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TRENUTNO DAJE SVETLO KADA SE AKTIVNO JEZGRO
ULOZ! U POSUDU SA ELEKTROLTOM

2 Yno3Haj enekTpoxeMujy kpos beorpapcky WKoNy enekTpoxemMuje



NPEATOBOP

EnekTpoxemuja je jenHa ofi peTKUX HAYYHUX AUCLLUNINHA
y Kojoj je Cpbuja rnobanHo nosHaTta. [peunsHuje peyeHo,
Beorpap v werosa Lkona enektpoxemuje. iamehy ocTta-
nor, To noTephyje n ynweHuua na je beorpapg nsabpax
3a pomahuHa 71. roguwmer cactaHka MehyHapogHor
enekTpoxemujckor apywTtea (The International Society of
Electrochemistry — ISE) koju ce ogpxaBa og 30. aBrycTa
0o 4. centembpa 2020. roguHe. MehyTum, o enekTpoxe-
MWju, tbeHUM 061acTnMa, 3HaUajy Koju nMa y CBakogHeB-
HOM XMBOTY, BaXXHOCTM KOjy OHa MMa faHac, a morotoso
kojy he umatum y byayhHocTu, na Tume 1 gocturHyhmma
beorpapacke wWKone enekTpoxeMmuje, WKpa jaBHOCT Maso
3Ha. YnpaBo 3aT0, 13 Hay4YHUX opraHusaumja u gpywtaBsa
je 29. HoBeMbpa 2019. rogunHe nNoTnucano geknapauujy
o npornawerby 2020. roguHe, y Kojoj je Hajgehun cBeTCcKkM
CKyn enekTpoxeMuyapa Tpebano pa ce oapxu y beo-
rpaay, 3a loguHy enektpoxemuje y Cpbuju, ca unmem
[a NPOMOBMLUE 0BY HayKy, ann n MOTUBULE MNaje Aa joj
ce noceeTe. [porpam weHor obenexasatba je 6oraT, of
opraHuMsaumnje HEKONMKO cepuja npepaBarba Hamere-
HUX yY4eHULMMa N CTYOEHTUMA, anun U HajLLUMPO] jaBHOCTH,
NMpeKo peanunsaumnje MHTEPAKTUBHUX pagMoHMLa 3a yue-
HUKe 3aBpLHUX pa3pefa Cpenrux LKoNa U CTyLeHTe
noYyeTHMUX rogmHa ogrosapajyhux gakynrtera, na go op-
raHM3oBaka Hay4YHWX M CTPYYHUX CKYMoBa TOKOM Liene
rogunHe. Hajgehu u HajsHayajHuju gorahaj nocTtana je op-
raHusaunja nsnoxbe YnosHaj (enektpoxemujy kpo3s) be-
OrpajCKy KONy eNIeKTPOXEeMUje, UNju KaTanor ApXKuTe y
pykama. MNocTtana, jep je HaxanocT, BehnHa npeaBuheHnx
Hay4HMX CKynoBa, na n 71. roguwmn cactaHak ISE, oTka-
3aHa 36or naHgemuje Kosug 19.

Kako cam HasuB n3noxbe cyrepulle, keH LD je ABOojak.
OHa je noceeheHa beorpanckoj WKONN enekTpoxeMmuje,
ann n yrnosHaBaky noceTunaLa ca eieKTPOXEMU|CKOM
HayKOM M TMMe KaKo W rge ce oHa Hanasu oko Hac. lNpeu
neo nsnoxbe, na n oBor Katanora, OTKpMBa WTa je enek-
TpoxeMuja u npepcTaB/ba heHe obnacTun. AyTopu TEKCTO-
Ba Cy npunafgHuum beorpafcke wKone enekTpoxemuje,
Koju NnpeacTaB/batbeM o0bnacTu Kojuma ce base nctospe-
MeHO npeacTaBsbajy W Haj3Ha4ajHMje obnacTy No Kojuma
je beorpafcka enekTpoxeMuja nosHaTa y cBeTy. 3aT0 TK
TEKCTOBM HeMajy NPBEHCTBEHW UW/b Aa AeTasbHO Npef-
cTaBe cBe obnacTtu enekTpoxemuje, Beh npe ceera oHo
unme ce baBuno n 6asu y beorpany. Opyru geo, un Kkata-
nora n nsnoxb6e, je noceeheH nctopuju enekTpoxemnje
y Bbeorpapny, HacTaHKy u pasBojy beorpapcke Lwkone
eNleKTPoXeMuje, Kao M JbyAMMa KOjU CY HEeHU OCHMBAYM U

Haj3HauYajHMUj1 NpeacTaBHULLN.

FOREWORD

Electrochemistry is one of the few scientific disciplines
that gave Serbia global recognition. More precisely, we are
talking about Belgrade and its School of Electrochemistry.
Among other things, this is also confirmed by the fact that
Belgrade has been selected to be the host of the 71t an-
nual meeting of the International Society of Electrochem-
istry — ISE, from August 30 to September 4, 2020. How-
ever, wider public is not so familiar with electrochemistry,
its fields, importance in everyday life, significance that it
has today and that it will have tomorrow, as well as the
achievements of the Belgrade School of Electrochemistry.
That is exactly the reason why on November 29, 2019, 13
scientific organisations and societies signed the Declara-
tion of establishing the year 2020, when the largest global
gathering of electrochemists was supposed to take place,
as the Year of Electrochemistry in Serbia, with the purpose
of promoting the science, as well as motivating young peo-
ple to devote to it. The rich celebration program includes
several series of lectures intended for high school and
university students, as well as wider public, interactive
workshops for students in their final years of high school
and first years of university at appropriate faculties, as
well as scientific and professional conferences throughout
the year. Exhibition Meet (Electrochemistry Through) Bel-
grade School of Electrochemistry, catalogue for which you
are holding in your hands, has become the largest and the
most important event. It has become that because, sadly,
most of the planned scientific gatherings, including the 715t
annual ISE meeting, has been cancelled due to the pan-
demic of Covid 19.

As suggested by the title of the exhibition, its aim is twofold.
It is dedicated to the Belgrade School of Electrochemistry,
as well as introducing the visitors to the electrochemistry
as ascience and how and where to find it allaround us. The
first part of the exhibition, as well as this catalogue, reveals
what electrochemistry is and presents its fields. Authors of
the texts are members of the Belgrade School of Electro-
chemistry and by presenting the fields of their work, they
also simultaneously present the most important areas that
made the Belgrade electrochemistry globally recognized.
That is why the primary goal of these texts is not to present
all of the fields of electrochemistry, but rather everything
that has been and still is the focus of work in Belgrade. The
second part of both catalogue and the exhibition is dedi-
cated to the history of electrochemistry in Belgrade, estab-
lishment and development of Belgrade School of Electro-
chemistry, as well as the people who were its founders and
the most important representatives.
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LLiTa je enekTpoxemuja?

Mpema geuHNLKjK, eNeKTPOXeMuja U3yyaBa XeMmnjCKe NPoLLece KOju Cy YCTOBSbEHUW UK
npaheHn NPOTOKOM UMM aKyMyNaLnjoM HaeneKTpucaka. EnekTpoxeMunjcku npouecu cy
OKCMA0-PefyKLMOHe Npupoae, aiun ce 0of, ,,06UUHNX” XEMUJCKUX OKCUL0-PELYKLMOHNX
peakumuja pa3nunKyjy no ToOMe WTO Ce 04MrpaBajy Ha rpaHnum ase ase, of Kojux je jea-
Ha eNeKTPOHCKM, a Apyra jOHCKK NPOBOAHUK. [pyra 6uTHa offiMka eneKkTpoxeMujcKor
npoueca je WTO Ce OKCMAaLnja u pefyKumja ogmrpasajy y npoCcTOpHO pa3fBojeHnM ae-
NOBMMA peaKkLUMoHOr cucTeMa. Y TOKy ofurpaBakba eNeKTPoOXeMUjCKUX peakuuja pona-
31 0,0 NPOTOKA eNEKTPUYHE CTPYje Ha padyH NPOMEeHe XeMUjCKe eHepruje peakTaHaTta
n npomsBopa. CTora, enekTpoxemuja ce Moxe AeduHMUCaTU M Kao HayKa O KOHBEP3ujK
efleKTPUYHe eHepruje y XxeMujcky eHeprujy n obpHyTo. MNopepn, yHAAMEHTaNHOT U3y-
YaBahba MexaHM3aMa eNneKTPOXeMUjCKMX npoLieca, WTo npeacTaBba OKyC caBpeMeHe
efleKTpoxemuje, OBa HayKa je Hala BeMKY NpuMeHy y aHaluMTULK, Kao 1y caBpeme-

HWM MHAYCTPUjCKMM NpoLecmma.

OCHOBHM KOHLENTH

AKO MocMaTpaMmo jelaH XeMUjCKMN peaKkLMOHM CUCTEM Y KOMe Ce OfUrpaBa HeKa OKCU-
LO-pedyKLMOoHa peaklmja, MOXeMO Aa 3ak/byunmo ga he ce npeHocu enekTpoHa us-
mMefy BpcTe Koja ce okcuayje (npepaje enekTpoHe, peayKLMOHO CPefCcTBO) M BPCTe Koja
ce peayKyje (MpuMa eneKTpoHe, OKCUAALMOHO CPeACTBO) OAUIPABATM Y CBUM MOryhum
npasuuma. Npu ToMe, OKCUMAALMOHO CPEACTBO, KOje je Y CBOjoj okcmaoBaHoj hopmu O,
npehu he y cBojy peaykoBaHy hopMy R. AHanorHa npomMeHa he ce ogurpaTu ca peayk-
UMOHUM cpencTBoM. CTora, 6uno Koju okcnao-penyKLmMoHn NpoLec Moxemo npencTa-

BUTU Kao KoHBep3unjy aea O/R napa:

Meet electrochemistry through Belgrade School of Electrochemistry




Katoga

R1

AZ aHopa

0O1+R2-R1+02 1)

[MaBHa NokpeTayka cuia 0BOr PefoKC Npoleca je XeMujcKa eHepruja Koja je cagpxa-
Ha y peakTaHTMMa M KOje OHM MokyllaBeajy fa ce ocnobope. Mpu Tome, peakuunja he ce
oaurpasaTu cBe Aok ce cnobogHa eHepruja cuctema cMakbyje. XeMujcka eHepruja cagp-
XaHa y peakTtaHTuma he ce ocnobahatu kao TonnoTa, CBETNOCT UK Heka apyra opma
eHepruje, n buhe pacyTay oKoONMHY. YKOIMKO NPOCTOPHO oaBojumo napose O1/R1 n 02/
R2 (Ha npumep, y aBe 3acebHe nabopatopujcke yalle) xeMujcka TpaHchopmaumja he
CcTaTu: 3a oAMrpaBarbe NpoLeca HeONXo4Ha je npepacrnofena HaenekTpucara nsmehy
NMOMEHYTUX pefoKc naposa. MefyTuM, ako HOBM PEaKULUMOHU CUCTEM KOHCTPYMULIEMO
TaKo fa ycrnoctaBumo ABe asHe rpaHuLe namehy Hekor eleKTPOHCKOr MPOBOAHMKA U
thase koja cagpxu napose 01/R1 1 02/R2 kao Ha cnuum 1 oHpa ce peakuunja (1) Mmoxe
oAurpaBaTy Tako wTo he ce Ha ABe rpaHuue hasa ogurpaBaTu peakuuje:

01 +ne(M1) »R1 (2)
n

R2 - 02 + ne"(M2) (3)

npu yeMmy ce nogpasymesa [a MoCTOjU KOHTUHYMPaHW TOK HaeleKTpucaka ca efek-
TPOHCKOT MPOBOAHMKA M2 Ha efleKTPOHCKM NpoBoAHMK M1 (koju cy 06UYHO HEKM MeTa-

N1, U MOTY, ann He Mopajy, bUTK ncTn).

CJINKA 1.

Enektpoxemujcka henuvjay Kojoj ce peakuuje ogurpaBajy
Ha payyH CMakeHa XeMUjCKe eHepruje peaktaHaTa.
Kpo3 cnosballtby feo Kona cTpyjy NpoBoae eNeKTPoHM,
a KpO3 eNIeKTPONUT joHU. NpoMeHa KapakTepa Hocmaaua
HaeneKTpucara felaBa ce Ha efnlekTpofama. MNoposHa
mMembpaHa ofBaja aHOOHW 1 KaTOAHM [e0 1 cnpeyaBa
peakuujy nsmehly 01 n R2.

dopmupaHe rpaHuLe asa Ha3nBajy ce eNeKTPOAe M NpeacTaB/bajy KOHUENT Of LeH-
TpanHor nHTepeca 3a eniekTpoxemujy. Peakuuja (2) npeacTaBmba peakuumjy peaykumje,
a eNneKkTpoAa Ha KOjoj ce oaurpaBa pefyKumja ce yBek HasmBa katoga. 36or Tora ce pe-
aKuuja penykumnje HasmMBa M KaTofHa peakuuja. C gpyre cTpaHe, aHoga je enekTpona
Ha KO0joj ce oaurpasa peakuuja okcugaumje (peakunja 3), na ce okcuaaumja Hasmea 1
aHoAHa peakuuja. Ycnepn nNpocTopHe pasfBOjeHOCTM aHOL4HOr M KaToAHOr npoueca
jaB/ba ce yCMepeHU, KPYXKHM TOK HaeneKTpucarba Kpo3 cnosbawmbm (M1-npoBogHUK-M2)
M yHyTpawmn (M2-enekTponnt-M1) oeo Kona, 04HOCHO eNeKTpUYHa cTpyja. Kako enek-
TPpWYHa CTpyja NpoTUYe KPO3 Cnosballikbk AE0 KONa, eflekTpoae 1 hasy Koja cagpxu pe-
pokc napose O1/R1 n 02/R2 jacHo je [a MeaujyM Koju CafpXu pefoKC napoBe Mopa
[a CafpXu 1 BPCTe KOje MOTy [a NMPoBoOAe eNeKTPUYUHY CTpyjy. To cy pa3nuumnte BpCTe
joHa, na je enekTpona 3anpaso hasHa rpaHMLLa eNeKTPOHCKN NPOBOAHMK/JOHCKM Npo-
BOAHWK. JOHCKM MPOBOAHWK, ¥ CKNany ca AetUHULUjOM efleKTpoxeMuje, Moxe butu
UYBPCT WKW TeYaH eNeTponnT, U Hajuelwhe cy TO BOLEHW eNeKTPONUTUYKM pacTBopu. Bp-
CTe KOje MpoBOAE ENEKTPUYHY CTPYjy KPO3 eIeKTPOSINT Ha3UBajy Ce efIeKTPONpPOoBOgHE
BPCTe, LOK Ce XeMMjCKe BPCTe KOoje nponase Kpo3 pefoKc TpaHcopmalmje Hasuneajy
eNeKTPoaKTMBHE BPCTe. 3a NPOTOK jeAHOCMEpPHE efleKpuYHe CTpyje KpPo3 efieKkTpoxe-
MUjCKM CUCTEM HEOMXOLHO je MPUCYCTBO eNIeKTPOMNPOBOAHUX U eNIeKTPOAKTUBHMUX Bp-
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CTa, [OK Ha efleKTpofama [onasu Lo NPOMeHe KapaKTepa Hocuiala HaenekTpucara
—y cnosballkbeM fleNy KoJsla TO Cy eNeKTPOHU, 8y eNeKTPONUTY CTPYjy NpoBoae joHu. Kao
W'y CNyyajy XeMUjCKOT peakLMOHOr CUCTeMa, raBHa NoKpeTayka cuna 3a ogurpaBarbe
eNIeKTPOXEMUjCKE peaKklmje je xeMujcka eHepruja cagpxaHa y peakTaHTuma. Crora,
efleKTpoxeMujcka peakLmja ce ogurpasa Ha padyH cMakerba cnobogHe eHepruje (AG)
eN1eKTPOXEMUJCKOT CUCTEMA, CMIOHTAHO, a XEMUjCKA EHEPruMja ce TOKOM paja KOHBepTYje
y eneKkTpuYHy. Npun ToMe, NpoOMeHa eHepruje cMcTeMa 3a peakunjy y eNIeKTpoOXeMUjCKOM
cucTeMy Mopa 6UTH noeHTUYH ca AG 3a UCTY peakuujy Koja ce ogurpasa y XoMOreHoM
XEMUWjCKOM peaKkLMOHOM CUCTEMY, nHave 61 61O HapyLleH NPBM NPUHLKMN TEMPOAMHA-
MuKe. ENeKTPOXeMMjCKM peaKLMOHM CUCTEMM Y KOjUMa ce peakLinje oaurpaBajy CrnoHTa-

HO Ha3MBajy Ce rasiBAaHCKUN eNIeMEHTU.

C 0631poM [a ce y TOKY pafa rafiBaHCKOr efleMeHTa jaB/ba YCMepPEeHU TOK HaeneKTpu-
cahba, 3aK/byyyjeMo fa nsmehy MetTanHmMx n3Bofa rasiBaHCKOr efleMeHTa Mopa nocToja-
TV ogpeheHn enekTPUYHM HamnoH, OLHOCHO pa3sniMka noTeHuunjana. Npema peakuymjama
(2) n (3) 3ak/byyyjeMo fa je kaTona, 360r yTpoluKa eNeKTPoHa, Ha MO3UTUBHUjEM NOTEH-
Lunjany y ogHOCYy aHOLy, Fhe ce akymynupajy enektpoHu. Ctora je y ranBaHCKOM ene-
MEHTY KaToa No3UTUBaH MOJ, @ aHo4a HeraTuUBaH Nos enekTpoxemujcke henuje. Kako
eNeKTPUYHN HaMOoH, No fetHULNjM, NpeacTaB/ba pas Koju je notpebaH 3a npeHoLwere
jeAuHWYHOr HaeneKTpucarba U3 Tauke Ha NoTeHuUujany @,, y Tauky y Kojoj je noTeHuujasn
@,, MOXE Ce 3aK/byunTun fa NocToju AMpeKTHa Besa namely pasnuke noteHumjana ase
eNieKTPoAae 1 eHepruje Koja ce ocnobaha Npuankom xemujcke peakunje. Y enektpoxe-
MWj¥ OBaj paj ce HasvBa eIeKTPOMOTOPHA CuNa & 1 Kaa je KoJio 0TBOpPeHo (He Teue
CcTpyja) Baxu:

AG (4)
E=——

nF
KoHcTaHTa F ce Ha3mBa dapafjejeBa KOHCTaHTa. BpenHocT PapanejeBe KOHCTaHTe je
96485 C mol™, a npefcTaB/ba HaenekTpuUcare jefHOr Mosia efIeKTPOHA U Y eNleKTpoxe-

Muju je og nocebHor 3Havaja.

MoTeHuMjan jeoHe enekTpoae y eIeKTPOXeMUjCKOM CUCTeMY AarT je cnefnehoM jegHaum-

HOM:
RT CO
Eor =E8m +——In=2 (5)
O/R O/R nF cp

OBa jegHaunHa HasmBa ce HepHCTOBa jefHaYMHa PABHOTEXHOI €NIeKTPOAHOM NMOTEeH-
unjana. ES/R ce Ha3MBa CTaHOApPAHU eNeKTPoaHM NoTeHumjan pegokce napa O/R nator
OMLITOM peaKkLujoMm:

O+ne-e R (6)

BpeOHoOCTM CTaHOapAHUX eNeKTPOLHMX NOoTeHUMnjana cy nsmMepeHe 3a Benvkn 6poj pe-
LOKC napoBa 1 06nuHo cy garte y hopmu Tabena npu vyemy HynTy BPeAHOCT MMa BOAO-
HWYHa enekTpoga. Kako anconyTHy BPeAHOCT efleKTPoAHOr noTeHumnjan Huje Mmoryhe
MepuTun, B0 je HeONXOLHO LOrOBOPUTU pedepeHTHY TauKy y OAHOCY Ha Kojy ce mepe
noTeHLMjanu CBaKor pefoKce napa. Y eneKkTpoxeMujn je To BOJOHWYHA eNleKTpoaa Koja je
AvdUHMCaHA NonypeaKLmjoMm:

H*+e ¢ 1/zH2 (7)
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M 3a KOjy je LOrOBOpEHO Aa je ES/R =0 V. No3nTnBHe BpeaHOCTH CTaHAAPLHNX PeLOKC
noTeHLKnjana umajy oHM pefoKC NapoBy Ynje OKCUOOBaHe BPCTe NPU CTaHAAPLHUM yC-
JIOBMMA MOTY Lia OKCUAY]Yy MONEKYNCKN BOAOHUK, NPU YeMy ce came peaykyjy (kao Hrp.
Au®*/Au nap?l). HeraTuBHe BPeAHOCTM CTaHAAPAHUX PELOKC NOTEHUM]ana umajy oHu pe-
[OKC NapoBu Ynje peaykoBaHe BpcTe penykyjy H* joH (M3aBajajy MONeKynckn BOLOHMK)
npv cTaHgapaHuM ycnoeuma (kao Hnp. Li*/Li nap). Ha ocHoBy jegHauunHe (5) cnegun pa
ce MepereM NnoTeHUMjana fate enekTpoLe y O4HOCY Ha BOLOHUYHY eNleKTpomay Mory
npaTUTN 0O4HOCK KOHLEeHTpaunje ydecHuka O/R napa. Lakne, Mepera HanoHa nsamehy
MeTaslHUX M3BoAa enekTpoxemujcke henvje Mory ce UCKOPUCTUTH Kako 3a pyHAaMeH-
TanHa UCTpaXuBara TaKo 1y aHannTuuke cepxe. OBa Mepera ce 3ajefHUUYKUM UMEHOM
HasnBajy NoTeHLMOMETpUjcKa Mepera M 0baBe3HO ce ussoge y ycnosuma bescTpyj-
HocTu (I = 0), OAHOCHO Y YCNOBMMA OTBOPEHOT KONa.

