodic correspond to different oxidation femwh PANI.

As seen in insert Fig.1, PANI polymerization ocedrat potentials around 0.7 V, meaning
that polymerization undergoes through formatiope&iingraniline salt. Comparing the
polymerization charge of 0.60 mAh @mand discharge charge &f0.14 mAh cnf, it could be
concluded that only 23 % of the total mass waslak for charge exchange, while rest of the
charge refers to formation of inactive PANI oligaand degradation products.
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Fig. 1. Galvanostatic curve of electrochemical Fig.2. Cha_rge/discharge_ curves of P.ANI electradengu
polymerization of aniline at graphite electrodeli mol ten cyclesj = 1 mA cni in chloride/citrate electrolyte for

dm® HCI and 0.25 mol dianiline,j = 2.0 mA cri? anodic potential limit of 0.50 V. Insert: cyclic
Insert: Cyclic voltammogram of PANI electrode i91.  Voltammograms:f)-before and (.)-after ten cyclesy =

<1
mol dmi® HCI and 0.25 mol difianiline ¢ =20 mv §). 20 mMVs.
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It was previously showed [10] that anodic potentialt had exhibited influence on
charge/discharge characteristics of the PANI ebelety resulted in decrease of the electrode
capacity during cyclization. Bearing in mind thdt#ion of citrate anions had enhanced
characteristics of negative zinc electrode [198rgk/discharge behavior of the PANI electrode
were investigated in chloride/citrate electrolyteFig. 2 and in Fig.3 charge/discharge curves of
the PANI electrode in chloride/citrate electrodeinig ten cycles obtained by current density of 1
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mA cnmi? and differnt anodic potential limits of 0.5 V a@82 V are given respectively . Inserts of
Fig.2 and Fig.3 show cyclic voltammograms before after ten cycles of the PANI electrode in
chloride/citrate electrolyte.

As seen in Fig.2 and 3, anodic potential limit yaake influence on charge/discharge
behaviour of the PANI electrode in chloride/citratectrode. For anodic potential limit of 0.5 V
(Fig.2) time for charging/discharging constantlgidased over time. As seen in insert of Fig.2,
cyclic voltamograms taken before and after tenayshowed capacity lost, suggesting that strong
PANI degradation had occurred. For anodic potefitrat of 0.32 V (Fig.3) charge/discharge
curves of the PANI electrode in chloride/citrateattolyte were the same over ten cycles, meaning
that electrode capacity remained practically cartstehis funding indicates that degradation of
PANI had not occurred. As seen in insert of Figyglic voltammograms of the PANI electrode
before and after ten cycles remained the sameiroon§ again the fact that there was no PANI
degradation during cyclization. It is interestimgnention that charge/discharge capacities of the
PANI electrode were almost two times higher in clle/citrate than in chloride electrolyte (given
in dot lines on Fig.3).

The dependences of calculated charge and dischapgeities of the PANI electrode from
Fig. 2 and 3 on cycle number is given in Fig.4.
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Fig.3. Charge/discharge curves of PANI electrodéngu
ten cyclesj = 1 mA cn¥ in chloride/citrate-ful lines and
chloride electrolyte-dot lines, for anodic potehliiit of

Fig.4. Dependences of PANI electrode capacitiesyote
number in chloride/citrate electrolyte, for anogdatential
limit of 0.5 V: (¢)-charge, ¢)-discharge and 0.32\a}-

charge, )-discharge. Insert: Columbic efficiency for
anodic potential limit of: «)-0.5 V and &)-0.32 V.

0.32 V., dot lines-chloride. Insert: cyclic
voltammograms:{)-before and (.)-after ten cyclesy =
20 mV s'.

As seen in Fig.5, for anodic potential limit of 0.8, permanent lost (around 25%) of
capacity during ten cycles was observed even ththeyinitial capacity was higher than for anodic
potential of 0.50 V comparing to 0.32 V. On congrahere was practically no capacity lost
observed for the potential limit of 0.32 V. Sinc&NR was always polymerized under the same
conditions, the decrease of the capacity for higimadic potential limit of 0.5 V in chloride/citeat
electrolyte could be connected to the presencérate anions. The effect of the doping anions,
proposed by Yang et.dlL6] could be attributed to the hydrophobic efflttowing the Hofmeister
series [17]:

ClO4. > NO3 > I >Br > ClI” > F > HPQ? >SQ7. >citraté”
According to this, perchlorate ions are the mosirghobic, citrate ions are the most hydrophilic,
while chloride are in the middle. So, it was expéddhat chloride ions would form relatively stabile
ion pars in oxidized PANI film, therefore PANI dagiation could be limited to certain degree by
dissociation of the ion par, resulting in sloweglation kinetics of PANI in chloride than in
chloride citrate electrolyte.
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In Fig.5 cyclic voltammograms of the PANI electead chloride, chloride/citrate and in
pure citrate (0.3 mol dihNa-citrate) are given.

As it can be seen in Fig.5, doping of PANI by asiamall electrolytes started at the same
potential of about -0.15 V. Peak potential of erften@ salt in chloride and chloride/citrate
electrolytes occurred at almost same potential @25 V, while the peak potential in pure citrate
electrolyte was shifted for more than 100 mV inipes direction. In chloride/citrate electrolyte
doping preceded through broad peak, indicatinghib#t chloride and citrate anions were involved
in doping. It could be suggested that at loweepbals doping by chloride occurred, while at more
positive potentials doping by citrate anions milgave occurred. Comparing the values of the
potentials in doping area for chloride and chlafedeate electrolytes for the same value of current
densities, it seams that doping reaction in ch&ddidrate was shifted for about 30 mV in negative
direction. This negative shift of the potentialuksd in higher charge/discharge capacities obthine
in chloride/citrate than in chloride electrolyten @e other hand, in order to avoid fast PANI
degradation and decrease in charge exchange ahilgyhighly recommender that anodic potential
limit during cyclization should not exceé&tD.35 V.

j/ mAcm?

" 1 L I L 1 " I
-0.4 -0.2 0.0 0.2 0.4

E/V (SCE)
Fig.5. Cyclic voltammograms of PANI electrode ihiaride, 2-chloride/citrate and 3-citrate electtely = 20 mV §.

4. Conclusion

Electrochemical synthesis of PANI on graphite fragueous solution of hydrochloric acid
containing aniline monomer was performed galvanistly. The polymerization charge was 0.60
mAh cni? while discharge charge wax).14 mAh crif, so it was concluded that only 23 % of the
total polymer mass was available for charge exchanbile rest of the charge refers to formation
of inactive PANI oligomers and degradation produBtssed on electrochemical studies, it was
concluded that in chloride/citrate electrolyte boitinate and chloride anions played role in doping.
The faster decrease in charge/discharge capaaitylanide/citrate electrolyte compared to chloride
for potential limit of 0.50 V was explained by hgghilic effect of citrate ions, while higher
charge/discharge capacities were explained by vegadping potential shift of about 30 mV. It
was recommended that charging potential shouléxcted 0.35 V.
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-«g vemgarﬁf It was observed that :my‘m ‘m film of PANI on cupper could f;e’ obtained with
'_ of 1.25 mA em™ jr om aqueum solution containing (). 3 mol dm’ ma'mm be'nzuare and f) 2 nm!

mg pufemiudynmrifc and electrochemical fm;.:edmrce sperfrosmpy fechnfque.!r. Thin (5 ;fm)
'_iavided ejf cient profecf:’on (app 96,4;} while mmrua! i:npedmrce be!:avinr f‘ﬂmparing to

igh electrical and thermal conductivity and excellent formability, copper and its
oys are widely used in industrial applications. Although copper exhibits good
stance, it corrodes in variety of aggressive environments. The corrosion protection
opper and its alloys 1s usually based on usage of organic compounds (inhibitors) mainly
zoles, animotriazole and derivates. Inhibitors provide good protection, however they are
'-=1ast decade, electroconducting polymers (EPP), in first place polypyrrole (PPY) and
f(PANI) were investigated in various practical fields, including environmental friendly
rotection. Although both chemical and electrochemical oxidative polymerization are
n _bt_aining ECF, electrochemical synthesis is favorable permitting direct polymer film

Etmit elcctrochemicaf polymerization. Although PANI, due to lower price of its
ms more challengeable. most of the studies were devoted to use of PPY [1-3], and



2. EXPERIMENTAL 4

Potentiodynamic anodic polarization curves of copper electrode were recording at scan rate 0.5 mV. -'fl
s'. in 0.3 mol dm™ sodium benzoate without and with addition of 0.2 mol dm amlmch
Electrochemical synthesis of polyaniline (PANI) film on copper was performed by electmnhenuca}"
polymerization from aqueous solution of 0.3 mol dm”™ ? %udlum benzoate and 0.2 mo! dm” amlmen
The polvcmmzatmn of aniline on copper sheet (§ = 2.0 cm 7). was dCthVGd under galvannst&h
conditions using current density range between 0.50 and 1.25 mA cm™. Before all experiments; i
copper electrode was first mechanically abraded by fine emery papers and then by pollshm
alumina on polishing cloths, traces of the polishing alumina were removed from the electrods§
surface ultrasonically. Potentiodynamic measurements and electrochemical impedance qpectroscupy.
(EIS) were used for corrosion studies of copper electrode and PANI coated copper electrode in 304
% sodium chloride solution. In order to avoid the edge effects, the surface area of the copper and’
PANI coated copper clectrode used in corrosion measurements was reduced to 1.0 cm’. In alf
experiments standard three compartment electrochemical cell was used. Copper and PANI cnated
copper electrode served as working, standard calomel (SCE) as reference and platinum wire Was |
used as counter electrode. EIS measurements were performed at open circuit potentials in the :
frequency range between 50 mHz and 100 kHz, while below 5 Hz the fast Fourier technique (FF]’}
was used. The EIS experiments were performed using PC controlled PAR263A
potentiostat/galvanostat connected to PAR frequency response detector FRD100.

3. RESULTS AND DISSCUSION

3.1 Electrochemical polymerization

%

¥

Optimal concentration of sodium benzoate for electrochemical polymerization of aniline on Lﬂppm' :
was estimated from previously recorded anodic polarization curves of copper electrode in dlfferﬂnt 1
concentration of sodium benzoate. In order to monitor the course of anodic polymerization of
aniline, anodic polarization curves of copper electrode in 0.3 mol dm’ ’ sodium benzoate Wfthv
addition of 0.2 mol dm™ aniline, were recorded and presented in Fig. 1.

EIV (SCE)

00F , .4 -_d_'-.'.". : 4

107 107 10" 10°
ji mA cm” L

Figure 1. Potentiodynamic anodic polarization (v = 0.5 mV s') curves of copper in: (o) - 0.3 mol dm™ ’
sodium benzoate and (®) - 0.3 mol dw™ sodium benzoate and 0.20 mol dm™ aniline ' ‘i_'
%,.

The presence of aniline shifted open circuit potential of copper for ~ 50 mV in the negatw&
direction, connected to anodic inhibitory effect of absorbed aniline monomer. After shnﬂ i
passivation of copper. in aniline containing electrolyte, polymerization started at potentials more
positive than 0.4 V (SCE) and proceeded up to the potential of 2.5 V(SCE). The observed pick at ~. r:;
0.7 V (SCE) could be connected to existence of polyaniline in the form of pernigraniline salt, ";}
potentials more positive than ~ 2 V (SCE), slow oxygen reduction reaction was observed. a8
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‘Chronopotentiometric (galvanostatic) curves of electrochemical polymerization of aniline on copper
el . 5 ‘ -3 y ;
ectrode from aqueous solution of 0.3 mol dm™ sodium benzoate and 0.2 mol dm™ aniline, using

different current densities during 1000 s are given in Fig.2.

1“ T L] L]

12

EIV{SCE)

A & 1 i i '
1] 200 400 G600 800 1004

lf-'.- = 5 ._ - . =3 4
i’__;gure 2 Galvanostatic polymerization of aniline on L electrode from 0.3 mol dm™ sodium benzoate and
| 0.2 mol dni™ aniline solutions using different curreni densities

ed using higher current densities and in order

ince, the completely uniform PANI {ilms were obtain
current density of 1.0 mA cm™ was used in

gachieve lower extent of degradation, polymerization

1 -.__--__Currosinn studies

m-:t:ént-iodymanic polarization curves (v = 0.5 mV s') of copper and copper coated by

:'c_:t_mchemicaliy deposited PANI film, after 74 h of immersion in 3.0 % NaCl are given in Fig.3.

——
-F;’ e
0.0+ 2 1
4 ®e
fo =025 pAcm’” V—‘rﬂ '-.
.. . ,.
-0.1F _}_‘i“‘ "i
1T} f"J ®
% chff '.I" 52 mV dec’
:} ‘Dz "-'- (i gf-‘{ ?’.,
W = ‘”'3._'21_ 'I'
03k 2% 2
0.3 3’:1:’ '.. }m—33:.rﬁl:m
5 %
A )
L ¢
-0.4 .
10° 107 10° 10° 10° 10° 107 107
jl Acm?

Figure 3. Potentiodynamic (v = 0.5 mV s') polarization curves of:
(8)- Cu and (o) — PANI coated Cu in 3.0 % NaCl

? er and PANI coated copper are both under activation control,
; characterized by the Tafel slope of ~ 54 mV dec, connected to anodic dissolution of copper, while
§  cthodic polarization curves are under mixed activacion-diffusion control of oxygen reduction. The
corrosion potential of pure copper was, E.on = -0.270 V (SCE), while corrosion potential of PANI
coated copper was Ecor = - 0.225 V(SCE). Corrosion current densities were determined as intercept
B of anodic Tafel lines with corrosion potential. The protection efficiency of PANI was estimated to
9%,
. Complex plane spectra of PANTI coated copper taken at different times of expo
4re given in Fig.4, while the time dependences of the corresponding open ¢

potential, at which the impedance spectra were given in Insert.

Anodic polarization curves of copp

sure in 3.0 % NaCl
ircuit (corrosion)

-89 -



The overall impedance of PANI coated copper, unusually to conventional organic coatings, firstly
cathodic dedoping of benzoate &

nereased. The increase of the impedance might be a consequence of
anions from PANI film, according to: o

(PANF" (CsHsCOO"),)a + nye = (PAND), + ny CeHsCOO'

= ' T ' = I
8000 | £ \ -
NE 6000 |- .,:,iq: = -
= 4000 - ”‘FH——H‘*E““"“"&“"*“ ]
G e S s i 2
E - "/::ki . L‘H—'Ih.;:} “\W 4
N 2000 £y : ) =
| : |

0 l i
5000 1 DEEJDO 15000

Z'[em

Figure 4. Complex plane impedance spectra of PANI coated Cu after:
(0)-120h, (m)—240h, (A) - 360 h. (Y)—3540 hand (o) - 720h of exposure to 0.5 mol dm NaCl.
Insert: Time dependences of corresponding open circuil poten tials. '
m conductivity, reflected in the increase of the overall

impedance. Since the shift of the open circuit potential to more negative values is characteristic of
dedeoped state the observed decrease in corrosion potentials (Insert of Fig.4), also confirms the’
assumption of the dedoping process. After observed increase, the overall impedance of PANL
started to decrease slowly, meaning that PANI started to act as conventional organic coatinﬁ;

enabling barrier corrosion protection of the metal surtace.

Dedoping lead the lost of the PANI fil

4., CONCLUSION :
Electrochemical synthesis of PANI on copper was successtully performed from agueous sodium &
benzoate solution containing aniline. PANI thin coating had provided high protection efficiency
copper. Based on potentiodynamic and EIS measurements, corrosion process of PANI coated |
copper in NaCl can be explained by the same processes of copper anodic dissolution and cathodic’
oxygen reduction occurring in parallel with slow cathodic dedoping of the benzoate anions from the
PANI film. after dedoping, PANI coating «tarted to act like conventional organic coating. jf'
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ELECTROCHEMICAL WATER TREATMENT DEVICES

1BCIIE}E with hypochlorite solution produced by the clectrolysis of 3% solution of sodium
bndc

0] ahﬁer magnetic ituatmenl water enters phutu— cata }lual lLdL.lUI' in wm.h qeveml meta stabile
S
gmpounds are formed.

lﬁtravmlet (UV) oxidation process is designed to destroy dissolved organic contaminants (4,5)
ﬁtI oh an advanced chemical oxidation process using ultraviolet radiation and hydrogen peroxide.
'1*?‘9 ogen peroxide 1s added to the contaminated water, and the mixture is fed into the treatment
’# em. The treatment system contains one or more oxidation chambers. Each chamber contains one
-mtensn} UV lamp, mounted in a quartz tube. The contaminated water {lows in the space




e ———

D

between the chamber wall and the quarlz fube in which cach UV lamp 18 mounied. UV light
catalyzes chemical oxidation of organic contaminants 110 water by 1ts combined efiect upon the
organic substances and reaction with hydrogen peroxide. First, many organic contaminants that
absorb UV light may undergo a change i their chemical structure or may become more reactive
with chemical oxidants. Second and more importantly, UV light catalyzes the breakdown of
hydrogen peroxide to produce hydroxyl cadicals, which ar¢ powerful chemical oxidants. Hydroxyl
radicals react with organic contaminants destroying them and producing harmless carbon dioxide,

halides, and water byproducts. The process produces no hazardous by-products OF Alr ©missions.
The hydrogen perozide oxidation cquipment includes circular wipers attached to the quartz ubes.

These wipers periodically remove solids thal may accumulate on the {ubes; a teature designed 10 -’

maintain treatment efficiency.

Table |. Advantagees and disadvantagees of the existing technologics for water disinfection

TTECHNOLOGY | ADVANTAGES SIGADVANIAGES i 1
Very successful disinfection Risk of chlorine leaking during the transport and
; : . | storage  of  gaseous chlorine ecological
Gaseous, Relatively low cost of cxplol- 5 { ¢
: c catastrophe)
or liquid chlorine e
q Necessity of trained workers for hand ng

Medium investment EXpenses
Impossibility of storage of higher amount of

Removal of ammonia  compo- : :
gaseous chlorime

unds from walct
Chlorinating plants must be located out of the

tOWnNS

Formation of (hrec-halo-methane's during the

chlorinating
Very successful disinfection Very high nvestment expensces

Production of ozoene onl the site | Very high cost of exploitation

of the ozonization : S : ;
Ozone Necessity of trained workers Tor handhing

Absence of thr{:‘:*hﬂlU'tﬂCﬂHlnclH-

AN Short time of activity of ozone as @ disinfectant
in trealed waler ‘

(about Ih - it is usually combined with some

Ecological technology other  technology of disinfection, €&
chlorinating

Fery successjul disinfeetion Formation of HH'{fL'“huf{}'—.fHE”?LHTE’.T during the
chlorinating

Production of hvpochlorite o1
the site of the chlorinating

Ecological technology

Removal of ammomia COmpo-
uneds from water

Hypohlorite
(HIPOGEN®)

Low ~ost of exploitation
Medium investment expenses

Possibility of stordge of salt for
a long fime of exploitation

(0.5 to 1 year)
Unnecessity of prained workers
for handling

Completely automatized
operdlion |




Possibility of remote control

Very successiul disinfection Very high investment eXpenses

Production of ClO; on the site of | Very high cost of exploitation

hlorine-dioxide thie CHOTIRCHAE Necessity of import of the row materials tor ClO;
Cl There is no formation of three- production
O halo-methane’s _— . e ’
Impossibility of storage of higher amount ot row
matcrials

it does not remove ammonia compounds from

waler

[ T .4;".. % . - - . ~y ok
“Characteristics are mainly given for the system H IPOGEN".

system is dependent upon a

s in the hydrogen peroxide oxidation
t. The process variables that

s chemical oxidation proces
ffect both performance and cos

T

mber of reaction conditions that can a
‘felated to the contaminated water condition are:

- Type and concentration of organic contaminant
Total organic substances present
Light transmittance of the water (turbidity or color)

Type and concentration of dissolved inorganic substances (e.g., carbonates and iron)

e orocess variables that are related to the treatment process design and operation are:

UV and hydrogen peroxide dosage

pH and temperature conditions
(batch, recycle, or continuous).

tion column, water 1s subjected to further, trcatment in two
production of noble metal ions, while other

v Use of supplementary catalysts treatment mode

U‘v’ treatment and scpara
chemical reactors, One reactor SCrves for
wdices ions of active chlorine (6).

'g_ﬁn provides on site production of sodium hypochlorite, on demand from brine, which 1S safer
gsiore than chlorine gas. Additionally when bulk salts in used the process requires no chemical
indling. Up to lkg capacity of cquivalent chlorine per hour. Efficient operation giving lkg of
auivalent chlorine from as little as 2.5-3kg of salt (NaCl). Comprehensive alarm specification
gmbmed with a mimic control pancl offering casy identification of system faults. Minimal
gintanance requivements.
IPOGEN presents a rea! alternative to gascous chlorine, enabling completely safe disinfection
lower expenses. It can be used for drinking water disinfection, for waste textile and food

fry waters treatments and also for swimming poll water disinfection,

_ael
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CONCLUSION

From the characteristics presented 1 this work it could be
combination with UV ray, has several advantages Over the other tec

important one being ecological aspect of this technology.

concluded that on site water chlorinati
hnologies, with the m
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ABSTRACT

The present paper deals with the problem of dynamic improving characteristics for a sub-structure
(bucket wheel excavator) of a complex mining structure. The procedure used in this paper is
concerned with the analysis of the distribution of potential and kinetic energy in every element of
structure, which gives prediction for which elements need reanalysis. Reanalysis technique can be
done for the structure using finite element methods. Therefore, some information like material, size,
and boundary conditions should be prepared before FE model is constructed. Because the optimum
structure design has high natural frequency, the main aim of dynamic modification is to increase
natural frequencies and to increase the difference between them.

Key words: Structural dynamic modification, reanalysis, FEM, eigenvalues, design variables

1. OVERVIEW OF THE EXISTING TECHNOLOGIES FOR WATER DISINFECTIONS
Dynamic analysis is more complex than static analysis, and the design requirements must include
dynamic properties such as vibration level, resonance range, response properties, eigenvalues,
dynamic stability and modal forms. To avoid dynamic problems, some modification will be done for
structure in process of reanalysis. Reanalysis is a technique through which the dynamic response of the
structure is improved. Finite element method is a powerful method to perform these processes using
simple procedures. Modelling of complex structures using finite elements method is a helpful
approach in solving problems in short time with reliable results.

The procedure of reanalysis depends on the concept of energy distribution through the structure. Study
of the energy distribution leads to finding out the right place, which will be conducted by some
modifications to improve the eigenvalues of the structure. Therefore, determination of distribution of
kinetic and potential energies on the elements of whole structure is the main step in the reanalysis
procedure. Complex structures need several steps during the analysis to reach the most accurate
results. Starting with initial rough analysis of a structure which is followed by the precise analysis
based on the sensitivity of each element of the structure. The improvement of dynamic characteristics,
during the reanalysis steps, can be achieved by making some adjustment to the structure such as

Edited by: S.Ekinovi¢, S. Yalcin; J.Vivancos



geometrical modifications, material properties and boundary conditions. The process of analysis is
done using a computer program, based on the using of finite element methods and the implementation
of structure energy distributions. The distributions of potential and kinetic energies of elements of the
whole structure give a clear view to the problem, which help to make appropriate decision for
structure modifications. The decision of the final modification can be made according to the structure
dynamic behaviour during reanalysis steps and its obtained results. Several studies have been
addressed to the subject of modal reanalysis and structure dynamic modifications [1-6]

2. THEORETICAL CONSIDERATION
For the system with no damping and no external force, the equation of motion in the matrix form is:

M- 0@+ [K]How)} =0} ()
Then, the eigenvalues of the previous differential equation for r-th mode can be expressed as:
K]0, }-2,[M] {0, }= {0} 2)
Where A, - is the 7 -th eigenvalue, and O, - is the 7 -th eigenvector for the structure.

Now, by multiplying the left side of equation (2) by transposed value of r-th eigenvector and divided
by 2 one can get:

1 T 1 T

S0V [kl j =5 4101 M]-o,) )

Equation (3) is the balance equation of potential and kinetic energy for a structure in main modes of
oscillation. Furthermore, the potential energy of a structure on r-th main oscillation mode, having in
mind the previous equation, can be rewritten as:

1 T
E, =101 [Klo}. (4)
In the same way, the kinetic energy is:
1
Ek,r :Eir {Qr }T [M]{Qr}’ (5)

For free vibration case the modified system can be describe by a modified equation
(perturbation equation) as:

[K] {Qr} = M[M] ' {Qr} (6)
After some manipulations and neglecting the higher order terms, the change of i-th eigenvalue under
system modification can be expressed as:

) o] - iof wde)

1T ’ '

,. o) blo) g

Where [AK] and [AM] are the corresponding changes in stiffness and mass matrices respectively, and
Al and {AQ,} are changes of eigenvalues and eigenvectors, respectively. The previous equation has an
important definition to understand the procedures of reanalysis and to define the position of elements
that require modifications to improve the dynamic behavior of the structure. Because the denominator
has the same value, the numerator is the main interest of analysis. Consequently, the modification
(increase/decrease structure rigidity or mass) which will be done for the structure depends on the sign
value of numerator in equation (7). The main point of improving dynamic behavior of the structure is
increasing its natural frequencies and maximizing the interval between adjacent natural frequencies.
Hence, study of energy distribution will be done for each element in the structure to determine places
of modification. The main point of improving dynamic behavior of a structure is increasing its natural
frequencies and maximizing the interval between adjacent natural frequencies. This request, as
previously mentioned, can be achieved by changing the design parameters of the structure. The
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procedure used in this paper is developed in PHD thesis [8] and concerned with distribution of
potential and kinetic energy in all elements of structure. Calculations of main modes of oscillation
were performed using KOMIPS software [7]. Structure has a good dynamic behavior when its first
eigenvalue is high and the interval between adjacent eigenvalues is large.

2. DEMONSTRATION EXAMPLE

Crane bucket wheel excavator is a truss structure associated with one hand stationary hinge connection
on the other lamella, which can be characterized as a elastic support. The dynamic behavior of the said
excavator boom is interesting, because the natural frequencies and low stick close together and close
to the frequency of coercive force digging. The figures 1 and 3 show the first and third main form of
oscillation excavators and distribution of energy of the excavator boom, and on the basis of changes in
the energy interval can be located segments for the modification of arrows. In this case it is technically
feasible stiffening structure by adding new elements to the energy difference between the highest
places.

Figure 1. The first major form of oscillating boom bucket wheel excavator in the first frequency, fo; = 1.6
Hz. Diagram of distribution differences of potential and kinetic energy ( E,-E, ) [kNcm].

[
£

Figure 2. The third major form of oscillating boom bucket wheel excavator in the second position. The
third frequency isfy; =1.6 Hz. Diagram of distribution differences of potential and kinetic energy (Ep-Ek),
boom bucket wheel excavators for the second position observed, 11l form of oscillation [kNcm].

Two kinds of the models are used in analysis. First one is initial, unmodified model and second one is
arbitrary, uniformly modified model. It is important to note that changes must be small. Distributions
of the increment difference of potential and kinetic energy evaluated for the arbitrary, uniformly
modified structure and unmodified.