Mopepn Tora wTo ce, 3a PassiMKy Of, XEMUJCKMUX PeaKkLMOHNX CUCTEMA, peaKLmje oKkeuaa-
unje 1 pegyKumje oamrpasajy y NpOCTOPHO PasfBojeHUM AefIoB1Ma CUCTEMA, eJIeKTPO-
XEMUjCKM CUCTEMMU Ce PA3NIMKY]y Of, XeMUjCKM MO MOTYRAHOCTM KOHTpOe cMepa 1 6p3unHe
oaurpaBarba efeKTpPoXeMujcke peakuumje nomohy crnorballker n3Bopa jefHoCMepHor
HanoHa KOju je Be3aH napasiesiHo ca MeTaslHMM M3BoAMMa enekTpoxemujcke hennje

(Bpyrnm peumma nayc Ha nayc, MMHYC Ha MUHYC, CMKa 2).

e
— >
+ |-
L
CJIUKA 2.
+ .
EnekTpoxeMumjcku cUCTEM y KOMe ce
€NeKTPOSIUTUYKN NPOLLECU OAUTPaBajy NOL
. KOHTPOJIOM CroJballHer U3Bopa jedHoCMepHor
01 M ol R2 HanoHa — enexkTponuTmnyka henuvja. Ynopeauntu
|
—:—} CMep nNpeHoca HaeneTpucara U TOK eNleKTpuyHe
I CTpyje ca cryyajeM raiBaHCKOr efieMeHTa, cnunka 1.
R1 | 02
+—
aHopa | AT KaTtopa
I

[a 6u ce 06pHYO cMep opurpaBarba eNeKTPOLHUX peaKLnja eleKTPOXEMUJCKN CUCTEM
Mopa Aa npuvMu LOBOJbHY KOJIMUMHY eHepruje of, cnosballker n3sopa jefHoCMepHor
HanoHa, na je TepMoaMHAMMUKKN YCIIOB 3a OBaKBY MHBEP3Ujy Taj Aa je HanoH U Koju ce
Hamehe crnospalwbuM M3BopoM Behn oL eNeKTPOMOTOPHE CUJSle FrafiBAaHCKOr efleMeH-
Ta. YKONIMKO Ce y eNeKTPOXeMUjCKOM CUCTEMY XeMUjCcKe TpaHchopMaumnje oanrpasajy
y CMepy KOju je CynpoTaH CMepy CMOHTAHOr oaurpaBarba XeMujcke peakuuje, enekTpo-
xemujcka henuja pagu y pexunmy enektponntmuke henuvje, a 0BakBU NPUHYLHM NPOLLECH
y eN1EKTPOXEMU|CKUM CUCTEMUMA CE 33jeAHUYKMM UMEHOM Ha3MBajy eNeKTPONIUTUUKN
npouecu. Y enektponutuykoj henuju ponasm OO KOHBep3uje efNeKTpuyHe eHepruje
Yy XEMUjCKY eHeprujy, aHo4a 1 KaTofa Mekajy 3HaK y 04HOCY Ha rasiBaHCKW enemMeHT.
MeRyTuM, Ha aHOAM M KaTOAM N Jasbe Ce OAMrpaBajy okcugaumja n pegykuuja. Mpumep
NpoOMeHe pexuMma paja jefHe enekTpoxemMunjcke henuje je nyrwere n npaxmere bate-
puje y MobunHom tenecoHy. Kapa ce TeneoH KOpUCTU eNleKTpryHa eHepruja ce pobuja
Ha payyH xeMujcke TpaHchopMaLunje eneKTPoOAHUX MaTepujana, na batepuja pagm Kkao
ranBaHcku enemeHT. Kaga ce 6atepuja nyHu, oonasm 4o XeMUjCKUX TpaHcdhopmalmja Ha

payyH enekTpuyHe eHepruje, a 6batepuja pagm kao enekTponuTmuka henvja.

1 Mo npaBuny, nonypeakumje ce nuwy y npasuy pefyKuuje, a pefoKc naposm o3Havajy kao O/R

8 YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



Mopehetrbe ranBaHCKOr efleMeHTa 1 efleKTponnTuuke henuje Hajnakuwe je ypaauTtu ynopeaHoM aHanmM3oM npo-

Leca Koju ce ogurpaBajy y OBuM cucteMmma

lanBaHCKM eneMeHT EnekTponutuuka henuja
Mpouec Ha aHoaM Okcupaumja Okcuaauymja
Mpouec Ha kaToau Pepykunja Penykuuja
3Hak aHofge - +
3Hak KaTtoae + -
CnoHTaH TOK ogurpaBama OA HE
EHepruja ce [aje noTpolwayy Tpowwu 13 nssopa

Lok je ca TepMoOOMHaMMUKOr acrnekTa CMep efIeKTPOXeMUjcKe peakuuje neduHucaH
caMoO 04HOCOM HaMeTHYTOr HarnoHa Ha MeTasnHe usBope kona u EMC, To je noTpebaH,
anv He 1 [,OBOJbaH YC/I0B 3a oaurpaBakbe efieKTpoxeMnjckor npoueca. Kako enekrpopne
M eNeKTPONUT NPencTaB/bajy cepujcke enemeHTe kona (cnuke 1 v 2) npouecu Koju ce
opurpaBajy y enektponuty (kpetake joHa) 1 Ha enekTpofama (npeHoc 1 akymynaumja
HaenekTpucaka) NpeacTaB/bajy NnoTeHumjasHe n3sope rybutaka eHepruje u AMMUTK-
pajyhe hakTOpe Koju ce oppaxkaBajy Ha 6p3nHy ogMrpaBakba eIeKTPOXEMUjCKOT npoue-
ca. [la 6u cTpyja npoTuuana Kpo3 enekTpoxemujcky hennjy y enekTponunTty Mmopajy butu
NPUCYTHW joHW, Tj. Beh NOMeHyTe enekTponpoBoaHe BpcTe. poBoA/bUBOCT €N1EKTPOIN-
Ta, 04EKMBAHO, 3aBMCU O, KOHLLEHTPaLLMje joHa, Na je MepereM NPOoBOA/bMBOCTU Moryhe
OLPEenNTU KOHLEHTPALMjy jOHCKUX BPCTA Yy pacTBopy. Mepera NpoBOASbMBOCTU HA3U-
Bajy Ce M KOHLYKTOMEeTpUjCKa Mepekrba, a BENMKa rpyna aHanTUYKnx Metona 3acHoBa-

HUX Ha MeperbnMa NpoBOaJbUBOCTHU KOH,EI,yKTOMeTpVIjCKMM mMeTodama.

AKko Ha eflekTpopama fos1a3un 40 pasMeHe HaeneKkTpucara jaB/ba ce 0Tnop 3a 0Baj Npo-
uec. OBaj 0TNOP Be3aH je 3a NPUCYCTBO eNEeKTPOAKTUBHMX BPCTA Y €NIEKTPOXEMU|CKOM
CUCTEMY U1 HUXOBE XEMUjCKe TpaHchopMaLmje n 03HayaBamo ra ca R, (o eHr. charge
transfer). YKONMKO y eNeKTPOXeMmnjCKOM CUCTEMY HEMA eNIeKTPOAKTUBHUX BPCTA, jeHO-
CMepHa efleKTpMYUHa CTpyja He Moxe fla MpoTuYe Kpo3 enekTpoae. MehyTum, npucycTeo
€NIeKTPONPOBOLHMX BPCTA je LOBO/BHO fa oMoryhu NpoTOK Ham3MeHWYHe CTpyje Kpos
thasHe rpaHuLe MeTan/enekTponnT U eNeKTPOSIUT. Y TOM CMUCITY MOXEMO Aa pasfunkyje-
Mo hapaziejcke n HethapaZiejcke NpoLece y eNeKTpoxeMmjcknum cructemmnma. Gapanejcku
NpoLEecu NoBe3aHu Cy ca XeMUjCKMM NpoMeHaMa Koje n3a3unBa je[HOCMepHa efleKTpryHa
CTPyja, AOK Cy HedhapaejCKM NPOLLECH OHM KOjU CY MOBE3aHM ca NPOTOKOM Hau3MeHUYHe

CTpyje y eNeKTPOXeMU|CKMM CUCTEMMMA 1 KOje He NpaTe XeMujcKe NpoMeHe.

®dapagej je n3yuasao Be3y usmehy HaenekTpucara NPOTEKIION KPO3 eNeKTPOXeMUjCKHU
cucTeM (g) n kKonnumHe (Mace, m) U3ABOjeHUX MPOM3BOAA M 3aKJbyUYMO Aa Cy OBE BeNYU-
He AMPEKTHO CpasMepHe:

m=kq (8)

OBa jegHoCTaBHa jegHavnHa HasuBa ce 1. MapapejeB 3aKOH eNleKTponu3e v npeacTa-
B/ba OCHOBY eNleKTpoxeMujcke cTexnomeTpuje. U3 jenHaumHe (8) Moxe ce nohu fo Bese
nsmehy 6panHe enekTpoxeMujcke peakumje, v, auMmeHsuje [mol m=2s?], nryctune ctpyje

Koja npoTuye Kpos enexkTpoay (j):

J 9)
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roe je n 6poj enekTpoHa Koju ce pa3metrbyje y eleKTPOXeMUNCKOj peaKkLmju, jeaHa4YmnHa
(6). Tachen je npoHawao 3akoHMTOCT namehy noteHunjana enektpone (E) n ctpyje (I)
KOja MpoTUYE KPO3 Hby:

E=a+blogl (10)

roe je BenuumHa b Tacenos Harub, n of 3Havaja je y ogpehunBary MexaHMsama enek-
TpoOHMX npoueca. Ha ocHoBy jegHaunHe (10) BUOM ce fa Manie NPOMeHe NoTeHUMnjana
MOry [,a U3a30BY BE/IMKE MPOMEHE CTPYje Koja NPOTUYE KPO3 eSIEKTPOXEMUJCKU CUCTEM.
OBakaB HauuH npeunsHe KOHTpose 6p3nHe XxeMujcke peaklmje KapakTepucTuyaH je u
jeDVMHCTBEH 3a enekTpoxeMujcke cucteme. Mopep Tora, Kako je 6p3nHa xemujcke, na
TaKo M eNleKTPOXeMUjCKe, peaKkLnje cpasmepHa KoHLEeHTpaLnjama yuyecHmka peakumje,
13 jegHaumHe (10) cneaw fa je cTpyja cpasMepHa KOHUEHTpaunju peaktaHaTa. Ha oBoj
Be3M 3aCHMBA Ce BeJIMKN 6poj eneKTpoaHaInTUYKNX MeToa.

Kao WTo je onucaHo, Ha 6p3nHy Npoueca y efneKkTpoxeMujckoj henmju yTudy Kako oT-
nop enekTponuTa Tako 1 oTnop asHMx rpaHnua, na cy ABe ocHoBHe obnacTu msyua-
Bakba €/IEKTPOXEMMje MPOLLECU Yy ENEKTPONUTMMA M MpoLecu Ha enekTpogama. lpo-
Lecu y enektTponmtuma mory aa byay paBHOTEXHM, Kao LWTO Cy MHTepaKLnje jOH-joH U
jOH-pacTBapay, ¥ HEPABHOTEXHM — KPeTarbe joHa Mo yTULajeM HeKe NoKpeTayke cuse.
EnekTpoxeMuja enekTpogHMX peakumnja 6aBu ce npouecrMma nsMeHe enekTpoHa Kpos
rpaHuuy MeTan/enekTponuT. EnekTpoxemuja paBHOTEXHUX e€NeKTPOAHUX npoueca
6aBu ce NpoLecrMa Kof Kojux HemMa npoToka cTpyje Kpos henujy. HbeH opyru Hasus je
enekTpoxemujcka TepMopamnHamMmuka. OCHoBHM npobneMn enekTpoxemmnjcke TepMopau-
Hamuke cy MeflycobHe 3aBUCHOCTU M3Mely HanoHa OTBOPEHOT KOMa efleKTPoXeMujcke
henunje n TepMoaMHAMUYKUMX BEIMYMHA XEMUM|CKE peaKLmje Koja ce y boj ogurpaea. He-
paBHOTEXHMM NpOLLeCUMa, Koju Ce jaBrbajy Kaf je pe3ynTtyjyha cTpyja kpos henujy pas-
nmunTa of, Hyne, 6aBu ce enekTpoxemujcka kKuHeTuka. OCHOBHa NMTaka Kojuma ce 6aBu
eneKTpoXemMujcKa KMHeTuKa cy bp3nHa n MexaHmsaMm enekTpogHux peakuuja. MocebHn
oferbak hyHOoaMeHTanHe enekTpoxemunje 6aBu ce CTPYKTYPOM ABOJHOI e/IeKTpUYHOr
cfoja, Tj. pacnofeNioM HaeneKTpucamwa Ha rpaHmumn dasa meTan/enekTponuT, NowTo
HberoBa CTPyKTypa Takohe npencraB/ba 3HayajHU YnHUNaL 6p3nHe eneKTPoLHUX pe-
aKumja.

Mopena enekrpoxemuje

EnekTpoxemuja je M3y3eTHO pasBMjeHa ¥ Halluna je WNPOKY NPUMEHY Y Pa3NNUunNTUM UH-
TepaucuunavHapHum obnactuma xemuje n nsndke xemuje. Nogena Koja je paray Ha-
CTaBKY HUje jefHO3HaYHa, na je n3Mehy nojeanHux obnactu yecTto Tewko nosyhu jacHy
rpaHuuy. EnektpoaHanmtnuka xemuja 6aBu ce KBaHTUTATUBHOM XEMUW]CKOM aHaIM30M
Ha OCHOBY 3aBMCHOCTU Bp3nHE eNeKTPOLHMNX peaKkLmja u 4pyrux eNeKTPOXeMNjCKMX Be-
NMYMHa o KOHLeHTpaLuunje. Heke o, MeTofa Koje KOpWCTU eNleKTpoaHanMTnu4Ka xemuja
cy Beh noMeHyTe, Kao Ha NnpuMep KyJoMeTpujcKe MeToLe, KOHOYKTOMETpUjcKke meToae u
noTeHuMoMeTpujcka Mepersa. Ha npumep, ogpehnsarse pH ce NCKIbyYMBO paan NOTeH-
umomeTpujckn. MehyTumMm, Hajsehn 6poj caBpemeHux meToga basupa ce Ha Be3u nsmehy
CTPYje ¥ KOHLLeHTpaLuje yuecHrKa eNnekTpoxeMnjcke peakumje. Ha osoM npuHumny ba-
31pajy ce WNPOKO NpUMEHMBaHN CEH30PK 3a MYKO3Y Yy KpBU. CNeKTpoenekTpoxemuja
ce 6aBM aHaNM30M NPON3BOLA ENIEKTPOXEMUJCKUX PeaKLinja Ha OCHOBY HUXOBUX CNeKTa-
pa (YB, BUC, VP, pamaHcKkux 1 hoTOaKYCTMUHMX). ENeKkpoxeMnjcka KoHBep3uja eHepruje
jenHa je op obnacTu Koja HajaHavajHMje yTuye Ha Halwe xuBoTte. OHa ce 6aBu xemujc-
KMM M3BOpMMa CTPYje Koje fenmMo Ha baTepuje, eneKTpoxXeMmujcke KOHOEeH3aTope 1 ro-
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puBHe henuje. O 3Hauajy eNleKpoxemMujcKke KOHBep3uje eHeprunje rosopmn 1 YnbeHnLa aa
je BpegHoCT rnobanHor TpxuUWTa NMTUjyM-joHckux 6atepuja 100 mununjapam gonapa. ¥
oBy obn1iacT MoXe ce NPUAPYXUTY 1 hoToeNneKTpoxemmja Koja npoyyasBa npeTeapake
CBET/IOCHE Y eNIeKTPUYHY eHeprujy y enekTpoxeMujckum henujama. NpumMeHoOM enek-
TPOXEMUjCKMX 3aKOHA KO nMpakTuYHor gobujarba MeTana u jefutbera, NPOU3BOLHOM
pasMUNTUX racoBa, rasiBAHOTEXHUKOM, Kao 1 U3PaLlOoM XEMU|CKUX 3BOpa CTPYje, 6aBu
ce EnekTpoxeMujcko MHxerepcTBo. Of nocebHOr 3Havaja je ucnuTuBake Koposuje,
Koja je eNeKTPOXeMUjCKM npouec, 1 3awTuTa of Kopo3suje. Koposuja je cBenpucyTaH
NpoLec 1 MMa OrpoMaH yTunu,aj Ha eKOHOMCKM pasBoj. [pema HekuM ayTopuma moryhe je
Heke o, rope HaBefeHux obnactn 0bjeguHnTn y NMprMereHy eneKkTpoxemMujy. JOHCKUM
NPeHOCOM 1 NojaBaMa passivka enekTPUYHMX NnoTeHumnjana Ha hennjckum membpaHama,
objalltbaBarbeM MPEHOLWEHA HEPBHUX MMNYCA, Kao M NMPUMEHOM eNeKTPOXEMM|CKUX
MeToda aHanuse y 6monowkmum cucteMuma 6asu ce broenekTpoxemumja. MeguumHceka
enekTpoxemuja ce 6aBM NPUMEHOM eNeKTPoOXeMuje y MeguumHu 1 objeauntbyje enek-
TPOXEMUjY U MEAULMHCKY XeMujy. Y MeguLUHK, eNeKTPOXeMUja Ce MpUMekrbyje Kako 3a
anjarHoctuky (EET, EKI), Tako 1 3a neyeme. JegHa of, MeTofa neyverba Tymopa y XIX
BeKy buna je enekTponmsa TYMOPCKOr TKMBA, [LOK Ce CMMYaH NPUCTYN TPEHYTHO KO-
pPUCTV Yy AepMaTosoruju.

CJZINKA 3.

CsojcTBa MaTepujana ogpehyjy enekTpoxemujcke
npouece Koju ce AellaBajy Ha krMa. PenponykoBaHo y3
possony 3 ACS Catal. 2019, 9, 4, 3467-3481.

Copyright 2019 American Chemical Society.

MoTpebHO je HarnacuTh fa je pasBoj enekTpoxemuje yBek 61M0 noBesaH ca pasBojeM
thnsunke n xemuje, na je Tako 1 caga. Enektpoxemuja je HepackMaMBO NoBesaHa ca Apy-
rMM obnacTrma NpUpoLHUX HayKa, Kako Kpo3 akyMynaLumjy TEOPUjCKMX 3Hakba, Tako U
KpO3 npakTu4He npmumeHe. Mefytum, notpebHo je nctahu Besy nusamehy enektpoxemuje
N Hayke o MaTepujannuma. OBo Huje n3HeHahyjyhe jep MaTepujan enekTpone y OrpoMHOM
6pojy cnyyajeBa yTnye Ha eNIEKTPOXEMU|CKE MPOLLECE KOjU Ce oamnrpaBajy Ha (hasHoj rpa-
HULW eNEKTPOHCKM NPOBOAHWK/jOHCKIN NPoBOAHMK (cnuka 3). 360r Tora je pasymeBame
CBOjCTaBa MaTepujasia YCKO MOBE3aHO ca pa3yMeBatbeM efleKTPOXeMUjCKMX npoueca
KOju ce ogurpaBajy Ha wuma. Kao npumep Moryhe je HaBeCcTu pa3Boj HOBUX MaTepuja-
Na 3a eNieKTPOXeMUjCKY KOHBEP3Ujy eHepruje — Mmatepujana 3a batepuje, yrib€HUUYHNX
MaTepujana 3a eNeKTPOXeMujcKe KOHOEeH3aTope unn katanmnsaropa 3a ropusHe henuje.
Pap v nepgopmaHce 0BMX cMCTEMa NPeCYAHO 3aBUCE Of, CBOjcTaBa MaTepujana Koju ce
KopucTe y tbiMa.
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1747.