3. CONCLUSIONS

Studying the dynamic behavior of structures can be predicted responses due to changes in its shape,

size or design elements change materials. The main goal of dynamic optimization is to increase natural

frequencies and to increase the difference between them. Especially, the lowest frequencies are the

most interesting and those whose values are close to frequency excitation force in the system.
Consequently these are further characteristic areas:

I The elements with kinetics and potential energy, which values are negligible comparing to
other elements.
II Elements with the kinetics energy greater than the potential energy.
III Elements with the potential energy greater than kinetics.
IV Elements with kinetics and potential energy, which values are not negligible comparing to
other elements.
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By observing diagrams of the distribution difference of the increment potential and kinetic energy on
the modes shape of interest, modification can be suggested. The application of mentioned procedure of
real structures shows its practical side.
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ABSTRACT

For the water disinfections practically four different technologies (chlorine, ozone, hypochlorite,
chlorine dioxide) are used nowadays in the world. The oldest and the most exploited one, so called
conventional, is the disinfections with gaseous or liquid chlorine. The biggest producers of the
equipment for the water treatment in the world mainly possess all mentioned technologies for water
disinfections. It is easy to concluded that the technology of water disinfections with the hypochlorite
solution produced by the electrolysis of 3% solution of sodium chloride on the site of water
chlorination is not only the most convenient from the point of economical aspects, but also from the
point of the ecological aspect.

Keywords: water disinfections, water chlorination, in sity water chlorination, hypochlorite production.

1. OVERVIEW OF THE EXISTING TECHNOLOGIES FOR WATER DISINFECTIONS
The four main chemical substances used for the water disinfection nowadays in the world are:
- disinfection with gaseous or liquid chlorine;
- disinfection with ozone;
- disinfection with hypochlorite solution produced by the electrolysis of 3% solution of sodium
chloride;
- disinfection with chlorine-dioxide (ClO,).

The oldest and the most exploited one, which is known as conventional, is the disinfection
with gaseous or liquid chlorine. During the last two decades ozonization has also been used, while
only recently the other two technologies were applied. The biggest producers of the equipment for the
water treatment in the world (CAPITAL CONTROLS, WALLACE & TIERNAN, PROMINENT etc.)
mainly possess all mentioned technologies for water disinfection.

2. UNIVERSAL MODULAR DEVICE FOR ELECTROCHEMICAL SYNTESIS OF THE
DISINFICANT

System comprises: hypochlorite reactor (electrolyzer), reactor storage tank, hypochlorite storage tank,

rectifier with control panel for automatic control of operation, hypochlorite dozing pump,
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electromagnetic valve, and ventilation system. This type of electrochemica generator is designed with
upper, reaction, and lower, reception tanks, while between is modular electrolyzer, as shown on Figure 1.
Above reception tanks two or more modular reactors in which dilute solutions of sodium chloride is
converted in active chlorine by electrochemical reaction. Before electrolysis reaction tank is filed with
water and specified quantity of sodium chloride. After starting, mixer prepares 3% NaCl solution in
reaction tank followed by automatically connection of electrolyzer. After 60 h, electrolysis is finished,
power supply is automatically switched off and active chlorine solution is ready for simply manual
transfer in reaction tank and use by applying micro dozing pump. At the mean time, reception tank is
again manually filed with water and specified quantity of sodium chloride. By this procedure,
reception tank always contains some extra volume of active chlorine for unexpected situations.

Basic componets of MCEG

Modular electrolyser - reactor
Switch temperature

Reactor tank

Hypochlorite storage tank
Heat exchanger
Electomagnetic valve

Fan pipeline

Switch level

Dosing pump

©CONOA~WNE

Minimum
ak,hlora

Start-Stop
praizvodnje

Figure 1. Schematic representation of the modular charge
electrochemical generator for automatic production and
dozing dezinfectans with self cleaning electrodes

Depending on the capacity of the devices a salt reactor tank can contain from 200 dm® to 1000 dm® of
3% NaCl. It should be refilled with the 3% NaCl every 15 — 60 days, depending on the capacity. Into
the reactor tank which was previously filled with water from fountain, 6 to 30 kg crystals of common
table salt-NaCl are added. By using the manual stirrer, salt is mixed until the complete dissolution of
the salt. On the end of this operation, setting of the cover provides complete isolation of solution from
the environment by the water valve. The only way to the solution to come into contact with air from
amosphere is through ventilating system. On the bottom of the reactor tank, 1 to 8 reactor modules
depending on the capacity are placed. The temperature sensor is placed below the reaction modules. If
the temperature go over the certain value, electromagnetic valve will active the function of the spiral
heat exchanger in the reaction vessel. An electromagnetic valve closes after decreasing of the
temperature, and consequently the process of cooling stops. These whole processing steps are
necessary due to maintain the electrochemical reaction in optimal conditions which provides
maximum efficiency. Gaseous hydrogen, produced on the cathode during the electrolysis, is vented
out by the ventilation system. A temperature switch is also placed in the generator, switching off the
system in the case of possible increase of the electrolyte temperature over the upper limit. The
characteristics of the hypochlorite storage tank can contain from 200 dm? to 1000 dm? of 1,4% NaOCI.
One switch are placed in the tank. When the hypochlorite level reaches the low-level switch, the
brine pump and the rectifier are automatically being switched off and devices automatically being
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stopped (alarm low level hypohlorite). Depending on the system capacity, the characteristics of the
rectifiers are:

Voltage - 2-20V; current -0-160A.
The operation of the rectifier is automatically controlled from the control panel. These pumps were
made of materials resistant to the very aggressive solutions such as NaCl and NaOCI solution.
Among the capacities given in this brochure, we can produce our system which can satisfy much
higher needs for equivalent chlorine, up to 10 kg per day. Such system comprises all other elements
except the reactor tank and hypochlorite storage tank, which are to big and must be placed separately.

Figure 2. Picture of the modular charge electrochemical
generator for automatic production and dozing dezinfectans
and with self cleaning electrodes

3. PRINCIPLE OF THE DEVICE FUNCTION

Into the reactor tank which was previoudly filled with water, crystals of NaCl are added. By using the
manual stirrer, salt is mixed until the complete dissolution of the salt. On the end of this operation,
setting of the cover through vessel provides complete isolation of solution from the environment by
the water valve. Electrolysis process starts by pressing of the button START. Evolution of the chlorine
on the anode undergoes to hydrolysis forming hypochlorite ions, until evolution of hydrogen occurs on
the cathode and consequently throw the evolved gas into the atmosphere. Considering fact that part of
electric energy is transform into the heat, spiral heating exchanger with water circulation isinstalled in
the reaction tank. Circulation of the refrigerate fluid (water) is automatically provided by the
measurements of the temperature during electrolysis. If the temperature go over the certain value,
electromagnetic valve is opened until refrigerate fluid cooling the reaction solution to the certain
stringer temperature, when is closed again. The device is turn off after 40 to 200 hours of constantly
function, when the hypochlorite solution is ready to transfer by gravity into the hypochlorite tank. By
using pump, the hypochlorite from the tank is dosing water in order to obtain disinfection. In addition,
new bach is filled with reaction solution and parallel, new electrolysis-production of hypochlorite
starts, too. After whole amount of the hypochlorite in the hypochlorite tank is consumed, alarm of low
level of the present hypochlorite is turn on, which inform manipulator of the device about the situation
and interrupt function of the pump. All stages in function of the device are connecting by internet and
GSM net and are possible to send al the information about operating state of the device to the person
in charge for the supervision or distance controller of the device.

The modular charge electrochemical generator is less expensive, trustful, drinking water disinfectant
sources (based on the diluted hypo-chlorite solution) designed for the low population suburban areas.

The electrochemical generator consist the preparation-reaction tanks, with adjustable volume
depending on the required quantities of disinfectants, and the electrolyser. The electrolyte is prepared
in the reaction tanks, filling with water up to the marked volume and adding required mass of
commercially available sodium chloride. After manual adding of the required mass of sodium
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chloride, the electrolyte should be manually mixed with stirrer while whole sodium chloride was
dissolved (les than five minutes), and electrolysis units should be start up, simply by pressing start-up
button on external power supply. Depending on electrolyte volume, electrolysis can take 40 to 80
hours. During electrolysis, if the temperatures cross the certain value, the cooling of the electrolyte is
automatically applied.

By applauing the automatic mode of the electrolysis (reverse curent at the certain times) the electrodes
could be cleaned from carbonate deposites which is the main problem for the efficiency in such tupes
of electrolysers.

After the dectrolysis is complited, the dezinficient solytion is transfered in to the storage tank, and
used due to the regirements (using the dosing pump and active chlorine senzors).

REVERSE DSA (dimension stable electrodes) is predicted to work for anodic, as well as for cathodic
reaction, so water softening is not necessary. Hence, by using this system, expensive ion exchange
columns and their regeneration are avoided. This type of electrolysersis designed for water-works and
water polls where constant control and measurements of active chlorine concentrations is necessary
duetotheregulations. Thisinstallationisin trail use.

Technological scheme of the device with signal and alarm positions is placed on the control board.
Green light bulb is indication of work of the device respective component. Suitable element of the
device is not in function if there is no green light on the board. Alarming situations (unsuitable
temperature, low level of hypochlorite) are assigned with red light bulb. Function of the device is
normal if there is no indication of red light. Red light beside sensor element indicates switching off of
the device and it will show light to the length of the manual reset of the device.

By pumping the water with 0.3% of NaCl from water units through mechanical (sand) filters and
electrolyser small amount of active chlorine is produced, which is used for continual disinfections of
water in the rest of the water units. Power consumption is as small as 30 to 80 Wh.

4. CONCLUSION

This solution represents confidently technological answer which could be applied for synthesis of
different organic and non-organic compounds. Innovation solves the problem of electrochemical
synthesis obtainment with usage of modular reactor of simple construction which provides technical
support during function of the device, as well.

The system can be applied for water disinfections, in disinfections of accessories in food and meat
industry. The devices are attested and represent the loves price devices for in site disinfections,
comparing with similar ones which can be found at the market.
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ABSTRACT

Polyaniline  (PANI) was electrochemically synthesized on  graphite electrode galvanostaticaly
from aqueous solution of 0.25 mol dm? aniline and 0.5 mol dm p-toluenesulfonic acid. Charge
capacity available for the exchange and the total theoretical weight of polyaniline polymerized on
graphite electrode was determined. Characterization polianiline electrode was performed by cyclic
voltametry in 0.5 mol dm™ HCl. Based on the PANI electrodes behavior during the cyclization, was
tested the possibility of practical application of polyaniline doped p-toluenesulfonic acid as the anode
material of secondary electrochemical power sources.

INTRODUCTION

Conducting polymers (CP) is very interesting group of polymers due to their specific
characteristic including electrical conductivity, mechanical strength, corrosion resistance and the
possibility of their chemical and electrochemical synthesis. Therefore, the study of the synthesis,
structure and properties of these materials in the world pays specail attention to the las twenty years.
CP have found application in microelectronics, optoelectronics, the active protection of metals and
alloys from corrosion and, lately as electrode materials for application in electrochemical energy
sources [1].

Although the CP can be synthesized an the chemical and electrochemical oxidative
polymerization, electrochemical synthesis is better because its performance is not the oxidizing agent
is used directly in its conductive form [2]. CP can be electrochemically sythesized by different
techniques: cyclic voltametry, potentioststic and galvanostatic technique. The most applicable is
galvanostatic tehnique that allows control of polymerization in terms of thickness and morphology of
the deposit.

The best known systems that are used in electrochemical energy sources usind electollytes
based on aqueous solutions of the systems are composed of polymers based in polianiline (PANI) in
combinatiob with electronegative metals (usually zinc) [3-10]. PANI is very interesting because of its
unique charge transfer, an interesting behavior in aqueous solutions and features that no adverse
impact on the environment. Although it appears that these systems can meet most of the 3-E criteria
( Energetic, Economic and Enviromental): energy (high specific and volumetric capacity), economic
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(low cost of developing and maintaining a large number od cycles), the criteria of Environmental
protection (intoxic, energy efficiency, ease of recycling) are the main factors of efficiency of
electrochemical power sources [11-12], these systems have found practical application. The main
reason is the appearance of degradation of polyaniline [13, 14].

The aim of this paper is to investigate the influence of the current density on charge/discharge
characteristic of polianiline electrode.

EXPERIMENTAL

Polyaniline on graphite electrode was formed by anodic polymerization from aqueous solution of 0,5
mol dm™ p- toluensulfonic acid and 0.25 mol dm™ aniline at constant current density of 2.0 mA cm™.
Prior to use aniline (p.a. Aldrich) was distilled in argon. The working electrode was first mechanically
polished with fine emery papers (2/0, 3/0 and 4/0) and than with polishing alumina (1um Banner
Scientific Ltd.) on polishing cloths (Buehler Ltd.). The traces of the polishing alumina were removed
from the electrode surface ultrasonically during 10 min. After polymerization, PANI electrode was
dedoped with current density of 1.0 mA cm™, washed with bidistilled water and than investigated in
0.5 mol dm™ HCI. The characterization of p — TS doped polyaniline was firstly characterized by cyclic
voltammetry using different scan rates. The efficiency of charge/discharge process was investigated
using different discharge current densities in the range of 0.25 — 2.0 mA cm™. The experiments were
carried out in three compartment electrochemical cells. Saturated electrode served as reference,
while platinum foil was used as counter electrode. All electrochemical experiments were performed
using GMRY PC3 potentiostat/galvanostat controlled by PC.

RESULTS AND DISCUSSION

Aniline electropolymerization on graphite electrode from 1.0 mol dm™ HCl and 0.25 mol dm™
aniline at constant current density of 2.0 mA cm? during 1080. Electrochemical polymerization of
aniline occurs together with insertion of p-toluen sulfonic anion (doping) according to:
(PANI), + nyp-TS” = [PANIP*( p-TS)], + nye (1)
After synthesis, electrode was discharged (dedoped) in the same solution. From the ratio of the
charge delivered during discharge and the charge used for the synthesis it could be concluded that

30% of the overall mass is available for the current exchange.

Fig. 1. shows cyclic voltammograms of polyaniline electrode obtained using different scan rates in the
potential range between -0.6 and 0.6 V vs. SCE.
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Fig. 1. Cyclic voltammograms of polyaniline electrode in 0.5 mol dm™ HCl obtained by different scan
rates (as marked in Fig.) in the potential range—0.7-0.6 V.

From the data displayed at Fig. 1, dependences of peak current on squere rt. of scan rate is
given on Fig. 2.
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Fig. 2. Dependences of peak currents on square rt. of scan rate.

Linear dependences of current peak on sq. rt. of scan rate is linear indicating diffusion control of ions
doping/dedoping process.

Polyaniline was subjected to charge / discharge by different current densities in the range of

0.25 to 2.0 mA cm™, charging process was performed until potential of 0.5 V was reached, while
discharge was performed to potential of -0.4 V, and data are given in Table 1. and in Fig. 3.
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Table 1. Charge and discharge time and capacities obtained by different current densities.

j=0,25 mAcm™
Charge discharge
t/s 1540 1520
Q/Cem? 0,385 0,380
j=0,5mA cm?
charge discharge
t/s 810 790
Q/Cem? 0,405 0,395
j=0,75 mAcm”
charge discharge
t/s 590 550
Q/Ccm? 0,442 0,412

0.8 -

06

dis / ch

0.4

02

1

0.0 s
0.00 025

050 075 100 125

j/ mAcm?®

1.75

j=1,0 mA cm”
Charge discharge
t/s 370 350
a/ccem? 0,370 0,350
j=1,5mA cm™
charge discharge
t/s 280 250
a/cem? 0,420 0,375
j=2,0mAcm?
charge discharge
t/s 190 170
a/ccem? 0,380 0,340

Fig 3. Calculated discharge/charge capacities ratio of polyaniline electrode in 0.5 mol dm? Hcl,

obtained by different current densities in the range of 0.5 — 2.00 mA cm™.

As it could bee seen from both Tablel and Fig. 3. Maximum efficiency of charge/discharge
process expreced as ratio of discharge and charge capacities was achieved at low current densities of
0.25 (practically all the charge is delivered during discharge process, Qqis / Qch ~ 100 %) after which
the discharge/ charge ratio is lowered but remained constant with current densities in the range of
0.50 — 2.0 mA cm™. This investigation is still in progress but obtained results suggested that
polyaniline doped by p-toluen sulfonic acid could be considered as interesting material for
rechargeable power sources.
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CONCLUSION

Polyaniline electrode was successfully obtained by galvanostatic deposition of polyaniline from
aqueou p- toluen sulfonic acid electrolite containing aniline. Polyaniline electrode was investigated in
by cyclic voltammetry galvanostatic charge/discharge. It was observed that polyaniline doped by p-
toluen sulfonic anion could be considered as anodic material for electrochemical rechargeable power
sources.
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Summary: The sort of plum used for distillation is Stanley picked in August 2013 in Gracac, Vrnjacka Banja,
Serbia. 200 kg of ripe fruit was fermented with 40 dm’ of potable water. Wine was removed from the obtained
product, and the solid part was washed with water. The mixture of wine and water, 240 dm’ was distilled to a
soft brandy, where 36 dm’ was obtained with 30 % of the ethanol. After that, this soft brandy was redistilled after
44 dm’ of potable water was added. By this procedure, 20 dm’ with 50 % of the ethanol was distillated, which
means that the yield was 10 dm’ of a brandy for 100 kg of plums.

Keywords: Stanley plum, fermentation, distillation, distillate, brandy.

1. INTRODUCTION

Serbia is a country well known for a large number of autochthonous plum sorts, the most famous are
"pozegaca" and "crvena ranka". However, due to the problems with dry weather and pollution, now
the most common is the imported Stanley sort. It is a high quality industrial sort, very useful and
important in food industry — dried fruits, marmelades and fruit juices, as well as a high quality brandy.
Domestic productions of the plum brandy are also well known and popular [1]. Unfortunately, this
popular domestic procedures are often flawed by the inadequate equipment and low hygienic
conditions, resulting with a product of the low quality.

The development of new distilleries of higher capacity would raise the quality of local plum brandy,
so they could be successful on both domestic and international market. Contribution of the
“know—how” on obtaining of the high quality of plum fruit distillate, plum brandy, is presented in this
study. The distillation process was followed by measuring of the ethanol concentration, and the aim
was obtaining of a high quality distillate and the presentation of concentration profile of the ethanol in
a fractions of distillate and in a residue.

2. STANLEY PLUM

Stanley is the USA plum sort, dating 1912. It becomes ripe in the second half of August and in
September, and it is generally resistant to dry, hot weather and viruses. The attractive appearance, with
large fruits of dark blue color adds to the quality and high yield adds to its popularity. According to
standards, brandy is the alcoholic beverage with at least 25 %, and at most 80 % of the ethanol. It is
produced by fermentation and then distillation of a substrate, fruit, vegetables or cereal [2, 3].
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3. PLUM BRANDY PRODUCTION

The production of plum brandy starts with fruit picking, their fermentation, then distillation and
leaving the distillate to rest for sometime in order to obtain a quality product. The fruit is picked when
it reaches the technological ripeness, with the optimal concentration of sugar and fruit acids, which
can be confirmed by chemical analysis and morphological appearance. The fermentation, anaerobic
degradation of carbohydrates to the ethanol and the carbon—dioxide is catalyzed by selected sorts of
yeasts. The mechanism of the carbohydrate conversion is a complex one [4, 5]. In dry years, like 2013,
the high level of sugar, fruit acids, and microelements enables successful fermentation by the yeasts
which exist on the fruit skin, and such method can be carried out in a domestic production. The next
phase, distillation, is based on mixture separation based on a different boiling points. The parameter
which describes the concentration of the certain component in the mixture is the rectification
coefficient K;= Ki/K,, where K; and K, are coefficient of vaporization of components i and r. For
multicomponent alcoholic beverages, it is the relation between ethanol (r) and other components (i).
Components with K;>1 have higher volatility than the ethanol, and those with K;<I have lower
volatility than the ethanol. As it is empirically determined, the latter fraction usually damages a flavor
and quality of beverage and should be removed from distillate. As too many components influence on
K, it has no standard value. Knowing the boiling points of different components, the fractions can be
successfully separated. The so—called soft brandy, obtained by first distillation, is then redistilled,
which is the key to obtaining a high quality brandy with an attractive flavor as a product [6]. The
freshly made brandy is then laid to rest in a glass bottles or wood barrels, mostly made of the oak.
Leaving the brandy in wood barrels leads to the faster loss of volatile components, but also of
methanol which is harmful and deteriorates the brandy quality. The oxidation and partial
decomposition of some components leads to the formation of various tasteful secondary aromas, like
vanillin, which can only raise the quality of the beverage. That is why more than 10 years old brandy,
left in a wood barrel, is often of a supreme quality.

4. EXPERIMENTAL

The sort of plum used for distillation is Stanley picked in August 2013 in Gracac, Vrnjacka Banja,
Serbia. 200 kg of ripe fruit was fermented with 40 dm” of drinking water. It was fermented for 24 days
on 16—18 °C. The anaerobic conditions are obtained by adequate closing of the fermentation barrels.
After the fermentation was complete, the wine was drained and the solid residue was washed with
water added to the wine, resulting in 240 dm® of liquid mixture ready for distillation. The distillation
process is divided in two steps — soft brandy production and redistillation. The distillation was carried
out in a boiler 120 dm® heated by solid fuel, Figure 1.

Figure 1: Distillation boiler

The boiler was filled with 120 dm® of distillation mixture and heated. First fraction, about 0.2 dm’
was discarded. The process was continued with 9 fractions, each about 2 dm®, which were tested by
the standard for the concentration of ethanol by the n-Richter Tralkles T15 C device. After
measurement, the fractions were mixed giving the distillate which concentration of the ethanol was
measured again.
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5. RESULTS AND DISSCUSION

The results of the measurement of ethanol concentration are given in Table 1. The phase diagram [7,8]
was made based on the equilibrium data from which the concentration of ethanol in the boiler can be
read from the concentrations in fractions, presented in Figure 2. Based on the data from Table 1, the
concentration profile curves ¢ = f(v) for the basic distillation were made, and they are presented on
Figure 3 and the concentrations in different phases in Table 2.

Table 1: Equilibrium data for the ethanol—water system for basic distillation

Temperature, °C | Ethanol liquid, % v | Ethanol vapor, % v
100.062 0 0
97.216 3.170 33.878
95.099 6.204 45.669
93.260 9.111 53.042
91.677 11.898 58.141
89.173 17.141 64.704
87.353 21.987 68.715
86.005 26.477 71.423
83.827 36.385 75.585
82.496 44.759 78.165
81.555 51.931 80.094
80.836 58.142 81.684
80.268 63.572 83.073
79.813 68.361 84.338
79.446 72.616 85.523
79.152 76.421 86.659
78.918 79.844 87.770
78.734 82.940 88.873
78.592 85.753 89.985
78.485 88.321 91.126
78.406 90.674 92.319
78.345 92.839 93.596
78.292 94.836 94.999
78.227 96.685 96.568
78.192 97.387 97.244
78.148 98.069 97.942
78.092 98.731 98.646
78.059 99.055 98.994
78.023 99.374 99.335
77.985 99.689 99.665
77.961 100 100
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Figure 3: Concentration profile for basic distillation

The distillate obtained (so—called soft brandy) was 36 dm’, it was dilluted with 44 dm® of potable
water and then redistillated in the same boiler. The first fraction of 0.3 dm® was discarted, then 8
fractions were separated, about 5 dm’, and the concentration of ethanol was measured. The fractions
were successively mixed giving the distillate in which the concentration of ethanol was measured
again. Based on the concentrations of the ethanol in fractions, the concentrations in boiler were read
from the phase diagram for redistillation, Figure 4. The concentrations of ethanol in the boiler,
fractions and distillate are given in Table 3. Based on Table 3, the corresponding concentration profile
curves were made, ¢ = f(v), Figure 5.
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Table 2: Ethanol concentrations for basic distillation

V (dm’) Ethanol in boiler, % | Ethanol in fractions, % v | Ethanol in vapor, % v
2 6.50 46.00 46.00
4 5.50 42.00 44.00
6 5.00 39.00 42.00
8 4.50 34.00 40.00
10 4.00 30.00 38.00
12 3.50 26.00 36.00
14 3.30 20.00 34.00
16 3.00 15.00 32.00
18 2.70 12.50 30.00
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Figure 4: Phase diagram ethanol—water for the redistillation
Table 3: Ethanol concentrations for redistillation

A% (dml) Ethanol in boiler, % | Ethanol in fractions, % v | Ethanol in vapor, % v
5 13.50 60.00 60.00
10 11.00 55.00 57.50
15 9.50 48.00 54.33

20 7.50 37.00 50.00

The curves of concentration profile for ethanol in the distillate and in fractions point the decrease of
the ethanol concentration during basic distillation and redistillation. The decrease of the ethanol
concentration in the fractions is considerably sharper than in the distillate. The range of concentrations
for basic distillation and redistillation is defined by the starting concentration of ethanol, which can be
seen from the phase diagrams and concentration curves. Based on Table 3, the yield of 10 dm’ of 50 %
of the ethanol is determined for 100 kg of Stanley plum.
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6. CONCLUSIONS

Using the equilibrium data of the water—ethanol binary system for a distillation, the concentration
profile of the differential distillation can be determined. The concentration profile of the ethanol in
fractions and in the distillate points the fact that the end of distillation can be more precisely
determined from the fraction concentrations, as the change of that concentration is much faster at the
end of a distillation process. The distillation products of a high purity and high ethanol concentration
can be obtained in the classic boiler, so the production of a high quality plum brandy is possible in the
domestic production.
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Introduction

Electroconducting polymers are promising materials to be used in various fields including:
batteries, capacitors, electronic devices, corrosion, biosensors and sensors[1,6]. Polyaniline is probably the
most investigated electroconducting polymer, due to low cost monomer, conductivity, environmental
stability. Polyaniline can be obtained by chemical or electrochemical oxidative polymerization of aniline.
Electrochemical synthesis is performed in anodic process directly from acidic aqueous electrolyte
containing aniline. Polyaniline can be used as electrode material for electrochemical determination of
ascorbic acid based on electrocatalytic oxidation of ascorbic acid.

Experimental

Electrochemical oxidative polymerization of aniline at graphite electrode was carried out
galvanostatically, from acidic aqueous solution of 1.0 mol dm™ HCI (p.a. Merck) containing 0.20 mol dm™
? aniline (p.a. Fluka). In order to estimate the optimal conditions for electrochemical formation of
polyaniline (PANI) modified graphite electrode, both cathodic and anodic chronoamperometric curves,
obtained at different current densities were recorded.

Prior to polymerization aniline was distilled in argon atmosphere, while cylindrical graphite
electrode, inserted into Teflon holder, was mechanically polished by fine emery papers (2/0, 3/0 and 4/0,
respectively) and polishing alumina (1um, Banner Scientific Ltd.) on polishing cloths (Buhler Ltd.), the
traces of the alumina were removed ultrasonically during 5 min.

Electrochemical characterization of PANI modified graphite electrode was performed by cyclic
voltammetry (CV) in the potential range of -0.3 1.0 V (SCE) with different scan rates in buffered solution
contining 10.0-10” mol dm™ L-ascorbic acid. Stock solution of L-ascorbic acid, (p.a. Merk) was prepared
in phosphate buffer solution (PBS), 0.1M at pH 6.8.

The dependence of the current signal on ascorbic acid concentration was evolved from linear scanning
voltammetry (LSV) results, recorded at scan rate of 20 mV s™. The solutions with different concentration
of ascorbic acid were obtained by diluting of the stock solution with PBS

All experiments were carried out at ambient temperature (23+1 °C) in three compartment electrochemical
cell. Standard calomel electrode (SCE) served as reference electrode (all potentials in the text were
referred to SCE), while Pt wire was used as counter electrode. The experiments were performed using SP-
300 BioLogic Science Instruments, potentiostat/galvanostat connected to PC.