KpaTtka ucrtopuja pasBsoja esieKTpoxemumje

EnekTpoxemuja ce pa3Bujana UICTOBPEMEHO ca pa3BojeM xeMuje n hnsmke, y3 mehycob-
HO MpOXUMakrbe 1 CUHepPrujy. Y o0BOM geny 0atu Cy UCTOPUjCKMM pefocsiefoM npoHanac-
L1 KOju Cy [0BeNM [0 pa3Boja caBpeMeHe efiekTpoxemuje. [IpefloMHOM rogMHOM MoXe
nace cmaTpa 1800. kapg je Bonta npoHallao npeu cTabunHu nssop ctpyje, Bontux cty6b.
[lo Tapa ce enekTpuumTeT NPOU3BOLNO UCKIBYUMBO TPEHEM, @ KAO U3BOPU eNIeKTPULK-
TeTa kopuwheHu cy KoHaeH3aTopu (JlajoeHcke boue) nnn enekTpocTaTUYKe MallrHe.
Benuky nogpluiky NpMMeHn enekTpoxemnje y MHAYCTpujcke cBpxe fano je EancoHoso
nywTake y NoroH enektpuyHe ueHtpane 1880. roguHe y CALL.

XpOHONOLWKN Npernen UCTopuje enekTpoxemuje nokasyje fa cy fo kpaja XIX seka, pa-
posuma Mnbca, Xenmxonua n HepHcTa, 6une noctaB/beHe OCHOBE XeMujcke TepMoau-
HamMuke, a pagoBmMa ApeHunjyca n OcTBanza OCHOBE TeOpMje jOHCKe NMPOBOA/bUBOCTMU.
Y XIX BeKy cy 6MnuM no3HATU HEKN XEMUjCKM M3BOPU CTPYje KOjU Ce U faHac KopucTe:
JleknaHweoB eneMeHT 1 [NaHTeOB 010BHM akyMynaTop. Ha npenasy y XX Bek, nocne
oTkpuha Konpaylia fa oTnop rpaHuLe MeTan/enekTponmnT 3a HAM3MEHUYHY CTPYjy ona-
[a c nopacTtoM hpeKkBeHLMje, NoUnkby fa ce pa3Bujajy TeOpujcke OCHOBE MMMNenaHCHUX
MeToda MCNUTMBaHa KMHETUKE eNeKTPoLHUX peakumja. [lok XIX Bek Moxe fa ce 03-
Ha4yM Kao BEK ENIEKTPOXEMU|CKE TEPMOANHAMUKE N ENEKTPONUTUYKE NPOBOA/BUBOCTH,
XX Bek, noyes of, pagosa Tadena, Ponmepa n Epaej-fpysa, Moxe fa ce HaA30BE BEKOM
enekTpoxeMujcke kKnHetumke. MoveTkoM XX Beka, pagosuma lyna, YenmeHa, WtepHa u
peMa, Noyeo je M 3Ha4YajHU pa3BOj Teopuja CTPYKTYpPE OBOJHOr eNeKTpUYHOr cnoja. Mc-
TOPWjCKM Npernes Koju cnegu faje yBua y Hay4yHo OKpyKeke, ¢ 063MpoM Ha HMBO pas-
BOja APYrMX NPUPOLHUX HayKa, Y KOjeM Cy HanpaB/beHa OCHOBHa oTKkpuha y enekTpo-
XeMuju. Y3 KpaTak onuc npoHanacka, HaBeeH je 1 Ha3nB Yaconuca y KojeM je N3BOPHHU
papn 06jaBrbeH, ako je TakaB nogatak 6o gocTynaH. Ha Taj HauMH Jat je u GenuMnYHu

npernep vyaconuncay Kojuma cy objaBsbMBaHN HajpaHnju pagoBu U3 eNleKTPoXeMuje.

Benjamin Franklin (1706 - 1790), yBeo pa3nvMkoBare NO3UTUBHOT U HEFATUBHOT eNeKT-
puumTeTaga bu pasnmMkoBao eNeKTPULMUTET HaCTao TPEHEM 0 BOCAK M 0 CTaKJ10; TBPAMO
je, Maga 6e3 gokasa, [a NO3UTUBHO M HEraTUBHO HaeNeKTpUcake HacTajy UCTOBPEMEeHOo
MY UCTOM U3HOCY.

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



1766.

1780.

1789.

1789.

1800.

1800.

1801.

1807.

1811.

Henry Kavendish (1731 - 1810) n30n0Bao BOLOHMK W 04penmno werobe usnike oco-
6MHe; eNeKTPOCTaTUUKMM MPaXKteHeM KPO3 Ba3AyX CUHTETMCAO a30THY KUCESMHY;
3anasuo je fa pacTBOpM COMM NPOBOAE ENEKTPULMUTET.

A. Charles Coulomb (1736 - 1806), meperweM cune MehymejcTBa HaeneKTpUcaHUX
KYrvLua umnje je HaenekTpucarbe, 4OOMPOM jefHaKUX HEHAeNeKTPUCaHUX Kyrnmua, pe-
[LOM NpenonoBsbaBao, AoWwao je [0 Be3e n3Mely nprMBnayHe cune 1 pactojarba Haenek-
TpUcaHux Tesna, HasBaHe No teMy KynoHOB 3aKOH.

Luigi Galvani (1737 - 1798), ekcnepuMeHTUMa ca xabama obeweHnm o bakapHe Kyke
npu AOAUPY FrBO3AEHOM MOAJIOFOM OTKPUO rpyere Muwmrha cnnYHoO AejcTBY enekTpu-
umTeTa. OBaj NnpoHanasak 06jacHMO je MOCTOjakeM ,,)KUBOTHOI efekTpuunteTa”.

Antoine Lavoisier (1743 - 1794), o6jaBno OCHOBHe pacrnpaBe 0 XeMUju y KojuMa je Ha
OCHOBY oOrfefa caropesarba Yy 3aTBOPEHOM Cydy [0Ka3ao MPUHLMM HEeYyHULWTUBOCTK
MaTepuje, WTO je jow paHuje npeasuaeo V. M. Lomonosov (1711 -1765); yTBpAMO je
XeMWjCKM CacTaB BOAE M a je Ba3fyX CMeLla KMCeOHMKaA 1 a3oTa.

Alessandro Volta (1745 - 1827), kpuTuuku aHanmsupajyhu pesyntate lanBaHuja, npo-
Hawao je NpBM cTabunHM N3BOP CTPYyje o4 HanaMeHnYHo nopefhaHmx nnounua cpebpa un
LuMHKa n3mehy Kojux je bruna TKaHUHa HaToMN/beHA ClaHUM PacTBOPOM, KOjU je Mo HheMy
Ha3BaH BonTtuH cTyb (A.Volta, Phil. Trans. Roy. Soc. 90, 403 (1800)). Tume je ogbaumo
Teopujy ManBaHMja 0 XKUBOTHOM EIEKTPULIUTETY M NPBU Ja0 TyMayere ga Cy XeMujcke
peakuuje U3BOp eneKkTpuumTeTa.

William Nicholson (1753 - 1815) 1 Anthony Carlisle (1768 - 1840) enekTponnTU4Kn
pasNoXunu Boay Ha BOOOHMK M Ha KUCEOHWUK noMohy BonTuHor cTyba.

Humphrey Davy (1778 - 1829), yTBphyje Oa cy pactonu Kalnjym HATpPaTa U HaTpUjyM
Xnapokcupa npoeoaHuLM cTpyje (Journasn of the Royal Institution, 1801, p.51).

Humphrey Davy (1778 - 1829), enekTponusom pactona NaOH n KOH, nsgsojuo Na u K,
kopuctehu BontuH cty6 of, 250 enemeHata (H.Davy, Phil. Trans.98 (1808)).

Amadeo Avogadro (1776 - 1850) 1 1814. Andre-Mari Ampere (1775 - 1836) objawma-
Bajy 3aKOH CTa/IHMX 3anpeMUHCKMX O4HOCA MOMEKYJICKMM cacTaBOM racoBa — yBojae
pasnvke namehy atoma u Monekyna.

Meet electrochemistry through Belgrade School of Electrochemistry 13
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1825.

1827.

1833.

1853.

1853.

1859.

1868.

1869.

1874.

1875.

1876.

1881.

1882.

1885.

1885.

André-Marie Ampere (1775 - 1836), npeasuhja CTpYKTYpy aToMa TBPA+HOM Aa nepude-
puja aTtoMa MMa HaeneKTpUCHaje CYyNPOTHOr 3HaKa o4, 3HaKa CpefuLWber gena.

Georg Simon Ohm (1787 - 1854), npoHanasu Besy nsmehy jaunHe cTpyje, HanoHa v oT-
nopa, HasBaHy no tbeMmy OMOB 3aKOH.

Michael Faraday (1791 - 1867) ekcnepuMeHTMMa eNeKTposin3e Hanasmu ga KonnvmHa
enekTpuunTeTa Koja ocnobaha 1 rpam BofoHuka, ocnobonmn 8 rpama KuceoHuka, 35,5
rpama xnopa, 104 rpama onoBa v OBe Mace HasnBa eIeKTPOXEMU]CKUM EKBMBANEHTUMA
(M. Faraday, Phil. Trans. Royal Soc. London 1834); oB/ eKCNepMMEHTU yKasan cy Ha Besy
nsmehy enekTpuunTeTa n atoma; 3abyHy je yHocmuna pasnuumta NnponopLmoHaIHoCT y
OfHOCY Ha nponopuuje no lej-Jiucaky unu OunoHy (YyMHOXaK crneuudmuyHe TonaoTe u
aToMcKe TexuHe). HejacHohe cy OTK/IOrEHEe MOCTENEHUM PasBojeM Teopuje BaNleHT-
HOCTM U ApPeHWjycOoBOM TEOpPWjOM eNeKTponuTUYKe pucoumnjaunje; dapanej je yseo
nojam joHa Kao HocuKoLa eneKkTpuLunTeTa KPpo3 eNeKTPonpoBOAHM pacTBOp, He 3Hajyhu
HMXO0BY NPUPOLY W MOPEKJIO.

Johann Wilhelm Hittorf (1824 - 1915) onpehyje npeHocHe 6pojeBe y pactsopuma (J. W.
Hittorf, Pogg. Ann. 89, 177 (1853); 103, 1 (1858)).

Hermann Ludwig Ferdinand von Helmholtz (1821 - 1894) 06jaB1o NpBY MOLEN CTPYKTY-
pe LBOjHOI efIeKTPUYHOT C/0ja, Ha3BaH no keMy Xenmxonuyos mogen (H.F.L.Helmholtz,
Ann.Physik, 89, 211 (1853)).

Gaston Plante (1834 - 1889), oTkpuo onoBHU akymynatop (G. Plante, Researcher sur
l’electricite, Gauthier-Villars, Paris, 1863).

Georges Leclanché (1839 - 1882) oTkpusa 6atepujy Tuna Zn/MnO,, npeTeuy cyBor ene-
meHTa (G. Leclanche, Les Mondes 16, 532 (1868).

OmuTtpun UsaHoBuu MeHnpeneés (1834 - 1907) npasu cucTeMaTUKy efleMeHara Ha oc-
HOBY aTOMCKMX TEXWHA; TO UCTOBPEMEHO paau un Lothar Meyer (1830 - 1895).

Johnstone Stoney (1826 - 1911) n310X1M0 aTOMCKY TEOPUjy eneKTpuumuTeTa n ogpeamno
OCHOBHY jeAMHULY HaenekTpucama e = 3x102° efleKTpoCTaTUUKUX jeANHNLLA, HA OCHOBY
KONnuMHe enekTpuumnTeTa notpebHe 3a eNeKTPoONUTUYKO M3aBajatbe 1 g BOAOHMKA U
Ha OCHOBY MpopayyHa U3 KMHeTUYKe Teopuje racosa o 6pojy atoma BOLOHMUKA Y 2 rpaMa
raca (J. J. Stoney, Phil. Mag. 385 (1874)).

Gabriel Lippmann (1845 - 1921), nspaguno KanunapHu enekTpomMeTap 3a npoyyaBare
NMOBPLUMHCKOr HanoHa rpaHuLe xusa/pacteop (G. Lippmann, Ann. Chim. Phys. 5, 494
(1875)).

Josiah Wilard Gibbs (1839 - 1903) 06jaB1o pacnpaBy 0 paBHOTEXMW XeTEPOreHnx marte-
pvja n fao npasuso asa.

H. L. F. Helmholtz (1821 - 1894) Ha npepaBary y Kpa/beBCKOM MHCTUTYTY pekao aa
dapafejeB ornen Moxe a Ce TyMayu TaKo a Ce eNeKTPULLUTET Kao 1 cama cyncTaHumja
cacToje 0, aTOMa M1 TaKo HajjacHWje n3pa3no naejy o NoCTojaky eNeMeHTapHOTr HaesnekK-
Tpucama.

Friedrich Kohlrausch (1840 - 1910), yBoay Han3MeHNYHY CTPYjy Yy Mepere eneKTpuyHe
npoeogsbmnsocTh enektponuta (F. Kohlrausch, Géttingen Nachrichten 213 (1876): Wied.
Ann. 17, 642 (1882)).

Jacobus Hendrikus Van’t Hoff (1852 - 1911) yTBphyje fa je 0CMOTCKM NpUTUCaK cpas-
MepaH KOHLUEeHTpaunju; 3abyHy je yHoCcMo HeobjallbMBO BMCOKM OCMOTCKU MPUTKCAK
pacTBopa Koju Cy MPOBOAMAN ENTEKTPUYHY CTPY]Y.

KomnaHuje Hally CALL v Heroult y ®paHLyCcKoj novmkby NPpOM3BOLAHY anyMUHUjyMa enek-
TPOMIM30M pacTona Conu.

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



1887.

1889.

1889.

1889.

1891.

1899.

1900.

1902.

1904.

1905.

1908.

1910.

1922.

1923.

1924.

1924.

Svante August Arrhenius (1859 - 1927) paje objalwretbe BMUWKA OCMOTCKON MPUTUCKA
€1eKTPONPOBOAHMX pacTBOpa NoMohy Teopuje eNeKTPONUTUYKe AncounjaLmje; UCTOM
TeopujoM objacHno PapajejeBe 3aKOHe eNIeKTPONM3e 1 PasnuKy U3MeLjy enekTpoxe-
MUjCcKOT ekBMBaneHTa n monapHe mace (S. Arrhenius, Z. Physik. Chem. 1, 631 (1887)).

H. L. F. Helmholtz, naje jenHaunHy Koja noBesyje pafd, TONJOTY U €HTPONKjy Ko npeT-
Baparba €NIEKTPUUYHE EHEPruje y XeMujcKy, CIMUYHY OHOj KOjy je Mo APYruM nuTammma
paHunje (1878) nao W. Gibbs, na je no obojuun nobuna Hasme MMbc-XenmxonuoBa jegHa-
ynHa. OBa jefHauMHa NpeacTaB/ba OCHOBY EIEKTPOXEMUjCKE TEpMOAMHAMMKE.

Walther Hermann Nernst (1864 - 1941) naje jeAHa4MHy paBHOTEXHOT e/IeKTPO4HOr Mo-
TeHuujana.

Oldbury Chemical Co., Niagara Falls, N.Y., SAD, yBena enekTposMTUYKYy CUHTE3Y XJlopa-
Ta u nepconu.

Johnstone Stoney (1826 - 1911) npeaioXXMNO HA3MB e/TeKTPOH 3a jeANHUNLY HAaeNeKTpu-
cakba Koja ocniobaha jegaH aToM BogoHuKa npu enekTponusu (Phil. Mag. 11, 348 (1891)).

Emil Gabriel Warburg (1846 - 1931) nssoau n3pas 3a umnegaHcy Anty3noHo KOHTPO-
NMcaHe efleKTpPoAHe peakuuje y Kony HansmeHunuHe ctpyje (E. Warburg, Wied. Ann. 67,
493 (1899)).

Thomas Alva Edison (1847 - 1931), pasB1O HUKIEHW aKyMynaTop.
OcHoBaHO AMEPMYKO eNEKTPOXEMUN]CKO OPYLITBO.

W. H. Nernst (1864 - 1941), naje ocHoBe Andy3nOHE KOHTPOJIe ENIEKTPOXEMU|CKUX pe-
aKUKja — noyeLn pa3Boja efleKTpoxeMujcke kuHeTuke (Z. Phys. Chem. 47, 52 (1904)).

Julius Tafel (1862 - 1918), Hawao NMHeapHy Be3y n3Mehy enekTpoAHOr NoTeHUnjana un
norapuTMma rycTuHe cTpyje kog usgsajarba sogoHuka. (J. Tafel, Z. Phys. Chem. 50, 641
(1905)).

Jean Baptiste Perrin (1870 - 1942), Ha 0OCHOBY pacrnogersne KoJlougHux Yectumua y rpa-
BUTALMOHOM NOJbY OApPenmno BpeaHocT ABoragpoBor 6poja 6nncky gaHac npuxsaheHoj
BpegHocTu (J. Perrin, Compt. Rendu 146, 967 (1908)).

Louis Georges Gouy (1854 - 1926), naje anudysHu Mogen CTPYKType LBOjHOr enek-
TpuyHor cnoja, (J. Phys. Radium 9, 457 (1910); Compt. Rend. 146, 654 (1910)). HewTo
KacHuje UcTy Teopujy HesaBucHo gaje D. L. Chapman (1869 - 1958) (D. L. Chapman,
Phil. Mag. 25, 475 (1913), na je Mmogen pobuo Hasue moaen Gouy-Chapman-a.

Jaroslav Heyrowsky (1890 - 1967) oTkpuo nonaporpadujy, npBy eneKTpoxemMmmnjcky me-
TOLY KBAHTUTATMBHE aHanM3e 3acHOBaHY Ha AU(Y3MOHO] KUHETULM eNEKTPOAHUX pe-
akuuja; otkpuhe metone foHeno je npey HobenoBy Harpazy 3a efieKTPOXeMujy.

Peter Debye (1884 - 1966) u E. Hiickel (1896 - 1980), nanu Teopujy joHckux mehynejc-
TaBay enekTponutuikum pacteopuma (P. Debye and E. Hiickel, Phys. Z. 24, 185 (1923)).

John Alfred Valentine Buttler (1899 - 1977), 06jaB1o Teopujy npeBep3nbunHux enek-
TpoaHux npoueca (Trans. Faraday. Soc. 19, 729 (1924), 19, 734), kacHuje ycaBpLleHy pa-
posuma T. Erdey-Gruz-a (1902 - 1976) n M. Volmer-a (1885 - 1965) (T. Erdey-Gruz and
M. Volmer, Z. Physik. Chem. 150a, 203 (1930)). PagnoBu 0oBenu 0o jegHa4ymHe Koja ce 'y
nutepatypu 3oBe batnep-donmepoBa jegHaumHa.

Otto Stern (1888 - 1969), naje Mogen ABOJHOT eIEKTPUYHOT C/l0ja KOju CjeAntbyje Moae-
ne Helmholtz-a n Gouy-Chapman-a (Z. Electrochem., 30, 508 (1924)).
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OBaj npernepn He obyxBaTa 3HayajHu nepuof npefn v nocne II ceBeTckor paTa, Kag ce
eNeKTpoxeMuja passujana NPBEHCTBEHO Yy 061acTN eNIEeKTPOXEMU|CKE KMHETUKE, YeMY
je neyat nao Benunky 6poj MO3HATUX HAYyYHMKA, 0, KOjUX MOry fla ce UCTakHy DpyMKUH,
lepuwep, detep, Xunc, Oenaxej, KoHBej, Bokpuc, 1 MHOrM Apyrun, anu n npunagHuum
Beorpapgcke wkone enektpoxemnje, Oecnuh, Opaxuh, Aumh, Mapkosuh, u gpyru, oo
Unjux ce pagoBay U3BOPHOM 06MKY penaTuMBHO Nako fonasn. [laHalwmwy pasBoj enek-
TpoOxeMuje NOACTaKHYT je 6p3nM pasBojeM eNeKTPOHMKE N MepPHE TEXHUKE 3aCHOBaHe
Ha NoNynpoOBOLAHUYKMM TexHonorunjama. TakaB pasBoj omoryhuo je npousBofmy no-
TeHuMocTaTa He3HaTHe MHepLyje, a Ha TOME je 3aCHOBaH PasBOj CaBPEMEHUX TEXHU-
Ka eneKTPOXEMUjCKUX UCTpaXuBara: XpoOHoaMnepoMeTpuje, nyacHe nonaporpaduje,
BonTameTpuje ca 6p3oM NPOMEHOM MoTeHuKnjana, LMKAMYHe BoNTaMeTpuje U CnekTpo-
CKOMuje eNnekTpoxemMunjcke umnepaHumje. Benuky nomoh y nctpaxmsammma gaHac npy-
}a NpMMeHa NepcoHanHMX padyHapa 1 cneuunjannsoBaHux coTeepa 3a 6p3y obpaay
eKcrnepuMMeHTanHux nogartaka. Mlako oTkpuha ns enekTpoxemuje Npoxmnmajy TeXHoo-
rmje Koje CBakOAHEBHO KOPUCTMMO, MHTEPECAHTHO je Aa je Tek apyra Hobenosa Harpa-
na (3 obnactu xemuje) 3a otkpuha ns enektTpoxemnje popeseHa 2019. roguHe, yak 60
roguHa HaKkoH WTo je XejpoBcku Bobuno Hobenosy Harpany 3a oTkpuhe nonaporpaguje.
Hobenosa Harpaga ns obnactu xemuje 3a 2019. roanHy gonerbeHa je LloHy NyoeHady,
CteHnnjy ButuHramy n Akmpu JoWwnHY 3a pa3Boj MIMTUjyM-joHCKMX BaTepuja.