3. Results and discussion
3.1. Electrochemical synthesis of PANI on graphite electrode

Electrochemical synthesis of polyaniline was performed galvanostatically with different current
densities between 0.5 to 3.0 mA cm?, during 600s. In order to estimate the amount of conductive form of
polyaniline i.e. emeraldine salt, all electrodes were discharged with the same current density of 1.0 cmA ~
(dedoped) in the same solution. The dependence of discharge and polymarization capacities ratio (which
corresponds to amount of conductive form PAN], i.e. emeraldine salt) on polymerization current density is
given in Fig. 1. The ratio decrease with increase of the polymerization current density, probably as a result
of increase of the amount of formed nonconductive perningraniline and degradation products due to
higher potentials. Since the best results were obtained when polymerization was performed with 1.0 mA
cm?, this current density was used in further experiments.
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In order to estimate the optimal time of polymerization, electrochemical polymerization of aniline was
performed at current density of 1.0 mA cm™ during 300, 600, 900, 1200 and 1500 s. After polymerization,
the electrodes were discharged with the same current density and ratio of discharge and polymerization
charge was evaluated and presented in Insert of Fig 1.

0,7 |

04

1,0 1,5 2,0 25 3,0

J/ mA cm?

Fig.1. Dependence of discharge and polymerization capacities ratio on polymerization current density. Insert:
Dependence of discharge and polymerization capacities ratio on polymerization time.

As it can be seen the discharge and polymerization capacities ratio are nearly the same for polymerization
time of between 600 and 1200 s, while for higher polymerization time, decrease of this ratio is due to lost
of the polymer film from electrode. Lower polymerization time, on the other hand, led to nonuniformly
deposited film. In order to achieve greater available charge, PANI modified graphite electrode was
deposited with current density of 1.0 mA cm™ during 1200 s and used in further investigations.

3.2. Electrocatalytic oxidation of ascorbic acid on polyaniline electrode
CVs of electrochemical oxidation of ascorbic acid on both graphite and PANI modified electrode is given

in Fig. 2.

30 T T T T T

251 4
b)

20 -

J/ mA cm’

0,0 02 04 06 08
E/V (SCE)

Fig. 2. Cyclic voltmmograms (v =20 mV s™) in PBS (pH = 6.8) containing 10,0 10" mol dm™ ascorbic acid on a)
graphite and b) PANI modified graphite electrode

Electrochemical oxidation on graphite electrode is characterized by very broad response with not

well defined current peak positioned at 0.5 V (SCE). On the other hand, electrochemical oxidation of
ascorbic acid on PANI modified electrode proceeded with well defined anodic peak at potential of 0.18 V
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(SCE). Electron transfer kinetics of ascorbic acid oxidation is highly dependent on surface properties of
the electrode [6,9] therefore, both the increase of the peak current for ~ 2.5 times and shift of the oxidation
potential for 0.32 V to less positive values, clearly indicates electrocatalytic oxidation of ascorbic acid on
PANI modified electrode [14].

CVs of PANI modified electrode in PBS solution containing ascorbic acid, recorded with different scan
rates are given in Fig. 2., while Insert of Fig.2. refers to dependence of the peak current density on square
root of the scan rate.

10,0

o 1-10mvs’
. 2-20mvs”
3-30mvs’
4 4-50mvs’
75f £, 5-75mvs’—
= 6-100mV's"
2
:
T 5 O 0
v mv )"

50}

/1 mA cm’

25}

00}

EIV (SCE)

Fig.2. Cyclic voltmmograms of PANI modified electode in PBS (pH = 6.8) containing 10,0-10~ mol dm™ ascorbic
acid obtained by different scan rates. Insert: Dependence of current peak density on square root of scan rate.

Position of the catalytic peak potentials shifts to more positive values for higher scan rates, while
the values of the peak currents increase. Dependences of the peak current density on square root of the
scan rate is linear indicating diffusion control of electrochemical oxidation of ascorbic acid on PANI
modified electrode.

Response of PANI modified electrode in terms of current peak intensity on ascorbic acid
concentration was obtained from anodic LSV curves and given in Fig.3. LSV curves were (Insert of
Fig.3.) recorded in different concentration of ascorbic acid in PBS in the range of 0.5 — 50.0 at scan rate of
20 mV s (for simplicity only several curves are given obtained at concentrations marked on Fig.3)

28

2

JImAcm

30 40 50

¢,/ 10° mol dm*®

Fig. 3. Dependence of the current density peak on ascorbic acid concentration. Insert: LSV curves (v =20 mV s™) for
electrochemical oxidation of ascorbic acid in PBS (pH = 6.8) on PANI modified electrode obtained in different
concentration of ascorbic acid in the range of 0.5 — 50.0 <10~ mol dm™
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As it can be seen, the intensity of the oxidation peak current increased by increasing ascorbic acid
concentration ranging from 0.5 to 50.0-10” mol dm™, with linearity in the range between 0.5 and 18.0
mol dm”.

3.3.1. Stability and real simple analysis

For estimation of the storage stability of PANI modified electrode, the electrode was refrigerated at 8°C in
PBS at pH 6.8, and LSV curves for ascorbic acid concentration of 10.0 -10° mol dm™ were recorded after
10, 15, 20 and 30 days and results, in terms of relative signal intensity, are given in Fig 4.
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/ () / / 1
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Fig. 4. Storage stability of PANI modified electrode.

As it can be seen, during first 5 days of storage PANI modified electrode lost about 2 % of the initial
signal intensity, while after a month of storage electrode kept 75 % of signal. The decrease of the signal

intensity during long term storage might be a consequence of the lost of PANI film conductivity and
degradation at pH 6.8.
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under Contract No. 172046.
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Polyaniline (PANI) electrode was formed by electrochemical synthesis on
graphite under galvanostatic condition at current density of 2.0 mA cm™ from aqueous
solution of 1.0 mol dm”® HCI and 0.25 mol dm™ aniline. Electrochemical
characterization of the PANI electrode was performed in 0.5 mol dm™ HCI using cyclic
voltammetry and galvanostatic measurements. The overall charge capacity of the PANI
electrode was estimated to be 0.154 mA h cm™ corresponding to 25 % of the
theoretical mass of PANI available for the dopant exchange. It was observed that
during initial cyclization at low pH, the extent of PANI degradation products was
insignificant and practically had no influence on the charge/discharge characteristics of
the PANI electrode.

Keywords: electrochemical synthesis, polyaniline, rechargeable power sources


Administrator
Typewritten Text
M 34


Electrochemical characterization of electrochemically polymerized
polyaniline in citrate containing electrolyte
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Polyaniline electrode, was obtained by electrochemical polymerization at constant
current density of 2.0 mA c¢m™ from aqueous solution of 1.0 mol dm™ HCI containing
0.25 mol dm™ aniline. Electrochemical characterization of the polyaniline electrode in
chloride and chloride/citrate electrolyte, for different anodic potential limits, was
performed using cyclic voltammetry and galvanostatic measurements. It was observed
that for anodic potential 0.32 V, higher electrode capacity in chloride/citrate was
obtained. For anodic potential limit of 0.50 V, faster decrease of the electrode capacity
in chloride/citrate electrolyte was also observed. It was suggested that influence of both
chloride and citrate anions has to be taken into account.

Key words: electrochemistry, polymers, power sources
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ABSTRACT: Polyaniline (PANI) anode, electrochemically formed on graphite from aniline containing sulfuric acid
solution, and electrochemically formed thin film lead dioxide cathode, were investigated for possible applications
as electrode materials in PANI 7HZSO‘1 PbO, aqueous based rechargeable power sources. The stimulation of
charge/discharge characteristics of the cell, based on half cell reactions investigations, was evaluated. Charging of
thzce” would occur in the voltage range of 1.20 and 1.70 V, while discharge is expected in the voltage range of 1.35
and 1.00 V.

Keyworbps: polyaniline, lead dioxide, electrochemical power sources

INTRODUCTION

The determining factors of an electrochemical power sources success dre often recognized as
“three E” criteria: Energy (high energy content with respect to volume and weight), Economics (low
manufacturing and maintenance costs, long service life), Environment (toxic free, safety, low energy
consumption, easy to recycle) [1, 2].

Electrochemical power sources systems composed of electroconducting polymers (ECP), metals
(Pb, Zn, Al, Mg) and aqueous electrolytes are likely to meet most of these demands. The unique
properties of ECP such as: mechanical strength, electrical conductivity, high energy and power density
compared to classical inorganic compounds, possibility of reversible exchange of ions etc., permitted
them to be considered as possible electrode materials for electrochemical power sources [3].

ECP can be obtained using both chemical and electrochemical oxidative polymerization. However,
electrochemical synthesis is favorable, permitting synthesis without oxidizing agent followed by doping
with inorganic or organic ions in a single step [4].

Among numerous ECP only few have been investigated for possible application in electrochemical
power sources. Since the price of aniline monomer is scientifically lower comparing to other monomers,
power sources based on polyaniline (PANI) metals (mainly zinc) and aqueous electrolytes are the most
investigated systems [5-10].

Even the characteristics of these systems are principally very good, this type of electrochemical
power sources have not been commercialized. The main reason is connected to degradation of PANI
[11,12].

Lead acid batteries (Pb | PbO,) are the first discovered and although they have lot of problems in
exploitation, up to now they are the most large-scale electrochemical power sources. The problems in
exploitation are mainly connected to negative Pb electrode, such as: dendrite formation provoking
short circuit breakdown of the battery, passivation of the Pb electrode due to formation of inactive
PbSO,, water loss due to hydrogen evolution, etc. The use of PANI instead of Pb as negative electrode
could overcome some of the mentioned problems. On the other hand, due to much smaller mass of
PANI electrode, the specific energy and specific power could be significantly increased comparing to
classical Pb | PbO, systems. The advantage of such power sources could be better ecological acceptance
as a result of much smaller lead content and lower sulfuric acid concentration. It is interesting to note
that after earlier works reported by Sima et al. [7], there are no studies concerning the use of PANI in
lead acid power sources. Hence, the aim of this work is to investigate electrochemically synthesized
PANI on graphite, as anodic material, and electrochemically synthesized lead dioxide as cathode for
possible use in PANI / H,SO, / PbO, rechargeable power sources.

In such system, the half reaction for charging of the system can be given as:

CHARGING

[PANI*(50,),] + 2nye (PANI), + nySO,* (1)

DISCHARGING
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CHARGING

PbSO, + 2H,0 PbO, + SO, + 4H" + 2e (2)

-—
DISCHARGING

where y refers to doping degree (ratio between the number of charges in the polymer and the number
of monomer units). Is important to note that in fully charged PANI /HZSO4 /PbO, rechargeable power
source PANI is in its dedoped form.
EXPERIMENTAL

PANI electrode was formed by anodic polymerization from aqueous solution of 1.1 mol dm?> H,SO,
and 0.2 mol dm? aniline at constant current density of 2.5 mA cm? on graphite (S = 0.64 cm?®). Prior to
use, aniline (p.a. Aldrich) was distilled in argon atmosphere. Cylindrically shaped graphite electrode was
first mechanically polished with fine emery papers (2/0, 3/0 and 4/0) and then with polishing alumina
(14m Banner Scientific Ltd.) on polishing cloths (Buehler Ltd.). After mechanical polishing, the traces of
the polishing alumina were removed from the electrode surface in ethanol using ultrasonic bath during
5 min. After polymerization, PANI electrode was dedoped with current density of 1.25 mA cm?, washed
with distilled water and then investigated in 1.1 mol dm? H,SO,. The lead dioxide electrode (PbO,) was
prepared from pure 99.95 % lead, according to established Planté formation procedure described by

Peterson et al [13,14]. 0.4
All  experiments were carried out in three
compartment  electrochemical cells at  ambient 03
temperature (22°C). Saturated electrode (SCE) served as )
reference, while platinum foil (S = 2 cm®) was used as 02
counter electrode. The measurements were carried out ' o
using PAR 273A potentiostat/galvanostat interfaced to PC. 2 o 2
RESULTS AND DISCUSSION. CHARACTERIZATION OF PANI ELECTRODE % E
In Fig. 1 charge/discharge (doping/dedoping) curves > 00 N
of the PANI electrode for different current densities of: =
0.50 — 1.25 mA cm” and anodic potential limit of 0.32V in 1.1
mol dm? H,SO, are shown. Anodic potential limit was 01
chosen bearing in mind that at potentials higher than 0.35
V degradation of PANI is expected [11,12]. 02 L 1. 1., ..
Charging of the electrode started at potential of ~ 0 200 400 600 800 1000 1200 1400
0.05V while discharging occurred in the potential range /s
between 0.3 and - 0.3 V. Charging capacity, as seen in Fig. 1. Charge/discharge curves of PANI

insert of Fig. 1., is independent on current density, while electrode in 1.1 mol dm> H,50,, where the
discharging capacity decreases with increasing current numbers in the figure refer to different current
density. For current densities below 1.25 mA cm®, columbic ~ densities as: 1)-0.50, 2)-0.75, 3)-1.00 and 4)-1.25
efficiency is higher than 100 %. This observation could be ) mA cm .

o : Insert: Dependences of: (o)-charge and (o)-
connec'ted' to poss:b:htte§ of hydrogen evolution qnd discharge capacity on current density
protonization of emeraldine form of PANI at negative
potentials and low current densities [11,12]. This additional
charge is easily discharged at open circuit potentials and
has no contribution in further charging. Since the
columbic efficiency of nearly 100 % was achieved with
current density of 1.25 mA cm?, for further investigation of
cyclic characteristic of the PANI electrode this charge/
discharge current was used.

Initial cycling characteristics of PANI electrode
obtained with constant current density of 1.25 mA cm”
during 15 cycles is given in Fig. 2. Since, the degradation of
PANI is expected at the potentials above ~0.35V, in order
to investigate the influence of degradation, the cycling
potential limit for charging of the electrode was extended
to 0.45 V for charging and -0,6 V for discharging. o

As it can bee seen from Fig. 2. charge/discharge 0 50 100 150 200 250 300 350
curves remained practically the same during fifteen cycles, fls
with almost constant values of the electrode charging and  rig 5. cycling characteristics of PANI electrode
discharging capacity, with columbic efficiency of ~ 95 %. in 1.1 mol dm? H,SO, at conctant current
Based on obtained results, it could be concluded that in density of 1.25 mA cm®. Insert: Dependences of
during initial cyclization in investigated potential range (o)-charge and ()-discharge capacity on cycle
degradation of PANI could be neglected, but, based on number

E/V (SCE)

0.6 Cycle No. T
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literature data[11,12], it is possible to be expected to occur during prolonged cyclization, therefore it is
recommended that the optimal potential limit for charging of PANI electrode should not exceed 0.35 V.
CHARACTERIZATION OF PbO, ELECTRODE K ' ' '

In order to investigate discharge characteristics of
electrochemically formed PbO, electrode [11,12], the
following procedure was applied. Electrode was always
charged with current density of 2 mA cm” during 500 s,
and then discharged with current densities between 1
and 4 mA cm” as seen in Fig. 3. Based on discharging
times, the dependences of columbic efficiency and
discharge capacity on applied current density were
calculated and given in insert of Fig. 3.

For lower current densities of 1.0 and 2.0 mA cm? !
columbic efficiency is ~85 %, while current efficiency and | 1
discharge capacity decrease for higher current densities, {
probably as a result of diffusion limitations. Thus, for Lok : : L '
further investigation discharge current of 2 mA cm” was ° 0 !
used.

g,/ mAh cm”
1

)

E/V (SCE

000 1500
t/'s

. . o , . Fig.3. Discharge characteristics of PbO, electrode
In order to investigate initial cyclic characteristic, in1.1 mol dm> H,S0,, where the numbers in the

PbO, electrode was submitted to  fifteen figure refer to different current densities as:1)-1.0,

charge/discharge cycles in 1.1 mol dm? H,SO, with 2)-2.0, 3)-3.0 and 4)-4.0 mA cm”.
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of 2 mA cm”® (PbO, electrode), assuming that at low current densities voltage loss resulted from
additional ohmic drops can be neglected, and that PANI electrode was formed on carbon support with
low roughness factor of 2. Obtained results are presented in Fig. 6.

As it can bee seen in Fig. 6 charging of PANI /HZSO4 /PboO, system would occur in the voltage range
between 1.2 and 2.1, but since there is no additional charge above 1.7 V, system should be charged only
to that voltage, charging of the system above 2V could provoke hydrogen evolution reaction. After
charging open circuit voltage is ~1.35 V similar to metal hydride cells. Discharge of the system would
occur in the voltage range between 1.35 and 1.0 V. For the discharge voltage below 1.0 V, corresponding
to the PANI doping potentials of 0.32 V, the possibilities of PANI degradation are not excluded, so it is
recommended that system should be discharge to 1.0 V.

CONCLUSIONS

In the light of mentioned “three E” criteria, electrochemical rechargeable power sources based on
PANI anode and lead dioxide cathode have some advantages comparing to classical Pb|PbO, systems,
such as: much lower lead content and electrolyte concentration, easier manufacturing demands,
ecological acceptability, and possibility of avoiding some problems connected to Pb electrode.
Disadvantages of this systems comparing to commercial Pb|PbO, are in the first place, connected to
smaller discharge voltage and relatively small PANI electrode capacity. Therefore, further investigations
of PANI synthesis on high surface are materials or powered PANI carbon composites are required in
order to increase the specific active mass of the PANI anode. On the other hand, determination of the
cycle life of PANI /PbO2 rechargeable power sources in real conditions would be the most important
parameter in further testing.
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5. ZAKLJUCAK

U radu su predstavljeni bromati kao opasne supstance, jonska hromatografija kao nadin
odredivanja koncentracije bromata u vodi i metoda za odredivanje bromata u vodi.

Takode, prikazane su maksimalno dozvoljene koncentracija bromata prema Direktivama
EU, Smjernicama SZO, preporukama US EPA i Pravilniku RS,

Bromati nastaju u procesu ozonizacije vode, oksidacijom bromida, slozenim mehanizmom
koji uklju¢uje kombinaciju reakcija sa 0zonom i OH radikalima. Potencijalni su kancerogeni,
genotoksicni i ne podlijezu biodegradaciji na bioloski aktivnim filterima.

Jonska hromatografija se pokazala kao uspjeina metoda za odredivanje bromata u vodi.

_Analizirani su uzorci vode za pice i rijecne vode. U svim analiziranim uzorcima koncentra-
gg I;(rgmata je bila ispod granice detekcije. Koncentracije bromida su, takode bile ispod granice
ekdije.
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AUTOMATSKI UREDJAJI ZA ELEKTOHEMIJSKI TRETMAN
VODA

T. TriSovi¢", M. Spasojevi¢?, B.Grgur3, M.Gvozdenovi¢?, L.Rafailovié4, B.Jugovic

Abstrakt

Osnovna mera u prevenciji oboljenja izazvanih higijenski neispravnom hranom i vodom je i dezin-
fekcija vode. Dezinfekcija vode je osnovni proces obrade vode, kojim se patogeni mikroorganizmi
unustavaju ili inaktiviraju. Najéesée koriSéeno sredstvo za dezinfekciju je gasoviti hlor. Gasoviti hlor
se u vodu dodaje pod pritiskom, gde se mesa sa vodom, hidrolizuje stvarajuci natrijum hipohlorit i
hipohlorastu kiselinu koji su zapravo agensi dezinfekcije vode. S obzirom, da se manipulacija sa
gasnim hlorom ostvaruje pod pritiskom, ¢esto dolazi do incidenata narocito u masinskim halama
odakle se hlor dozira u vodu. '

Cilj ovog rada bio je razvoj uredaja za proizvodnju dezinfekcionog sredstva aktivnog hlora koriscen-
jem sirovina koje su potpuno bezopasne i nisu Stetne za okolinu i zdravlje radnika. Uredaji koriste
razblaZen rastvor natrijum-hlorida (kuhinjske soli) i elekticnu energiju kao sirovinu, kako bi prozveli
razblaZeni rastvor aktivnog hlora — hipohlorita. Na ovaj nacin umesto skladiStenja gasovitog hlora
skladisti se bezopasna kuhinjaka so. Uredaji mogu biti razlicito konstruisani i razlicitih kapaciteta u
zavisnosti od tipa vodovoda i kolicine vode koja se tretira. Pored tretmana pijacih voda, mogu se
koristiti i za tretman voda u bazenima za kupanje, preradu otpadnih voda, dezinfekciju opreme i
objekata u prehrambenoj industriji, beljenje tekstila, koZznoj i farmaceutskoj industriji. Takode, rastvor
in situ proizvedenog aktivnog hlora je pH neutralan i moZe nadi i Siroku primenu u primamoj poljo-
privrednoj proizvodnji.

U radu su data dva tehnicka reSenja uredaja za elektohemijsku proizvodnju aktivnog hlora i to za
male vodovodne sisteme sa oscilujucom potro$njom (kapaciteta do 20 I/s) i za srednje vodovodne
sisteme sa konstantnom ili oscilujucim protokom kroz cevovod (kapaciteta do 50 I/s). Ova istrazi-
vanja i projektovanje uredaja su radena na osnovu analize i zahteva sa trzista. Uredaji su potpuno
automatizovani samostalni i jednostavni za rukovanje i odrZavanje.

Kljuéne reéi: dezinfekcija, elektohlorinatori, aktivan hlor, elektohemijski tretman vode

1. UVOD

Komercijalna sredstva za dezinfekciju su: gasoviti hlor, natrijum hipohlorit, hlor-dioksid i
ozon. Zbog duZe sterilnosti vode, hloma jedinjenja nemaju alternativu i svi drugi postupci ¢ine
pomocne postupke koji mogu manje ili viSe da smanje koriSéenje hlomih jedinjenja, ali ne i da
ih potpuno supstituisu. Kod dezinfekcije vode za pice hlorom ili hlor dioksidom dolazi do
hemijskih reakcija tzv. dvostrukog delovanja. Pozitivni efekat, zbog kojeg se dezinfekcija
izvodi, je unistavanje mikroorganizama, posebno patogenih, sto dovodi i odrzava kvalitet vode
unutar zakonodavnih normi. Negativni efekti se iskazuju u stvaranju dezinfekcionih nuspro-
dukata od kojih neki mogu imati izrazena karcinogena, mutagena ili toksicna delovanja na ziva
bica.

Dezinfekcija sa hlornim jedinjenjima mora da bude izvedena na odgovarajuci nacin sto

podrazumeva:
1. vodu veoma male mutnoce
2. Stonizi pH
3. nisku koncentraciju azota posebno amonijacnog azota
1) Institute tehni¢kih nauka Srpske akademije nauka i umetnosti, Knez Mihajlova 35/4, 11000 Beograd,
Srbija
2 Agronomski fakultet, Univerzitet u Kragujevecu, Cara Duana 34, 32000, Cacak
3 Tehnolo$ko-metaluruski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd, Srbija
4 Center of Electrochemical Surface Technology CEST, Vitor Kaplan Strasse 2, 2700 Wr.Neustadt,

Austria
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4. ogranicen sadrzaj prirodnih organskih materija

5. obezbedeno dovoljno dugo vreme kontakta

Uspesnost dezinfekcije pijace vode daje tek mikrobiologka i hemijska analiza obradene
vode. Na ovaj nacin se konstatuje stanje ulazne vode i vode posle dezinfekcije kako u pogledu
prisustva mikroorganizama tako i u pogledu nus-produkata dezinfekcije. Pravilnicima je defi-
nisana maksimalna koncentracija dezinficijensa koja se sme dodavati vodi koju tretiramo da bi
se sprecilo nastajanje sporednih proizvoda.

Svako sredstvo za dezinfekciju ima svoje korisnicke limite koji se mogu grupno nazvati:
zdravstveni, tehnoloski, sigurnosni i finansijski. Tako i najéesce koristeni dezinficijensi hlor i
hlor dioksid uz svoje pozitivno delovanje imaju i velik broj nepoZelinih svojstava. Ti problemi
su doveli do postupka kojim se pokusalo dobiti novo sredstvo za dezinfekciju tzv. elektrohe-
mijski hipohlorit. Objedinio je najbolje karakteristike hlora i hlordioksida, a to su: delotvomost,
proizvodnja na mestu koriStenja (in situ ), sigumosne mere rada i niska cena proizvodnje.

Postupak dezinfekcije pomocu hipohlorita proizvedenog elektrolizom 3% rastvora NaCl
na mestu upotrebe je pogodniji od ostalih postupaka dezinfekcije vode, ne samo sa aspekta
ekonomske isplativosti, vec i sa ekoloSkog aspekta. Uredaji koji proizvode aktivan hlor proce-
som elektolize su razvijeni poslednjih dvadeset godina posebno kad je Evropska Zajednica
predvidela zabranu transporta gasovitog i tetnog hlora od 1998. godine, tako da ¢e sadasnji
konvencionalni postupak upotrebe hlora morati da se ukine. Elektroliza ne zahteva posebne
mere zastite, a delotvomost nastalog hipohlorita je jednaka ili bolja od uéinka gasovitog hlora.
Prema kalkulacijama, proizvod je jeftiniji od gasovitog hlora. MoZe se koristiti u javnim i privat-
nim vodovodima, bazenima za rekreaciju i za industrijske potrebe.

Proizvodnja na mestu koriStenja, tj. na izvoriStima, u tehnoloskim procesima i sl. predstav-
lja najjeftiniju, pouzdanu i sigumu altemativu postojedim sredstvima za dezinfekciju.

2. REZULTATIIDUSKUSIJA

Elektrohemijski reaktor se projektuje na osnovu analize anodnog i katodnog materijala,
kinetickih i operativnih parametara, elektrodne prenapetosti, pada napona u elektrolitu,
katodno, anodno i ukupno iskoriS¢enje struje, i potro$nje energije po jedinici proizvoda aktiv-
nog hlora. Na osnovu dobijenih rezultata utvrdena je optimalna konstrukcija celije i optimalne
vrenosti tehnoloSkih parametara procesa. Ustanovljeno je iz eksperimentalno dobijenih rezul-
tata da najbolja elektohemijska svojstva poseduje titanska anoda sa prevlakom rutenijum i titan
oksida. Pri elektolizi rastvora sastava 30 g/l NaCl i 5 g/l NaOCl na t=25°C i pH=7,0, na gustini
struje od 1000 A m™ postiZe se visoko anodno iskoriséenje struje od 85%.

Rastvor aktivnog hlora dobijen pod ovim uslovima® uspe$no koristi kao efikasan rastvor
za dezinfekciju. Analizirajudi kvalitet proizvedenog rastvora, ustanovljena je optimalna koncen-
tracija natrijum hlorida od 25 do 35g/1. Temperatumi interval od 25 do 35 °C obezbeduje maksi-
malnu elektohemijsku efikasnost elektolizera za proizvodnju aktivnog hlora. Katodni gubici
struje se smanjuju sa povecanjem odnosa anodne i katodne povrSine. Analiza dizajna celije,
dimengzije elektoda, mehanicke évrstoce i elekti¢ne otpornosti nosaca ukazuje da debljina kolek-
tora treba da bude od 2 do 3 mm. Ustanovljen je i optimalni razmak izmedu elektoda od 3 mm.