Mpodp. pp Urop NawTn
®dakynTeT 3a QU3NUKY XEMU]Y
YHuBepautetay beorpany

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



What is electrochemistry?

SUMMARY

Two chemical substances react when they have some excess energy which they seek to
release. Thus, in theory, we could use this excess energy to perform work like lift a weight,
heat glass or something else. In these reactions, reacting substances (reactants) often ex-
change electrons, where the one which releases electron is being oxidized, while the one
that receives an electron is reduced. Such a reaction is called a redox reaction. If these
substances are brought in close contact, electrons exchange during molecular collisions,
and there is no directed flow of charge. However, let’s consider a specially constructed
system with two phase boundaries between an electronic conductor (metal) and ionic
conductor which contains reactants. In such a system, one reactant can give an electron
to the metallic phase, which is then transferred to the second metal (via external electron-
ic conductor) and at the phase boundary the second reactant takes this electron. Such
a system is called an electrochemical cell. We have the same result, redox reaction is
taking place, but also electrons are flowing in a directed way. Thus, we also have electric
current. By allowing reactants to release their energy in a controlled manner, we acquire
some electrical energy, because electric current can be used to perform work. We can
also do this the other way around. Using an external power supply, we can push electrons
in the opposite way, and by pushing electric energy back into reactants — their chemical
energy is increased. This is exactly what Electrochemistry does. Electrochemistry stud-
ies conversion of chemical energy to electric energy and vice versa. While it might sound
complex, it is quite clear and intuitive, and, in fact, electrochemistry has a very long his-
tory. There are some indications that model batteries existed 2000 years ago. Some of
the basic laws of electrochemistry have been set more than two centuries ago, when sci-
entists did not know the structure of atom, or what generates electric current. Even more
surprising, there were industrial electrochemical processes running by the end of the 19t
century. Nowadays, electrochemistry is everywhere. From mobile electronics supplied by
batteries, cars running on batteries or hydrogen, measurements of glucose levels in blood,
to dealing with corrosion. Electrochemistry has a very strong connection to other scien-
tific branches, classical chemistry, physics, electronics, materials and surface science. It
crosses between disciplines and brings new solutions for development of a sustainable
society of the future.

Prof. Igor Pasti, PhD
Faculty of Physical Chemistry,
University of Belgrade
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EnekTpoxeMmnjcCKn nssopwu
eNeKTpPUUYHe eHepruje

EnekTpoxemMmujckn n3sopu enekTpuuHe eHepruje (EXME) npeacrtasibajy cucteme Koju
MOTy Aa KOHBEpTyjy NOTeHLMjaNHy XEMUJCKY eHeprujy akTUBHMX MaTepujana, TOKOM
OLMrpaBarba eNeKTPOXEMU|CKUX peakLmnja, y eNeKTPUYHy y 06nmKy jelHOCMepHe cTpyje
HUCKor HanoHa. MpuHuun paga EXUE ce moxe pasymeTn npeko cneneher npumepa. Ako
ce lBa MeTaNlay KOHTaKTYy, Ha npuMep 6akap 1 LMHK, U3N10Xe OejCTBY KMUcene cpeauHe,
cnuka la, ogurpahe ce cnepnehe peakuuje:

« Ha LLMHKY, Kao efleKTpoHeraTueHujem metany gohu he po okcugauuje (aHopa):
Zn 2 7Zn%* + 2e

- aHa6akpy, Kao eleKTPONO3UTUBHUjeM MeTaNly A0 peaykumje (katona):

(Cu) 2H* +2e = H,

npwu YeMy Cy efIeKTPOHU NPeHeTH ca aHOOHOr 40 KaToAHOr MecTa Kpo3 MeTasHy tasy.
Y 0BOj peakumju, Koja npeacTas/ba Koposnjy, ce ocnobaha eHepruja, anun y 6eckopuc-
HOM 06Ky y BMAy TonsoTe. MefyTuM, ako ce aHOOHO M KaTOAHO MeCcTO MPOCTOPHO
pasnBoje, cnuka 16, ocnoboheHn enekTpoHM y aHOAHO] peakumju he npoTuuaTy Kpos
croJballhbe efIeKTPUUYHO KOJI0 Y BUAY eNleKTPUYHE CTpyje, a ycren pasvkay noTeHuymja-
nMMa NnosuTMBHUje, bakap, 1 HeraTuBHUje eNleKTpoae, UMHK, jaBuhe ce 1 pasnnka no-
TeHuMjanay BUAY eNleKTpUYHor HanoHa. OBaj npuHumn je 1800 roa. oTkpro Anecanpo
BonTa (Alessandro Volta, 1745 — 1827) a TakaB cMCTEM NpeAcTaB/ba NpBu ynoTpebrbrem
EXWNE.
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CJIUKA 1.
a) Peakuuje oBa MeTanay KOHTaKTy
6) peakuuje oBa NPOCTOPHO pasaBojeHa

MeTanay Kucenoj cpeguHu

HakoH paHux papgoBa BonTe, TOKOM HapenHMxX BeKoBa NpoHaheH je untaB HU3 cucTeMa
EXWUE, a Hekn o HajbUTHUjUX cy:

1800. BontuH cTy6 (Voltaic pile): cpebpo (bakap) — unHk (kanaj),

1836. OaHujenosa (John Frederic Daniell) hennja: 6akap — UMHK,
1838. pos (Sir William Robert Grove): ropusHu ransaHcku cnper H,-0,
1859. MnaHTe (Gaston Planté): onoBHW akyMynaTop,

1868. JNexknaHweosa (Georges Leclanché) Zn-MnO, henvja,

1898. KomepuujanHe henuje (Zn-Mn0,) sa 6aTepujcke namne,

1899. JyHrep (Waldemar Jungner): HUK- KagMUjyM aKyMynaTop,
1946. HojmaH (Georg Neumann): xepmeTuukn NiCd-akymynaTopu,

1950-te  General Electric — cynepkoHpeH3aTopu,
1960-te  AnkanHe Zn-MnO, henuje,
1970-te  JIUTUjYMCKM NPUMAPHN ENIEMEHTU, XEPMETUUYKM OJTOBHU aKyMynaTopu,

1970-te  [IpOTOYHM pefoKC akyMynaTopu,

1990. Hukn - metan xugpuaHu (NiMH) akymynaTtopu,
1991. JINTnjym joH akyMynaTopwu,
1999. JInTnjym nonmmep akymynaTopwu,

2000-te  UmHK, nMTHjyM-Ba3ayx aKyMynaTopu.

| EJEKTPOXEMHJKH U3BOPU EHEPFHJE'

| |

NMpumapun Akymyiaaropu Cyneprkonjienzaropy XHOPHIHH CHCTEMH

CJINKA 2.

Mopena enekTpoxXeMujcKUx nssopa

-Zn|MnO, -Pb|PbO, -/IBojHoCa0jHI -TopHBHE raaBaHCKH CHPETOBH A
-LiMnO, -MHNi(OH),  -Mceynokanaumrusun  -[IPoTouHN peroke aKyMy 1aTopH eHepruje
-Zn|Ag,0 -Li-jon -XuopuaHn -MeTan-Ba3Iyx e1eMeHTH

\-Li-mommmep ] (up p eKyHIApHH)

Cexkynaapiua enemMenTi

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



EnekTpoxeMmnjcKn U3BOPY eNEKTPUYHE eHepruje ce Mory nogenunuTu Ha NnpuMapHe; ce-
KyHOapHe: akyMysiaTope 1 CynpeKoHAeH3aTope; Kao U xmbpuaHe, npuMapHe U CEKYH-
napHe enemeHTe. Mogena EXME ca HajbUTHMjMM npeacTaBHULMMA je AaTa Ha cimum 2.
Pasnuka namehy npumapHux n cekyHgapHux EXVE je y Tome wito ce npumapHu habpumy-
KM CKnanajy y HanyheHOM cTaky 1 nocne ynotpebe (MpeBep3nbunHor npaxmera) 6u
nx Tpebano peunknupatun. CekyHgapHu EXVE ce Mory HakoH npaxtera foBohereM
eNeKTpUYHe eHepruje y obnnKy jeqHOCMepHe CTpyje HUCKOT HanoHa, MOHOBO pereHepu-
caTv y NpoLecy Nykerba. 3a pasfnKy O KNacuyHUX NpUMapHUX u cekyHpapHux EXUE,
XMBpUIHM CMCTEMM MMajy CnoJballkby aKyMynaumjy akTUBHMX MaTepuja Koje pearyjy y
enekTpoxeMujckoj henunju, a Mory 6UTn npumapHu U cekyHaapHu. OCHOBHe eNleKTpuyHe
KapakTepuctmke EXVE cy HanoH, KanauuTeT, eHepruja n cHara. HanoH (U / V — cumbon
- U, jeopnHunua - V (BonT)) je oopeheH eneKTPOXeMmnjCKMM CUCTEMOM U NpeacTaB/ba pas-
JIMKY NoTeHuMjana no3nTuBHe U HeraTueHe enektpope. Kanauutet (C unu Q / Ah (am-
nep-yac)) akymynatopa je KonmumHa Haenektpucamwa (Q =1 x t (I—jaunHa ctpyje, t - Bpe-
Me) Koja ce U3 tbera Moxe A06UTN NPY KOHCTAHTHO] TeMMNepaTypu 1 CTPY|U NpaxHbera
[0 MPEeKMUOHOr HarnoHa npaxmera. EHepruja (E unu W/ VAh = Wh (BaT-uac)) je npoussog
HanoHa 1 kanauuteTa henuvje (E = U x I x t), ook je cHara (P / W) KonvuuHa eHepruje y
jeanHnum Bpemena (P = E / t). YobuuajeHo je oa ce 3a eIeKTPOXEMUjCKe CUCTEMe, Kana-
LMTEeT, eHepruja n cHara gajy no Macu, ogHOCHO 3anpeMunHn, paan nopehera kapakte-
pUCTMKA PasNNYNTUX CUCTEMA.

AKyMmynartopu

AkyMynaTopw UMajy cnocobHOCT fla NpakTUYHO PeBep3nMbUNHO KOHBEPTYjY NoTeHuujan-
HY XeMWjCKY eHeprujy y eneKTpuyHy, peakumnjom npaxmwera, n 0bpHyTo, y peakumju
nyrerba. aHac cy y wupoj ynotpebu yeTnpm Trna akymynaTopckux cuctema (0f10BHH,
MeTan-XMAPULA-HUKN OKCUA, NUTUJYMBJOH W IUTUjYM-NONUMEP) Yuje Ccy HajbuTHuje Ka-
pakTepucTuke patey Tabenu 1. MoTpebHo je HANOMEHYTH fla NPOU3BOAHA aKyMynaTop-
CKUX cUcTeMa MeTan-XMApna-HUKI-oKcua 360r BUCOKE LleHe U penaTtuBHO Masor cne-
LMUYHOT KanauMTeTa U cHare y O4HOCY Ha NMMTUjyMCKE CUCTEME, je faHac y onagary
Te ce Hehe pasmarpatu.

TABEJIA 1. OCHOBHE KapaKTepuCTUKe aKyMyaTopay ynotpebu

OnoBHu MH-NiOOH Li-joH Li-nonumep
HoMunHanHu HanoH, V 2 1.2-1.25 3.6-3.7 3.6
MosnTnBHa enexkTpoaa PbO, NiOOH LiCoO, LiCoO,
HeraTuBHa enexkTpoaa Pb LaNi,, TiNi Mpacut MpacuT
Enektponut H,SO, KOH OpraHcku, LiPF, Monumep ren, LiPF,
MakcumanHu HanoH nywema, V ~2,7 <1.8 <4.2 <4.2
[MpekngHn HanoH npaxkema, V 1.75 1 2.7~3.0 2.7~3.0
CneuunduyHa eHepruja, Wh kg? 25-50 50-80 100-150 100-150
Camonpaxmeme, %/Mecel, 3-20 30 5-10 5-10
Bpoj unknyca 200 ~ 400 > 500 > 500 > 1000
LleHa, $/kWh 60-150 300 380 400
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OnoBHU aKyMynaTopu

OnoBHKM akyMynaTopu Cy HajpaHuje npoHaheHn cuctem cekyHpapHux EXUE, anu cy u
[aHac y Wnpokoj ynotpebu, 36or BeoMa HUCKE LeHe WM BeoMa yCnellHe peLuKiaxe.
Mo HaMeHU ce fene Ha CTapTepcKe, CTalMoHapHe U TpakLMOoHe, a No TUMy Ha oTBope-
He (cTapuje TuNoBe) ca oapxaBareM, BJIA akymynatopu (eHr: VLA, Vented Lead-Acid
Batteries) n 3aTBOpeHe ca TEYHUM eNIeKTPOSIMTOM U KOHTPOJIOM NpUTMCKa noMohy BeH-
Tuna - BPJ1A akymynatopu (eHr: VRLA, Vent Regulated Lead-Acid Batteries), n ca pukcu-
paHUM eneKkTponuToM, T3B. AI'M (eHr: AGM, Adsorptive Glass Mat) y kome je eneKTponuT
(hrKcrpaH cneunjanHoOM BPCTOM MUKPOMOPO3He CTak/ieHe TKkaHuHe n TEJ1 enekTponu-
ToM (eHr: Gel electrolyte) roe je eneKTPONUT NpeBeLeH y rennpaHy CTPYKTYpy AOLATKOM
CUMLMjYM-OMOKCHAA.

TOKOM NyHEeHA U NPaXHera 0JI0BHOM aKkyMynaTtopa ogurpaBajy ce cnenehe peakuuje:

nyrerbe

(-) PbSO, + 26 ——=Pb + SO > HeraTVBHa efleKTpoaa

npaxere

nyrerbe

(+) PbSO, + 2H,0 ———=Pb0, + 4H" + SO,> +2e  nosutusHa enekTposa

npaxtbere

nytoere

2PbSO, + 2H,0 — Pb + PbO, + 2H,S0, YKYyMHa peakuuja

M3 ropmux jefHaunHa BMAM Ce A TOKOM NyHeHa M NpaXHera 0I0BHOI akymynaTtopa
[0N1asn 0o NpoMeHe KOHUEeHTpaumje CyMNopHe KUCENNHE, Ma Ce CTEMEH HanyHheHOCTH
MOXe ofpeanTn MepereM ryctuHe enektponuta (~1,28 g cm=3, 36 %, 3a HanyHeH aKy-
MynaTop ogHocHo 1,1 g cm3, 15%, 32 NOTNYHO UCMpaXkkeH akymynaTop). [laHac ce pas-
BMjajy onoBHe YnTpa baTtepuje, Koje Kao HeEraTMBHY eNeKTPoay KopucTe KoMbuHauujy
onoBo-cyndaTHe 1 yribeHWYHE efIeKTPoae, YnMe ce cnpeyvaBa cyngaraunja, nosehasa
6poj umknyca n o 15 000 kao v cneymndmryHa cHara.

AkyMynatopu Ha 6a3u nuTujyma

MpuHUKMN paga akymynatopa Ha 6asun nMTujyMa, 3acHMBA Ce Ha MHTepKanaumjn - LenH-
TepKanauuju joHa nMTujyma y enekTpoaHMM maTtepujanmuma. TMnu4yHnM Mmatepujan nosu-
TUBHE enekTpoge je Ha 6asu nuTnjym-kobantata (LiCoO,) a HeraTuBHe enekTpoae Ha
6asn yribeHNYKMX Mmatepujana ca rpadUTHOM CTPYKTYPOM, Kao LITO je MpMKasaHo Ha
cnnum 3. TOKOM Nykera U Npaxmwera 0BaKBUX CUCTEMA, pasMetrbyje Ce joH IUTujyma
n3mehly No3uTMBHE N HEraTUBHE eNeKTPoLe, NpemMa peakuumjama:

nyrbere

LiCoO, m———Li, CoO, + xLi* + xe NO3UTUBHA eNleKTPoaa
2 1-x 2
npaxwerwe
. nytoerbe .
C6 + xLI* + xe ——— CéLIX HeraTUBHa enexkTpoaa
npa)«b—beH:e
. nytbere . . .
LiCoO, + C, — Li, CoO, + C,Li, yKyMHa peakLuja

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



Tlo3aTABHA eJIeKTpoaa HeratasHa eJIeKTpoaa

CJIUKA 3.

CxeMaTcKu NprKas npuHumna

paja nnTUjyMCKKX akyMynaTopa

Ycnen namMuHapHe CTPYKType efneKTPoLHUX MaTepujana, cnuka 3, pasenekTpucaHu
joHM NMUTKjyMa ce cMeluTajy nsmehy crnojeBa CTpyKTypa 1 Tako ce cTabunmsyje. TOkom
nyrberba U NpaXkktberba He f,0/1a3uM 40 NPOMeHe KOHUeHTpaLumje joHa TnTujymay enekTpo-

NINTY, TE Ce 0BAKBM CUCTEMU HA3MBAjy ,,Jbysballke” (eHr: rocking chair battery).

KogZ nuTunjym - joH akymynatopa, Kao NpBOr npeacTaBHMKA NTNTUjYMCKUX aKkyMynaTopa,
36or 6ypHOr pearoBama NMTMjyMa ca Ba3yXxoM 1 TparoBrma BoLle, Kao eNeKTPonTH ce
He MOry KOPUCTUTM BOOEHM PACTBOPU, TE C€ KOPUCTE TeUYHM anpOTOHCKM pacTBapauun, y3
nopaTak eneKkTponposoaHe conu Ha 6asu LiClO, naw LiPF,. MefyTum, aHogHu (rpaduT-
HW MaTepujan), y HanyteHOM CTaky ca MHTepPKaanMpaHuM NTUTUjyMOM, TOKOM BpeMeHa y
peakuuvjama ca TEHHUM eNeKTPOINTOM POPMMPaAjy NACMBHU CJI0j KOjU CMakbyje Kanaum-
TeT Nyrera  npaxmera. M3 Tor pasnora yHanpeheHun cuctem, T3B. IMTHjyM - nonnumep
aKyMynaTopu KOpUCTe eNeKTPOSIUT, KOjU YjeHO CNyXW 1 Kao cenapaTop, u3paheH of
nonMMepHor ren-enekTponuTa (yrnaBHoM rena Ha 6asu nonveTuneH-okcuaa, PEO) y3
nopatak LiPF,. OBakaB enekTposnuT/cenapatop y MHoOroMe crnpevasa opMuparbe na-

CUBHOT CJl0ja Ha rpadMTHOj HEFraTUBHO] €NTEKTPOAN, aJIN U MOCKYTJbYje OBaKBe CUcTEME.

Kako ce kop oba TMna MMTUjyMCKUX aKyMyniaTopa KOPUCTe OPraHCKW eNeKkTpPoNnTH, 3a
nyrwere henvja ce KOPUCTM HAMOHOCTATCKN PEXUM KOHTPOJINCAH eNIEKTPOHUKOM, Toe
ce HanoH nonako nosehasa of HanoHa OTBOpPeHoOr Kofa 2o 4,2 V 1 NoTOM ofpKaBa KOH-
CTaHTHUM. YKonnko 6u ce npekopaymo HanoH o 4,2 V, powsno 6u fo pasnarara enek-
TponuTa no CO, nMoryhe ekcnnosuje. ToKoM Nykerba CTPyje Cy y NoUeTKy 3HavajHe, anu
TOKOM BpeMeHa onagajy. NMpumeHa nMTnjyMCcKux akyMynatopa je Beoma pacnpocTparbe-
Ha, oL, Pas3NNYUTUX eneKTpoHCKMX ypehaja: MoObunHu TenedoHu, nanton padyHapu, go-
ToanapaTtu u cn. f,o enektpomobuna.