Uredaj za proizvodnju aktivnog hlora sa koaksijalnim reaktorom* (Slika 1.) se sastoji od
elektro-bloka, rezervoara sa natrijum hloridom i hidrulikog sklopa. Hidrulicki sklop se sastoji
od dozimih pumpi, ulaznog ventila, senzora protoka, koaksijalnog reaktora. Iz rezervoara (3%
ili 30% NaCl ) se rastvor natrijum hlorida pomocu dozimih pumpi transportuje cevovodom
(me3a sa ¢istom vodom) i ubrizgava u koaksijalni reaktor preko nepovratnog ventila. Ulaskom
u reaktor hloridi se elektrohemijski konvertuju u aktivan hlor na anodi dok se na katodi izdvaja
vodonik. Svi produkti reakcije se preko nepovratnog ventila koji je na vrhu kucista reaktora
ubrizgavaju u vodu koju dezinfikujemo, a koja je istovremeno i rashladni fluid i izolacioni medij
od eventualnog curenja aktivnog hlora u okolinu. Na ovaj nacin postizemo da se hloridni
rastvor odnosno rastvor aktivnog hlora u kuciStu reaktora odrZava na temperaturi (tempera-
tura je obi¢no izmedu 15 i 30 °C) na kojoj nede doci do termohemijske reakcije pretvaranja
hipohlorita u hlorat, 5to su idealni uslovi za elektrohemijsku sintezu aktivnog hlora.

AUTOMATSKI UREDJAJI za ELEKTOHEMIJSKI TRETMAN VODA 103 ﬂ

T

ssusssBEstRSIRERsERERRE RN

HIPOGEN

sasansanne

Fessssnnsnnansnnn ssssssssmssannnnng ssssnsnsnsnnnnafen

Slika 1. Blok shema uredaja za proizvodnju aktivnog hlora sa koaksijalnim reaktorom

Zahvaljujuéi ovim konstrukcijama temperaturski rezim rada reaktora je takav da se ne
dostiZe kriti¢na temperatura izlaznog elektrolita preko 30 °C pa stoga termoregulator i izmenji-
vaé toplote nije potreban. Nivo automatke je dosta pojednostavijen i svodi se na dva senzora i
to za protok i nivoa. Uredaj moze ukljucivati ili senzor protoka ili mera¢ protoka ili elektoda
koja meri koncentraciju hlora u vodi. Uredjaj za elektrohemijsku proizvodnju i doziranje aktiv-
nog hlora sa koaksijalnim reaktorom se mozZe primeniti za tretman vode sa protocima do 10
litara u sekundi. . _ :

Uredaj za proizvodnju aktivnog hlora sa koaksijalno-protoénim reaktorom 5 u zavisnosti
od potrebe moze raditi na dva natina i to: 1. Kao uredaj sa koaksijalnim reaktorom i bez lagero-
vanja aktivnog hlora 2. Kao uredaj sa proto¢nim reaktorom i sa lagerovanjem aktivnog hlora.
Oba nacina rada zahtevaju autonomni sistem za dobijanje omek3ane vode 2 koji ima zadatak da
vodu koja napaja uredaj potpuno oslobodi jona kalcjuma i magnezijuma (da ukloni tvrdocu).
U pomoénom rezervoaru se nalazi usisna korpa dozimih pumpi koje doziraju koncentovan
rastvor natrijum hlorida i omek3anu vodu. Ove pumpe su proporcionalne i mogu imati, ili
konstantan protok, ili protok proporcionalan promeni protoka vode koji meri vodomer.
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Slika 2. Blok shema uredaja za proizvodnju aktivnog hlora sa koaksijalno-protoénim reaktorom

Ako je potrebno da uredaj radi kao uredaj sa koaksijalnim reaktorom, princip rada je
indentican onom datom na slici 2 $to znaci manje komponenata na samom uredaju, pa je
samim tim uredaj i jeftiniji. Ako je potrebno da uredaj radi kao uredaj sa protoénim reaktorom i
lagerovanjem aktivnog hlora princip reada je sledeci. Dve dozime pumpe, jedna za omeksanu
vodu, a druga za koncentrovani rastvor natrijum hlorida, potiskuju vodu/rastvor kuhinjske soli
u koaksijalni elektolizer, gde se oksidiSu hloridni joni i redukuju joni vode stvarajudi natrijum
hipohlorit na anodi i gasoviti vodonik na katodi. Ova sme$a tecnosti i gasa iz elektolizera ulazi
u separator, gde se u uslovima podpritiska, oslobada vodonik iz vodenog rasvora natrijum
hipohlorita i potiskuje u atmosferu. Cist 1% rasvor natrijum hipohlorita se gravitaciono odlaze u
prihvatnu posudu za hipohlorit. Sve posude za vodu i rasvore (soli i hipohlorita) su smestene u
zbimi rezervoar koji ¢ini kompaktnu celinu kaku za instalaciju i transport i bilo kavu drugu
manipulaciju. Iz posude za hipohlorit se, pomo¢u automatskog dozimog sistema, koji je uprav-
ljan direktnim ili indirektnim merenjem koncentracije rezidualnog hlora u vodi rastvor aktiv-
nog hlora dozira u vodu.

AUTOMATSKI UREDJAJT za ELEKTOHEMI)SKI TRETMAN VODA 105 ﬂ

U toku trajanja elektolize pneumatski prostor koji obuhvata elektolizer i posuda za prihvat
aktivnog hlora, a koji je iznad vodene linije, se odrzava na podpritisku u odnosu na atmosferski
pritisak. Odrzavanje podpritiska ima dve prednostosti i to prvo §to omogucuje kakse izd vajanje
mehurova vodonika iz vodenog rastvora aktivnog hlora, a drugo Stp ne postoji mogucnost
curenja vodonika u prostoriju u kojoj se uredaj nalazi. Izbacivanje vodonika stvaranjem podpri-
tiska daleko je pouzdanije resenje od produvavanja ventilatorima sa nadpritiskom,zbog mogu-
¢eg curenja vodonika u prostoriju u kojoj je istaliran uredaj. Uredjaj za elektrohemijsku
proizvodnju i doziranje aktiviog hlora sa koaksijalno — protocnim reaktorom se moZe primeniti
za kapacitete izmedu 101 100 litara u sekundi protoka vode. Reaktorski moduli se mogu para-
lelno ili redno povezivati.

Osnovne prednosti su koriscenja uredaja za in situ dobijanje aktivnog hlora su:

= Siguran u radu za ljude u proizvodniji i za okolinu

- Smanjeni troSkovi proizvodnje

- Sirovine za proizvodnju su: so (NaCl), voda i elektricna energija

- Moguca nadogradnja uredaja prema potrebi korisnika

- Jednostavno odrzavanje

- Garancija na elektrode 7 godina

- Zadovoljava sve uslove zdravstvenog i sigurmosnog zakonodavstva

- Poboljsava kvalitet vode

~Smanijeni broj dezinfekcijskih nusprodukata

~ Garancija za funkcijonalnost

- Proizvodnja elrktrohemijskog hipohlorita prema potrebama korisnika

- Rad uredaja ne zavisi od nabavke specijalnih hemikalija

3. ZAKLJUCAK

Elektrohemijski hipohlorit, po svojim karakteristikama, moze biti efikasna altemativa sred-
stvima za dezinfekciju na bazi hlora ili hlor-dioksida. Moguénost proizvodnje ,,na licu mesta,,
delotvornost na patogene mikroorganizme, niski stepen sigumosnih mera i niska cena trokova
proizvodnje predstavljaju osnovne njegove glavne prednosti. Ova tehnologija je proverena u
raznim podrudjima primene kao $to su: vode za pice, bazeni za rekreaciju, prerada otpadnih
voda, uredaji za hladenje i slicno.
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HacraBHo - Hay4HO Behe Arponomckor ¢dakynrera y Yauky Ha cennuuu onpxkanoj 05.
07. 2010. rox. pasMaTpalio je MO3MTHBHA MHUILLEILA ABA PELEH3EHTa 3a IPUXBATALE TEXHUYKHX
pemema , Ta je Ha OCHOBY uyaHa 59. 3akoHa 0 Hay4HOMCTpaXkuBaukoj AenatHoctH (Cin. I'nacHuk
PC 6p. 110/05),[TpapnnHuka 0 nOCTYNKy M Ha4YMHY BPEAHOBAlba, KBAHTUTATHBHOM HCKa3MBalby
HAYYHOHCTPaKHBAaYKUX pe3ynrarta uctpaxupaua (Cn. 'macuuk PC 6p. 38/2008)-Ilpunor 2. u
u1.199. Craryra ®akynrera (6poj 1635/2 ox 28.09.2006.r., 1980/2-VII ox 19.09.2008.r .1 818/2-
IV ox 04.05.2010.r.), noHeno je

OLIYKY

[lpuxBata ce W BepudHKyje HAyYHO HCTPAKHBAYKM PpE3yATAaT Ha [POjeKTy
MHuHHCTApCTBA 32 HayKy H TexHonomku pas3Boj RS - PTP-2108B - Enexmpoxemujcxu
2eHepamopu cpedcmasa 3a Oe3uH@ekywjy (akmueHoz Xiopa, joHckoz cpebpa u bakpa) ca
wapoicHum peyupkyiayuonum munom peaxmopa v 1P8025 - Enexmpoxemujcko nocmpojerse 3a
HpOU36O0RY cpedcmasa 3a  OesuHpexyujy ca MOOYIAPHUM — Peakmopom U  pPegepCcHum
enexmpooama: "EjgexToxemujckn ypehaj 3a ne3nHpexnujy BoAe ca pemHpKYyJIANMOHHM
THIIOM PeaKropa H peBepcHUM ejlekrTpoaama’, ayropa: Mupocnasa CnacojeBuh, CHexane
Tanackopuhi, Munuue ['BospeHosuh, TomucnaBa Tpuimosuh y okBupy kateropuje Hosu
NPOU3E00 Ul MeXHoA02Uja yeedenu y npousgoorwy (M81).

OBPA3JIOXKEBE
Ha ocHOBy mpe3eHTOBaHOr M 00pa3/ioyeHOr, rope HaBeICHOI OCTBAPEHOI pesyiTara
HAYYHOMUCTPKHBAYKOT paja M IMCAHOr [O3MTHBHOI MHUIL/bEHA JBa pelieH3eHTa- ap Pane
Cresanosuh u np bophe Janahkosuh, Hacrasno-nayunor Beha ce jeJHOIIacHO M3jacHHUIIO 3a
yCBajame U BepU(UKalnjy pe3yliTaTa y HOBe/IeHO] KaTeropHju.

JlocTaBmbeHo: IIpencennuk

AcTapHO-Hay4HOT Heha
AyTtopumMa <
PykoBoauoly mpojexra _. 1=

Apxugn Ve nﬁoq‘i.,_gﬁﬁf-MﬂlyénaB Cmacojesuh
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HacrtaBHo - Hay4Ho Befie ArpoHomckor dakynrera y Yauky Ha cegnuuu oapxkaoj 05.
07. 2010. roa. pasMaTpalio je TO3UTHBHA MHUIIIJEEHA IBa PELICH3EHTA 3a MPUXBATAkhe TEXHUUYKUX
pelea , a je Ha OCHOBY 4iaHa 59. 3akoHa 0 HayuHOUCTpaxuBaukoj AenatHoctd (Ci. ['macHuK
PC 6p. 110/05),ITpaBriiHuKa O MOCTYNKY W HaYWHY BPEJHOBama, KBAHTHTATHBHOM HCKa3HBamY
HAYYHOHCTpaXKMBAaYKUX pesynrata uctpaxuBada (Cin. ['machux PC 6p. 38/2008)-Ilpunor 2. u
uy1.199. Cratyra @akyntera (0poj 1635/2 on 28.09.2006.r., 1980/2-VII on 19.09.2008.r .1 818/2-
IV o 04.05.2010.r.), moHeno je

OJIYKY

IMpuxsara ce u BepuduKyje HAy4YHO HCTPaKUBAUKH pE3yJaTaT Ha [POjEKTy
MuHHCTApCTBA 3a Hayky M TexHonomku paszsoj RS - PTP-2108B - Enexmpoxemujcru
2eHepamopu cpedcmaga 3a Oe3uHgexyujy (axmusHoz xaopa, jomckoe cpebpa u bakpa) ca
ULAPAHCHUM peyupryiayuonum munom peaxmopa W IP8025 - Enexmpoxemujcko nocmpojerse 3a
npouU3BOOmY cpedcmasa 3a  OesuHgexyujy ca MOOYIapHuM PpeaxkimopoM U PeeepcHUM
enexmpodava. "Enextoxemujckn ypehaj 3a fgesmndexnujy Boge ca pelnHPKYJIALHOHHM
THIOM PeaKTOpa M CTAHJAPAHHM ejeKToAama', aytopa: MupocnaBa Cnacojeuh, Jacmuue
Cresanosuh, Jluguje Padaunoruh, Tomucnara Tpumosuh y okBUpY kaTeropuje Hosu npouzeod
un mexHono2uja yeedenu y npouseooiny (M81).

OBPA3JIOKEBLE
Ha oCHOBY Npe3eHTOBAaHOr W 00pa3NOKEHOr, TOpe HAaBEJEHOr OCTBAPEHOr pesyiTaTa
HaYy4YHOMUCTPAXKHUBAYKOI' paja W IMNHCAHOI' MO3MTHBHOI MHIIBEHA [Ba pPEUEeH3CHTa-EKCIIePTa,
yjaHoBH HacraBHo-HayuHOr Behia cy ce jeIHOMJIAaCHO M3jaCHHIIM 32 yCBajamke M BepU(HKaLujy
peaynrara y HaBeJeHOj KaTeropHju.

JocraB/beHo: IIpeacennnk

3BHO-HAY4YHOT Befia

AyTtopuma

PykoBOIHOILY TIPOjeKTa '. . > 2 @—7:5

ApxBi j;;) MHp/Q/CHaB Cnacojesuh
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HacraBHo - HayuHo Behe Arponomckor dakyntera y Yauky Ha cepuuuu oapxkanoj 05.
07. 2010. rox. pasmaTpalio je MO3MTHBHA MHUILBSHA JBA PEIEH3EHTa 32 NPUXBATAE TEXHUYKAX
pelLlersa , 11a je Ha OCHOBY 4jaHa 59. 3aKoHa O HAYYHOMCTPaKKBauKoj AenarHocty (Co. ['nacHuk
PC 6p. 110/05),ITpaBrnnuka 0 NocTynKy ¥ HaYHHY BPEIHOBAIbA, KBAHTHTATHBHOM HCKA3HMBakhY
Hay4HOMCTPaXMBAYKHX pesynrata uctpaxusada (Cn. I'macuuk PC 6p. 38/2008)-Ilpunor 2. u
uin.199. Craryra @akyatera (6poj 1635/2 on 28.09.2006.r., 1980/2-VII og 19.09.2008.r .1 818/2-
IV 01 04.05.2010.1.), moHeno je

OJUIYKY

Ilpuxsata ce W BepuuKyje HAydHO MCTPOKHBAYKH DPE3yNTAT HA MPOJEKTy
MununcTapcTsa 3a HayKy ¥ TeXHONOIWKH pas3Boj RS - IP8025 - Enexmpoxemujcro nocmpojere 3a
npouseoowy cpedcmasa 3a  OesungheKyujy ca MOOYIAPHUM PeaKmopoM U pPeGepCHUM
eaexkmpodama n 45-01-000-65/2008-01/88 - Aymomamcku ypehaj 3a usuuxo-xemujcku
mpemman 600a ca kombunosanum modynrapuum cenepamopuma: ''Enexroxemujekn ypehaj 3a
HPOH3BOAKBY Je3HH(HUYNHjeHCca ca KOAKCHjaJIHHM mJjar peakropom', ayropa: Tomuciasa
Tpuwopuh, bpanumupa I'pryp, Chexane Tanckosuh, Haraie Tpumosuh, Jacmune Cresanosuh,
y OKBHpY KaTeropuje Hoeu npouzsoo unu mexxoiozuja yeedenu y npouseoomy (M81).

OBPA3JIOKEIBE
Ha ocHOBY npeseHTOBaHOr M 0Opa30XKEHOr, rope HaBEIEHOI OCTBAPEHOr Pe3ynTara
HayYHOHCTPKHBAYKOT paja ¥ MHCAHOT MO3MTHBHOr MHILLEHA [Ba peileH3eHTa- ap Paje
Cresanosuh u ap Hophe Janahkosuh, HacraBHo-HayuHor Beha ce jeJHOTNIACHO H3jaCHMIIO 3a
yCBajarbe ¥ BepU(pUKaLHjy pe3yaTaTa y HOBEIEHO] KATErOpHjH.

HocTaB/beHo: Ipencennnk

LABHO-HAYYHQ

AyTopuma
PykoBoauony npojexra
ApPXHBH



YHnBeerréT y Kparyjerny University of Kragujevac

Yayar Cacak

ArpoHoMmckH gakyarer : D Faculty of Agronomy

Yuusepcuter B Kparyesue : O Université de Kragujevac

Arponomunyeckuii pakynbreT Faculte des sciences
agronomiques

Yayak Cacak
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Bpoj: 1282/18-VIII
Yagak, 05.07.2010.ropx.

Hacrasuo - Hay4yHo Behe ArpoHomckor dakyntera y Yauky Ha ceaHunyn oapxkanoj 05.
07. 2010. roa. pazamaTpano je MO3UTHBHA MHIIUbEHA [[BA PELEH3EHTa 3a PUXBATAHbE TEXHHUKHX
peietba , 11a je Ha OCHOBY WiaHa 59. 3aKoHa O Hay4YHOHCTpaKUBa4koj aenatHocty (Ci. InacHuk
PC 6p. 110/05),ITpaBunsuka 0 NOCTYNKY W HAYHHY BPEJHOBAMbA, KBAHTUTATHBHOM HMCKAa3HBaky
Hay4YHOMCTpAXKUBAYKUX pesynrata uerpaxupava (Cn. I'macuuxk PC 6p. 38/2008)-ITpusor 2. u
ui.199. Cratyra @akynreta (6poj 1635/2 ox 28.09.2006.r., 1980/2-VII og 19.09.2008.r .u 818/2-
IV on 04.05.2010.r.), noHeno je

OJIIYKY

Ilpuxata ce W BepHpMKYje HAydHO MWCTPAKUBAYKH pE3yNTaT HA [POjeKTy
MunucTapeTBa 3a HayKy M TexHoJoWku paszBoj RS - PTP-2108B - Enexmpoxemujcxu
2eHepamopu  cpedcmasa 3a Oe3uH@exyujy (akmueHoz Xaopa, joHckoz cpebpa u baxpa) ca
ULApIICHUM peyupKynayuornum munom peaxmopa: "EJIeKTOXeMHjCKH reHepaTopH cpeicTaBa 3a
Ae3uH(pexumjy ca mapKHEUM THOOM peaktopa', ayropa: Tomucnae Tpumosnh, JInauja
Padaunosuh, Munuua I'sosnenosnh, Harawa Tpuiuosuh, Bpanumup Jyrosuh y okBupy
kareropuje Hosu npouzeoo unu mexnonozuja yeedenu y npouzsoory (M81).

OBPA3JIOXKEKBE
Ha ocuoBy npeseHToBaHOr M 00pa3/ioKEeHOr, rope HaBEAEHOT OCTBAPEHOI pe3yirara
HAYYHOHCTPXMBAYKOr paZia M MHCAHOI MO3MTHBHOI MHILJbEHa [Ba peleH3eHTa- ap Pane
Cresanosrh u ap Bophe Janahkosuh, HacraBHo-HayuHOr Beha ce jeanornacHo usjacHusio 3a
ycBajarbe U BepH(HKaLHjy pe3yiTata y HOBEIEHO] KaTeropuju.

MNocTraBbeHo:

AyTtopuma
PykoBomnony npojexra

ADPXMBH
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bpoj: 1282/7-VIII
Yauak, 05.07.2010.

Hacrasno - nayuno Behe Arponomckor daxynrera y Yauky Ha cepuuuu olp:xaHoj 05.
07.2010. ro. pasmaTpaio je Mo3HTUBHA MULLIbEHA /IBa PELICH3EHTA 34 [IPUXBATALE TEXHUUKHUX
pelliera , 11a je Ha OCHOBY usaHa 59. 3akoHa o Hay4YHOMCTpaKUBa4Kko]j AenatHocty (Cin. nacHuk
PC 6p. 110/05),[TpaBuntnka o noctynky u HAYMHY BPE/IHOBAk-A, KBAHTHTATHBHOM HCKA3HBakby
HayHHOUCTPOKMBAYKHX pe3ynTara HeTpaxkusada (Ci. Tnacuux PC Gp. 38/2008)-ITpusor 2. u
ui1.199. Craryra ®axyntera (6poj 1635/2 on 28.09.2006.1., 1980/2-VII ox 19.09.2008.r .11 818/2-
IV on 04.05.2010.1.), JIOHENIO je o

OUIYKY

Ilpuxsata ce wu Bepudukyje HayuHO HCTPQKWUBAYKH pPE3yNTaT Ha NPOjeKTy
Munucrapera 3a Hayky W TexHoOJNONIKH passoj PC - MTHC 1.5.0757 - Enexmpoxemujcru
nocmynax Oesungpexyuje 6ode 3a nuhe: "Hunyerpujeko mocrpojeme 3a eJIEKTPOXeMHjCKy
AesnHpexumjy Bose", ayropa: Tomuciasa Tpuwoenh, Hepesska Kpcrajuh, Bnagumupa Josuh,
bpawnmupa TI'prypa y oxsupy kareropuje Hosu npouseod wiu mexHonc2uja  yeedenu y
npouseoorsy (M81).

OBPA3JIOXKEILE
Ha ocrnoBy npesenToBanor u o6pasnoxeHor, rope HaBeJeHOI OCTBAPEHOr pe3yTaTta
HayTHOMCTPKUBAHKOT paja M MHCAHOr [O3MTHBHOI MHILbEHa [BA DELEH3EHTA- ap Page
Creanosuh u np ‘hophe Janahkosuh, Hacrasro-nayunor seha ce jemxmormacuo H3jacHUIIO 3a
ycBajare U Bepu(HKaLujy pesyrara y HOBEJIEHO] KaTeropHjH.

JocTaBs/beHo:
AyTtoprma

Pykozoanouy npojexra
Apxusu
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Yauaxk, 05.07.2010.roz.

HacrasHo - HayuHo Behe ArpoHoMckor (akynrera y Yauky Ha cemHuIM ojprxkaHoj 05.
07. 2010. rox. pazmatpalo je MO3UTHBHA MHLIJBEHA IBA PELICH3EHTA 32 MPHXBATaHke TEXHHUKUX
pelema , a je Ha OCHOBY uiaHa 59. 3akoHa O HAYYHOUCTpaKUBaukoj aenatHocTH (Cin. ['macHuk
PC 6p. 110/05),ITpaBuiHiKa O MOCTYIKY W HAYWHY BPEIHOBAHA, KBAHTHTATHBHOM HCKA3MBamby
HAYYHOHUCTPAKHBAUKHX pe3ynTara uctpaxkupauda (Cin. [macuuk PC 6p. 38/2008)-I1pmmor 2. u
41.199. Cratyra @axyntera (6poj 1635/2 on 28.09.2006.r., 1980/2-VII ox 19.09.2008.r .u 818/2-
IV ox 04.05.2010.1.), noHeno je

OJTYKY

[lpuxBata ce U BepudHKyje HAy4YHO HCTPOKUBAYKH PE3yNTaT Ha MPOjeKTy
MuHHCTapcTBa 3a HayKy M TexHomourkd pa3eo] RS - PTP- IP8025 - Enextpoxemujcko
MocTpojere 3a NPOU3BOMAKY CpeicTaBa 3a Ae3MHGeKuujy ca MOIYIapHMM DEaKkTopoM H
peBepcHHM enekTpogama, HMHosammonu mpojekar u 45-01-000-65/2008-01/88 - Ayromarcku
ypehaj 3a (Gu3MUYKO-XEMM]CKH TPeTMaH BoJla ca KOMOMHOBAHMM MOJYJApHUM IeHepaTtopHMa:
"¥Ypehaj 3a ykiamame BUCOKHX KOHIEHTpalMja aMOHHjaKa, rBozka m maHrana uz nujahe
pozxe", ayropa: Tomucnasa Tpumoeuh, JacMmune CrteBanoBuh, bpanumupa Jyroeuh, Hartamie
Tpumiosuh y oxkBupy kareropuje Hogu npouseod wiu MexHoro2uja yeedeHu y Hpoussoory

(M81).

: OBPA3JIOXKEIBE
Ha ocHoBy mpeseHTOBaHOr M OOpPa3IMmKEHOr, rope HaBeJeHOI OCTBApEeHOI pe3ynrara
Hay4YHOMCTPaXKMBAUKOr pafa M NHCAHOI MO3HTHBHOT MHIIJBEHA JBa pelieH3eHTa- ap Paje
Crepanosuh u ap Dophe Janahkoruh, HacraBuo-nayunor Beha ce jeIHOIVIACHO U3jacHUIIO 33
ycBajame U Bepu(uKanujy pesyarata y HOBEICHO] KaTerOpHjH.

Ayropuma
PyKoBOIHOILY MPOjeKTa

JlocTaB/LEHO: = T Ilpeacennuk /
. ,3»“'“( (1) h%fl’ TaBHO-HAYYH h
i By S

Apxusu




[Ipunor 106. TekCT TEXHUUKHUX pelIcHa



GRUPA MS80: TEHNICKA RESENJA

Kategorija: ,,Novi proizvod ili tehnologija*
Rezultat M82: Novi proizvod ili tehnologija uvedeni u proizvodnju

1. ustanova/Autori reSenja: Institut tehnickih nauka SANU, K.Mihajlova 35/4,
11000, Beograd, Tehnolosko — metaluruski fakultet, Beograd; Institut za
multidisciplinarne studije, Beograd
Autori: Tomislav TriSovi¢, Nedeljko Krstaji¢, Vladimir Jovi¢, Branimir Grgur

2. Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je ostvaren
rezultat iz kategorije M80: Projekat Inovacioni
"Elektrohemijski postupak dezinfekcije vode za pice", MTNS 1.5.0757, 1996-97.

3. Naziv tehnickog reSenja
Industrijsko postrojenje za elektrohemijsku dezinfekciju vode
4. Oblast na koju se tehni¢ko reSenje odnosi:
Tehnicko-tehnoloske 1 biotehnicke nauke
5. Problem koji se tehni¢kim reSenjem resava

U svetu a 1 kod nas oko 80% velikih vodovoda (kapciteti iznad 20 litara
proizvedene vode u sekundi) dezinfekciju ostvaruje sa gasovitim hlorom. Razvijene
zemlje zakonskom regulativom pokusavaju da redukuju koriS¢enje gasovitog hlora sa
drugim tehnoloskim reSenjima prvenstveno koriS¢enjem vodenog rastvora natrijum
hipohlorita, hlor dioksida, ozona UV zracenja. Postoje dva razloga zbog kojih se
potiskuje stara tehnologija gasnog hlorisanja vode. Prvi razlog je opasnost vezana za
sadasnju tehnologiju po kojoj se proizvodi hlor. To je tzv. Zivina tehnologija koja je kod
nas iskljucivo prisutna. Hlor i hipohlorit koji proizvode naSe fabrike, a i mnoge fabrike u
svetu, se dobija u reaktorima gde je ziva kao katoda u direktnom kontaktu sa gasovitim
hlorom. Zapravo u elektrohemijskim reaktorima odnosno elektrolizerima pare zive i
gasovitog hlora odlaze u rezervoare za hlor. Takav hlor sa primesama zive (90 do 228¢g
zive se nalazi po toni hlora) se trenutno kod nas Siroko upotrebljava za gasovito
hlorisanje pijace vode. Druga, jo§ veca opasnost, su incidentne situacije pri transportu,

skladistenju 1 manipulaciji sa hlorom. Naime, ekspertski timovi u EU su ispitivali 1



dokazali sve opasnosti koje su prisutne pri gasovitom hlorisanju i opasnostima pri
manipulaciji hlorom tako da je EU zabranila koris¢enje uredaja za gasovito hlorisanje i
transport hlora na teritoriji unije od 1998 godine.

Medu prvima u svetu smo osvojili ovo tehnicko reSenje za in situ proizvodnju
“aktivnog hlora” na mestu njegove upotrebe koje se i danas plasira na naSem trzistu.
Resenje potpuno zamenjuje dosadasnji nacin hlorisanja pijac¢e vode sa gasnim hlorom u
velikim vodovodima. Uredaj je projektovan kao minijaturna fabrika koja kao ulaznu
sirovinu koristi slanu vodu (moze i morska voda) i elektricnu struju da bi stvorio
proizvod - razblazeni vodeni rastvor “aktivnog hlora” (tecno jedinjenje hlora koje nije u

grupi_opasnih materija). Dobijeni rastvor se  pomocu dozirnog sistema dodaje u pijacu

vodu u odgovarajuc¢oj -maloj koli¢ini dovoljnoj da potpuno izvrsi njenu dezinfekciju.
Uredaji su potpuno automatizovani i imaju daljinski nadzor i upravljanje. Ovi uredaji
uspeSno zamenjuju uredaje za gasno hlorisanje koje predstavlja potencijalan izvor
ekoloskog zagadenja. Takode ova postrojenja i u pocetnoj investiciji i eksploataciji

najjeftinije reSenje dezinfekcije pijace vode.

6. Stanje reSenosti tog problema u svetu

Danas se u svetu koriste sledeci postupci za dezinfekciju vode u velikim fabrikama za
proizvodnju pijaée vode:

e dezinfekcija pomocu te¢nog ili gasovitog hlora;

e dezinfekcija pomocu ozona;

¢ dezinfekcija pomocu hipohlorita proizvedenog elektrolizom 3% rastvora NaCl;

e dezinfekcija pomocu hlor-dioksida (ClOy).

Najstariji 1 najSire primenjen, moZze se re¢i konvencionalan, je postupak
dezinfekcije pomocu gasovitog ili te¢nog hlora. U novije vreme Cesto se koristi 1
postupak ozonizacije, a nedavno je otpocela primena i preostala dva postupka. Najveci
proizvodaci opreme za vodo-snabdevanje u svetu (CAPITAL CONTROLS, WALLACE
& TIERNAN, PROMINENT, TRAILIGAZ idr.) uglavnom poseduju sve pomenute
tehnologije (postupke) za dezinfekciju vode. Osnovne karakteristike, odn. prednosti i

nedostatci ovih postupaka prikazani su u Tabeli 1.1.



Tabela 1.1: Prednosti i nedostatci postupaka za dezinfekciju vode
koji se danas koriste u svetu.

teéni hlor

Otklanjanje amonija¢nih
jedinjenja

POSTUPAK PREDNOSTI NEDOSTATCI
Veoma uspesna dezinfekcija Opasnost od curenja hlora pri
Relativno mali troskovi transportu i skladistenju (ekoloska
eksploata-cije katastrofa)
Gasoviti, Umereni investicioni troSkovi Neophodnost obucene radne snage

za rukovanje

Nemoguénost skladistenja vece
koli¢ine hlora

Lociranje postrojenja van gradova
Stvaranje trihalometana

Veoma uspesSna dezinfekcija
Proizvodnja ozona na mestu

Veliki investicioni troSkovi
Neophodnost obucene radne snage

upotrebe za rukovanje
Ozon Ne stvara trihalometane Kratko vreme delovanja ozona kao
Ekoloski postupak dezinfektanta (oko 1 h)

Hipohlorit
(HLOROGEN®
)

Veoma uspeSna dezinfekcija
Proizvodnja NaClO na mestu
upotrebe

Mali troSkovi eksploatacije
Mogucnost skladistenja
sirovine za duZi period
eksploatacije

Nepotrebna obucena radna
snaga

Potpuno automatizovan rad
Mogucnost daljinske kontrole i
upravljanja procesom
Nesmetana dezinfekcija vode i
u vanrednim prilikama
Otklanjanje amonijacnih
jedinjenja

Ekoloski postupak

Stvaranje trihalometana

hlor-dioksid
Cl10,

Veoma uspesna dezinfekcija
Proizvodnja ClO; na mestu
upotrebe

Narocito pogodan za
dezinfekciju vode iz
akumulacionih sistema

Nema stvaranja trihalometana

Veliki investicioni troSkovi
Neophodnost uvoza sirovine za
proizvodnju ClO; (hlorasta kiselina)
Nemoguénost skladiStenja vece
koli¢ine sirovine za proizvodnju,
veoma eksplozivan

Ne otklanja amonija¢na jedinjenja

" Karakteristike se u najvecoj meri odnose na domace postrojenje HLOROGEN®.
Iz Tabele 1.1 moze se zakljuciti da je postupak dezinfekcije pomocu hipohlorita

proizvedenog elektrolizom 3% rastvora NaCl na mastu upotrebe pogodniji od ostalih

postupaka dezinfekcije vode, ne samo sa aspekta ekonomske isplativosti, ve¢ i sa

ekoloskog aspekta. Ovde treba naglasiti da je Evropska Zajednica predvidela zabranu

transporta gasovitog i te¢nog hlora od 1998. godine, tako da ¢e sada$nji konvencionalni

postupak upotrebe hlora morati da se ukine.




Osnovne prednosti primene navedenog postupka u odnosu na konvencionalni
postupak gasovitim hlorom su sledece:
1. Izbegnuta potencijalna opasnost kod transporta i skladiStenja gasovitog hlora,
2. Nesmetana dezinfekcija vode u vanrednim prilikama (ratovi, zemljotresi, poplave...)
3. Potpuna automatizacija procesa.
4. Mogu¢nost primene i u malim prigradskim i u velikim gradskim vodovodima.
5. Moguc¢nost daljinske kontrole i upravljanja procesom.
6. Znatno nizi eksploatacioni troskovi.
7. Ne zahteva prisustvo specijalizovanog osoblja, Sto omogucéava primenu i u seoskim

vodovodima.

7. ZaKoga je reSenje radeno:
Resenje je radeno za industrijsko trZiste i ,,Fabriku vagona“ Kraljevo kao
izvodaca radova i montaze takvih postrojenja

8. Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:
1997 god. pp ,,Sigma“ Kula

9. Kako su rezultati verifikovani (od strane kog tela):
Institut zastite na radu u Nisu na osnovu podnete dokumentacije

10. ObjasSnjenje sustine tehni¢kog reSenja i detaljan opis sa karakteristikama

Kratki opis (uz pomoc blok Seme) bazicnog funkcionisanja «Hlorogeny uredaja:
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Slika 1. Shema postrojenja ,,Elektrohemijski postupak dezinfekcije vode za pice*

Iz cevovoda (Slika 1) se transportuje voda u omeksivac (3) gde se uklanjaju joni
kalcijuma 1 magnezijuma i dobija se omekSana voda. OmekSana voda se dozirnom
pompom dovodi do mesaca (2) gde se meSa sa koncentrovanim rastvorom natrijum
hlorida (dozirnom pumpom doprema se iz rezervoara (5) gde je koncentrovani rastvor
natrijum hlorida), pravi razblazen rastvor koji se ulazi u elektrolizer (9). U elektrolizeru
koji se napaja jednosmernom strujom iz energetskog dela «Hlorogena» (7) dolazi do
elektrohemijske reakcije gde se hloridni anjoni konvertuju u hipohlorit koji se potom
lageruje u rezervoar (4). U toku reakcije sinteze hipohlorita nastaje vodonik koji se
ventilacionim sistemom (8) odvodi u atmosferu. Uz pomoc automatike (6) se ostvaruje
optimalna proizvodnja hipohlorita 1 ostvaruje monitoring nad kompletnim radom
postrojenja. Dobijeni rastvor hipohlorita se ubrizgava u cevovod uz pomo¢ membranskih
pumpi (10) ¢ija dinamika rada je komandovana sa amperometrijskom elektodom (12) i



transmiterom - analizator (11). Analizator (11) dobija informaciju o koncentraciji hlora
od amperometrijske elektode (12) i preko pumpi odrzava njegovu zadatu koncentraciju u
pijacoj vodi. Na ovaj nain je obezbedena kontinualna proizvodnja hipohlorita sa
automatskom kontrolom procesa a takode i automatsko doziranje i merenje rezidualnog
hlora.

Kompletan rad postrojenja se pratiti preko racunara. Procesorska jedinica upravlja i
kontroliSe kompletan tehnoloski proces uz internu komunikaciju sa ostalim regulacionim
jedinicama i1 PC-jem, sa slovnom 1 broj¢anom displej indikacijom radnih stanja, merenih
vrednosti kao 1 aktivnih alarmnih stanja. Komunikacijom sa PC-jem ostvaruje zatvoreni
sistem kontrole tehnoloskog procesa. Sa operaterom postoji i komunikacija pomocu
GPRS-a i GSM gde se sva alarmna stanja $alju operateru i proizvodjacu onog trenutka
kada se dogode.

Slika 2. Postojenje koje je nastalo kao rezultat inovacionog projekta ,,Elektrohemijski
postupak dezinfekcije vode za pice



11.

Kako je reSenje realizovano i gde se primenjuje / moguénosti primene

tehnickog reSenja, tj na koji nacin se koristi:

Resenje primenjeno u slede¢im fabrikama za proizvodnju pijace vode:

LR R RN

IM “CARNEX* Vrbas 1997 god. Postrojenje kapaciteta 250 g/h

KP ,,VODOVOD* Bezdan 1997 god. Postrojenje kapaciteta S00 g/h

JP , KOMUNALAC* Kula 1998 god. Postrojenje kapaciteta 250 g/h

JP , KOMUNALAC* Kula 2006 god. Postrojenje kapaciteta 250 g/h

SPC ,,VOJVODINA*“ Novi Sad 2001 god. Postrojenje kapaciteta 1000 g/h
JKP ,,Beocin“ Beoc¢in 2002 god. Postrojenje kapaciteta 1000 g/h

JKP ,STANDARD* Zabalj 2003 god. Postrojenje kapaciteta 125 g/h
JKP ,,STANDARD* Zabalj 2003 god. Postrojenje kapaciteta 1000 g/h
JKP ,STANDARD* Zabalj 2004 god. Postrojenje kapaciteta 1000 g/h

. JKP ,,VODOVOD* Cuprija 2004 god. Postrojenje kapaciteta 250 g/h

. JKP ,USLUGA* Odzaci 2003 god. Postrojenje kapaciteta 1000 g/h

. JKP ,,USLUGA* Odzaci 2003 god. Postrojenje kapaciteta 1000 g/h

. JKP ,USLUGA* Odzaci 2004 god. Postrojenje kapaciteta 1000 g/h

. JKP ,,Beogradski vodovod“ CS Lipovica Postrojenje kapaciteta 1000 g/h
. JKP ,,Vodovod* Smederevo 2006 Postrojenje kapaciteta 1000 g/h

. JKP ,,VODOVOD* Prokuplje 2007 Postrojenje kapaciteta 1000 g/h

. JKP ,,VODOVOD* Vlasotinci 2007 Postrojenje kapaciteta 1000 g/h
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Autori: Tomislav TriSovi¢, Lidija Rafailovi¢, Milica Gvozdenovi¢, TriSovié
Natasa, Branimir Jugovi¢

Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je ostvaren
rezultat iz kategorije M80:

,,Elektrohemijski generatori sredstava za dezinfekciju (aktivnog hlora, jonskog srebra i

bakra) sa Sarznim recirkulacionim tipom reaktora®, Inovacioni projekat, MNTRS, PTP-

2108B, 2005-2006. rukovodilac T. TriSovi¢

3.

Naziv tehni¢kog reSenja

Elektohemijski generatori sredstava za dezinfekciju sa Sarznim tipom reaktora
Oblast na koju se tehnicko reSenje odnosi:

Tehnicko-tehnoloske i biotehnicke nauke

Problem koji se tehni¢kim reSenjem reSava

Veliki problem predstavlja dezinfekcija tehnoloskih 1 sanitarnih voda, kao i1 opsta
dezinfekcija radnih povrSina i opreme, tretman otpadnih industrijskih voda u
pogonima prehrambene industrije 1 dezinfekcija pija¢ih voda u prigradskim i
seoskim vodovodima i malim vodnim zajednicama. Ogroman problem predstavlja
kupovina i transport dezinficijenasa posebno u ruralnim sredinama koje su daleko
od gradskih sredina. Usluge transporta, skladiStenja i rukovanja opasnim
hemiklaijama cCesto su skuplji od njihove jedini¢ne cene. Takode ovi korisnici
imaju veoma velike oscilacije u potrosnji sredstava za dezinfekciju u toku dana

cak 1 za red veli¢ine od nekih jutarnjih do popodnevnih ¢asova. Ovi uredaji su



prilagodeni da se mogu primeniti gde su veoma velike oscilacije u potro$nji
sanitarne 1 tehnoloske vode kao i potrebe za dezinfekcijom otpadnih voda i
dezinfekcijom radnih povrSina. Koris¢enjem ovih jednostavnih 1 jeftinih uredaja
predstavljene ovim tehnickim reSenjem ovi problemi su reSeni jer oni sintetizuju
sredstva za dezinfekciju polaze¢i od bezopasnih hemikalija kao Sto je kuhinjska
so, metalno srebro i bakar i ¢esmenska voda. Nabavka i transport ovih materijala

je potpuno bezopasna i oni su veoma stabilni tokom vise godina lagerovanja.

6. Stanje reSenosti tog problema u svetu

U svetu takode nema adekvatnog a jeftinog reSenja za dezinfekciju voda u ruralnim
sredinama, vojnim objektima, turisti¢kim centrima. Javnosti su poznati podaci da u Srbiji postoji
nekoliko hiljada registrovanih i jo§ na desetine hiljada neregistrovanih vodovoda (prvenstveno
seoski vodovodi) koji nemaju nikakav tretman pija¢e vode. Od registrovanih 4500 vodovoda u
Srbiji kapaciteta od 12 do 15 litara u sekundi samo 2% ostvaruje dezinfekciju pijace vode a
kontrola kvaliteta vode se ostvaruje na samo 3% ovih vodovoda. lako se Srbiji tro$i za hlorisanje
vode oko 100 tona mese¢no hlora i te¢nih jedinjenja hlora seoski i prigradski vodovodi nemaju
tehnickih moguénosti da rade dezinfekciju zbog teskoca pri upravljanju i odrzavanju postrojenja
za hlorisanje. Jedini nacin da ti vodovodi obezbede dezinfekciju pijace vode je instalacija ovakvih

uredaja Ciji je rad potpuno automatski i ne zahteva nadzor coveka.. Danas njihov plasman treba

prvenstveno usmeriti prema vodovodima koji nemaju nikakvu obradu pija¢e vode da bi se na
vreme sprecile posledice upotrebe bakterioloski neispravne vode. Broj malih vodovoda je u
porastu kao i broj individualnih bunara kod fizic¢kih i pravnih subjekata koji imaju tehnickih
mogucnosti da crpe vodu sa svojih placeva. Ovaj trend povecanja bunara za sanitarnu I
tehnolosku vodu je prvenstveno zbog povecanja potrosnje vode i poskupljenja gradske vode.

U svetu i kod nas postoje resenje za dezinfekciju voda na malim izvoristima i to sa hlor
dioksidom i koncentrovanim aktivnim hlorom ali je cena takvih uredaja za naSe siromasno trziste
neprihvatljiva. Nase reSenje koje je verifikovano na trzistu je isplativo za najvise dve godine ako

se uzmu svi tro§kovi neophodni da se process dezinfekcije ostvari sa drugim dezinficijensima.



Slika 3. Elektrohemijski generatori sredstava za dezinfekciju sa Sarznim tipom

reaktora

7. ZaKoga je reSenje radeno:

Resenje je radeno za potrosacko trziste odnosno ,,Nobel corporation* Beograd,
Upotreba: dezinfekcija vode, dezinfekcija 1 pranje filtera i membrana koji se koriste u
aparatima za dobijanje ultraCiste vode, dezinfekcija radnih povrSina, dezinfekcija
otpadne vode u pogonima prehrambene industrije.

Proizvodi AQUA CRYSTAL DOO Beograd

8. Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:
2006 gpd. ,,Nobel corporation* 2008, ,,Obrenovi¢ tim“ 2010 god.

9. Kako su rezultati verifikovani (od strane kog tela):
,Kvalitet” Nisu na osnovu podnete dokumentacije



10. ObjasSnjenje suStine tehnickog resenja i detaljan opis sa karakteristikama

Uredaj se sastoji (Slika 4) od dve posude koje su postavljene jedna iznad druge. U
gornjoj reakcionoj posudi (R1) se nalazi meSalica (M) (rucna ili na elekto pogon)
izmenjivac toplote (IT) i reaktori — elektolizeri (E1,E2,E3,E4) (mogu biti van ili
unutar posude). U reakcionoj posudi se takode nalazi termo sonda koja pomocu
termoregulatora ukljucuje ili iskljucuje elektomagnetni ventil (ili rashladni uredaj)
koji odrzava temperaturu reakcionog rastvora u optimalnim granicama. U
Prihvatnoj posudi (R2) se lageruje proizvedeno sredstvo za dezinfekciju koje se
pomocu dozirne pumpe (P1) dozira u medijum koji treba dezinfikovati. Rad
dozirne pumpe je on/off ili je spregnuta sa indikatorom protoka tako da radi samo
kad postoji tok fluida u cevi. U slu¢ajevima promenljivog protoka kad protok kroz
cev osciluje od napr 1 do 20 litara u sekundi (sluc¢aj u prehrambenoj industriji),
dozirna pumpa (P1) mora biti spregnuta sa meraCem protoka tzv inpulsni
vodomer koji na osnovu protoka komanduje sa dinamikom rada dozirne pumpe
(P1). Dok je potrosnja sredstva za dezinfekciju iz rezervoara (R2) veoma
neujednacena u rezervoaru (R1) se on proizvodi po uslovima kolika je njegova
prosecna potroSnja u toku dana. Na ovaj naci je prakticno uStedeno u
dimenzionisanju reaktora, izmenjivaca toplote, napajanja i automatike a prakti¢no
potpuno pokrivena vr$na opterecenja u potrosnji dezinficijensa.

VP

Wi

113,14

- O

Slika 4. Shema elektrohemijskog generatora sredstava za dezinfekciju sa Sarznim

tipom reaktora



Kada se potrosi sredstvo za dezinfekciju iz rezervoara (R2) i plovak (PL) padne
na dno prihvatne posude (R1) tada prestaje rad dozirne pumpe (P1) i1 ukljucuje se alarmno
stanje (eventuaslno salje SMS poruka korisniku) koje upozorava korisnika da je potrebno
iz reakcionog rezervoara (R1) napuniti sredstvom za dezinfekciju (Cija je sinteza vec
zavriena) prihvatni rezervoar (R2). Ovo se ostvaruje §to se otvori ruéni ventil (V2). Cim
se plovak (PL) odvoji od dna prihvatne posude (R2) pocinje automatizovano doziranje
sredstva za dezinfekciju. Kada se potpuno isprazni reakcioni rezervoar (R1) prvo se
zatvara ventil (V2) pa se puni omekSanom vodom koja se omekSava prolaskom kroz
kolone (O) a potom dodaje kuhinjska so ako se radi o sintezi aktivnog hlora ili se nista ne
dodaje ako je sinteza koloidnog srebra naprimer. Kada je to ostvareno pritiska se dugme
Start kada pocinje nov proces elektohemijske sinteze dezinficijensa u periodu od 20 do
160 casova u zavisnosti od kapaciteta 1 vrste dezinficijensa. Ciklus rada automatike na
uredaju je sledeéi. Pritiskom na dugme start prvo se uklju¢uje mesalica (M) koja deset
minuta meSa rastvor tako da u tom periodu dode do potpunog rastvaranja soli koja je
dodata u reakcionu posudu (R1). Po isteku tog vremenskog perioda iskljucuje se rad
meSalice a ukljucuje se rad cetiri napajanja koja napajanju jednosmernim naponom
reaktorske module (E1,E2,E3,E4). Ukljuenje reaktorskih modula je pokazano na
komandnoj tabli pomocu signalnih sijalica (svetle Cetiri zelene signalne sijalice). U toku
procesa elektohemijske sinteze dolazi do izdvajanja vodonika i delimi¢no kiseonika koji
se ventilacionim vodom  odstranjuju u atmosferu. Kontrola jacine struje pri
elektohemijskoj sintezi je ostvarena novim tipom prekidackog izvora struje tako da
strujni kontroler odrzava optimalne uslove sinteze bez obzira na varijacije napona u
mrezi. Drugi vazan parametar je temperatura reakcionog rastvora koja se odrzava
pomocu termoregulatora. Programabilni logicki kontroler (PLC) je tako programiran da
upusta u izmenjivac toplote rashladnu vodu tako da temperature ne prede vrednost od 35
stepeni celzjusa. Ukoliko se to dogodi uredaj se privremeno iskljucuje i ¢eka da
temperatura rastvora padne na 20 stepeni celzjusa kada se ponovo ukljucuje sve dok se ne
dostigne vremenski uslov rada uredaja od 20 do 160 asova. Kada je vreme sinteze
isteklo rad reaktora — elektolizera prestaje a pomocu GSM komunikatora se upucuje

obavestajna poruka operateru ,,sinteza je uspesno zavrSena — dezinficijens je spreman®.



Operater tako upoznat da postoji rezerva sredstava za dezinfekciju i on ¢eka alarmno
stanje (da je prihvatni rezervoar prazan) koje ¢e dobiti GSM porukom ,sredstvo za
dezinfekciju je potroSeno Sarzirajte prihvatni rezervoar (R2). U tom slucaju odlazi do

uredaja i ponavlj gore objasnjene operacije.

11. Kako je reSenje realizovano i gde se primenjuje / moguénosti primene
tehnickog reSenja, tj na koji nacin se koristi:

Resenje komercijalizovala pp Aqua crystal i primenjeno je u slede¢im fabrikama:

1. Fabrika za preradu mesa ,,Obrenovi¢ tim* Dobanovci instalirano 2010.
2. Nobel coropration Beograd instaliran 2008,
3. Polimark Beograd 2008
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GRUPA MS80: TEHNICKA RESENJA

Kategorija: ,,Novi proizvod ili tehnologija*
Rezultat M82: Novi proizvod ili tehnologija uvedena u proizvodnju

Ustanova/Autori reSenja:

Institut tehni¢kih nauka SANU, K.Mihajlova 35/4, 11000, Beograd
Agronomski fakultet — Cacak, Cara Lazara 4, 32 000 Cacak

MaSinski fakultet, Beograd, Kraljice Marije

Institut za hemiju tehnologiju i metalurgiju, Beograd, Njegoseva 4, 11000
Beograd

Autori: Tomislav TriSovi¢, Branimir Grgur, Snezana Tanskovi¢, NataSa TriSovic,

Jasmina Stevanovi¢

2.

Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je ostvaren
rezultat iz kategorije M80:

Elektrohemijsko postrojenje za proizvodnju sredstava za dezinfekciju sa
modularnim reaktorom i reversnim elektrodama, Inovacioni projekat, MNTRS,
1P8025, 2006-2007. rukovodilac T. TriSovi¢

Automatski uredaj za fizicko-hemijski tretman voda sa kombinovanim
modularnim generatorima, Inovacioni projekat, MNTRS, 45-01-000-65/2008-01/88,

rukovodilac T. TriSovié

3. Naziv tehni¢kog resenja

Elektohemijski uredaj za proizvodnju dezinfiucijensa sa koaksijalnim plag
reaktorom
4. Oblast na koju se tehnicko reSenje odnosi:

Tehnicko-tehnoloske i biotehnicke nauke
Problem koji se tehni¢kim reSenjem reSava

Procesi dodatne dezinfekcije i dohlorisanja u velikim vodovodnim sistemima,

dezinfekcija tehnoloskih, opadnih i sanitarnih voda koje se transportuju cevovodom u

manjim industrijama, dezinfekcija pija¢ih voda u seoskim i prigradskim vodovodima

1 manjim vodnim zajednicam. Stanice za gasno hlorisanje i sistemi za doziranje hlor-



dioksida 1 hipohlorita nisu primenjivo reSenje dohlorisanje u u pojedinim
»dzepovima” gradskih vodovoda posebno S§to moraju biti locirani u podrumima
zgrada gde postoje veliki rizici od incidentnih situacija tj eventualnog izlivanja ili
curenja opasnih hemikalija. Upotreba dozirnih sistema sa hipohloritom ili hlor-
dioksidom podrazumeva njihovo lagerovanje u posude i rezervoare koji su izlozeni
uticaju atmosferske temperature i eventualno suncevog zracenja. Lagerovanje u
takvim uslovima izaziva termohemijsku reakciju u kojoj se od natrijum hipohlorita
stvara hlorat koji ima tri puta manji u¢inak u procesu dezinfekcije vode. Ovaj
problem je posebno izrazen u vrelim letnjim mesecima kada temperatura vazduha
prelazi preko 30 stepeni Celzjusa. Da bi sprecili degradaciju natrijum hipohlorita
mora da se obezbede klimatizovani skladi$ni prostori i posude od materijala koji ne
propusta UV zrafenje. Pored zagadenja vode hloratom, manje dezinfekcione moci
natrijum hipohlorita, skladiStenje dodatno poskupljuje koriS¢enje ovog sredstva za
dezinfekciju. Lagerovanje opasnih hemikalija se ostvaruje tamo gde nismo u
mogucnosti da ih proizvedemo na mestu njihove primene.

Primenom elektohemijskog wuredaja za proizvodnju dezinfiucijensa sa
koaksijalnim plag reaktorom otklonjeni su gore izneti problemi jer se proizvodi
»aktivan hlor” u trenutku potrebe za njim ali bez njegovog lagerovanja kako bi se na
obezbedila potpuna zastita stanovnika od opasnih hemikalija u urbanim naseljima,
sprecila degradacija lagerovanih hemikalija i zastitili operateri prilikom manipulacija
sa istim.

6. Stanje reSenosti tog problema u svetu
U svetu se ovaj problem reSava samo sa sistemima za doyiranje tako da postoji

stalan problem SarZiranja takvih uredaja koje mora da obavlja stru¢no lice koje je
obuceno da radi sa opasnim hemikalijama.

7. Za koga je reSenje radeno:
Resenje je radeno za potrosacko trziste
Proizvodi AQUA CRYSTAL DOO Beograd

8. Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:
Resenje je uradeno 2008
Distribuita Elektodurovié - Cacak
Proizvodi AQUA CRYSTAL DOO Beograd



9. Kako su rezultati verifikovani (od strane kog tela):
,Kvalitet NiSu na osnovu podnete dokumentacije

10. ObjasSnjenje suStine tehnickog resenja i detaljan opis sa karakteristikama

Da bi se resili gore uoceni nedostaci na postoje¢im resenjima projektovali smo
uredaj za proizvodnju aktivnog hlora sa koaksijalnim tipom reaktora koji proizvodi samo
onoliko natrijum hipohlorita koliko se potroSi u procesu dezinfekcije vode (nema
lagerovanja natrijum hipohlorita). Prilikom elektrohemijske sinteze aktivnog hlora
moguée je zagrevanje elektrolita preko 35°C posebno u letnjim mesecima pa je

neophodno u sam reaktor instalirati i izmenjivac toplote.