CynepKoHaeH3aTopu

AKYMynaTOpPCKM CUCTEMM MPOCEYHO Pacronaxy ca BeoMa ManoM KOMIMYMHOM cHare,
pepa 20 go 200 W kg u ca jow jegHOM MaHOM, HeonxogHowhy nywera of MUHUMYM
HeKonuKo Yacosa. MeflyTuM, 3a Heke NpuMeHe rae je noTpebHa BeoMa BenMka cHara
Yy KpPaTKOM BpEeMeHy, Kao WTO je HMBENMCare CHare Koh, PasfvunTUX eNeKTPUUHUX
ypehaja n enektpomobuna, akymynatopu Ty notpeby He mMory 3a40Bo/biTU. KnacuuHm
CYyNepKOHAEH3aTOPM Ce 3aCHMBajy Ha MPUHLMNY akyMmynauuje HaenekTpucarba Ha
BMCOKOpa3BMjeHVM MOBpLWMHAMa NpakTU4HO 6e3 pa3MeHe HaenekTpucarba Kpos3
®dapagejcky peakuwujy. MNMpuHUMN paja OBOJHOC/OJHOr CynepKOHAEeH3aTopa, Koju ce
CacToju of, ABE BMCOKOMOBPLUMHCKE €NeKTPOoAe M pacTBopa eneKTponnTa, je npukasaH
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Ha cnvum 4. Y ncnpaxkkbeHOM CTakby, jOHM Y eNIEKTPOSIUTY CY XaoTU4YHO pacnopeheHun 13-
mefy aBe enekTpoae. [oBohereM crnosballkber je4HOCMEPHOr HanoHa, Ha HeraTuMBHOj
eNeKTPOAN Ce jaB/ba BMLIAK eNeKTPOHa, KOjU je KOMMEH30BaH KaTjoHMMa 13 pacTBopa
y3 hopMuMpare eneKTPOXeMUCKOT ABOJHOr cfioja. Ha No3MTMBHO] eNeKTPOAU Ce jaBfba
MarbaK HeraTMBHOI HaefleKTpucaka KOoju ce KOMMEH3yje afcopnuujoM aHjoHa. TOKOM
npa>krera, eNNIEKTPOHM Ca HEraTUBHE eNIeKTPOAE KPO3 CMosballikbe KOJI0 M3a3neajy npo-
TOK CTPYyje M KOMMNEH3yjy NO3UTMBHO HaeNleKTpucare No3MTUBHE eIeKTPOLE, @ jOHU ce
NMOHOBO XaoTU4HO pacnopefyjy y enekTponuTy. [owTo ce oBAe pagun caMo 0 eNleKTpocC-
TaTUUYKOM npuBnadekry, 6p3nHa oaurpaBarba Nykeka U Npaxkerba je BeoMa Benunka,
TOKOM Koje ce Mory 0obutu Bpno Benuvke jadmHe ctpyje. C 063Mpom fa ce npu 0BOj peak-
LMjM He pa3Merbyjy eNeKTOHN Kao KOA, KNAaCUUYHUX eNeKTPOXEMUJCKUX peaKLmja, akTUBHU
MaTepujanu enekTpoLa He Tpre NpakTUYHO HUKaKBe NpoMeHe 1 6poj LnKyca nyHera 1
npaxtera Moxe 6utn n oo 10°, 3a pasnuky of akymynatopa Koju Mory paguTun 4o Mare
04,1000 unknyca.

CJINKA 4.

CxeMaTCcKu NpUHLMN paga
€N1eKTPOXEMU|CKOT ABOJHOCOjHOT
cynepkoHAaeH3aTopa

NMYHEHE MPAXXHEHE

Op, npoHanacka enekTpoxXeMmnjKMx ABOjHOCNOjHUX CynepKkoHaeH3aTopa (eHr: Electroche-
mical Double Lauer Supercapacitors, EDLS) 3aCHOBaHMX Ha yr/beHUYHMM MaTepujannuma
50-TUX rofmMHa NpoLunor Beka, TOKOM BpeMeHa je npoHaheH 1 ynTaB HU3 PasnnUnTUX
MaTepujana M KoHpuUrypaumja Koje nokasyjy cnamuHe ocobuHe Kao ABOJHOCNOjHU
cynepkoHgeHsatopu. Ha cnvum 5 je npukasaHa rpyba nogena cynepkoHpeHsartopa.
MpBa oL ,BE OCHOBHE rpyne cy ABOjHOC/IOjHU CYyNePKOHAEH3ATOPN, 0BMYHO CUMETPUYHE
CTPYKTYPE KOjU KOPUCTE PasnnuunTe yribeHUYHe MaTepujane (@KTUBHU yrasb, pasnnumTe
YyF/bEHUYHE HaHOLEeBW, rpadeH W yr/beHUYHe aeporesioBe) W pacrnofiaxy ca Beoma
Manom eHeprunjom ~5 Wh kg?, ann Beoma Be/IMKOM CHarom pepa HeKoNMKO AeceTuHa
kW kg?. lpyra rpyna cy nceynokanauuTUBHM CyNnepKOHOEeH3aToOpU, KOjU KOPUCTE Heke
okcupae metana (Ruo,, MnO,, Ir0,) unu nposoaHe nonumepe (MONMaHUANH, NOANAMPON,
nonuTnodeH 1 cn.) Koju nopepn akymynaumuje joHa Ha NoBpLIMHK nocenyjy n ogpeheHu
yneo ®dapapfejcke Npupoae, 04HOCHO pa3Metbyjy ENIEKTPOHE TOKOM peakLuje anun Kpos
HWU3 AMCKpeTHUX cTarba. OBM MaTepujanu nmajy nosehan cappxaj eHepruje, ~15-20 Wh
kg, marbu cappxaj cHare, pena kW kg, anv v s3HaTHO Maru 6poj Lukyca, 4,0 HEKONKO
xuibaga. Y unby nosehara cHare n 6poja Lmknyca, nocnenkbux roguHa passujajy ce
XUBPUIHN CYNEepKOHOEH3ATOPK, KOjU MOry BUTU CUMETPUYHM KOMMO3UTK (Ha npumep
YITbeHUYHM MaTepujanm MoanthmnKoBaH OKCMAOM MeTasia v NPOBOAHUM MOJIMMEPOM),
ACUMETPUYHN KOMMNO3UTHW XMbpuamn (Ha npumep yribeHUYHMU MaTtepujan MogudukoBaH
NPOBOAHMM MOMMMEPOM Kao jegHa enekTpoda y KoMbuHauumju ca YyribeHUYHUM
MaTepujanomMm MoauUKOBAHMM OKCMAOM MeTasna), U aKyMynaTtopCcku xmbpuau, Koju
KOMOWHYjy jenHY cynepKanaumMTUBHY eNeKTPOAY U jeOHY akyMynaTopCcKy eNleKTPOoAy.

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



EJIEKTPOXEMWUICKW CYMNEPKOHOEH3ATOPU

[ |
JABOJHOCJI0JHMN NCEYOOKANMALUUTUBHN
CYMAPKOHLOEH3ATOPU CYMAPKOHLOEH3ATOPU
I I

AKTUBHU | | YribeHUuHe YribeHUYHN Okcuau MpoBogHN
yram HaHoLeBMn

MpacheH aeporen meTana nonumepn

XUBPUOHU
CYMNAPKOHIOEH3ATOPU
|

KomnosuTtHu KomnosutHu
CUMETPUYHU acMMeTpPUYHU
xnbpuagxu xnbpuaHu

AKyMynaTopcku
Xn6puaHu

CJZINKA 5. Mopena cynepkoHaeHsaTopa

XubpupHu cucrtemu

3a pasnuky op fgocafa pasMaTpaHnx eNekTPOXeMUjCKUX CUCTeMA KOJ, KOjUX Ce CBE KOM-
NMOHeHTe Hanasey jeaHoOM KyhuwTy, XxubpuaHu cncTemMm nMajy cnosballkby akymynaumjy
6ap jegHe of, aKTUBHMX cyncTaHuM. OCHOBHU NpeAcTaBHULM CY MPOTOYHU PEOKC aKy-

MynaTopu, FOPUBHM ranBaHCKM CNPeroBu 1 MeTan-Basayx akymynaTopu.

MpoTouHM penoKc akyMynaTopu

MpuHUMN paja NpPOTOYHMX PEefOoKC aKyMynatopa je uupKynauuja enekTponuta us
crnosballkbnx pesepBoapa Kpo3 efieKTpoxeMujcky henujy, Kao LWTO je NpMKasaHo Ha
cnnum 6, a TOKOM NyHEeHa 1 NpaXKkera eIeKTPONUTH Ce yNnyMnaBajy Kpo3 efleKTpoxe-
MUjcKM peakTop. MNpu NyHery akTUBHA CyNCTaHLa U3 pacTBOpa Ce Ha HeraTMBHOj enek-
Tpoau penykyje, a Ha NO3UTUBHO] OKCUAYje, a NPU NPaXkkteky Ce OAUrpaBajy CynpoTHe
peakuuje.

Kao 1M3BOp eneKTpuUHe eHepruje 3a NpoLec nykerba MOXe Ce KOPUCTUTU BMNo Koju
KOHBEPTOP, ann Cy 0BW aKyMynatopu, c 063Mpom ga Mory nMaTtu 3HavajHe KanauuTeTe,
NpeBacxo[HO HaMeHEeHWN 3a aKyMynalunjy enekTpuuHe eHepruje gobujeHe ns oToHa-
NMOHCKMX NpeTBapadya. MocToju BMLe BPCTa PeOKC aKkyMynaTopa, anu cy faHac yrnas-
HOM y ynoTpebu Ha 6asu: BaHagujymckor (VR); umMHK - 6pomMugHor (ZnBr) n nonvcyndng,
- 6pomupgHor (PSB) penokca. EnekTpogHe peakuuje ce oourpasajy y ogesblmma henuje,
KOju Cy pa3fBOjeHM JOHO-N3MerMBAUYKOM MeMbpaHoM fa He 61 foLWN0 0,0 Mellaka aHo-
nuTa n katonuTa. Enektpogae cy Ha 6a3n Nopo3HOr yribeHUYHor matepujana (rpadutHa
TKaHMHa) ca unu 6e3 katanutuukor cnoja. CHara (kW) n enepruja (kWh) pegokc akymy-
naTopa cy HesaBMCHe jefHa of Apyre. CHara je nedunHucaHa BennMYmnHoM 1 bpojem he-
NMja OOK je eHepreTcku KanauuTteT ogpeheH KOMMUMHOM eNleKTPonmTa YyCKNaguWTeHUM

y pesepBoapuma. TununuHe KapaKkTepMUCTMKE PefoKC akyMynaTopa cy garte y Tabenu 2.

rOpVIBHI/I rajiBaHCKu cnperosu

lopusHu ransaHcku cnperosu (FTC) cy eNneKTpoXeMujcKu CUCTEMU KOjuU KOHBEPTYjy no-
TeHUMjaNHy XeMUjCKy eHeprujy ropusa, 06MUYHO BOOOHMKA, OAMPEKTHO Y eNeKTPUUHY
eHeprujy y 0651Ky jeHOCMepHe CTPyje HUCKOT HamoHa y3 BUCOKO UCKOpULITEHE. YKY-
NMHa eNneKTPoOXeMujcKa peaklmja ofroBapa caropeBaky ropmea y NpUCycTBY KUCEOHU-
Ka Kao oKcuaaHca, anv 36or NpocTopHe pasfBoOjeHOCTM O0/1asn 40 YCMepeHor npo-

TOKa HaeneKTpucarba Kpo3 Crnosballikbe eNeKTPpUMYHO Kono (noTpoiwava), og aHome Ka

Meet electrochemistry through Belgrade School of Electrochemistry 25



KaToAM M MnojaBe eneKkTpuuHe cTpyje, canum 7. Ca gpyre cTpaHe, enekTpuuHu 6anaHc
Ce ycnocTaB/ba YCMEpPEHMM KpeTareM joHa Kpo3 enektponuT. KoHcTpykumja ITC je
penaTMBHO jeLHOCTaBHA M CacToju ce of ofesbKa 3a JOBOL ropuBa U OKCUAAHCA, rac-
HO-OM(Y3NOHNX eneKTpoaa ca KaTanmsaTopruma u membpaHe Koja yjeHO CIyXKu 1 Kao
eNeKTPONNT UM HOocay eflekTponuTa. MeflyTuMm, ¢ 0631pom fa je HamnoH nojeguHavHe
henwvje pepga Benuunna 0,5 0o 0,9 V, Buwe henuja ce pegHo Besyje y cnor ga bu ce nobuno
BULIM HaMoOH, cnvka 7. TunuyHo, aebsbnHa jeaHe henuje je pega 0,5-2 mm, na je cnor

caCTaBJ/beH O BuLIE geCceTunHa henmja nebmbuHe HeKoNKo LueHTnmeTapa.

TABEJIA 2. Mopefhemwe KapakTepucTuKa pasnmunTux peaokKc akymynaropa

VRA ZnBr PSB
HanoH, V 1,25 1,85 1,35
HanoH npaxtersa, V 1,15 1,6 1,2
CneundunyHa eHepruja, Wh kg? 10-30 35-55 20-50
CHara, MW 0,5-100 1-15 0,05-1
PapgHa Temnepatypa, °C 0-40 50 50
Bpoj unknyca 12 000 - ~2 500
EdukacHocT, % 85 75 75

Horpomas
CJINKA 6.

Hssop
eJeKTpHIHE
enepruje
Pesepsoap
anoauTa
—
Ilymeme
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PesepBoap
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CNIMKA 7. CxeMaTcku npukas henwvje ropuBHOr rafiBaHCcKor cnpera (1eso)
1 npukas henuje n cnora ropyBHOT ranBaHCKOr cnpera (4ecHo)

OcHoBHM TMNOBK [TC ce Mory noaenuTn NnpeMa pagHoj TeMnepaTypu Ha H1ckKo (t < 250°C)
M BUCOKO TeMnepaTypHe (t > 300°C). Mpema BpcTu enekTponuta ITC ce nene Ha:

= nonumep enekTponuTtHe (polymer electrolyte fuel cell, PEFC),
« ankanHe (alcaline fuel cell, AFC),

= hocopHo kucennHcke (phosphoric acid fuel cell, PAFC),

- pacTton/beHo kapboHaTHe (molten carbonate fuel cell, MCFC),
= okcupHo kepamuyke (solid oxide fuel cell, SOFC).
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Y Tabenu 3 je pata nogena IMC npema BPCTU e/1eKTPOSIUTA CA OCHOBHUM PafHMUM Kapak-

TepucTMkama.

TABENA 3. [logena v ocHoBHe KapakTepucTtuke InMC

Tun ITC | EnekTponut t/°C | P/bar 0/% w / kW m2
PEFC nonumepHa membpaHa 80 ~4 60 - 65 3,5-14
AFC 30-80 % KOH 80 1-5 50 - 60 0,7-8
PAFC 100 % chocopHa kKmucenmHa 200 1-10 40 0,8-1,9
MCFC Li/K-CO, 650 1-10 | 48-56 0,1-1,5
SOFC Y,0,-Zr0, 1000 ~1 55-65 1,5-5

Kao ropmso y I'TC, y npuHLuMNy, Ce MOTYy KOPUCTUTU PasnnumnTe CyncTaHLe Koje ce Mory
006KTM M3 6Mo0BHOB/LMBUX M3BOPA (€TaH, MeTaHOo, eTaHos, buorac 1 ci.), anu ce Bogo-
HWK 360T CBOI BMCOKOT cneumnduryHor Teopujckor kanauuteTtaon 26,8 Ah g1, kao v nowe
etnkacHocTn I'MC npu pagy ca HabpojaHWMM cyncTaHuama, ycnef TpoBamwa KataauTud-
KWUX Matepujana, cmaTtpa ropusom nsbopa sa sehuny I'C. Jow jegHa Benunka npegHocT
ynoTtpebe BogoHuka y I'TC je TO WTO je NPaKTUYHO jeAMHU NPOLAYKT peakuuje - BOAa,
TaKo [ia je OH M HajnpMxBaT/bMBMje FOPMBO Ca CTAHOBMLUTA CMakerba eMUCKHje racoBa
cTakneHe bawTe.

HoBW Tnoswu rOPMBHUMX raIBaAHCKNX CMperoBa

R g O —T
5 CH,
hV e | €02 : hv e | €%
T URS IS CRW T U
A oM | HO= = A om | HO=
% i ; L 4% Pt
h* : ! h* ; Ni
/, ' : 4 : CJIMKA 8.
NOJIY N POBOAHKK racHo-andiy3nona NOJYNPOBOAHHK anIHLI,VII'IMje.FIHe cxeme
5 enexTpona e
) l——-:l_ 0 [ i hoTo (a u 6) 1 61O roprBHUX
CO,! i o, | ransaHckux henwvja (L v a)
: i [¢ |02 T : i lef o
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e Zann

uMoSunncaHn

CH3UM

racHo-audynoHa

eNeKTpoaa

racHO-mH (hy3HoHa
eleKTpona

[
DaxTepuja

Mopepn, KNacMYHUX FOPUBHUX CMPEroBa, y CKopuje BpemMe ce UCMUTYjy U HOBU TUMOBU
3aCHOBaHMM Ha aHOAHO] OoKcupaumju 3arafyjyhux oTnafHMX OpraHCKUX Martepwuja
NPVYMEHOM MONYyNnpPoBOAHMKA Y (HOTO-eNEKTPOXEMU|CKMM TFOPUBHUM CMpPEroBmMMa U
6buoropmeBHMM henujama y3 npumeHy baktepuja n eHsmMma.

Kop, hoTo-eneKTpoXeMmnjCKMX ropnuBHUX CNperosa, NocToje ABa HauMHa paga, Kao WTo
je npukasaHo Ha cnmum 8. DoToHU eHepruje hv nsasmuBajy ekcuUTauujy U reHepucarbe
napoBa efleKTPoH-Wyn/bMHa (e - h*) y aHogun op, nonynpoBogHuka. LLynsbuHe Kao Beo-
Ma jaku eneKTpPOH aKLenTopu oays3vMajy eneKkTpoH of Heke opraHcke maTepuje (OM)
O[HOCHO OKMAMWLY je Yy NPUHLMNY 00 YrbeH-gMokcmaa. ENeKkTpoHn ns npoBogHe 30He
MonNynpoBOAHMKA KPO3 Crosballtbe efleKTPUUYHO KOJIO Mperfiasde Ha KaTtogy M Mory pe-
[YKOBaTW KMCEOHMK cnmka 8a unu Bomy Ao 6roBomoHuMKa, cnnka 86. Ha Taj HaumH ce
BPLIM CMMyNTaHa gerpagaunja sarafyjyhux matepuja, nobujarbe enekTpuuHe eHepruje
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n/mnu 6noBoaoHMKa. CanyaH NPUHUMN paga je M 6UOropmMBHKX CNperosa, C TUM LUTO CY
€NIeKTPOH aKLEeNnTopy pasnuyunTn eH3nMmMu, cnuka 8u, unu bakTtepuje, cnuka 84, (CnMUHK

cojeBu BakTepuja Koju ce Hanase y NnpobaBHOM TpaKTy NpexuBapa).

OBe BpCTe ropuBHKX crnperosa cy jow y ¢asn nabopaTopujcKUX UCNUTMBara 1 MOry
06e36e0MTV penaTMBHO Mafle CTpyje M HanoHe, pefa CTOTMHAK MUKpoaMmmnepa Mo
KBagpaTHOM ueHTumMeTpy 1 0,2-0,6 V. Anu yaumajyhu y 063mp orpomMHe sanpemuHe oT-
nagHWX BOoAa, NOBpLMHe enekTpoda bu y npuHumny bune pega HEKONMKO KBagpaTHUX
MeTapa wTo 61 gasano ryctuHe ctpyja pega 1-5 A m?, u koje 61 ce Morne KOpUCcTUTK 3a
Hanajarbe eNeKTPUYHMX CUCTEMA 3a npednwhaBake Bofa (Ha NnpuMep: nymre, paceeTa,
Meluanuue u cn.).

MeTan-Basayx akymynaropu

EnekTpoxeMujcku U3BOPU eHepruje cucTemMa MeTan - BasAyx, AaHac npepcTaBibajy
yrnaBHOM XMbpuaHe NnpuMapHe eNeMeHTe 1 3aCHMBAjy Ce Ha aHOAHO] peaKLunjy pacTaa-
patba eNleKTPOHEeraTMBHON MeTasa, Ha MpUMep, LMHKa, anyMUHUjyMa, MarHesujyma unm
nuTujyma:

M =M" + ne

N KaToO4HOj peayKLUMju KNCEOHWKA U3 Basayxa:

0, +2H,0 + 4e » 40H"

360r KOpo3MOoHe HecTabunHOCTN HabpojaHMX MeTanay KMcenmm pacTBoOpuMa, peakLunja
ce ogurpasa 06MYHO y anKanHUM, HeyTpasHMM pacTBOPMMA UM anNpPOTOHCKWUM pacTBa-
paunma. [aHac ce pasBujajy v NyrUBM MeTan - Ba3fyXx eflieMeHaTu. TunnyHe kapakre-
PUCTUKE HEKUX TUMOBA MeTas -Ba3fyX cucTema cy npukasaHe y Tabenu 4. U3 Tabene ce
MOXe BUAETU [a OBaKBM CUCTEMU JaNeKo NpeBa3unnase Ao cafa pa3MaTpaHe akymyna-
TOPCKe cucTeMe No peasiHo ocTBapeHoj cneundunyHoj eHepruju (w,).