1l "

- o

I

Slika 5. Shema elektohemijskog uredaja za proizvodnju dezinfiucijensa sa

koaksijalnim plag reaktorom

U novom resenju sa koaksijalnim tipom reaktora voda koja se hlorise opstrujava

oko kudista reaktora i prakti¢no rastvor koji se elektolizira u reaktoru je blizak



temperaturi vodovodske vode. Na ovaj nacin izlazni rastvor natrijum hipohlorita na
izlasku iz rakatora je ispod 30°C, jer je temperatura vodovodske vode obitno u
granicama izmedu 10 i 20 °C. Prakti¢no voda koju hlori§emo je istovremeno i rashladna
voda. Temperatura na izlasku iz reaktora manja je od 28°C 3to i predstavlja dozvoljenu
temperaturu pri kojoj je minimalna termohemijska reakcija degradacije hipohlorita u
hlorat. Na ovaj nacin umesto termoregulatora i izmenjivaca toplote neophodan je samo
senzor protoka vode kroz anularni prostor koaksijalnog reaktora Sto predstavlja znatno
pojednostavljenje i znatnu ustedu materijala i automatskog upravljanja procesom.

Da bi se obezbedilo pravilan rad uredaja postavljena su samo dva senzora i to za
protok vode (3) koju tretiramo (indikacija ispravnosti rada crpne pumpe) 1 minimum
hloridnog rastvora da bi se sprecio rad na prazno dozirne membranske pumpe (9) 1 (10).
Uslov za ukljucenje elektolizera (7) je da postoji protok kroz cevovod i da rastvor
kuhinjske soli u rezervoaru hlorida je ve¢i od minimalnog. ReSenje sa koaksijalnim
reaktorom kog rashladuje voda koja se hloriSe omogucuju da se ne koristi senzor
temperature, termoregulator 1 ogdovarajuc¢a automatika koja to prati. Takode ovo resenje
iskljucuje 1 separaciju vodonika i odgovarajuée ventilacione odvode ka atmosferi jer se
svi proizvodi reakcije ubrizgavaju u sirovu vodu zajedno sa aktivnim hlorom.

Kada se uredaj ukljuci dozirna pumpa usisava razblazeni rastvor hlorida (Slika 6)
ili postoje dve dozirne pumpe (8) i (13) od kojih jedna usisava ¢istu vodu a druga
koncentrovani rastvor kuhinjske soli i neposredno pred ulaz u reaktor se ta dva toka
mesSaju praveci razblaZen rastvor hlorida. U cevnom reaktoru (5) se elektohemijskim
putem hloridi konvertuju u hipohlorit i izlaskom iz cevnog reaktora i prolaskom kroz
nepovratni ventil (6) ulaze u vodu koju tretiramo. Na osnovu protoka vode i pritiska u
cevovodu podeSava se protok dozirne pumpe i jacina struje u reaktoru. Uredaj se moze
instalirati na potisni ili usisni vod pumpe (2) koja crpi vodu (Slika 6) ili se moZe
instalirati bilo gde na cevovodu stim $to u tom slu¢aju umesto senzora protoka (3)
potrebno je postaviti mera¢ protoka koji ¢e davati signal reaktoru kad da se ukljuci i

kojim intenzitetom e raditi.



HIPOGEN

Slika 6. Elektohemijski uredaj za proizvodnju dezinfiucijensa sa koaksijalnim
plag reaktorom

Jednostavno reSenje i modualran sistem reaktora, jednostavan i brz servis

omogucuju pouzdan rad ovakvog sistema.

11. Kako je reSenje realizovano i gde se primenjuje / moguénosti primene
tehnickog reSenja, tj na koji nacin se Kkoristi:
Resenje primenjeno u slede¢im fabrikama za proizvodnju pijace vode:

Prodat Manastiru Rakovica — Beograd gde i danas uspesno radi.



GRUPA MS80: TEHNICKA RESENJA

Kategorija: ,,Novi proizvod ili tehnologija*
Rezultat M82: Novi proizvod ili tehnologija uvedena u proizvodnju

1. ustanova/Autori reSenja:
Institut tehni¢kih nauka SANU, K.Mihajlova 35/4, 11000, Beograd
Agronomski fakultet — Cacak, Cara Lazara 4, 32 000 Cacak
Physics of Nanostructured Materials, Faculty of Physics, University of
Vienna

Autori: Miroslav Spasojevi¢, Jasmina Stevanovi¢, Lidija Rafailovi¢, Tomislav
TriSovi¢

2. Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je ostvaren
rezultat iz kategorije M80:
Elektrohemijski generatori sredstava za dezinfekciju (aktivnog hlora, jonskog

srebra 1 bakra) sa Sarznim recirkulacionim tipom reaktora, Inovacioni projekat,
MNTRS, PTP-2108B, 2005-2006. rukovodilac T. TriSovi¢

Elektrohemijsko postrojenje za proizvodnju sredstava za dezinfekciju sa

modularnim reaktorom i reversnim elektrodama, Inovacioni projekat, MNTRS, IP8025,

2006-2007. rukovodilac T. TriSovi¢

3. Naziv tehnickog reSenja

Elektohemijski uredaj za dezinfekciju vode sa recirkulacionim tipom reaktora i
standardnim elektodama

4. Oblast na koju se tehni¢ko reSenje odnosi:
Tehnicko-tehnoloske i biotehnicke nauke

5. Problem koji se tehni¢kim reSenjem resava
Dezinfekcija vode u bazenima za kupanje.
PREDNOSTI KORISCENJA SLANE VODE U BAZENIMA ZA KUPANJE:

Nema vise pogresnih doziranja hlorom! Programski vodena dezinfekcija u najvecoj
mjeri pojednostavljuje podesavanje ispravnog doziranja.

Nema nikakvog rukovanja otrovnim hemikalijama! hlorni proizvodi su otrovni i
posebno opasni za decu. Dezinfekcija solju ne trazi nikakve hlorne proizvode, tako
da ne otpada samo kupovina, ve¢ i transport i rukovanje opasnim supstancama.



Za vreme kupanja nema viSe crvenih oc¢iju! Radi jednostavnog podeSavanja i
ispravnog doziranja je voda u "ravnotezi" in ne nadrazuje sluznicu. Upotrebljivost
vode je duza.

Koza se za vreme kupanja ne isuSuje! Niska koli¢ina soli vodu ¢ini mekanom i koza
je izuzetno dobro podnosi. Primjereno za osobe koje pate od alergija!

Voda ne miriSe na hlor! Uz prirodni dezinfekcijski krug: so - hlor - so nestaje
neugodan miris po hloru.

Sistem deluje pH - neutralno! Sistem deluje gotovo pH-neutralno. Time ne otpadaju
samo Ceste regulacije ve¢ i troSkovi za regulatore. Ipak, preporuc¢ujemo postavljanje
jos 1 automatskog sistema za odrzavanje ispravne vrednosti pH vode.

Sistem nije Stetan po okolinu! Otpada kupovina, transport, skladiStenje i rukovanje
opasnim hemikalijama (hlor). So je prirodna i u prirodi je imamo gotovo u
neograni¢enim koli¢inama. Dakle, postupak ne samo $to nije Stetan po okolinu, ve¢
je 11isplativ. Osim navedenog, so vodi daje izvanredne karakteristike koje pozitivno
deluju na nasu kozu.

Dezinfekcija solju pomocu uredaja "HIPOGEN"
Sadrzaj soli od 0,3 % je potpuno zadovoljavaju¢i da bi uredaj za elektrolizu
proizveo hipohlorastu kiselinu HOCI koja ima sposobnost dezinfekcije, to jest da
uniStava sve alge, klice 1 bakterije. Kod ove reakcije se ponovno stvara so. Na taj
nacin imate pomoc¢u Hipogena potpuno prirodnu dezinfekciju bazenske vode.
Potrebna koli¢ina soli u vodi je vrlo niska ( 0,3 % ). Morska voda na primer sadrzi
3,5 % soli.

6. Stanje reSenosti tog problema u svetu

U svetu takode postoje slicni uredaji stim §to su znatno skuplji tako da je nasa

prednost upravo u tome niska cena, kratki rokovi isporuke, dobra logistika 1 brz i

efikasan servis od 0 do 24h.

7. Zakoga je reSenje radeno:

ResSenje je radeno za trZiste potroSacko trziSte, ,,Beta bazeni®, ,,Aqua stars®,

,GMC*, ,Aquapur®, ,,Alfa bazeni®...

9.

Proizvodi AQUA CRYSTAL DOO Beograd

Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:

Resenje je uradeno 2006

Distribuita: Beta bazeni®, ,,Aqua stars®, ,,GMC*, ,,Aquapur®, ,,Alfa bazeni®...
Proizvodi AQUA CRYSTAL DOO Beograd

Kako su rezultati verifikovani (od strane kog tela):

,Kvalitet NiSu na osnovu podnete dokumentacije



10. Objasnjenje suStine tehnickog reSenja i detaljan opis sa karakteristikama

Slika 7. Fotografija uredaja za proizvodnju za dezinfekciju vode u bazenima za kupanje
sa recirkulacionim tipom reaktora i standardnim elektodama


http://www.aquapur.rs/foto_album/index.htm#1�

Aparat proizvodi aktivan hlor vodeni rastvor polazeci od 0,3% do 0,6% rastvora kuhinjske
soli. Rastvor za elektolizu je bazenska voda sa 0,3 do 0,5% kuhinjske soli koja uz pomo¢
pumpe struji kroz reaktor gde se elektohemijski dobija aktivni hlor (Slika 8).
Centrifugalna pumpa, sa jednog kraja bazena usisava vodu 1 potiskuje je kroz pes€ani
filter gde se odstranjuju mehanicke necistoce. Po izlasku iz pes¢anog filtera voda ulazi u
reaktor gde se na elektodama hloridni joni konvertuju elektohemijskom reakcijom u
aktivni hlor. Pri elektrolizi razblazenog rastvora kuhinjske soli na anodi se odvija reakcija
izdvajanja metastabilna jedinjenja na bazi kiseonika i hlora, dok se na katodi izdvaja
gasoviti vodonik. Hlor, koji nastaje na anodi odmah hidrolizuje daju¢i uglavnom
hipohloritni anjon (C1O") i u znatno manjoj meri hipohlorastu kiselinu (HCIO). Ova dva
produkta su u literaturi poznati i kao aktivni hlor. Aktivni hlor i hidroksiradikali kao i
jonsko srebro, bakr 1 cink imaju algicidna i baktericidna svostva. Koncentraciju sredstava
za dezinfekciju podeSavamo regulacijom struje i vremena rada generatora. Po izlaku iz
reaktora voda obogacena dezinficijensima ulazi u bazen. Aktivni hlor u bazenu oksiduje
bakterije, viruse i druga organska jedinjenja a sam se redukuje do hloridnog anjona. Na
drugom kraju bazena pumpa usisava vodu zajedno sa hloridnim jonima koji su odradili
proces dezinfekcije, potiskuje vodu kroz pescani filter i ulazi u reaktor gde se ponovo u
elektrohemijskoj reakciji dobija aktivni hlor. Na ovaj nacin imamo stalno kruzenje
odnosno nastajanje i razgradnju aktivnog hlora odnosno oksidaciju i redukciju hloridnog
jona pa se zbog toga ovaj tip uredaja naziva uredaj za proizvodnju aktivnog hlora sa
recirkulacijom elektrolita. Uslov uklju¢enja uredaja za proizvodnju aktivnog hlora je
ukljucenje centrifugalne pumpe. Aparat sa standardnim elektrodama ima elektrode koje
se mogu polarisati samo anodno ili samo katodno. Elektrode za katonu polarizaciju su na
bazi hastel legure dok su elektrode za anodnu polarizaciju na bazi titan oksida I rutenijum
oksida. Samo napajanje ih snabdeva konstantnom strujom ne menjajuci polaritet u toku
svog rada.

Cis¢enje standardnih elektroda se vrsi po potrebi kada se nahvata kamenac po
reakcionim plo¢ama najces¢e jedanput nedeljno i predstavlja obavezu korisnika ili
servisera da se strogo pridryava procedure date u uputstvu za korisnike ovih uredaja.

i reaktor

cenirifugalna peséani
pumpa filter

Slika 8. Shema instalacije uredaja za proizvodnju za dezinfekciju vode u bazenima za
kupanje sa recirkulacionim tipom reaktora i standardnim elektodama



11.Kako je reSenje realizovano i gde se primenjuje / moguénosti primene
tehnickog resenja, tj na koji nacin se koristi:
ReSenje se primenjuje na privatnim i javnim bazenima za kupanje na

slede¢im lokacijama:

1. AdZemovi¢ Srdan Bgd SRB 2003
2. Asanin Kotor Crna Gora 2001
3. Andelkovi¢ Zorica Jainci Srbija 2002
4. Badzevié Beograd 2003
5. ,,Dibek* Milan Beko Beograd Srbija 2005
6. COM TRADE Jevrosimovi¢ Bdg SRB 2006
7. Bozinovski Goca Bgd SRB 2005
8. SPC ,,RC* 3uredaja Bgd SRB 2007
9. ,Voda vrnjci“ Gobelji¢ Bgd SRB 2006
10. ,,Telenor* Eric Stein Bgd SRB 2008
11. ,,Heineken* pivara Bgd SRB 2009
12. Miljan Miljanié Bgd SRB 2006
13. Kari¢ Sreten Bgd SRB 2004
14. ,,Termoprodukt* gen dir Bgd SRB 2006
15. Basanovi¢ Bgd SRB 2007
16. Dusan Ivkovi¢ — Duda Bgd SRB 2006
17. ,Jmpamil“ Buéan Nikola Bgd SRB 2008
18. Danilovi¢ Predrag Bgd SRB 2007
19. ,,Diplomatski klub* Bgd SRB 2008
20. ,,Pirotehnika“ Pukanovié¢ Bgd SRB 2006
21. D. Milovanovi¢ PoZerevac  SRB 2008
22. Popovi¢ Sasa Bgd SRB 2007
23. Pichler Rainmund Bgd SRB 2008
24. ,,OMV*“ Rajevi¢ Bgd SRB 2007
25. Rade Dukié Bgd SRB 2006



26.
27.
28.
29.
30.
31.
32.
33.
34.
3S.
36.
37.
38.

39.
40.
41.
42.
43.
44.
45.
46.
47.

Sekulovski Risto

Skori¢ Boro

»Slobo*

»Navip“ Goran
Milan Brako¢
»Omega“ MiSa
»Tenis klub* Kosutié¢

Krstaji¢ Milovan

Kocié Aca

Limun Branka

Mrda Zoran

Milo$ Vujanié

Sity Oaza Welness kajak
klub Crvena Zvezda

Hotel ,,Residence*

Dragan Markovi¢

Vladimir Atanackovi¢

Zoran BaSanovi¢

Pralica Zoran

Klub ,,S”’,

Vila “Rose”
Orinoco srl

Komanija Agimi

Bgd
Loznica
Doboj
Beograd
N.Sad
Beograd
Beograd

M.Ivanca

Bgd
Przno
Krusevac
Bgd

Bgd

Bgd
Jakovo
Budva
Bukurest

Bujanovac

MAKD
SRB
BIH
SRB
SRB
SRB
SRB
SRB
SRB
SRB
SRB
SRB

SRB

CG

SRB

SRB

SRB

SRB

SRB

Crna Gora

Rumunija

SRB

Servisirano oko 130 stranih elektolizera — reaktora.

2007
2008
2007
2009
2010
2008
2006
2007
2009
2008
2007
2010

2010
2008
2009
2009
2008
2008
2006
2009
2009
2007



GRUPA MS80: TEHNICKA RESENJA

Kategorija: ,,Novi proizvod ili tehnologija*
Rezultat M82: Novi proizvod ili tehnologija uvedena u proizvodnju

1. Ustanova/Autori reSenja:

Institut tehnickih nauka SANU, K.Mihajlova 35/4, 11000, Beograd
Agronomski fakultet — Cacak, Cara DuSana 34, 32 000 Cacak
TehnoloSko — metaluruski fakultet, Karnegijeva 4, 11000 Beograd;

Autori: Miroslav Spasojevi¢, Snezana Tanaskovi¢, Milica Gvozdenovic,
Tomislav TriSovi¢

2. Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je
ostvaren rezultat iz kategorije M80:
Elektrohemijski generatori sredstava za dezinfekciju (aktivnog hlora, jonskog

srebra 1 bakra) sa Sarznim recirkulacionim tipom reaktora, Inovacioni projekat,
MNTRS, PTP-2108B, 2005-2006. rukovodilac T. TriSovi¢
Elektrohemijsko postrojenje za proizvodnju sredstava za dezinfekciju sa
modularnim reaktorom i reversnim elektrodama, Inovacioni projekat, MNTRS, IP8025,

2006-2007. rukovodilac T. TriSovié

3. Naziv tehni¢kog resenja

Elektohemijski uredaj za dezinfekciju vode sa recirkulacionim tipom reaktora i
reversnim elektodama

4. Oblast na koju se tehnicko reSenje odnosi:
Tehnicko-tehnoloske i biotehnicke nauke
5. Problem koji se tehnickim reSenjem reSava

Dezinfekcija vode u bazenima za kupanje.
PREDNOSTI KORISCENJA SLANE VODE U BAZENIMA ZA KUPANJE:

12. Nema vise pogresnih doziranja hlorom! Programski vodena dezinfekcija u
najvecoj mjeri pojednostavljuje podesavanje ispravnog doziranja.



13. Nema nikakvog rukovanja otrovnim hemikalijama! hlorni proizvodi su otrovni i
posebno opasni za decu. Dezinfekcija solju ne trazi nikakve hlorne proizvode,
tako da ne otpada samo kupovina, ve¢ 1 transport i rukovanje opasnim
supstancama.

14. Za vreme kupanja nema viSe crvenih ociju! Radi jednostavnog podeSavanja i
ispravnog doziranja je voda u "ravnoteZi" in ne nadrazuje sluznicu. Upotrebljivost
vode je duza.

15. Koza se za vreme kupanja ne isusuje! Niska koli¢ina soli vodu ¢ini mekanom 1
koza je izuzetno dobro podnosi. Primjereno za osobe koje pate od alergija!

16. Voda ne miriSe na hlor! Uz prirodni dezinfekcijski krug: so - hlor - so nestaje
neugodan miris po hloru.

17. Sistem deluje pH - neutralno! Sistem deluje gotovo pH-neutralno. Time ne
otpadaju samo ceste regulacije vec¢ i troskovi za regulatore. Ipak, preporucujemo
postavljanje joS 1 automatskog sistema za odrzavanje ispravne vrednosti pH vode.

18. Sistem nije Stetan po okolinu! Otpada kupovina, transport, skladiStenje i
rukovanje opasnim hemikalijama (hlor). So je prirodna 1 u prirodi je imamo
gotovo u neograni¢enim koli¢inama. Dakle, postupak ne samo $to nije Stetan po
okolinu, ve¢ je 1 isplativ. Osim navedenog, so vodi daje izvanredne karakteristike
koje pozitivno deluju na nasu kozu.

Dezinfekcija solju pomocu uredaja "HIPOGEN"
Sadrzaj soli od 0,3 % je potpuno zadovoljavaju¢i da bi uredaj za elektrolizu
proizveo hipohlorastu kiselinu HOCI koja ima sposobnost dezinfekcije, to jest da
uniStava sve alge, klice 1 bakterije. Kod ove reakcije se ponovno stvara so. Na taj
nacin imate pomoc¢u Hipogena potpuno prirodnu dezinfekciju bazenske vode.
Potrebna koli¢ina soli u vodi je vrlo niska ( 0,3 % ). Morska voda na primer sadrzi
3,5 % soli.

6. Stanje reSenosti tog problema u svetu

U svetu takode postoje sli¢ni uredaji stim sto su znatno skuplji tako da je nasa prednost
upravo u tome niska cena, kratki rokovi isporuke, dobra logistika 1 brz i efikasan servis

od 0 do 24h.

7. Zakoga je reSenje radeno:
ResSenje je radeno za trZiste potroSacko trziste, ,,Beta bazeni®, ,,Aqua stars®,
,GMC*, ,Aquapur®, ,,Alfa bazeni®...
Proizvodi AQUA CRYSTAL DOO Beograd

8. Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:
Resenje je uradeno 2006
Distribuita: Beta bazeni®, ,,Aqua stars®, ,,GMC*, ,,Aquapur®, ,,Alfa bazeni®...
Proizvodi AQUA CRYSTAL DOO Beograd

9. Kako su rezultati verifikovani (od strane kog tela):
,Kvalitet“ Nisu na osnovu podnete dokumentacije



10. ObjasSnjenje sustine tehni¢kog reSenja i detaljan opis sa karakteristikama

Aparat sa samociséu¢im elektodama tzv. ,,SELF CLEAN” predstavljaju daleko
konfornije reSenje prvenstveno sa aspekta odrzavanja. Ciséenje elektroda kod uredjaja
tipa ,,SELF CLEAN” jednom u 3 nedelje Sto predstavlja daleko konfornije reSenje od
aparata koji koriste standardne elektode. Ukoliko se u bazenu nalazi slabo tvrda voda ili
omekSana voda ciSéenje elektoda se obavlja jednom u Sest meseci. Aparat u toku svog
rada menja polaritet elektroda tj elektroda koja je bila na minus polu se prebacuje na plus
pol i elektroda koja je bila na plus polu prebacuje se na minus pol izvora struje.
Suprotnom polarizacijom elektrolizer pored proizvodnje dezinficijensa istovremeno
razara stvoreni kamenac u ciklusu kad je elektroda radila kao katoda dok se na elektodi
koja je u prvom ciklusu proizvodila hlor sada izdvaja vodonik. Promena polariteta je
moguca ako su elektokatalizatori na povrSini elekoda selektivni na oksidaciju hloridnih
anjona i1 ako dobro podnose anodnu i katodnu polarizaciju a da ne menjasju svojstva na
duzi vremenski rok. Elektokatalizatori koji imaju takve karakteristike su na bazi oksida
titana iridijuma 1 platine.

Sama automatika na uredaju je definisana tako da se polaritet menja sa ukljucenjem
uredaja u slucaju koris¢enja linearnih napajanja ili se moze menjati u rasponu od 0 do 8
sati u slucaju koriS¢enja Coperskih i prekidackih napajanja. Napajanje na uredaju se prvo
iskljuci promeni polaritet i ponovo ukljuci.

Aparat proizvodi aktivan hlor vodeni rastvor polaze¢i od 0,3% do 0,6% rastvora kuhinjske
soli. Rastvor za elektolizu je bazenska voda sa 0,3 do 0,5% kuhinjske soli koja uz pomo¢
pumpe struji kroz reaktor gde se elektohemijski dobija aktivni hlor (Slika 1).
Centrifugalna pumpa, sa jednog kraja bazena usisava vodu 1 potiskuje je kroz pescani
filter gde se odstranjuju mehanicke necistoce. Po izlasku iz peS€anog filtera voda ulazi u
reaktor gde se na elektodama hloridni joni konvertuju elektohemijskom reakcijom u
aktivni hlor. Pri elektrolizi razblazenog rastvora kuhinjske soli na anodi se odvija reakcija
izdvajanja metastabilna jedinjenja na bazi kiseonika i hlora, dok se na katodi izdvaja
gasoviti vodonik. Hlor, koji nastaje na anodi odmah hidrolizuje daju¢i uglavnom
hipohloritni anjon (C1O") i u znatno manjoj meri hipohlorastu kiselinu (HCIO). Ova dva
produkta su u literaturi poznati i kao aktivni hlor. Aktivni hlor i hidroksiradikali kao i
jonsko srebro, bakr i cink imaju algicidna i baktericidna svostva. Koncentraciju sredstava
za dezinfekciju podesavamo regulacijom struje i vremena rada generatora. Po izlaku iz
reaktora voda obogacena dezinficijensima ulazi u bazen. Aktivni hlor u bazenu oksiduje
bakterije, viruse i druga organska jedinjenja a sam se redukuje do hloridnog anjona. Na
drugom kraju bazena pumpa usisava vodu zajedno sa hloridnim jonima koji su odradili
proces dezinfekcije, potiskuje vodu kroz pescani filter i ulazi u reaktor gde se ponovo u
elektrohemijskoj reakciji dobija aktivni hlor. Na ovaj nafin imamo stalno kruzenje
odnosno nastajanje i razgradnju aktivnog hlora odnosno oksidaciju i redukciju hloridnog
jona pa se zbog toga ovaj tip uredaja naziva uredaj za proizvodnju aktivnog hlora sa
recirkulacijom elektrolita. Uslov ukljuc¢enja uredaja za proizvodnju aktivnog hlora je
uklju€enje centrifugalne pumpe.



Uredaj se sastoji iz upravljackog dijela na kojem se nalazi (Slika 3):

o Indikacija rada elektolizera (zelena sijalica svetli kada radi);

o automatski osigurac za zastitu elektoda od preopterecenja;
o analogni ampermetar pokazuje intezitet proizvodnje aktivnog hlora;

e dugme za podeSavanje intenziteta proizvodnje aktivnog hlora;

HIPOGEN UREDPAJ SA TEHNICKIM KARAKTERISTIKAMA

ZAPREMINA | UKUPNA BROJ
TP KAPACITET BAZENA SNAGA REAKTORA
(g h-1) akt.hlora m3 W M
HIPOGEN PS 12,5 50-100 100 1
HIPOGEN PR 12,5 50-100 100 1

Slika 9. Shema instalacije uredaja za proizvodnju za dezinfekciju vode u bazenima

za kupanje sa recirkulacionim tipom reaktora i standardnim elektodama
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Slika 10. Shema instalacije uredaja za proizvodnju za dezinfekciju vode u bazenima za
kupanje sa recirkulacionim tipom reaktora i reversnim elektodama (a) i shema instalacije

elektolizera (b)
4. Tehnicki podaci
e Ulazni elektrolit: ~3-6 g lit* NaCl;
e |zlazni elektrolit: 0,05-0,1% NacClIO;

o Stepen konverzije: 3,5 kg NaCl/ 1 kg NaClO;




Radna temperatura: 10 - 38 ° C;

Radna gustina struje: 30-100 mA cm™;
Radni napon: 3.5-10V.
Kapacitet 12,5g ak.hlora/h
Snaga 190w
Maksimalan pritisak 0,1bar

11.Kako je reSenje realizovano i gde se primenjuje / moguénosti primene
tehni¢kog resenja, tj na koji nacin se koristi:

ReSenje se primenjuje na privatnim i javnim bazenima za kupanje na sledeé¢im

lokacijama:
1. ,ERC comerc” Pavlovic  Bgd SRB 2008
2. ,Schengen boss“ Popovi¢ Bgd SRB 2009
3. Sparavalo Vlado Bgd SRB 2008
4. StaniSi¢ Vlada Bgd SRB 2009
5. Stojkov Branko Bgd SRB 2010
6. Markovi¢ Toma Bgd SRB 2009
7. MiSkovi¢ Vlada Bgd SRB 2009
8. Curéi¢ Misa Bgd SRB 2008
9. Tomi¢ Borisa Bgd SRB 2009
10. ,,Royal color* Voja Bgd SRB 2002
11. Vucko Vrani¢ Bgd SRB 2004
12. Vujovi¢ Svetlana Bgd SRB 2003
13. ,,USAID*“ EkmedZzi¢ Bgd SRB 2004
14. USAID Podgorica CG 2005
15. Ambasada Maroka Bgd SRB 2005
16. BelgeS Predrag Bgd SRB 2002
17. Kuvelji¢ Bora Cadak SRB 2010
18. Srecko Grbav¢i¢ Pula Hrvatska 2010
19. Kuvelji¢ Bora Catak SRB 2010
20. Srec¢ko Grbav¢ié¢ Pula Hrvatska 2010

Servisirano oko 80 stranih elektolizera — reaktora.



GRUPA MS80: TEHNICKA RESENJA

Kategorija: ,,Novi proizvod ili tehnologija*
Rezultat M82: Novi proizvod ili tehnologija uvedena u proizvodnju

16. Ustanova/Autori reSenja:
Institut tehni¢kih nauka SANU, K.Mihajlova 35/4, 11000, Beograd
Institut za hemiju tehnologiju i metalurgiju, Beograd, NjegoSeva 4, 11000
Beograd
MaSinski fakultet, Beograd, Kraljice Marije 16, 11000 Beograd

Autori: Tomislav TriSovi¢, Jasmina Stevanovi¢, Branimir Jugovi¢, NataSa
TriSovié,

17. Naziv i evidencioni broj projekta sa brojem aktivnosti, u kome je
ostvaren rezultat iz kategorije M80:

Elektrohemijsko postrojenje za proizvodnju sredstava za dezinfekciju sa
modularnim reaktorom i reversnim elektrodama, Inovacioni projekat, MNTRS,
1P8025, 2006-2007. rukovodilac T. TriSovié

Automatski uredaj za fizicko-hemijski tretman voda sa kombinovanim
modularnim generatorima, Inovacioni projekat, MNTRS, 45-01-000-65/2008-01/88,

rukovodilac T. TriSovié

18. Naziv tehni¢kog reSenja

Uredaj za uklanjanje visokih koncentracija amonijaka, gvozda i mangana
iz pijace vode

19. Oblast na koju se tehni¢ko reSenje odnosi:
Tehnicko-tehnoloske i biotehni¢ke nauke

20. Problem koji se tehnickim reSenjem reSava
Uklanjanje amonijaka, gvozda i mangana u individualnim i malim vodovodima

koristeci postojecu infrastrukturu uz minimalna ulaganja u novu opremu.
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Slika 11. Shema uredaja za uklanjanje vec¢ih koncentracija amonijaka, gvozda i

mangana iz pijace vode

21. Stanje resenosti tog problema u svetu
U svetu se ovaj uklanjanje amonijaka resava na nekoliko nacina. Ekoloski

prvo u nitrir pa potom u nitrat. Drugi postupak predstavlja hiperhlorisanjem preko
prevojne tacke kada amonijak prevodimo u mono di i tri hlor amine ¢ija je koncentracija
u pijacoj vodi dozvoljena u ve¢im koncentracijama nego li amonijaka. Tre¢i nacin je
metoda sorpcije tj prolaskom sirove vode kroz kolonu u kojoj se nalazi adekvatni sorbent
za amonijak kao Sto je zeolit ili se radi o nekoj vrasti kataliticke oksidacije na mangan
oksidu. Sva ova izloZena reSenja su skupa i ne prihvatljiva za male i individualne
vodovode malih pogona ili poljoprivrednih gazdinstava.

22. Za koga je reSenje radeno:
Resenje je radeno za potrosacko trziste
Proizvodi AQUA CRYSTAL DOO i Hidrosanitas doo Beograd

23. Godina kada je reSenje uradeno i ko ga je prihvatio/primenjuje:
Resenje je uradeno 2010 god
Izvodac radova Hidrosanitas doo Beograd

24. Kako su rezultati verifikovani (od strane kog tela):
,»QGradski zavod za javno zdravlje* Sabac na osnovu podnete dokumentacije



1 hemijske analize ulazne i vode posle tretmana

25. Objasnjenje suStine tehnickog resenja i detaljan opis sa
karakteristikama

Pija¢e vode su najceS¢e sa povecanom koncentracijom amonijaka, mangana i
gvozda 1 to po nekoliko puta iznad maksimalno dozvoljene koja je propisana
pravilnikom o ispravnosti pijacih voda. S obzirom da je potro$nja vode sve veca
kako u gradskim tako 1 seoskim sredinama svi oni koji imaju tehniCkih
mogucnosti pokusavaju da prave bunare koji crpe vodu sa donjih horizonata.
Takva voda Cesto nije hemijski ispravna 1 uglavnom sa ve¢im koncentracijama
amonijaka gvozda i1 mangana. Nas§ tim je razvio originalnu metodu koja
iskoriS¢ava sve postojece infrastrukturne objekte koji se koriste u invidualnim i
malim vodovodima. Obi¢no u skoro svim domadinstvima i1 proizvodnim
pogonima koji imaju sopstveni vodovod postoje stari bunari koji su zidani
kamenom ili su oplaSteni betonskim kacama i dubina su od par metara do
pedesetak metara. 1z tih bunara voda se crpi ili ru¢no pomocu vitla ili polocu
potapajuée pumpe i hidroforskog sistema a uglavnom postoji i jedno i drugo
reSenje. S obzirom na malu izdaSnost ovih bunara danas se u njihovoj blizini
izraduju bunari koji crpe vodu sa znatno vec¢ih dubina i obi¢no su oni znatno vece
izdaSnosti. Medutim takvi bunari ¢esto nemaju hemijski ispravnu vodu pa se mora
pristupiti operacijama koje ce je dovesti u stanje propisano standardima. Nase
reSenje koje se odnosi na uklanjanje gvozda, mangana i amonijaka se sastoji od
slede¢ih komponenata (Slika 11).

Crpna pumpa koja crpi vodu iz arteSkog bunara i komprimuje u hidroforsku
posudu koja na sebi ima presostat koji isklju€uje rad crpne pumpe kada se
dostigne odgovarajuci pritisak u hidroforskoj posudi. Iz hidroforske posude se
napajaju sistemi za zalivanje, pojenje stoke i pranja masina i opreme. Drugi izvod
iz hidroforske posude preko elektomagnetnog ventila je spojen sa starim
bunarom. Posle elektomagnetnog ventila se nalazi injekcioni ventil za doziranje
aktivnog hlora koji dozira dozirna pumpa u slucaju otvorenog elektomagnetnog
ventila. Uslov da se otvori elektomagnetni ventil je da se dostigne donji nivo vode
u starom bunaru. Voda prolazi kroz elektomagnetni ventil pa se hlorise aktivnim
hlorom a na samom ulazu u bunar rasprSuje u sprej diznama. Sa dna bunara tj
gornje kote nivoa vode se istovremeno uduvava svez vazduh. U ovom procecu u
vazdus$noj zoni starog bunara dolazi do intenzivne oksidacije, aeracije i degazacije
gde je veliki deo amonijaka oslobodi kao gas a takode se i veliki deo gvozda i
mangana oksidiSe. Kada nivo vode dostigne gornju viSu kotu u bunaru ovaj se
proces zaustavlja i voda odlezava u bunaru gde joj je potrebno kontaktno vreme u
reakciji sa aktivnim hlorom. Kada mala hidrorska pumpa povuce vodu iz starog
bunara ona prvo vodu transportuje kroz kolonu sa grind sendom gde kataliticki
oksiduju 1 sorbuju joni gvozda i mangana tako da voda izlaskom iz kolone je
potpuno hemijski i bakterioloski ispravna.



26. Kako je resenje realizovano i gde se primenjuje / moguénosti primene
tehnickog resenja, tj na koji nacin se Kkoristi:
Resenje je primenjeno na slede¢im lokacijama za proizvodnju pijace vode:

1. EURO LINE — JAZOVNIK, SABAC primenjeno 2010 god.

2. POLJOPRIVREDNO GAZDINSTVO RANKOVIC — JAZOVNIK, SABAC
primenjeno 2010 god.
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JOURNAL OF MATERIALS SCIENCE Volume: 43 Issue: 2 Pages: 475-482
Published: JAN 2008

Functionalised hybrid materials of conducting polymers with individual fibres of cellulose
By: Kelly, Fern M.; Johnston, James H.; Borrmann, Thomas; et al.

EUROPEAN JOURNAL OF INORGANIC CHEMISTRY Issue: 35 Pages: 5571-5577
Published: DEC 2007

Electrochemical fabrication of two-dimensional palladium nanostructures as substrates for
surface enhanced Raman scattering

By: Li, Yin; Lu, Gewu; Wu, Xufeng; et al.

JOURNAL OF PHYSICAL CHEMISTRY B Volume: 110 Issue: 48 Pages: 24585-24592
Published: DEC 7 2006

Electroless silver deposition on polypyrrole and poly(3,4-ethylenedioxythiophene): The

reaction/diffusion balance

By: Ocypa, M.; Ptasinska, M.; Michalska, A.; et al.

JOURNAL OF ELECTROANALYTICAL CHEMISTRY Volume: 596 Issue:2 Pages: 157-168
Published: NOV 1 2006

Study of electrocatalytic properties of platinum-loaded poly-ortho-aminophenol film towards

methanol oxidation and hydrogen evolution

By: Panah, NB; Mahjani, MG; Jafarian, M; et al.

INDIAN JOURNAL OF CHEMISTRY SECTION A-INORGANIC BIO-INORGANIC PHYSICAL

THEORETICAL & ANALYTICAL CHEMISTRY Volume: 44 Issue: 10 Pages: 2015-2023
Published: OCT 2005

Polyaniline fibres as electrodes. Electrochemical characterisation in acid solutions
By: Pauliukaite, R; Brett, CMA; Monkman, AP
ELECTROCHIMICA ACTA Volume: 50 Issue:1 Pages: 159-167 Published: NOV 15 2004

Electronic, structural, and magnetic properties of cobalt aggregates embedded in polypyrrole
By: Watanabe, N; Morais, J; Accione, SBB; et al.

JOURNAL OF PHYSICAL CHEMISTRY B Volume: 108 Issue: 13 Pages: 4013-4017

Published: APR 1 2004

The preparation of polypyrrole coated brass and copper electrodes for electrocatalysis
By: Tuken, T; Arslan, G; Yazici, B; et al.

PROGRESS IN ORGANIC COATINGS Volume: 49 Issue:2 Pages: 153-159

Published: MAR 2004

Structure and properties of C-60-Pd films formed by electroreduction of C-60 and palladium(Il)
acetate trimer: evidence for the presence of palladium nanoparticles

By: Winkler, K; Noworyta, K; de Bettencourt-Dias, A; et al.

JOURNAL OF MATERIALS CHEMISTRY Volume: 13 Issue: 3 Pages: 518-525

Published: 2003

Preparation of Au/PAni/GC electrode and their electrocatalytic activity for the oxidation of
formaldehyde

By: Yang, HZ; Deng, YQ

ACTA CHIMICA SINICA Volume: 60 Issue:4 Pages: 569-573 Published: APR 2002

Electrochemical and quartz crystal microbalance studies of lead(ll) deposition and stripping in
the presence of copper on a gold electrode modified with 2,2 '-bipyridyl in polyaniline

By: Wagner, K; Strojek, JW; Koziel, K

ANALYTICA CHIMICA ACTA Volume: 455 Issue: 1 Pages: 69-81 Article Number: Pll SO003-
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2670(01)01576-8
Published: MAR 18 2002

Mechanism of underpotential deposition of metal on conducting polymers

By: Liu, YC; Yang, KH; Ger, MD

SYNTHETIC METALS Volume: 126 Issue: 2-3 Pages: 337-345 Article Number: PIl SO379-
6779(01)00581-1

Published: FEB 14 2002

Studies of processes during ASV determination of lead in the presence of copper on a solid
electrode modified with 2,2 '-bypyridyl in polyaniline

By: Wagner, K; Strojek, JW; Koziel, K

CHEMIA ANALITYCZNA Volume: 47 Issue: 3 Pages: 385-397 Published: 2002

A polyaniline-modified electrode-based FIA system for sub-ppb-level chromium(VI) analysis
By: Yang, YJ; Huang, HJ

ANALYTICAL CHEMISTRY Volume: 73 Issue: 6 Pages: 1377-1381

Published: MAR 15 2001

Sulfonated polyaniline coated mercury film electrodes for voltammetric analysis of metals in
water

Fungaro, D.A.
2001 Sensors 1 (6), pp. 206-214

Polypyrrole incorporating electroless nickel

By: Abrantes, LM; Correia, JP

Conference: 3rd Electrocatalysis Meeting (ECS 99) Location: PORTOROZ, SLOVENIA Date: 1999
ELECTROCHIMICA ACTA Volume: 45 Issue: 25-26 Pages: 4179-4185 Published: 2000

Synthesis and characterization of a composite of polyaniline and carbon black

By: Del Rio, R; Zagal, JH; Andrade, GD; et al.

JOURNAL OF APPLIED ELECTROCHEMISTRY Volume: 29 Issue: 6 Pages: 759-764
Published: JUN 1999

Interaction of copper(l)-polypyrrole complexes prepared by depositing-dissolving copper onto
and from polypyrroles

By: Liu, YC; Hwang, BJ

THIN SOLID FILMS Volume: 339 Issue: 1-2 Pages: 233-239

Published: FEB 8 1999

Effect of temperature on the electrooxidation of some organic molecules on Pt doped
conducting polymer coated electrodes

By: Becerik, I; Ficicioglu, F; Kadirgan, F

TURKISH JOURNAL OF CHEMISTRY Volume: 23 Issue: 4 Pages: 353-359 Published: 1999

Poly(3-methylthiophene) incorporating electrolessly deposited Ni-P particles
By: Abrantes, LM; Correia, JP

SURFACE & COATINGS TECHNOLOGY Volume: 107 Issue: 2-3 Pages: 142-148
Published: SEP 10 1998

A spectroelectrochemical study on polaron transformations in polyaniline in sulphuric and p-
toluenesulphonic acids

By: Abd ElI-Rahman, HA

POLYMER INTERNATIONAL Volume: 44 Issue:4 Pages: 481-489

Published: DEC 1997
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30. Electrooxidation of methanol on platinum doped polyaniline electrodes: deposition potential

and temperature effect

By: Ficicioglu, F; Kadirgan, F

JOURNAL OF ELECTROANALYTICAL CHEMISTRY Volume: 430 Issue: 1-2 Pages: 179-182
Published: JUN 30 1997

AyTouuTaTu:
31. Investigation of the polyaniline film porosity by the electrodeposition of cadmium on the film

By: Jovic, VD; Jovic, BM; Stojilkovic, ER; et al.
JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 64 Issue:4 Pages: 265-273
Published: 1999

Spectrophotometric study of the anodic corrosion of Ti/RuO2 electrode in acid sulfate solution

By: Gajic-Krstajic, LM; Trisovic, TL; Krstajic, NV
CORROSION SCIENCE Volume: 46 Issue: 1 Pages: 65-74 Published: JAN 2004

XeTepouuTaTu:

1.

High-performance Ti/Sb-Sn02/Pb304 electrodes for chlorine evolution: Preparation and
characteristics

By: Shao, Dan; Yan, Wei; Cao, Lu; et al.

JOURNAL OF HAZARDOUS MATERIALS Volume: 267 Pages: 238-244

Published: FEB 28 2014

The effect of layer number on the nanostructural Ternary Mixed Oxide containing Ti, Ru and Ir

on titanium

By: Goudarzi, Mona; Ghorbani, Mohammad

Edited by: Parsa, MH

Conference: 4th International Conference on Ultrafine Grained and Nano-Structured Materials

(UFGNSM 2013) Location: Tehran, IRAN Date: NOV 05-06, 2013

ULTRAFINE GRAINED AND NANO-STRUCTURED MATERIALS IV Book Series: Advanced Materials
Research Volume: 829 Pages: 638-642 Published: 2014

Synthesis and Characterization of Pt Catalysts on SnO2 Based Supports for Oxygen Reduction

Reaction

By: Elezovic, N. R.; Babic, B. M.; Radmilovic, V. R.; et al.

JOURNAL OF THE ELECTROCHEMICAL SOCIETY Volume: 160 Issue: 10 Pages: F1151-F1158
Published: 2013

Influence of electrolyte composition on deactivation mechanism of a Ti/Ru0.251r0.25Ti0.502

electrode

By: Hoseinieh, S. M.; Ashrafizadeh, F.
IONICS Volume: 19 Issue:1 Pages: 113-125 Published: JAN 2013

Intrinsic Potential-Dependent Performances of a Sol-Gel-Prepared Electrocatalytic Ir02-TiO2

Coating of Dimensionally Stable Anodes

By: Nikolic, Branislav Z.; Panic, Vladimir V.; Dekanski, Aleksandar B.
ELECTROCATALYSIS Volume: 3 Issue: 3-4 Pages: 360-368 Published: DEC 2012

Utilization of the catalyst layer of dimensionally stable anodes-Interplay of morphology and

active surface area

By: Zeradjanin, Aleksandar R.; La Mantia, Fabio; Masa, Justus; et al.
ELECTROCHIMICA ACTA Volume: 82 Special Issue: SI Pages: 408-414 Published: NOV 1 2012

Role of Water in the Chlorine Evolution Reaction at RuO2-Based Electrodes-Understanding

Electrocatalysis as a Resonance Phenomenon
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By: Zeradjanin, Aleksandar R.; Menzel, Nadine; Strasser, Peter; et al.
CHEMSUSCHEM Volume: 5 Issue: 10 Pages: 1897-1904 Published: 2012

Ti/Ru02-Sb205-Sn02 electrodes for chlorine evolution from seawater

By: Chen, Shenying; Zheng, Yinghan; Wang, Siwen; et al.

CHEMICAL ENGINEERING JOURNAL Volume: 172 Issue: 1 Pages: 47-51 Published: AUG 1
2011

Electrooxidation of Phenol on a Ti/RuO(2)Anode: Effect of Some Electrolysis Parameters

By: dos Santos, Iranildes D.; Afonso, Julio C.; Dutra, Achilles J. B.

JOURNAL OF THE BRAZILIAN CHEMICAL SOCIETY Volume: 22 Issue:5 Pages: 875-883
Published: MAY 2011

Differences in the electrochemical behavior of ruthenium and iridium oxide in electrocatalytic

coatings of activated titanium anodes prepared by the sol-gel procedure

By: Panic, Vladimir V.; Dekanski, Aleksandar B.; Miskovic-Stankovic, Vesna B.; et al.

JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 75 Issue: 10 Pages: 1413-1420
Published: 2010

The effect of the addition of colloidal iridium oxide into sol-gel obtained titanium and

ruthenium oxide coatings on titanium on their electrochemical properties

By: Panic, Vladimir V.; Dekanski, Aleksandar B.; Mitric, Miodrag; et al.

PHYSICAL CHEMISTRY CHEMICAL PHYSICS Volume: 12 Issue: 27 Pages: 7521-7528
Published: 2010

Increasing the service lifetime of coated titanium anodes

Hoseinieh, S.M., Maddahi, M.H., Ashrafizadeh, F.

in Society of Petroleum Engineers - 5th SPE International Conference on Oilfield Corrosion
2010, pp. 58-66, ISBN: 978-161738668-8

Electrochemical characterization of ruthenium oxide on carbon paste electrodes in acid system
Martinez-Alvarez, O., Miranda-Hernandez, M.
2009 Carbon - Science and Technology 2 (3), pp. 125-130

Layer-by-layer assembly of Ru3+ and Si80208- into electrochemically active silicate films

By: Rassaei, Liza; Sillanpaa, Mika; Milsom, Elizabeth V.; et al.

JOURNAL OF SOLID STATE ELECTROCHEMISTRY Volume: 12 Issue: 6 Pages: 747-755
Published: JUN 2008

Electrocatalytic properties and stability of titanium anodes activated by the inorganic sol-gel

procedure

By: Panic, Vladimir V.; Nikolic, Branislav Z.

JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 73 Issue: 11 Pages: 1083-1112
Published: 2008

The properties of electroactive ruthenium oxide coatings supported by titanium-based ternary
carbides

By: Panic, V. V.; Jovanovic, V. M.; Terzic, S. I.; et al.

SURFACE & COATINGS TECHNOLOGY Volume: 202 Issue: 2 Pages: 319-324 Published: NOV
252007

Sol-gel prepared active ternary oxide coating on titanium in cathodic protection

By: Panic, Vladimir V.; Nikolic, Branislav Z.

JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 72 Issue: 12 Pages: 1393-1402
Published: 2007
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A nanogravimmetric investigation of the charging processes on ruthenium oxide thin films and
their effect on methanol oxidation

By: Santos, M. C.; Cogo, L.; Tanimoto, S. T.; et al.

APPLIED SURFACE SCIENCE Volume: 253 Issue: 4 Pages: 1817-1822 Published: DEC 15 2006
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7. Preparation of CoNi high surface area porous foams by substrate controlled electrodeposition
By: Rafailovic, Lidija D.; Gammer, Christoph; Rentenberger, Christian; et al.
PHYSICAL CHEMISTRY CHEMICAL PHYSICS Volume: 14 Issue: 2 Pages: 972-980 Published:
2012

8. Catalyst layers for proton exchange membrane fuel cells prepared by electrospray deposition
on Nation membrane
By: Chaparro, A. M.; Ferreira-Aparicio, P.; Folgado, M. A.; et al.
JOURNAL OF POWER SOURCES Volume: 196 Issue: 9 Special Issue: SI Pages: 4200-4208

Published: MAY 1 2011
AyTouumTaTu:
9. Enhanced oxygen evolution and reduction reactions of porous ternary NiCoFe foam electrodes

prepared by dynamic hydrogen template deposition
By: Rafailovic, Lidija D.; Gammer, Christoph; Rentenberger, Christian; et al.
NANO ENERGY Volume: 2 Issue: 4 Pages: 523-529 Published: JUL 2013

Electrochemical synthesis and corrosion behavior of polyaniline-benzoate coating on copper

By: Gvozdenovic, Milica M.; Jugovic, Branimir Z.; Stevanovic, Jasmina S.; et al.
SYNTHETIC METALS Volume: 161 Issue: 13-14 Pages: 1313-1318 Published: JUL 2011

Heterocitati

1.

Anticorrosive properties with catalytic behaviour of primer PANI film and top PPy coating

synthesised in presence of novel norephedrine based amino alcohol compound

By: Ozyilmaz, A. T.; Aydin, A. E.; Akdag, A.

TRANSACTIONS OF THE INSTITUTE OF METAL FINISHING Volume: 92 Issue: 1 Pages: 34-40
Published: JAN 2014

Anticorrosion property of polyaniline doped twice with functional acid
Yang, X., Yang, X., Ma, X.
2014 Huagong Xuebao/CIESC Journal 65 (9), pp. 3738-3743

A ferrocene functionalized polymer: Poly [N-(ferrocenylmethyl)-o-phenylenediamine].
Electrochemical production and spectroelectroelectrochemical investigation in acetonitrile
medium

By: Gulce, Handan; Yetkin, Ahmet; Akgul, Eda; et al.

THIN SOLID FILMS Volume: 545 Pages: 81-88 Published: OCT 31 2013

Galvanostatic polymerisation of aniline on steel: Improving the coating performance in
chloride-containing environment

By: Kazum, O.; Kannan, M. Bobby

SYNTHETIC METALS Volume: 180 Pages: 54-58 Published: SEP 15 2013

Recent advances in polyaniline research: Polymerization mechanisms, structural aspects,
properties and applications

By: Ciric-Marjanovic, Gordana

SYNTHETIC METALS Volume: 177 Pages: 1-47 Published: AUG 1 2013

The influence of thin benzoate-doped polyaniline coatings on corrosion protection of mild steel
in different environments

By: Elkais, Ali R.; Gvozdenovic, Milica M.; Jugovic, Branimir Z.; et al.
PROGRESS IN ORGANIC COATINGS Volume: 76 lIssue: 4 Pages: 670-676 Published: APR 2013

Influence of electrochemically prepared poly(pyrrole-co-N-methyl pyrrole) and

poly(pyrrole)/poly(N-methyl pyrrole) composites on corrosion behavior of copper in acidic
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medium
By: Cakmakci, Irem; Duran, Berrin; Bereket, Gozen

PROGRESS IN ORGANIC COATINGS Volume: 76 Issue:1 Pages: 70-77 Published: JAN 2013

Polyester based-siloxane modified waterborne anticorrosive hydrophobic coating on copper

By: Verma, Garima; Dhoke, S. K.; Khanna, A. S.
SURFACE & COATINGS TECHNOLOGY Volume: 212 Pages: 101-108 Published: NOV 2012

Electrochemical characteristics of rechargeable polyaniline/lead dioxide cell

By: Grgur, Branimir N.; Zeradjanin, Aleksandar; Gvozdenovic, Milica M.; et al.
JOURNAL OF POWER SOURCES Volume: 217 Pages: 193-198 Published: NOV 1 2012

Heterocitati
Composites of polyaniline and lead dioxide: preparation, characterization, and catalytic activity

1.

By: El-Sharkawy, Rehab G.
JOURNAL OF THE IRANIAN CHEMICAL SOCIETY Volume: 11 Issue: 4 Pages: 1027-1037
Published: AUG 2014

Bioinspired Synthesis of Novel Teeth-Like Hierarchical Architecture Polyaniline/Lead Tungstate

Nanocomposites with Photoluminescence Property
By: Cheng, Cheng; Shu, Hongyan; Wang, Yunlong; et al.
POLYMER COMPOSITES Volume: 35 Issue: 3 Pages: 516-522 Published: MAR 2014

Electrochemical Behavior of Polyaniline Microparticle Suspension as Flowing Anode for

Rechargeable Lead Dioxide Flow Battery

By: Zhao, Yongfu; Si, Shihui; Wang, Lu; et al.

JOURNAL OF THE ELECTROCHEMICAL SOCIETY Volume: 161 Issue: 3 Pages: A330-A335
Published: 2014

A single flow zinc//polyaniline suspension rechargeable battery
By: Zhao, Yongfu; Si, Shihui; Liao, Cui
JOURNAL OF POWER SOURCES Volume: 241 Pages: 449-453 Published: NOV 1 2013

Performance study of magnesium-polyaniline rechargeable battery in 1-ethyl-3-
methylimidazolium ethyl sulfate electrolyte

By: Ju, Qingging; Shi, Yao; Kan, Jinging

SYNTHETIC METALS Volume: 178 Pages: 27-33 Published: AUG 15 2013

Study of cylindrical Zn/PANI secondary batteries with the electrolyte containing
alkylimidazolium ionic liquid

By: Ma, Zhaoling; Kan, Jinging

SYNTHETIC METALS Volume: 174 Pages: 58-62 Published: JUN 15 2013

On the kinetics of the hydrogen evolution reaction on zinc in sulfate solutions

By: Trisovic, T; Gajic-Krstajic, LJ; Krstajic, N; et al.
JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 66 Issue: 11-12 Pages: 811-823
Published: 2001

Heterocitati

1.

Kinetics of Polarization Mechanisms

By: Roh, Heui-Seol

JOURNAL OF THE ELECTROCHEMICAL SOCIETY Volume: 160 Issue: 9 Pages: H519-H528
Published: 2013

Statistical Thermodynamic Theory for Non-Equilibrium, Quasi-Equilibrium, and Equilibrium
Electrochemical Reactions
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By: Roh, Heui-Seol
JOURNAL OF THE ELECTROCHEMICAL SOCIETY Volume: 160 Issue: 8 Pages: H420-H429
Published: 2013

Mathematical Modeling of the Hydrogen Evolution Reaction on Pt/C Electrodes Considering
Diffusion Effects

By: Ortega Chavez, L.; Herrera-Peraza, E.; Verde-Gomez, Y.