TABEJIA 4. OCHOBHE KapaKTEPUCTUKE HEKMX MeTasl - Ba3gyx efieMeHarta

7 Zn Fe Al Mg Na K Li
U,V 1,65 1,28 2,71 3,09 2,27 2,48 2,96
u/sv 1,2-1,3 ~1 1,1-1,8 1,4-2 ~2,2 ~2,4 ~2,6
stt/Wh kgt 1086 763 2796 2840 1106 935 3458
w,/ Wh kg? 350-500 60-80 300-500 400-700 ? ? 5007?
PenaTtmnBHa LeHa 1 0,22 0,95 1,48 9,2 11 40

Op, HabpojaHnx MeTana gaHac je y ynotpebu camo cucteM Ha 6asu LMHKa, a focta ce
pagu Ha pasBojy NUTUjyMCKMX cucTema. CuctemMmn Ha 6asv anymMmyHujyma u marHesujy-
Ma ycnef Kopo3uoHe HecTabuaHOCTU, KOPUCTE Ce CaMo Y CneundryHUM NnpuMeHaMa u
061YHO ce akTMBMpajy (yparbareM y eNeKTPoanT) HemocpepHo npe ynoTtpebe. Yenen
3HauyajHe Kopo3uje aflyMUHMjyMa 1 MarHesujyma y ankasHuMm pacTBopumMa, CUCTEMU Ha
6a3n oBMX MeTana ce KOPUCTe y MOPCKOj BOAM.

TUNUYHaA KOHCTPYKLMja OBaKBUX eleMeHaTa, NpukasaHa Ha cnuum 9, penatmeHo je jen-
HOCTaBHa W cacToju ce Of, MeTallHe aHOAe, eNeKkTponnTa, MeMbpaHe - cenapartopa, u
KWCEOHMYHEe eNleKTPOoAE Of, BUCOKOMOPO3HOT YI/beHUYHOI MaTepujana ca katanmsaTo-
poM, T3B., racHo-AundysnoHe katoge. MeflyTum, Benvku npobnem ynpaeo npeacraB/ba
KMCEOHMYHa eNleKTpoaa Koja Mopa Aa 3a40BoJbM BUGYHKLMOHANTHOCT, OOHOCHO Aa UMa
fobpe KapakTepucTuKe 3a peayKLUmMjy KMCEeOHMKA TOKOM MNpaXKkerba 1 3a peakumjy us-
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a) Enextponut

Ipaxmweme

Meran Cemapatop | 'acHo-mudy3nona
6ubyHKIIOHATHA

eeKTpona

[Bajatba KMCeoHMKa TOKOM Nyherba. Kof MeTana Koju ce Mory npumMersuBaTi y BOGEHUM
pacTBopuMa enekTponuTa, civka 9a (Zn, Al, Fe, Mg) peakuunja penykumje KMCceoHmnka
ce ogurpasa penatueHo 3agososbasajyhom 6p3nHoM. MeflyTuM Kof ankanHux Mmetana
360r BeOMa HMCKOTI eNleKTPOLHOr NOoTeHuMjala BOAEHN PAcTBOPY eIeKTPoNnTa ce He
MOry npMMermnBaTu. 3a OBaKBE CHUCTEME Ce MOPajy KOPUCTUTM anpoTOHCKMU pacTBapayn
KOL KOjUX je peakLija peyKLmje KNCeOHMKa BeEOMa Cnopa, a He 61 MOrnu HK fla ce nyHe
MOLITO Ce M3 anpOTOHCKMX pacTBapaya He u3aBaja KMCEOHUK Hero onasu Ao Hherose
Jerpagaumje fo yribeH-gnokcmaa.

MpoHanackom kepamuykux membpaHa Ha 6asu Li,M(PO), nan Li,,, Zn, GeO, — LiSICON

(akpoHum op eHr: Lithium Super Ionic CONductor) ogHocHo Na, Zr,SiP, O, 0 < x <

2+2x

3 — NaSICON (akpoHum op eHr: Na Super Ionic CONductor), koje nmajy cnocobHocT fa
nponyLwTajy joHe NMTUjyMa OOHOCHO HaTpujyma, anu He U Mosiekysie Boae, AaHac ce
Yr1aBHOM pa3Bujajy CUCTEMUM KOjU Ca CTpaHe NIMTUjyMa cappiKe anpOTOHCKM OpraH-
CKM pacTBapau, 0BOjeH O, BOLEHOI eNIeKTPonmMTa KepaMnMykoM MmemMbpaHoMm, Kao WTo
je npukasaHo Ha cnuum 96. MnaBHKM Npobnem npepcTas/ba peakumja Lit n Na* joHa ca
XULPOKCULHUM joHMMa 1 hopMuparee cnabo pacTBOPHUX NUTUjYM(HATPUjYM)-XMLPO-
KCcupa/okcupa Koju BPEMEHOM 3anyluaBa nope BasfylHe eneKTPOAEe, KOoje je TOKOM
nyHtera NoTpebHO pPasnoXnTu Ha joHe NMUTUjyMa OQHOCHO HaTpUjyMa U KUCEOHUK [0-
BohereM eHepruje n3 cnosballker n3Bopa.

Oprancku Bonenn
6) PpacTBop pacTBop
enektponuta  enextpomura B

CJIMKA 9. MpuHUMNnjenHe cxeme me-
Mpaxkmeme
<10, Tan-Basayx akymysnaTopa ca BOOEHUM
pacTBopoM eniekTponuTa (a)

1N KOMBMHALMjOM BOAEHUX/anpOTOH-

=0,
Mymweme CKUX eneKkKTponnTa n KepaMnike MmeM-
Meran  Usperu jonceneKkTurnu H
nm €IeKTPOTHT Tacro-mndysnona Gpane (6)
Ipadur LiSICON 6udynKunonaisa
NaSICON eneKkTpoza

beorpapcka WKoe enekTpoxemuje uma ayry Tpaguumjy ucTpaxuearay obnactu enek-
TPOXEMU|CKMX U3BOPA ENIEKTPUYHE eHepruje. 3anoyeTa cy ocCHMBakeM MIHCTUTYTa 3a xe-
Mujy, TexHonorujy n metanyprujy (MXTM) 1961. rogmHe n cTBaparem pyne 3a rasBaH-
CKe ropuBe crnperose, KojoM je pykoBogumo npod. MaHta TyTyHLKh. Y noveTky oBa rpyna
ce cacTojana of, capagHuka Kategpe 3a huanuky xeMujy 1 enekTpoxemujy TexHonoww-
Ko-MeTanypuwkor dakynteta (TM®). HeKonnKo rognHa HakoH cMpTy npod). TyTyHLMAa,
1970. ponasu fo nofene Ha Operbere 3a enekTpoxemujy (naHac LleHTap 3a enektpoxe-
mMujy UXTM) n Operbere 3a xemujcke nssope ctpyje (MXMC). Oba operbera, 1974. TpaH-
cthopmMucaHay IHCTUTYTE, Cy MHTEH3MBHO pagunia Ha pa3Bojy PasiMunTUX TUMOBA efleKk-
TPOXEMU|CKUX N3BOPA eHepruje. LleHTap 3a enekTpoxeMujy je [ao nsyseTaH 4OMNPUHOC Y
(pyHOAMEHTANHUM UCTPAXMBaUMA peakLnja OKCKaaLmnje Maanux opraHCcKmMx Monekyna
Kao NoTeHLMjaTHUX ropuBa Yy TOPMBHUM CMIPEeroBMMa 1 peakLmjn peayKumje KNCeoOHNUKa,
anuv v pasBojy MeTan-Basayx xmbpuoHux enemeHaTta. Ta UCcTpaxmBaka Cy pesyntupana
pasBojeM anyMUHUjyM-Basnyx enemMeHTa, ,MmetanHe ceehe”, koju je kpajem ocampgece-
TUX M NaTeHTMpaH. Y nocnenmwmnx ABafecetak rogMHa nokpeHyTa cy u ucTpaxusara Ha
pasBojy MaTepujana 3a cynepKoHLeH3aTOpe, Npe cBera Komno3urta Ha 6asu yribeHmnka u
MeTanHux okcmaa. UXUC je TexumTe ncTpaxkmBarba CTaBMO HA Pa3BOj TEPMUYKM aKTU-
BMpaHux batepuja, yrnaBHOM 3a BOjHY NPUMEHY, U Pa3BOj Pa3NNYNTUX Nerypa 3a olIoBHe
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akymynatope. Ha TM® ce TokoM ocamaeceTux 1 AeBefeceTuX MUHTEH3UBHO Paansio Ha
peakunju pefyKUMje KNCEOHWUKA, NPUMAPHMM N CEKYHAAPHUM INTUJYMCKUM CUCTEMMU-
Ma, MeTan-XApPUA akyMynaToprMma, a No4eTKOM OBOT BEKa M Ha MPUMEHUN eNeKTponpo-
BOLHMX NOJIMMepa Kao KaToOAHMX U aHOOHUX MaTepujanay akyMynaTopmMma, a KacHuje u
y XnbpraHUM CynepKoHAEeH3aTopMMa akyMyaTopcKor Tuna. HajHoBuMja ncTpaxumsarba
ycMepeHa cy Ha HoBe Tunose 6Mo 1 (HOTO rOPMBHMX ranBaHckux cnperosa. dakyntet
3a (M3UYKY XeMWjy je Aa0 3HayajaH AOMPUHOC PasBojy PasIMuUTUX jefuiberba 3a UH-
Tepkanaumjy alKaJaHUX U APYrux joHa y BOAEHWM pacTBOpUMa enekTponuTa. 3HavajaH
[LOMPUHOC je Npomnsallao U3 UCNUTUBaHAa Pa3nMunTnux Matepujana nobujeHnx kap6oHu-
3aUMjoM y peakumjn peaykunje kmceoHmka. Takohe, y MIHCTUTYTYy BuHua, nocToju rpyna
Koja ce 6aBM cknaguLTEHEM BOAOHMKA M Pa3BOjeM MaTepujana 3a ropMBHe rasiBaHcke
crnperose.

Mpod. ap BpaHumup Fpryp
TexHonowkKo-MmeTanypwku akynteT
YHuBep3uteTay beorpagy
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Electrochemical power sources

SUMMARY

Electrochemical power sources (EPS) are devices which can convert potential chemical
energy of active materials into electric energy. Depending on the reversibility of chemical
reactions, EPS can be divided into two main groups. Primary power sources, which are
usually called batteries, are assembled in a charged state and after discharge cannot be
charged again. On the contrary, secondary power sources (accumulators and superca-
pacitors) after discharge can be regenerated, charged, with external power sources. Pri-
mary power sources like zinc-manganese dioxide, lithium-manganese dioxide, zinc-silver
oxide etc. have limited applications. The main representatives of accumulators are lead
sulfate-lead oxide, metal hydride-nickel oxide and systems based on lithium (lithium-ion
and lithium polymer). They possess specific energy in the range of 30 to 200 Wh/kg and
limited specific power of up to 150 W/kg. Additionaly, accumulators have limited number
of charge discharge-cycles, usually below 1000. Supercapacitors can store small amounts
of energy, in the range of ~5 to 20 W/kg, but very high power in the range of few kW/kg
with a very high number of charge-discharge cycles in order of 1x10°. On the other hand,
materials for supercapacitors are very different, but can be categorized in three main
groups: carbon based symmetric, pseudocapacitive symmetric (RuO,, MnO,, conducting
polymers) and hybrid symmetric or asymmetric which combine composites of latter two
materials or some battery materials. Batteries, accumulators and supercapacitors are
compact devices assembled in a cell containing active materials, an electrolyte, contacts,
and separators in the same case. The third group is hybrid electrochemical power sources.
They are characterized by the external accumulation of one or both electroactive materi-
als. The main representatives are classical fuel cells in which fuel (hydrogen, methanol
etc) and oxidizer (oxygen) are stored out from the cell, and new types bio- (enzymatic and
microbial) and photo fuel cells that can simultaneously oxidize various waste from water
using oxygen from air as cathodic reaction. Among fuel cells, redox flow accumulators are
very significant due to large capacity and energy with main representatives being: vanadi-
um, zinc-bromine and polysulfide-bromine systems. They store active materials in exter-
nal tanks which circulate through electrolyzer. Third subgroup of hybrid power sources are
metal — air primary or secondary cells. Anodic reaction is the dissolution of metals (Zn, Fe,
Al, Mg, Li, Na, K) while the cathodic reaction is oxygen reduction reaction. Due to very high
capacity and energy acquired from relatively inexpensive metal — air cells, intensive work
on their development is in progress.

Prof. Branimir Grgur, PhD
Faculty of Technology and Metallurgy,
University of Belgrade
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Kopo3uja n 3awituta
o4 Koposuje

Koposuja npepcTtas/ba pasaparbe MaTepujasiia nof AejCTBOM Crosbalikbe CpeauHe.
CBW MaTepujanu ce passaxy TOKOM BpPeMeHa, anu pasnnuunutum 6psuHamMa, yriasHoM
ce Hajnakle pacTeapajy MeTanu, na ce nojam Koposuje gaHac yrinaBHOM nocMaTtpa Kao
pasapakbe MeTana. Hasue noTuye of NaTuHCKe peun corrodere, LWTO 3HAYN HArpusaTy.

CywWwTrHa KOpo3Knje MeTarsa ce cacToju y npenasy metanay ctabunHuje ctarbe/npoayk-
Te, Kao WTO CYy OKCUAM, XUAPOKCUAN, CONU, UTL. HanMe, MeTanu ce y Nnpupoam Hanasey
OKCUO0BAHOM CTakby, YrNaBHOM y 06/IMKY MUHepana okcuaa unu cynduga. a 6u ce ns
MUHepana nobuno metan notpebHo je yTpowmnTn oapeheHy eHeprujy, n kao nocneguua
Tora, Kaja ce HeKM MeTan ocTaBu fa cToju 6e3 nocebHe 3alwTUTE OH he TEXUTU fa ce
BpaTuK y CBOje NPUPOLHO CTare, OQHOCHO Yy 06K okecmuaa unu cyndupa (cnuka 1). Taga
ce Kaxke pa MeTtan kopogupa (cnvka 2). Kaga ce nocMaTtpa Heku meTtars, oH 06uyHo pe-
Nyje HeyHuwWTnBo, MefyTuM, HMjeaaH MeTasn Huje XeMUjcki cTabunaH, nuTame je caMo
KonnKo 6p3nMHOM ce pasapa/kopoaupa.
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Kopo3unja

MeTan

CJINKA 1. CnoHTaHuM nNpenas meTtanay ctabunHuje ctare

CJIUKA 2. inycTpauuje Kopo3uje MeTana

34

CMaTpa ce fa CTaHOBHUUM UHAYCTPUJCKM pasBUjeHUX 3eMarba XuBe y apywTenuma ba-
3/paHNM Ha MeTaNiuMa, 3aTOo LWTO Ce MeTanu JaHac BeoMa MHOI0 KOPUCTE Yy pasHuUM
rpaHama npuBpene u MHAyCcTpuje: y nsrpagkn ctambeHux 3rpaga, MoCcToBa, NpeBo3-
HUX cpeacTasa (@yTomobuna, Bo30Ba, ayTobyca, aBMoHa, 6poaoBa), LLleBoBoaa, orpaaa,
pesepBoapa, KOH3epBU 3a XxpaHy 1 nnuha, KOMNjyTEPCKMX AUCKOBA, XM1LLA U KOHEKTOPA,
Y JbYACKOM OpraHM3My Koj BelTaukux KyKoBa, KoseHa, 3yba, wpadoBa, HaKUT ce us-
pahyje Takohe og MeTana, CNnoOMeHUuUM, HoBumMhu, anaTke, ... . CBU 0BM NpeaMeTu U KOH-

CTPYKLMje NoANeXy KOPO3uju.

lybuun ycnepn Koposuje maTepujana gaHac goctmky HecnyheHe pasmepe. [Boxhe/ue-
MUK je MeTan Koju je HajpacnpocTpareHuj KOHCTPYKLMOHU MaTepujan m KOnuYmHa
reoxfa 1 Yyenvka Koja rogulbe nopsiexxe Kopo3uju U3HOCKU jefHY YeTBPTUHY [0 jef-
Hy TpehuHy yKynHe roguilitbe nponsBore. EKOHOMCKM acnekT rybuTtaka ycnepn Kopo-
3uje je orpomaH. Jow 1937 r. npeaysehe Len (Shell) je cBojuM HaTMCOM Ha M3N0X6M
y Bpuceny: ,,[Jok oBo untate 760 kg reoxha je nckopoampano”’, nokywasno aa jegHum
6pojeM npukaxe maTepujanHe rybuTke y YenmKky Koju Cy HacTanu ycnepn koposuje. Y
MCTO BPEeMe je NoKasaHo fa cBake rogunHe y JIoHaoHy nafgHe oko 750 000 t kucene kuwe
(oL cyMMNopHe KMCenunHe) Koja HacTaje Npu caropesakby yriba: 0Ba KOJIMYMHA CYyMMOpHEe
KucenuHe Moxe fa pacteopu suwe og 400 000 t reoxxha. Nloguwby TPOLWKOBY M3a3Ba-

HW KOPO3MjoM JaHac ce npouekyjy y bunnoHnma gonapa (2,5-10%2 $).

Kopo3uja ce jaB/ba CByAa U 3aTO je OHA BEOMa onacaH, Kao 1 CKyn, DeHOMeH, 1 jefHa je
O[, HajLITeTHNjUX NPMPOOHMX NOjaBa Koje ce faHac gewasajy. CmaTtpa ce ga 3-5 % bpyTo
HaLMOHaIHOT JOX0TKa 3eMJ/be OfJ1a3N Ha CaHMpare WTeTe NPoy3pPOKOBaHe KOPO3KjoM
UM Ha MPeBEHTMBHE Mepe fa [0 ke He fohe. MNopen Bennke MaTepujanHe WTeTe Kopo-
3Mja MOXKe [ila NPoy3poKyje 1 Benvke rybutke y JbyACKMM XUBOTUMA. YCNes Kopo3sunje ce
pylle MOCTOBM M 3rpae, nyLajy LeBu, Lype pesepBoapu ca xeMnKanmjama, Kao v LLeBun y
HaWwuMm Kynatuamma. KopooupaHu efnekTpuuHu KOHTaKTU Mory ga byay y3pok noxapa,
KOPOAMPAHU MeTaNHU MMMNNAHTaTK Y JbyACKOM OpraHu3aMy goBoAge 4O TpOoBara KpPBU,
3araferbe OKoNMHe je Npoy3pokoBaro owTehera ycnen koposunje Benmkor 6poja ymeT-
HUYKUX Jena Wupom ceeTa. Koposuja npeacTassba onacHoCT v 3a 6e3begHo ognarare

paanoaKTMBHOI oTNaga, KOjVI MOpa fa ce CKNnagunwTn TOKOM AeCceTunHa Xmusbada rognHa.

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



KoposnoHu npouecu MeTana ce Aefle Ha XeMUjCKe U eNleKTpoxeMmjcke. XeMumjcka Ko-
posuja ce felasay NPUCYCTBY racoBa Ha BUCOKMM TeMnepaTypama (Ha npumep Kuceo-
HMKa, XN0pa, XJIOPOBOAOHMKA, CYMNOP-AMOKCUAA...), 3Nl U HA COBHMM TeMnepaTypama
y oAcycTBy Bnare. [lo XxeMujcke Koposnje Moxe ga fohe y cpeanHama Koje HuUcy npo-
BOAHULM eNeKTPUYHe eHepruje, Kao WTO Cy HMP. OpPraHcKe TeYHOCTU. TunuyaH obnuk
0Be BPCTe KOpOo3uje je Koposuja HahToBOAA MOL AejCTBOM CYMMOPHUX jeOutbera nm
yrIbeH-OMOKCMAA PACTBOPEHUX y HaTh, a Takohe je uspaxkeHa y MHOYCTPUjCKUM Mo-

CTpOjerbMMa Koju pafe Ha NoBULWEHUM TeMnepaTypama u nputmucumma.