Conference: 10th International Congress of the Mexican-Hydrogen-Society Location: Toluca,
MEXICO Date: SEP 27-OCT 01, 2010

JOURNAL OF NEW MATERIALS FOR ELECTROCHEMICAL SYSTEMS Volume: 13 Issue: 3 Special
Issue: SI Pages: 283-287 Published: JUL 2010

Electrochemistry of zinc anode Z1 AS 2239-2003

Flitt, H., Schweinsberg, P.

in 48th Annual Conference of the Australasian Corrosion Association 2008: Corrosion and
Prevention 2008, pp. 352-359, 2008. ISBN: 978-162276244-6

Singular points of electrochemical impedance function

By: Garcia-Jareno, JJ; Gimenez-Romero, D; Vicente, F

Conference: 1st International Meeting on Applied Physics (APHYS-2003) Location: Badajoz,
SPAIN Date: OCT 15-18, 2003

APPLIED SURFACE SCIENCE Volume: 238 Issue: 1-4 Pages: 449-456 Published: NOV 15 2004

AyToumTaTu:

6.

Electrolytic hydrogenation of glucose on amalgamated zinc in sulphate solutions

By: Trisovic, T; Gajic-Krstajic, L; Krstajic, N

Edited by: Uskokovic, DP; Milonjic, SK; Rakovic, DI

Conference: 5th Conference of the Yugoslav-Materials-Research-Society (Yu-MRS 2003)
Location: Herceg Novi, YUGOSLAVIA Date: SEP 15-19, 2003

PROGRESS IN ADVANCED MATERIALS AND PROCESSES Book Series: MATERIALS SCIENCE
FORUM Volume: 453-454 Pages: 145-150 Published: 2004

A kinetic study of D-glucose oxidation by bromine in agueous solutions

By: Grgur, Branimir N.; Zugic, Dragana L.; Gvozdenovic, Milica M.; et al.
CARBOHYDRATE RESEARCH Volume: 341 Issue: 11 Pages: 1779-1787 Published: AUG 14

2006

Heterocitati

1.

MECHANISTIC INVESTIGATION OF OXIDATION OF GLUCOSE AND FRUCTOSE BY N-
CHLORONICOTINAMIDE (NCN)

By: Pushpalatha, L.

OXIDATION COMMUNICATIONS Volume: 37 Issue: 1 Pages: 121-128 Published: 2014

Kinetics and Mechanism of Oxidation of Reducing Sugars: A Review
By: Singh, J. V.; Awasthi, Anupam; Dipti; et al.
ASIAN JOURNAL OF CHEMISTRY Volume: 25 Issue: 2 Pages: 595-611 Published: FEB 2013

KINETICS AND MECHANISM OF OXIDATION OF GLUCOSE AND FRUCTOSE BY N-
BROMONICOTINAMIDE (NBN)

By: Pushpalatha, L.

OXIDATION COMMUNICATIONS Volume: 36 Issue: 4 Pages: 901-913 Published: 2013

Structure and Kinetics of Hydrogen Bonds in Agueous Glucose Solutions
By: Chen Cong; Li Wei-Zhong; Song Yong-Chen; et al.
ACTA PHYSICO-CHIMICA SINICA Volume: 27 Issue: 6 Pages: 1372-1378 Published: JUN 2011
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5. Kinetics and mechanism of oxidation of galctose and mannose by N-Bromonicotinamide (NBN)
By: Pushpalatha, L.
AFINIDAD Volume: 68 Issue: 551 Pages: 57-63 Published: JAN-FEB 2011

Corrosion behavior of magnesium, aluminum and zinc as anodic materials in chloride based
electrolytes for use in primary and secondary electrochemical power sources

By: Jugovic, B.; Gvozdenovic, M.; Stevanovic, J.; et al.

MATERIALS & DESIGN Volume: 30 Issue: 8 Pages: 3291-3294 Published: SEP 2009

Heterocitati
1. Electrochemical and structural characterization of AZ63 alloy surface film in MgSO4 solution
By: Chen, Lin; Chen, Changguo; Wang, Ningning; et al.
JOURNAL OF APPLIED ELECTROCHEMISTRY Volume: 44 Issue: 7 Pages: 773-779 Published:
JUL 2014

2. Effect of chloride ion level on the corrosion performance of MAO modified AZ31 alloy in NaCl
solutions
By: Gu, Yanhong; Cai, Xiaojun; Guo, Yuanjun; et al.
MATERIALS & DESIGN Volume: 43 Pages: 542-548 Published: JAN 2013

AyToumTtaTu:
3. Electrochemical characterization of polyaniline electrode in ammonium citrate containing
electrolyte

By: Gvozdenovic, M. M.; Jugovic, B. Z.; Trisovic, T. Lj.; et al.
MATERIALS CHEMISTRY AND PHYSICS Volume: 125 Issue: 3 Pages: 601-605 Published: FEB
152011

Transition layer thickness in microlaminar deposits
Despi¢, A.R., Trisovi¢, T.LJ.

Journal of Applied Electrochemistry

1993, 23 (6), pp. 662-668

1. Electrodeposition of Ru/Co compositionally modulated multilayers
By: Juzikis, P; Gudaviciute, L; Messmer, A; et al.
JOURNAL OF APPLIED ELECTROCHEMISTRY Volume: 27 Issue: 8 Pages: 991-994
Published: AUG 1997

2. Electrodeposition of alloys with composition modulated over their thickness: A review
By: Gamburg, YD
RUSSIAN JOURNAL OF ELECTROCHEMISTRY Volume: 37 Issue: 6 Pages: 585-590
Published: JUN 2001

3. Intermediate layers in electrodeposited CMA coatings
By: Despic, AR; Jovic, VD; Tosic, N
Conference: EU Conference on Compositionally Modulated Alloy Coatings Location:
ATHENS, GREECE Date: MAY 28-29, 1997
SURFACE & COATINGS TECHNOLOGY Volume: 105 Issue: 3 Pages: 206-212 Published:
JUN 25 1998

Electrochemical polymerization of aniline

Milica M. Gvozdenovié, Branimir Z. Jugovi¢, Jasmina S. Stevanovi¢, Tomislav Lj. TriSovi¢,
Branimir N. Grgur,

in Electropolymerization (Ewa Schab-Balcerzak, Eds.), INTECH, (2011), Chap. 4. pp. 77-96, ISBN
978-953-307-693-5.
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Heterocitati

1. Electrochromic artificial muscles based on nanoporous metal-polymer composites
By: Detsi, E.; Onck, P. R.; De Hosson, J. T. M.
APPLIED PHYSICS LETTERS Volume: 103 Issue: 19 Article Number: 193101 Published: NOV
42013

2. Printing polyaniline for sensor applications
By: Crowley, Karl; Smyth, Malcolm R.; Killard, Anthony J.; et al.
CHEMICAL PAPERS Volume: 67 Issue: 8 Pages: 771-780 Published: AUG 2013

3. Coatings based on conducting polymers and functionalized carbon nanotubes obtained by
electropolymerization
By: Branzoi, Florina; Branzoi, Viorel; Musina, Ancuta
PROGRESS IN ORGANIC COATINGS Volume: 76 Issue: 4 Pages: 632-638 Published: APR 2013

Electrochemical characterization of polyaniline electrode in ammonium citrate containing
electrolyte

By: Gvozdenovic, M. M.; Jugovic, B. Z.; Trisovic, T. Lj.; et al.

MATERIALS CHEMISTRY AND PHYSICS Volume: 125 Issue: 3 Pages: 601-605 Published: FEB
152011

1. Recent advances in polyaniline research: Polymerization mechanisms, structural aspects,
properties and applications
By: Ciric-Marjanovic, Gordana
SYNTHETIC METALS Volume: 177 Pages: 1-47 Published: AUG 1 2013

2. Capacitance Fading Induced by Degradation of Polyaniline: Cyclic Voltammetry and SEM Study
By: Zhang, Hairui; Li, Hanlu; Wang, Jixiao
Edited by: Cui, CX; Li, YL; Yuan, ZH
Conference: 2nd International Conference on Advanced Engineering Materials and Technology
(AEMT) Location: Zhuhai, PEOPLES R CHINA Date: JUL 06-08, 2012
ADVANCED ENGINEERING MATERIALS II, PTS 1-3 Book Series: Advanced Materials Research
Volume: 535-537 Pages: 1205-1209 Published: 2012

DEVELOPMENT OF RuO2/TiO2 TITANIUM ANODES AND A DEVICE FOR IN SITU ACTIVE
CHLORINE GENERATION

By: Spasojevic, Miroslav D.; Trisovic, Tomislav Lj; Ribic-Zelenovic, Lenka; et al.

HEMIJSKA INDUSTRIJA Volume: 67 Issue: 2 Pages: 313-321 Published: MAR-APR 2013

1. Current efficiency in the chlorate cell process
By: Spasojevic, Miroslav D.; Ribic-Zelenovic, Lenka J.; Spasojevic, Pavle M.; et al.
JOURNAL OF THE SERBIAN CHEMICAL SOCIETY Volume: 79 Issue: 6 Pages: 677-688
Published: 2014

ELECTROCHEMICAL SYNTHESIS AND CORROSION BEHAVIOR OF THIN POLYANILINE FILM ON
MILD STEEL, COPPER AND ALUMINUM

By: Elkais, Ali Ramadan; Gvozdenovic, Milica M.; Jugovic, Branimir Z.; et al.

HEMIJSKA INDUSTRIJA Volume: 65 Issue: 1 Pages: 15-21 Published: JAN-FEB 2011

1. THE STUDY OF Zn-Co ALLOY COATINGS ELECTROCHEMICALLY DEPOSITED BY PULSE CURRENT
By: Bajat, Jelena B.; Maksimovic, Miodrag D.; Tomic, Milorad V.; et al.
HEMIJSKA INDUSTRIJA Volume: 66 Issue: 5 Pages: 749-757 Published: SEP-OCT 2012
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KOMUNALNU PRIVREDU
"LAZAREVAC"
49810 nipefly3ehe 33-KONYHRIHY NPWERSEY
w/TASAPEBAL" ,
kKaCAHY
Bpoj 08| ~ oML WHCTHTYT Tex%{;jm;}/ix Hay
( ) - o
parym 23 . 0 204 i =
NAJAPEBAL (4. T 242 ron

Kues Muxajnosa35/1V, Beorpan, [1D 377
Ten: 2636-994, 2185-437, ®ax: 2185-263

GLAVNI TEHNOLOSKI PROJEKAT

Hlorisanje vode za pice hipohloritom
dobijenim elektrolizom vodenog rastvora
natrijum-hlorida in situ u vodovodu

"Pestan'" u Lazarevcu

’h Beograd, 2012.

Institut tehni¢kih nauka ugovor br. 081-1771/7 Glavni tehnolodki projekat | br. lista
Srpska akademija nauka Hlorisanje vode za pice hipohloritom dobijenim elektrolizom vodenog
I umetnosti rastvora natrijum-hlorida in situ u vodovodu "Pedtan" u Lazarevcu 1 od 60




MHCTUTYT TEXHUHKNX HAYKA CAHY

KHes Muxannosa 35/1V, N.®. 377, 11000 beorpaa, Cpbuja
Ten.: 011 21 85 437, 26 36 994; dakc: 21 85 263, mejn: its@itn.sanu.ac.rs, http://www.itn.sanu.ac.rs
Tekyhu pauyH: 840-1613660-30, 840-1613666-12, MAB: 100039438, maTnuyHKM 6p. 07011016

FIZIBILITI STUDIJA ZA PROIZVODNJU NATIJUM
HIPOHLORITA 1Z GASOVITOG HLORA

NARUCIOC: BIN COMERC Beograd,
Zemunska 245v
11277 Ugrinovci, Beograd
telefon/fax: 011/ 3774655, 3774683

mail: office@bincommerce.rs

STUDIJU IZRADILI:

Dr Tomislav TriSovié, visi naucni saradnik, ITN-SANU, Beograd

Dr Branimir Grgur, red. prof. TehnoloSko metalurSkog fakulteta, Beograd

Dr Milica Gvozdenovi¢, docent Tehnolosko metalurskog fakulteta, Beograd

Dr Branimir Jugovi¢, visi nau¢ni saradnik, ITN-SANU, Beograd
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Ten; 2636-994, 2185-437, @ax: 2185-263

YroBoOP
3akrbyyeH gaHa 23. centembpa 2013. roguHe y Beorpagy.

YroBOPHE CTPAHE

Bin commerce ca ceguwrtem y beorpagy, YcrtaHudka 218, ca OCHOBHWM nojauuma:
matuyHm Bpoj 17175025, NMUB: 100023226, kora 3actyna pgupektop bojan Mapasuh (y
Aareem TekcTy: Hapyuunau),

n

WHeTuTyT TexHnykux Hayka CAHY, ca ceguwrtem y beorpagy, Khes Muxaunosa 35/1V,
ca OCHOBHMM nogauuma: maTtudHu 6poj 07011016, MNMUB 100039438, kora 3acTtyna
avpektop Akagemuk npod. ap 3opaH hypuh (y garbem Tekcty. Missohau)

NMPEOMET YIOBOPA: Wspapga cTyavje W3BOAbMBOCTU 3@ MNPOU3BOAHY HATpUjym
Xunoxnopura.

UnaH 1.
YroBopHe CTpaHe cy carnacHe Aa Mseohauy 3a pauyyH Hapydnoua ypaau ctyaujy
13BOASBUBOCTM 3a MPOU3BOAHKY HaTPUjym xunoxnopurta y obumy og 35 Ao 45 cTpaHa.

YnaH 2.

N3eohay je obBaBesaH ga yroBopeHw nocao ypagu y poky of 35 pagHux gaHa oA
TPeHyTKa noTnucuBawa OBOr yrosopa.

UYnaH 3.
Yrosapauu cy carnacHu ga Hapyuyunay nnatu M3sohauy ykynHy ueHy ypaheHor pellera
y U3HOCY of :
- 136.800,00 auHapa 6e3 ypayyHator 1[B-a,
— nopes Ha goaaTtHy BpegHocT 27.360,00 auHapa,
— Tako Aa je yKynHa yroBopHa ueHa 164.160,00 auHapa ca lN/1B-om.
HaBepeHa yroBopHa LeHa je u dukcHa ca ypadyHaTtum MAB-om no cronu og 20 %.

UnaH 4.
Ynnaty yroBopeHor nsHoca Hapyuunad je ayxaH ga nnatn issohavy aBaHCHO.
Wcnnaty yroBopeHux wusHoca Hapyuunay he wussBpwutyn ynnatom Ha Tekyhu padyH
N3sohaua Ha 6p. 840-1613666-12 kog Ynpaee 3a jaBHa nnahawa Punujana Ctapu 'pag.

YnaH 5.
Y cBemy ocTanom LWITO Huje npeasuheHo OBUM YroBopom Baxe oppeabe 3akoHa o
obnuraynoHnm ogHocMma.

YnaH 6.
YroBopHe CTpaHe ce cnopasymeBajy Aa CBe CrnopoBe HacTtane u3 peanusauvje osor
yroBopa peLuasajy cnopasyMHo.



YnaH 7.
OBaj yroBop je caunteH y 4 (4eTnpu) UCTOBETHA NPMMEpPKA, 04 Kojux cy no 2 (asa) 3a
CBaKy YroBOPHY CTpaHy.

Pykosogunady npoj :
Ap Tomucnas Tpuwosuh

3a Mseohaua 3a Hapyunoua

AT HvpekTop OupekTop
” BojaH Mapasuh

ne4yart n noTnuc




BASATA d.o.o.
Beograd, Dobracina 59b

Tel/fax: 011/263 43 78, 263 49 34,
A 292 87 35, 292 87 38;
: Mob: 063/33 95 29, 064 13 888 15
g \ e-mail: basatabazeni@eunet.rs

website: www.basata.co.rs

e
:

IZJAVA

Ovim potvrdjujemo da Tomislav Trisovic, sa nama saradjuje na problematici tretmana

Vode u bazenima za kupanje.

Beograd,10.10.2014. BASATA DOO

»/ Direktor, Kolakovic Tatjana

PIB: 104345918  Maticni broj: 20148985  Sifra delatnosti: 51180
Tekuéi racun: 205-105953-98, 250-1580000455770-59



Hidrosanitased.o.o.

PREDUZECE ZA TRETMAN VODA

BEOGRAD, Bulevar despota Stefana 68 b, Tel/Fax 011/2765-777, 2764-161

PIB: SR 100122128 Tekuci racun: 220-2208-64

Tomislav Lj. TriSovi¢

Beograd
Mirijevski Venac 6/22

Beograd, 09.10.2014. godine

Na zahtev Tomislava Lj. TriSovi¢a, viseg nau¢nog savetnika u Institutu tehnickih
nauka Srpske akademije nauka, PreduzecCe za tretman voda "Hidrosanitas" d.o.o., sa
sedistem u Beogradu, Bulevar despota Stefana 68-b, izdaje sledecu:

POTVRDU

Kojom se potvrduje da Tomislav Lj. TriSovi¢ u€estvuje kao konsultant i saradnik na
izradi projektno tehni¢ke dokumentacije postrojenja za pripremu vode za piée, postrojenja
za tretman otpadnih voda i nadzoru na izvodenju radova.

birektor,
(13?“Milj kovié¢\Milorad
"XMAPOCAHMTACT !

S
\ /
\ L



~ d.0.0.KOSJERIC 31260 Kosjeri¢,Nikole Tesle 14
ey 031/783-103, 064/6467-593 , 062/8799-360
mat.br. 20395958, PIB 105489094, t.ra&. 205-128723-76

www.aquapur.rs aquapur@aquapur.rs

Kosjeri¢
09.10.2014

IZJAVA O SARADNIJI

Izjavljujemo da ve¢ duZe vreme poslovno saradjujemo sa firmom AQUA CRYSTAL doo

iz Beograda i od njih kupujemo uredjaje za elektrohlorinaciju HIPOGEN tip SC. Uredjaji se
instaliraju na bazenima za kupanje, koje mi proitzvodimo i ugradjujemo, u cilju dezinfekcije
bazenske vode. Veoma smo zadovoljni kvalitetom i uinkom uredjaja, a posebno istiCemo
dobro resenje za bilo kakav servis.

Takodje sa G-dinom Tomislavom Trisovicem saradjujemo na projektovanju, iznalaZenju
tehnoloskih re$enja, konstrukciji za na$u proizvodnju i izvodjenju postrojenja za preradu
otpadnih voda. ( www.aquapur.rs )

Direktor

MgA Vidan V



()
AQUA

PREDMET: Potvrda o saradniji

Privredno drustvo AQUA LINES d.o.o. Beograd, Krunska 54, ogranak Kosjeri¢, Nikole Tesle 10
nabavlja od firme Aqua crystal doo uredaje za elektohlorinaciju HIPOGEN tip SC. Uredaji se
instaliraju na bazenima za kupanje u cilju dezinfekcije vode. Takode sa Tomislavom
TriSovi¢em saradujemo na projektovanju i izvodenju postrojenja za preradu otpadnih voda i

izrade uredaja za proizvodnju aktivnog hlora velikih kapaciteta.

AQUA LINES D.O.O.

KRUNSKA 54 TEK.RAC. 205 - 205320 - 78
11000 BEOGRAD PIB SR 108433631
SRBIJA MAT.BR. 20998580

aqualines.nenad@gmail.com
www.aquallnes.net

TEL/FAX: 031 784 120
MOB: 060 640 83 89
063 815 24 89




BETA GROUP

princip slane vode

ZASTUPNIK ZA : WINNMAR INDUSTRIES & BETA POOLS S.A.
PIB:100219682
Sanje Zivanovic 25, Beograd

tel/Fax : 011/ 8062404
mob. tel : 062/ 278987
www . betabazeni.co.rs

Beograd,10.10.2014.god.

From:Beta group

Subject:POTVRDA

Preduzece Beta group d.o.0., Beograd u saradnji sa Tomislavom Trisovicem
proizvodi elektode i elektohlorinatore tipa S koje se koriste kod tretmana vode
u bazenima za kupanje sa slanom vodom.

Uredjaji se instaliraju na bazenima za kupanje u cilju dezinfekcije vode.
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Transnational Cooperation Programme EUROPEAN UNION

Belgrade, 3 February 2014

Dear Sir/Madam,

It is our pleasure to invite you to the scientific and technical conference, within the
framework of implementation of the project Network of Young Innovators in the Agro-Food
Sector (NO-BLE Ideas Network), “Using Knowledge to enhance the Agro-Food Sector in
Serbia®, which will be held on 28 February 2014 at the Chamber of Commerce and Industry of
Serbia, Terazije 23, Large Hall, 2™ floor, at 11:00AM.

The Chamber of Commerce and Industry of Serbia is a partner on the IPA Project Network of
Young Innovators in the Agro-Food Sector-NOBLE Ideas, implemented with 13 partners from
7 countries through the South East Europe Transnational Cooperation Program.

The aim of the Project is to improve cooperation between the scientific and the business
sectors through development and promotion of innovative ideas in the agro-food sector in
order to transfer knowledge and technologies and link science and economy, improve
competitiveness of enterprises and comply with the EU legal regulations in the field of
agriculture. Visibility of new innovative ideas is guaranteed by international presentations and
the transnational competition, which provide an opportunity for young researchers-
innovators to present their projects to companies and interested investors, who will support
the most valuable ideas by financing pilot projects.

Eminent academics and scientists from university schools and institutes and successful
innovation firms have been invited to the Conference, who will present the results of
researches and support to implementation of innovation in economy.

We believe that the subject of the Conference will excite your attention and that you will be
interested in participating in the Conference and the NOBLE Ideas project.

With regards, = coe.

fesident % -

Chamber of Cc;m terce, a_@,d-_"f;‘ﬁ’é'l”ﬁstry of Serbia

Sl

Resavska 13-15 | 11000 Belgrade | Serbia | P: +381 1133 00 900 | F: +381 11 32 35 528 |E: info@pks.rs | www.pks.rs
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Programme co-funded by the

EUROPEAN UNION

Young InNOvators Network for SustainaBLE Ideas in the Agro-Food Sector, NO-BLE Ideas

South East Europe Transnational Cooperation Programme, 4th Call, Ref. No. SEE/D/0335/1.3/X

Conference
Using Knowledge to enhance the Agro-Food Sector

28 February 2014

Chamber of Commerce and Industry of Serbia, Large Hall, 2" floor, Terazije 23, Belgrade
AGENDA
11:00 —11:30 PARTICIPANT REGISTRATION
11:30 —12:00 WELCOME ADDRESS AND KEYNOTE SPEECH
Zeljko Serti¢, President of the Chamber of Commerce and Industry of Serbia
Dragan Glamoci¢, Minister of Agriculture, Forestry and Water Management
Representative of the Ministry of Education, Science and Technological Development
12:00 —12:15 Young InNOvators Network for SustainaBLE Ideas in the Agro-Food Sector,
NO-BLE Ideas, IPA Project
Danica Miéanovi¢, PhD, Country Project Manager, CCIS
12:15-12:30 The role of research and new developments in vegetable crops
Bogoljub Zecevi¢, PhD, Director of Institute for Vegetable Crops, Smederevska Palanka
12:30 —12:45 Contribution of knowledge to improvements in fruit-growing in Serbia
Svetlana Paunovié, PhD, Director of Fruit-Growing Institute in Cacak
12:45 —13:00 Beet juice as a product of a new technological process and entry in the EU market
Natasa Milanovi¢, CEO of BIOSIL D.O.O.
13:00 —13:30 COFFEE BREAK
13:30 —13:45 Using NS small grain seeds to increase the competitiveness of crop-raising in Serbia
Prof. Novo Przulj, PhD, Head of Small Grains Department at the Institute of Field and
Vegetable Crops Novi Sad
13:45 —14:00 Water as the source of life — Extraction and purification of ground water
Prof. Tomislav TriSovi¢, PhD, CEO of AQUA CRYSTAL D.O.O.
14:00 —14:30 Innovative projects by NO-BLE members:
e Aleksandra lveti¢, MSc, Use of dry ice in ensilage of fodder
e Marko Kosti¢, Use of BioSticks in the nutrition of home-grown plants
e lvan Karman, Expert Agriculture Network
14:30-14:45 Education and knowledge
Prof. Miladin Kosti¢, PhD, Dean of State University of Novi Pazar
14:45-15:00 HORIZON 2020
Prof. Viktor Nedovi¢, PhD, Head of HORIZON 2020 Working Party, University of Belgrade
15:00 COCKTAIL

Jointly for our common future

‘NO-BLE Ideas’ project Partner

CCIS - Chamber of Commerce and Industry of Serbia,
13-15 Resavska Street, | 1000 Belgrade, Serbia

Tel: +381 11 3300 900 = Fax: +381 |1 3230 949
e-mail: info@pks.rs * www.pks.rs
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E/MIT ECONOMICS MANAGEMENT INFORMATION TECHNOLOGY

EDITOR IN CHIEF

% Editor - Ph.D. Radmilo Nikoli¢ (Technical Faculty in Bor, University of Belgrade,
Serbia)

¢+ Co-Editor -Ph.D. Snezana UroSevi¢ (Technical Faculty in Bor, University of Belgrade,
Serbia)

¢+ Tehnical Editor -Zvonko Damnjanovi¢ (Technical Faculty in Bor, University of Belgrade,
Serbia)

« Secretary - Aleksandra Fedajev (Technical Faculty in Bor, University of Belgrade, Serbia)

% Lector - Bojana Pej¢i¢ (City of Nis, City Administration, Local Economic Development
Office, Serbia)

Editorial board

X4

Ph.D. Vitomir Mili¢ (Technical Faculty in Bor, University of Belgrade, Serbia)

Ph.D. Dragan Mihajlovi¢ (Faculty of Management Zajecar, Megatrend University,

Belgrade, Serbia)

Ph.D. Drago Cvijanovi¢ (Institute of Agricultural Economics Belgrade, Serbia)

Ph.D. Ivana Mladenovi¢-Ranisavljevi¢ (Faculty of Technology, Leskovac, University of

Nis, Serbia)

Ph.D. Vidoje Stefanovi¢ (Faculty of Science and Mathematics - University of Nis§, Serbia)

Ph.D. Gordana Kokeza (Faculty of Technology and Metallurgy, Belgrade, University of

Belgrade, Serbia)

Ph.D. Jasmina Stevanovi¢ (Institute of Chemistry Technology and Metallurgy IHTM,

Belgrade,Serbia)

» Ph.D. Dragan Pordevi¢ (Faculty of Technology, Leskovac, University of Ni§, Serbia)

»  Ph.D. Milan Stamatovi¢ (Faculty of Management, Metropolitan University,
Belgrade,Serbia)

% Ph.D. Goran Demboski (Faculty of Technology and Metallurgy, "St. Cyril and Methodius"
University, Skopje, (FYROM)

< Ph.D. Milos§ Sorak (Faculty of Technology Banja Luka, University of Banja Luka,
Bosnia and Herzegovina)

< Ph.D. Miomir Pavlovi¢ (Faculty of Technology Zvornik, University of Eastern Sarajevo,
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Bosnia and Herzegovina)

¢ Ph.D. Vasyl H. Gerasymchuk (National Technical University of Ukraine “Kiev
Polytechnic Institute”, International Economy Department, Kiev, Ukraine)

« Ph.D. Zlatina Kazlacheva (Faculty of Technics and Technologies, Yambol, Trakia
University, Bulgaria)

« Ph.D. Bruno Zavrsnik (Faculty of Economics and Business, Maribor, University of
Maribor, Slovenia)

« Ph.D. Liliana Indrie (Faculty of Energy Engineering and Industrial Management,
University of Oradea, Oradea, Romania)

% Ph.D. Zoran Stojkovi¢ (Faculty of Management Zajecar, Megatrend University, Belgrade,
Serbia)

% Ph.D. Dejan Rizni¢ (Technical Faculty in Bor, University of Belgrade, Serbia)

Ph.D. Tomislav Trisovi¢ (ISANU, Belgrade, Serbia)

Ph.D. Aleksandar Gruji¢ (Institute of Chemistry Technology and Metallurgy, IHTM,
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