EnekTpoxemujcka Kopo3uja ce ogurpasa Kkaga ce metan Hahe y KOHTaKTy ca pacTBOPOM
KOj¥ NPOBOAM €NEKTPUYHY CTPY]jy, OLHOCHO Ca eNeKTPOoIMTOM ¥ NOoKopaBa ce efleKTpo-
XeMUjCKMM 3aKoHUMa. [oBpLwnHa MeTana HUKaga H1je MoTNyHO XOMOreHa, Ha Hoj yBeK
MocToje MecTa Koja CafpyKe HeKe NpuMece Wav MecTa Koja Cy MeXaHW4KM HanperHyTa,
HMp. caBujarbeM. Heka of, TakBUX MecTa uMajy Behy Texty Ka pacTBapary, a Heka cy
norogHuja 3a pedyKuujy joHa BOJOHUKA MM PACTBOPEHOT KMCEOHMKA KOjU Ce Hanase y
enNeKTPONNTY Koju kBacu MeTan (cnuka 3). MecTa Koja ce pacTBapajy, O4HOCHO Ha Koju-
Ma fonasun 4o OKcupaumnje metana:

Me = Me* + ze~ (1)
MMajy HeraTUBHMjM eNeKTPOAHM NOTEHLUM|AN N OHA NpeacTaB/bajy aHooHe 30He (Me* —
joHM MeTana, ze—bpoj enekTpoHa Koju ce ocnoboam y peakunjn pacteaparba). KatogHe
30He Cy NOBPLINHE Ca NO3UTUBHU]MUM €NEKTPOLHMM MOTEHLMjaNIOM 1 Ha HUMa Ce OAU-
rpaBajy peakunje penykumnje HeKor okcmpaumoHor cpeacTea, Ox, 40 peaykoBaHor 06-
nunka, Red:

Ox + ze" =Red (2)

Y KaTog4HUM 30HaMa ce 06MYHO oaurpaBajy peakumje peayKkunje Boge U KnceoHmka. Ha
npuMep, y HeyTpanHuUM efnekTponutuMma (jegHauvHe 3 n 4):

2H,0 + 2e” = H, + 20H" (3)

0,+2H,0 + 4e” = 40H" (4)

enekTponut

02

reoxkhe

A:Fe (s) » Fe* (aq) + 2¢- K:0,(g)+ 2H,0 (I) + 4e— 40H" (aq)

CJINKA 3. EnekTpoxemujcka koposuja reoxhia (A: aHoaHa 30Ha, K: kaTofHa 30Ha)
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MoBpLlIMHa MeTasa Ha KOjoj MOCTOje aHOAHEe M KaToAHe 30He Ce MOXe CXBAaTUTM Kao CKyn
nMoBe3aHMX rasiBaHCKMX CNperoBa WM MUKPOrasBaHCKMX cnperosa. [pyrum peynma,
Y3POK e/IEKTPOXEMU|CKE KOPO3Uje je MoCTojakbe MUKPOrafiBaHCKMX CNperosa Ha noBp-
WKWHK MeTana. Nopes HEXOMOreHOCTM MeTalla MUKPOranBaHCKN CNperosu Mory fa byany
M nocneamnua HeXoMoreHoCTU cacTaBa efieKTPoINTa, Kao U PasnnymuTux GUsUYKNX yC-
nosa (TeMnepaTtypa, NpUTMCaK, CNO/ballkbe €NIEKTPUYUYHO KOJI0) KOjuMa cy nojeauHu pe-
JIOBU MeTana U3JI0XKEHN.

Mo TMny, eNnekTpoxemMumjcka Koposuja ce Moxe NoLenMTH Ha:

© XOMOTEHY UM YHU(OPMHY U
* HEXOMOreHy Uv HeyHUMOPMHY, OOHOCHO NTOKaNN30BaHy KOPO3ujy.

Kopn xoMoreHe Kopo3uje fonasu 4o paBHOMepHOr rybuTka Mace, 0GHOCHO CMakMBaka
LebsbuHe MeTana no LenoKynHoj noBpLwmrHK. OHa ce oAnrpaBa Ha MeTasiuma u nerypama
Ha KojuMa ce ycfieq NocTojakba BesIMKor 6poja CKOPo MAEHTUUYHUX MUKPO-KOPO3MOHMX
crnperoBa MeTasn paBHOMepHO pacTBapa. Phare venuka unum reoxha, Kao 1 TaMmere
cpebpHOr HaKMTa UK eclajra cy NpuMepu xomoreHe Koposuje (ciunka 4). Oea BpCTe Ko-
po3uje je Marbe onacHa nowTo ce flakle npaTtM U caMuM TUM MOXKEe 1 Ha BpeMe ga ce

caHupa.

CJINKA 4.
MNpuMepn XoMoreHe Koposuje meTana

HexomoreHa kopo3uja ce He oaurpasa MUCTOM BP3MHOM Ha LesioM Matepujany, seh je Ha
nojeaAMHUM MecTuUMa Ha NOBPLINHM OHa ybp3aHa. YecTo ce 30Be 1 JIoKasiHa KOpo3uja no-
wT0 06MYHO LOBOAM [0 BeOMa 6p3e ceNeKTMBHE OKCMaaLmje MeTana Ha Manoj noBpLUIK-
HW UKW Y 30HaMa NOBPLUMHE MeTana y AoAMPY ca KOPO3MOHOM cpeanHoM. Hajuewhe ce
oaMrpaBays MUHUManHU rybutak Mmace meTarna afm Moxe LOBEeCTH Lo KaTacTpodanHumx
nocneauua, Kao WTO cy rybuumnm MexaHUM4kmMx CcBojcTaBa MaTepujana, crnojesa, nojase

NyKOTMHa Ha ueBoBognMma, MOCTOBMMa, 1 4P.

Hajuewhu BuooBmn HexomoreHe Koposuje cy (cnmka 5):

- MehykpucTanHa Kopo3swuja,
* HanoHcKa Koposuja,

= KOpO3Mjay 3asopy,

« TaykacTta (MUTUHT),

= rajBaHCKa Koposwuja,

* MuUKpobuMonoLwka Koposuja,
* BOJOHWYHA KPTOCT.

MefykpucTanHa Koposuja ce ogMrpasa Ay rpaHuLa 3pHa nojeAnHuX nerypay cneum-
thnuHmMM cpepmHama. YecTo ce jaBrba y Hephajyhum yenuumma, kaga ycnen TepMuyKor
TpeTMaHa, NPUINKOM 3aBapuBarba Yennka, 4osasmn 0 U3NYXKUBara Xpoma Ay rpa-
HULe 3pHa 1 NpeuunuTaunje xpom kapbuga. MowTo je Xpom BaxKaH 3a KOPO3MOHY CTa-
6unHocT Hephajyher yenunka, rpaHuLe 3pHa ocMpoMalleHe XPOMOM NOCTajy NoAJI0XHe
KOPO3Mju y eNeKTPONNTY M MoHaLlajy ce Kao aHoAe, AOK je CaMO 3pHO XOMOreor cactasa
M NoHalla ce Kao KaTtoga (cnuka 5a).
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HanoHcka Koposnja HacTaje ycnen KOMOGMHOBAHOr AefnoBaka KOpo3noHe cpeguHe U
cune 3aTesaha, cabujarba UM 3a0CcTanux cua Koje noTuuy of npoteca obamkoBarba
meTana (cnvka 56). NMojeonHu MaTepujanm nocTajy NOAJNIOXKHM KOPO3nju camo y ogpehe-
HUM eNeKTPONUTUMA KaZa Ccy NoABPrHyTU HeKoj cunn. Cune Koje LOBOAE [0 OBE BPCTe
Koposunje cy obmMyHO nocnegumua Wupeka Unnm KoHTpakLmja Koje ce jaBsbajy ycnepn Be-
JIMKUX TEMMepaTypHUX NPOMeHa UAN Y TEPMUYKUM LuKkycuma. Taga ce noctojehe mu-
Kpo-nyKoTUHe (rpelike y maTtepujany) wupe y oybrHy meTana unv nerypay npucycrtay
onpeheHnx areHaca Koposunje, Koju nHave He 6u goBenu 0o KoOpo3nje gaTor maTepujana.
HanoHcka Koposunja ce 4ecTo jaBrba y3 MeflyKpucTanHy Koposujy.

Kopo3suja y 3a30py ce jaBsba y YCKOM npocTopy n3mehy aBe noeplmHe (cnojeBu, npu-
pybHMLE, 3aNTUBAYK...) Y KOjUMA je OTexaHa KOHBEKLMja/MPOTOK eNeKTponuTa ycnes,
Yyera [o/asu [0 6p3or IoKaHOr Tpollera OKCUAALMOHOr cpeacTBa (HNp. KUCEOHMUKA)
M MOCTUXKY Ce JIOKAJIHO arpecuBHUjM YCITOBM OKONMHE. Kao nocneauua Tora notTeHumjan
MeTasiay 3a30py Ce HeraTuBMpa, OAHOCHO OH NocTaje aHoAHa 30Ha. MowTo je 4eo noBp-
WIMHe MeTarla BaH 3a30pa KaTtoAa, U MHOro je Behe noBplUMHe, aHOAHA peakLunja ce yop-
3aBa, OHOCHO MeTas y 3a30py ce BeoMa 6p30 pacTeapa (cnmka 5u).

TaukacTa koposuja (pitting, NTUTUHT KOpO3Kja), Ce yrNnaBHOM OAMrpaBa Ha MeTanma Koju
MMajy HeKM 3alWTUTHM CNOj Ha NOBPLWNHM (MPUPOLHO UK BeTavykn OPMUPaHM OKCUA-
HW 3aLUITUTHU UM UK OPraHCKy NpeBfaKy) y NPUCYCTBY arpeCUBHMX aHjoHa Kao LWTO
cy: hnyopugu, xnopuan, b6pommuaun, cyndatv u cn. MHoOrM meTanum cy NoA0XHM Taykac-
TOj KOPO3MjK, K0 HMNP. aNyMUHUjyM, TUTaH, HUKN, bakap, Hephajyhu yenuumn n gp., [oK
je XpoM oTnopaH Ha 0By BPCTY KOPO3uje. XNOPUAHW JOHU CYy MPUCYTHU Y MHOTMM arpe-
CUBHWUM CpefnHaMmMa, Ha NpMMep y MOPCKOj BOAM, Y COMKM KOja Ce 3MMK nocumna no nyTesu-
Ma, XpaHu, XeMUjCKOj MHOYCTPWUjU 1 3aTO NpencTaB/bajy nocebHo onacHe joHe. OHK, UK
HEeKW OpYyru aHjoH, ce agcopbyjy Ha okcMaHOM UMy un pearyjy ca M hopmupajyhn
pacTBOopHU komnnekc. OBa peakuuja ce oaurpasa JIoKanHo, Ha ogpefeHoM MecTy Ha
NOBPLUMHM OKCKAA, MPY YeMy OCTanun [e0 MeTana Aefyje Kao KaTofa BeNInke NoBpLUnHe,
Ha KOjoj ce oaurpaBsajy peakuuvje penykunje, ynme ce NoKaaHO pacTBaparbe OKCUAHOr
thunma ybpsasa. Mocnepnua oBakBOr JIOKANHOr pacTBaparba OKCUAa je pacTBaparbe
MeTana UCMof oKcuaa y BuAy pynuua Koje Beoma 6p3o mory pa nepdopupajy metan,
WTO AOBOAM [0 cnabrbera KOHCTPYKUMja (cnuka 54).

a) mefykpucrtanHa

6) HanoHcKa Koposuja L) Kopo3uja y 3asopy [) TaukacTa (MUTUHT)
Kopo3unja

CJINKA 5. [lpuMepun HeEXoMoreHe Koposuje MeTana

lanBaHCKa MM KOHTaKTHa KOpO3Kja Cce jaB/ba Ha MeCTy LoAMpa ABa MeTana Koju nmajy
pasnunuuTe efleKTPOXeMUjCKe MoTeHUnjane n Hanase ce y enekTponuTty. Metan ca Hera-
TMBHUWjUM NOTEHLMjaNIOM Ce NMOoHalla Kao aHoJa 1 pacTeBapa ce, OK ce MeTaJsl ca nosu-
TWBHMjUM NOTEHLMjas oM NoHala Kao katopa (cnvka 6). LLUTo je Beha pasnvka y noTteH-
umjanuma gea metana 6uhe Beha 1 NnoroHcka cuna 3a ogurpaBake KOposnje 1 meTan ca
HeraTMBHMjUM NoTeHumjanom he ce nHTeH3MBHMje pacTBapaTu. Koju meTan Ha cnojy he
Ce MoHalaTu Kao aHOAaA, a KOju Kao KaTofa, MoXe Aa ce oApeamn Ha OCHOBY efleKTpoxe-
MWjCKOT HU3a, unn BonTuHor HM3a (Ha3eaH no AnecaHapy Bontu koju ra je npeu cacTa-
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BMO) KOjU NpefcTaB/ba HM3 MeTana nopehaHux no pacTyhoj BpeaHocTn cTaHgapaHor
eNeKTPOAHOr noTeHunjana. Enektpoxemumjckn H1u3 metana je: K, Na, Ca, Mg, Al, Zn, Cr,
Fe, Cd, Co, Ni, Sn, Pb, H, Cu, Hg, Ag, Pd, Pt, Au, WwTO 3Ha4n fa y 0BOM HU3Y KanunjyM nma
HajHeraTMBHUWjU eNeKTPOLHM NOTEHUMjaN, AOK je 31aTO HajnneMeHnTuju MeTtan. AKo ce
y ycnoBuMa BnaxHe atMoccepe Hal)y y KOHTaKTy, Ha npumep, bakap (MeTan ca Behum
noTeHuMjanioM) 1 Yenuk kopoaupahe yenunk, a Ha CNojy Yenmnka u LmuHka (HeraTUBHUjK
noTeHuumjan on yenuka) nohu he go pacteapara umHKa. LLiTeTe og oBakBOr TMna Ko-
po3uje Mory ga byay Benuke, Kako y MUHAYCTPUjK, Tako 1y ooMahmnHcTeuma. Mopepn au-
PEKTHE LWTeTe, Kao WTO Cy Nyuame LeBW, pesepBoapa, racoBoa,... 3HayajHe cy U MHOu-
peKkTHe nocnepuue, HNp. Lypete OnacHUX XxeMuKkanuja unu raca, moryha ekcnnosuja,
nonnaee v ap.

CJIUKA 6.
MprMep KOHTaKTHe KOpo3uje Ha Cnojy
LEBM Of, MOLMHKOBAHOT YennKa 1 6akpa

Mukpoburonowka nnm 6akTepujcka Koposuja je TN Kopo3uje MeTana u HemeTana Koju
ce opurpaBsa nof AejCTBOM MUKpPOOPraHnsama uiav nporsBofa Koju HacTajy HUXOBOM
MeTabonMYKoM akTUBHOLWNAY, KaOo LITO Cy EH3MMU, er30 NoSIMMepu, OpraHcke n HeopraH-
CKe KUCEeNMHe, Kao 1 racoBU aMOHMjaK Un BOLOHUK-Ccyndug. MHore BpcTe aepobHux u
aHaepobHux bakTepuja CBOjMM NPUCYCTBOM Ha NMOBPLUNHM MaTepujana 4OBOAE A0 NPo-
MeHe JIOKa/IHMX YCNoBa Ha MOBPLWHM, KOjU MOroAyjy eNeKTPOXEMU|CKUM peakumnjama
Kopo3unje. MMKpOBUONOLWKa aKTUBHOCT yTMYE Ha KaTOOHY U/UNW aHOAHY peakuujy, Koje
ce opurpaBsajy Ha rpaHuuLuM NoBplIMHA MeTan/6uodunm, HapounTo Kaga cy OBu opra-
HU3MW Yy KOHTAKTy ca NoBpLWMHOM MeTana, cteapajyhu 6uodunm Ha woj. BakTepuje un
MHOTM APYr1 MUKPOOPraHM3MK, Kao asre v rbruse, Cy NPUCYTHU Y CKOPO CBUM BOAEHUM
CcpeAvHamay npupoau, Kao vy TeYHOCTUMA Y MHAYCTPUjM M 0TNaLHMM BoAama. 3awTtuTa
o, MUKPOOMOOLLIKE KOpo3nje ce NOCTUXKE UK NpUMeHOM BaKTepuunaHnx cpeacTasa
UNu YecTnM obHaBIbatbEM 3aLUTUTUX NPeBaKa.

BoOoHMUHa KPTOCT HacTaje amncoprnuujoM BOAOHWMKA Yy KPUCTaNHY peleTKy MeTana.
Kapa je KoHUEHTpaumja BOAOHMKA Y3 NMOBPLWMHY MeTana Beha of, Herose KOHLEHTpa-
uMje y YHYTpawHhOoCTM MeTana BoaoHuk he andyHgosaT y macy meTtana, wro he go-
BECTUW [0 Hanpes3aka KPUCTasHE peLleTKe U rybuTka OyKTUTHOCTU, MeXaHWUYKMX CBOjC-
TaBa 1 nyuarba MaTepujana.

KopoanoHa ctabunHoct mMeTana unm nerype ce ogpefyje Ha ocHoBy 6p3nHe KOjoM
rnocMaTtpaHu MaTepujan kopoaupa. bpsanHa Kopoauje Moxe fa ce ogpean pasamunTum
HEeeneKTPOXEMU]CKUM UM eNeKTPOXEMMjCKMM MeTodaMa 1 n3paxasa ce Kao: rybutak
Mace matepujana (g m=2 god?), rybutak gebssuHe (mm god™), ryctuHe cTpyje koposunje
npumeHoM PapapaejeBor 3akoHa (LA cm™2).

MocToje pasnuunTy NPUCTYMNM U METOAE 3aLUTUTE O, KOPO3uje MeTasIHUX KOHCTPYKLUUja,
OHW KOjU Ce MOCTMXKY TOKOM MpojeKToBaka npeameTa U KOHCTPYKLMja U OHU KOju ce
CNpoBOAE TOKOM NpUMeHe.

MpojekToBame NnogpasymeBa:
» Oprosapajyhu gmsajH
= W3bop oprosapajyhmx matepujana

MpumeHa ce ogHOCK Ha:

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



- Mopgudumkaumjy cnosbalikwe cpegmHe
« BnaxHocTu
= YKnakbahe KUCeoHMKa 1 Apyrux okcupgaHaca
« YKnakare arpecuMBHUX areHaca, Hnp. xaopa
- Temnepatype
- Bbp3uHe pnynpa
« [MpuMeHa HxMbuTOpa
- [pumeHa npeBnaka
« MeTanHe npesnake (LMHKOBaHe, HUKOBakE, ...)
- HeopraHcke npesnake (okcupHe, hochatHe, eMajnnparse, ...)
« OpraHcke npesnake
- EnekTpoxemujcKka sawTurta
- KatogHa 3awTuta
= AHOOHa 3aWwTUTa

MNpojekToBarbe NpeacTaB/ba NPeBeHTMBHE Mepe KojuMa je Moryhe cMawnTn npobneme
M TPOLLKOBE NPOoy3poKoBaHe kopo3njoM. OarosapajyhnuM omsajHOM KOHCTPYKLMja MOXe
ce eNIMMUHMCATLN HIp.: 3a4pXKaBakbe TEYHOCTU Y jeHOM Aeny KOHCTPYKLUMje, CTBaparbe
3a30pa, Hanpesake MaTepujana, ofakwaTu NPpoToK enekTponuTa u ap. N3bop maTte-
pujana ce BpWM Ha OCHOBY BpOjHMX NapameTapa, Kao LWTO Cy arpecUBHOCT CpeauHe,
nnaHupaHu BEK Tpajakba, BPCTa NpUMeEHe, CUrypHOCT MHCTanaunja, KOHCTpyKLmnja, Ma-
WwrHa n ypehaja.

3alWwTUTHE Mepe Koje ce CNPOBOE TOKOM NpuMeHe cy npaheHe oapxaBarbeM U KOHTPO-
JIOM, Maja ce 3allT1Ta NpeBfakamMa MoXe NocMaTpaT U Kao NPEBEHTUBHU 1 3aLUTUTHHA
nocTynak. C 063npom ga ce TOKOM KOpo3uje Ha NOBPLUNHU OAUrPaBajy MCTOBPEMEHO U
aHOJHa M KaToAHa peaklmja, 3alWTUTa ce Moxe NocTuhu cnpevyaBarbeM ycioBa 3a oau-
rpaBare buno Koje of, oBe ABe peakuuje, unun 6ap cMarbMBareM HUXoBUX Bp3nHa.

NHXnbutopun Kopo3suje Cy XeMujcKa jeamntbetrba Koja ce Ao4ajy Y pacTBOp eNleKTpoamTa
paau cMakumBaka 6p3nHe Koposuje cyncTparta. Y ogHOCY Ha CPefMHy y KOjoj ce npu-
Merbyjy Mory 6utn uHxMbUTOpK 3a KMUcene U HeyTpanHe pacTBope, UHXMbUTOPK y ra-
coBuTOj (hasu 1 OHe y NpemMasnMa. Ha oCHOBY MexaHun3Ma KojuM fenyjy fene ce Ha af-
copnuunonHe, nacuempajyhe, npeumnmtaLmoHe, OHe KOju YKNakajy KUCEOHUK, 1 Ap. Ha
OCHOBY eheKTa Ha napunjanHe peakuuje Ha efiekTpogama Mory ga 6yny aHogHu (ytudy
Ha CMakbMBakbe aHOLHe peaklmje pacTBaparba MeTana), KatogHu (cMakbyjy 6p3unHy Ka-
ToAHe peakuuje) unu MewwoBuTU NHXMBUTOPK (YyTnuy Ha obe napumjanHe peakuuje).

3aWwTUTOM peakTUBHUX MeTasa npesfiakama oMmoryhasa ce ga ce UCTOBPEMEHO KOpUCTe
MexaHMWYKa cBojcTBa MeTana (Yenuka, anyMuHujyMa, UuMHKa 1 4p.) a ga cy oHu 3awTtuhe-
HV o4 Kopo3uje. MpeBnake Koje WTUTe MeTan o4 KOposuje, OAHOCHO 3aLITUTHE NpeBna-
Ke, Mory fa byay meTanHe, KOHBEP3WOHE U OpraHcKe.

MeTanHe npeBnake ce Hajyewhe HaHOCe NoTanareM / ypararbeMm (TONNO LUMHKOBaHE),
eJ'IeKTpOXGMVIjCKVIM Tanoxewewm, XeMVIjCKVIM TenoXxXemkbeM, MeXaHUYKNM npesJiavyeHhemMm,
TONUM pacnpwmnBameM UK HanapaBakbeM. |/|360p NOCTYyNKa M BPCTe NpeB/iake 3aBUCK
o[, HaMeHe, Kopo3uoHe cTabunHocTu, noTpebHe AebrbrHe, NNaHNPaHoOr BpeMeHa U yc-
nosa npumeHe, 6poja koMafa Ha Koje ce npesnaka HaHocu, 6p3nHe HaHoweka. JaHac
ce KOpUCTW BENWKM Bpoj MeTanHUX NpeBiakay 3alTuTm og koposuje (cnvka 7), Kao WwTo
cy npeBnake HUKNA, 6akpa, kanaja, LMHKA 1 HETrOBUX NIerypa, anyMmHnjyma, 36or ceoje
WTETHOCTM MO Jbyfe M OKONMHY cBe pehe npeBnake kagmujyma, onosa u xpoma. Cee
npesnake npeacTassbajy bapujepy namely KOpo3noHe cpefnHe U MeTasiHor CyncTpaTa,
mMefyTuM, cBe KoMepuumjanHo gobujeHe npesnake cy y ogpeheHoj Mmepu noposHe. lMo-
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pef Tora, npeBnake TOKOM ynotpebe unu TpaHcnopTa Mory aa byay owTteheHe. Y Tom
cnyyajy, BaxkaH hakTop y 3alUTUTW NPEeBNAKOM NpeAcTaB/ba rafiBaHCKN KOHTaKT/crnper
Koju ce jaB/ba Ha cyncTpaTy y 6a3m nope nnum orpeboTnHe Ha NpeBaLn ca MaTepujasniom
npeBnake. Y 3aBUCHOCTM 04, BPeAHOCTM NOTeHLUMjana npeBnake U cyncrpaTa nocroje
npeBnake Koje Cy nfieMeHnTnje of, cyncTparta n oHe Npyajy camo 6apujepHy 3alWTUTy 1
*pTBYjyhe npesnake, Koje nopep 6apujepHor CBojcTBa NPyKajy M aKTUBHY 3awTUTy (Ka-
TOAHY 3aWTMTy). 360r NojaBe rafiBaHCKOr KOHTaKTa npesfake v nogJsiore notpebHo je
[a cy npeBnake nieMeHUTUje of CyncTpaTta Hemopo3He, nun fa cy noctojehe nope WTo
MarUX OUMEH3Kja, YMMe ce OfNaxe Npoanpatse BOLE M eNIeKTPonuTa A0 MeTasiHor cyn-
cTpaTa. OBO ce yrnaBHOM nocTuxe Behum febrbmHama npesnaka, Mafa ce Hekaza nope

nonyasajy HEKMM OPraHCKMM N1aKOM UKW APYTrMM MeTanoMm (LMHK UK Kanaj Ha HUKITY).

= —
&

a) npeBnaka HuKNa

S

a) hocchaTHa NpeBaKa Ha YenunKy
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6) npesnaka 6akpa B) MpeBfaka Kanaja

r) npeBnaka umHkKa

CJINKA 7. MpuMepu MeTasHUX NpeBaka

KoHBep3mnoHe npeBfiake Cy HeopraHcke npesfiake Koje ce hopMmupajy Ha NoBpPLINHMK
MeTana peakLmnjoM caMor MeTasia ca aHjoHMMa U3 pacTBopa y KOju ce MeTas notana.
OHe ce yrnaBHOM KOpMCTe 3a 3allTUTY MeTasla o, Kopo3uje y aTMOCHEPCKUM YCIOBU-
Ma. HajnosHaTuje cy pocthaTHe 1 okcuaHe npesnake (cnuka 8). OHe umajy BesmKy no-
PO3HOCT TaKo fa caMe He 06e36efyjy LOBO/bHY 3aWTUTY O KOPO3Wje, Nna ce 3aTo Ha
FbMX 00[ATHO HAHOCK HeKa opraHcka npesfaka. MefyTuM, NOPO3HOCT je NOBO/bHA 32
noBehare afxe3suje opraHcke NpeBnake 3a MeTasiHy OCHOBY M CripeyaBarbe Lnpera
KOpO3uje ucrnop opraHcKke Npessiake y Ciyvajy heHor okanHor owTehera. YecTo ce
KOPUCTM W eMajn, CTakjieHa Npo3npHa nnm HenposunpHa maca, 6esbojHa nnm obojeHa
MeTasIHMM OKCMAMMA, KOja Ce Ha MeTasiHe nJiove, KepaMuuke Uan cTakjieHe npeameTe
HaHocK TorybereM. OHa MeTaslHe NpeaMeTe WTUTU O KOPO3uje, 0K KO, KEpaMUUKNX

nocyna of rivHe CTBapa HeMNpomnycTaH coj.

B) emMajn

6) oKCMAHa NpeBiaka Ha
anyMUHNjyMy

CJINKA 8. MpuMepn KOHBEP3MOHUX NpeBiaka

Opn HeMeTaslHMX NpeBriaka HajBuLle Ce NpUMekbyjy opraHcke npesnake (Mpemasmu), Koje
nopep 3aWTUTe UMajy U AeKopaTMBHa cBojcTBa (cnuka 9). [aHalrbe TPXKULWTE OpraH-
CKMUX npeBnaka nsHocu npexko 200 000 munnjapam gonapa roguwme. Y 3aWTUTN Me-
Tana of Koposuje opraHcka npesnaka Tpeba pa byne 6apujepa 3a TpaHCNopT joHa [0
nospwuHe meTana; foa bnokupa joHcke nyTeBe n3Mehy nokanHmMx aHofa v KaToga Ayx
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rpaHuue pasa MeTaJ'I/I'IOﬂl/IMep Kaounpga 6y,n,e HOCuUNaL KOPO3MOHO aKTUBHUX MNUTMeHaTa

N MHXMbMTOpPa Koju ce ocnobahajy y cnyyajy owTehera opraHcke npeBnake.

CJINKA 9. TprMepn OpraHCKMX npesnaka

OpraHcKe npeBfiake Cy BEOMa C/I0MEHOr CaCcTaBa, YMje KOMMNOHEHTE MOry Hajluiupe fa ce
FPYMMLLY y YETUPU KaTOropuje CymncTaHLu:

- Bes3uBa npepcTtassbajy AMcnep3He cucTeMe nonmMmepa y pactesapadmma. OHKM no-
Besyjy YecTuLe nurMmeHTa n agutuea mehycobHo n ca nognorom n hopmupajy npe-
Mas. Hajuewhe cy opraHckor nopekna: noavakpuaaTu, NovypeTaHun, enoKCcuau,
ankuan, wenak, butymen, n gp.

- PactBapaum cy ncnapsbuse cyncTaHLe, KOje CHMXaBajy BUCKO3HOCT npemMasa u npu-
narofeHu cy BesuBY KoOje YMHM Npemas, Mafa OHWM CaMun He yuyecTBYjy Y cTBaparby
npemasa. Kao pacteBapayun Mory fa ce KopucTe BoAa, allkoxosiv, ecTpu, Mafa ce Haj-
Yewhe npuMekbyjy y/baHU Y HUTPO MM CMELLE OPraHCKKX pacTBapaya.

« MurMeHTU cy HepacTBOPHE MpallkacTe CyncTaHLue, BeNnymnHe YecTula o HeKoIu-
KO HaHOMeTapa [0 HEKOJIMKO CTOTMHA MUKpOMeTapa, aucneprosaHe y Besusy. To cy
06uyHo okcuam (Zn0O, ZnCrO,, ALO,,
(umHK), conu (Zn,(PO,), x 4H,0,) unu nojeanHa opraHcka jefurberba. OHK NpeMasnMa

Pb,0,) unu xuppokcnam meTtana, npax MeTana

06e36ef)yjy 060jeHOCT, NOKpPMBHY MOh, KOPO3MOHY OTMOPHOCT, YBPCTORY 1 Ap.

- Oopauu (aauTUBM) Ce LoOAajy NpemMasnma y MaJnm KonmumHama ga 6u ce no6osb-
a0 HeKO CBOjCTBO NpeBnake. Mory fa byay MHXMbuTopu, KatannsaTopu y pekumjm
nonvmepusaumje, ctabmunumsatopu, ga MoauduKyjy TeubnMBOCT npemasa, noseha-
Bajy KBaW/bMBOCT, ga byny npomMoTtepu agxesuje, bruounam, omeklwmsayuu, pH pery-
natopu 1 ap.

Bpoj koMbuHauMja pa3INUMTUX KOMMOHEHaTa je MPaKTUYHO HEeOTPaHWYEeH 1 3aBUCK Of,
HaMeHe npesfaka. Y 3aWTUTK 0f, KOPO3uje NpecyaaH 3Havaj MMajy BE3UBO U NMUTMEHT.

Bosba 3alUTMTA OPraHCKMM NPeBnaKkama, Kao 1 ienn n3rnes, 4ecTo ce NoCTUXY HaHo-
WeHeM BULLECNojHUX npeBnaka. OCHOBHM C0j 0OMYHO Cap Py MHXNBUTOP KOoju NpyKa
3alUTUTY O KOpPO3Kje, 1 Ha Hbera ce fasbe HaHoCe jelaH v BuLe cnojeBa Apyre BpcTe
npemasa pagu nobuvjama, Ha npumep, xembeHe 6oje. Ako je noTpebHo 06e36ennTu no-
60sbluaHy 3alUTUTY HAHOCK Ce BULLE CJI0jeBa PasINYMUTUX NpPeBnaka, Kao HMp. y ayTo-
MOBWIICKO] MHAYCTPUjM Kafa Ce Ha YeNMK TanoXu NpBO NpeBsfiaka LUMHKA Wav nerypa
LUMHKa, NnoToM coctaTHa npesaka pagun 6orbe agxesuje, 3aTM OCHOBHU NpemMas Koju
Mpy»a MexaHWYKy OTIOPHOCT U KOPO3MOHY CTabUIHOCT U Ha Kpajy MOKPUBHA OpraHcka
npesfiaka KojoM ce NOCTUKY erbeHa 6oja 1 cjaj.
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OCHOBHM MEXaHM3MM KOjUM OpraHcka npessaka WTUTKU MeTan of, Kopo3uje cy: aHo4Ha
NHXMBULMja, NPU YeMy ce aHOAHA peaKLMja ycnopaBa 04aTKOM NMUrMeHTa; KaToLHa UH-
xnbuumja, kaga ce opraHcka npesfniaka noHala kao bapujepa, cnpedasajyhu TpaHcnopT
KMCEeOHWKa, BOJE M jOHa efleKTPoMTa 40 MeTanHor cyncTpata (canka 10); omcku, npu
KOMe BeJfiMKa OMCKa OTMOPHOCT OPraHCKe NpeBsiake ycropaBa NpoToK CTpyje nsmehy
MeTasiHOr cyncTpaTta 1 cnosbHe cpeauHe v ranBaHcky edpekart, Koju ce 6asunpa Ha npu-
MEHW BeNMKe KOHLUEHTpaLuMje NMrMeHaTa y npemMasy Koju Cy eneKTPOHeraTuBHUjM of,
MeTasiHOr CyncTpaTa Tako Aa ce OHW npedepeHumnjanHo pacTeapajy YnMMe WwWTnUTe cyn-
CTpaT oA, KOPOo3uje (HNp. MpeBnaKe ca BEIMKUM cafpiajeM npaxa LuHKa y 3aTnuTu ye-
JIVKA USIN OHE Ca BENIMKMM CappajeM MarHeavjyma y 3allTUTu anyMuHujyma).

CJINKA 10.

Cxema bapujepor nMrMeHTa y OpraHckoj npesnaum

Hajnakwwu Bna 3aliTUTE je HaHoLWere 3alTUTHUX NpeBsaka. Ay, Yak 1 Kafa ce nosp-
WMHa 3alWTUTM NpeBlakaMa yBeK ce nojaBsbyjy owTehera Ha Hoj. Y ogpeheHnm cutya-
umjama, Kaga je Telwko npuhu KOHCTPYKLKWjK paan penapaumje npesnake, onTuManHuja
3aluTMTa Ce MOCTMXKE MPMMEHOM HEraTUBHOI HaeleKTpUcaka Ha MeTas, YuMe ce ycno-

paBa peaKuuja pacTBapaka MeTana.

Haunme, ako ce Ha MeTan NMpUMeEHM LOBO/BHO HEraTuBaH noteHuujan 6psnHa Koposuje
nocTaje 3aHeMaps/bMBo Mana. OBO je OCHOBHM MPUHLMN NPUMEHe KaToAHe 3awTuTe,
WWPOKO NpUMeHeHe MeTofe 3alTuTe BeSIMKUX YeNMYHUX KOHCTpyKuwuja, 6ponaosa,
LueBoBofAa, bylwoTMHA 1 MocToBa. PasnuKkyjy ce ABa NocTyrnka KaToaHe 3alTuTe, nNpu-
MEHOM MPOTEeKTOPa MK CNoJbrber n3sopa cTpyje. MowTo ce y oba cnyyvaja NOBPLUNHK
KOHCTPyKLMje Hamehe KaToAHWN KapaKkTep MeTofa ce Ha3nBa KaToHa 3awTuTa.

MpunnKom npuMeHe cnosballker n3sopa cTpyje (cnuka 11) cTpyja ce Kpo3 NPOBOLHY
CpenuHy, HNp. 3eM/bULLTE, MPEHOCK Ca HEPACTBOPHE aHOE Ha KOHCTPYKLUMjy KOjy Tpeba
3alUTUTUTKU, U farbe L0 aHoA4e KpOo3 crosballkbe Kono. EdukacHa 3awTmnTa ce nocTmxke
oarosapajyhum gnsajHOM 3aWITUTHOT CUCTEMa, KojuM ce obesbel)yje noBo/bHA Nonapu-
3alMja KOHCTPYKLMje 1 paBHOMepaHa pacrnogena cTpyje.

Lpyrv Bup, KaTogHe 3awTuTe je NPUMEHOM NPOTEeKTOpPa, OAHOCHO XPTBYjyhux aHoaa,
KOje WTUTe MeTasiHy KOHCTPYKUMjy hopMMpareM ranBaHCKOr cnperay Kome ce KOH-
CTPyKLUMja KOja Cce WTWUTK NoHala Kao KaToda. AHOAE Cy MeTasn KOoju UMajy HUXK no-
TeHUMjan of MeTana Koju WTuTe. Tako ce 3a CTPYKTYPe Of, YeNnKa KOPUCTe aHome Of
MarHesunjyma, UMHKa, anyMuHujyMa 1 kbuxoBumx nerypa. Kao WTo je CnoMeHyTo KOA, ran-
BaHCKe Kopo3uje, OBM MeTalnm Ce MOry KOPUCTUTU 3@ NMPOTEKTOPCKY 3aLUTUTY Yenny-
HUX KOHCTPYKLMja, jep ce MpU hUXOBOM KOHTaKTY Ca YeNIMKOM YCMoCTaB/ba rajiBaHCKM
Crpery KOM OHUW Urpajy ynory aHofe, oK je Yenuk, kao KkaTtoaa, sawTtuheH og koposuje.
Mpu n3bopy matepunjana xpTeyjyhe aHone Tpeba nMaTn y BULY €NeKTPOXEMUJCKU HU3
MeTana y ogpeheHoj KOPO3MOHOj CPeANHM — eNleKTPOHeraTUBHNjU MeTanu cy cnocob-
HW Ja WTUTe eNeKTPOono3UTUBHUje MeTarlle, jep OHW NPBY NOANEXY Kopo3unju. MeTtan
KOju npepcTaB/ba XPTBYjyhy aHoAy noAasexe aHOQHOM pacTBapary npemMa peakuumjmn
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(1). EneKTpOHM KOju HacTajy y 0BOj peaKkLuju, NpeHoce ce KPo3 MeTaslHW NPOBOAHUK 00
KaToA4HMX MecTa Ha KojuMa Ce OAuUrpaBa peakuuvja pegykuuje, Tj. metan 6muBa KaTogHO
3awTurhen.

3allTUTa cnosballinum
W3BOPOM CTpYje

e CJINKA 11.

EATOAHE SATUTS CxeMa KaTogHe 3alTuTe

NPUMEHOM CcnoJballkwer
s n3Bopa cTpyje

FeSi, Pt,
rpacur...

MeTarn Koju ce LTUTU
(uesoBogd / NoA3eMHU pesesoap,...)

cTpyja

Nmajyhn y Buaoy BeNuKy pasnnky noteHuujana namehy yenmka n marHesmjyma, oH ce
Hajuelwhe KOPUCTM Yy 3aLUTUTM YENIMYHUX KOHCTPYKLMja Y 3eM/bUWTY. Y MOPCKOj BOAM,
KoOja je eneKTponuT BeNnKe NpoBOAJbMBOCTH, PasvKa NoTeHuujana Hyje npecyaHa na
ce 3a 3aWTUTY 6poaoBa 1 byLOTMHA 0BMYHO KOPUCTE aHOLE O aNyMUHMjyMa UK LLUH-
ka. KopucTe ce xpTByjyhe aHope y 0bnuky wunku, 610KoBa nM NpcTeHoBa, Koje ce 3a-
KonaBajy y 3eMJ/by U NMPOBOAHOM XMLLOM MOBE3Yjy ca NPeLMEeTOM Koju ce WTnth (cnnka
12a) unu ce aHofe AMPEKTHO Kadve Ha rera (cnmka 126). MowTo ce 3alTmuTa NocTuxe

pacTBapareM MaTepujana aHoAe OHe ce 30BY XpTayjyhe.

T cTpyja J,

%
i Mg

,3alTUTHA”
cTpyja

YyesiMvyHa ueB

aHoma
a) 6)

CJZINKA 12. CxeMa 3alTuTe XpTByjyhnM aHogama:

a) ueBu ncnop 3emsbe 1 6) cTyboBa MOCTOBA UM BYLLOTHMHA Y MOPCKO] BOAM

AHOQHa 3aWTuTa Ce MOCTMXe aHOLHOM nonapusauvjom Mmetana y obnact noteuujana
Koja oroeapa nacvBHoj 061acTy MeTasa Koju ce WTUTK, Y KOjoj HACY OCTBAPEHM YCITOBU

3a HeroBo pacTBaparbe. 3a aHOAHY nosfapusaumnjy ce KopucTu ypehaj noteHumocrar.
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Y okBupy beorpancke WKone eNnekTpoxeMuje MHore rpyne Ha TexHONOoWKo-MeTanypLu-
KoM thakynTeTy u LleHTpy 3a enekTpoxemnjy UXTM-a, cy ce baBuie uCnMTMBareM Mexa-
HM3aMa peakuuje Kopo3unje pa3Hux Metana reoxha, Hephajyhux uenuka, anyMmnHujyma,
b6akpa. VcTpaxxmBara M3 obnactu sawTute of Koposnje cy obyxsaTana mHxmbutope
KOpO3Wuje, KaTo4HY 3aLlTUTY, 3alITUTY MeTasHUM, KOHBEP3MOHMM, OPraHCKMM npesna-
KaMa 1 eNleKTPONpPOBOLHUM MONMMMeEpPMUMA. 3HaHe N UCKYCTBO U3 OBUX UCTPaXKMBara Ccy
JonpuHenu pelwasaky npobnema Koposuje 1 CMambeky nocnegunua Koposuje y Bulle
npuBpenHux cybjekaTtay 3eMbu.

Mpod. pp JeneHa bajar
TexHONOWKO-MeTanyplwku pakyntet
YHuBep3nuteTay beorpagy

JlnTtepartypa

=
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Corrosion and corrosion protection
SUMMARY

Corrosion is a naturally occurring phenomenon of material deterioration in the reaction
with the environment. All materials corrode with time, but at different rates. It is common-
ly related to metals and their conversion into chemically more stable forms like oxides,
hydroxides, sulphides, carbonates, etc, followed by the loss of some of their functions.

Corrosion has long been an issue of importance in everyday life and in many industries:
civil structures (buildings, railroads, bridges collaps), pipes, reservoirs, aircrafts, automo-
biles, household appliances, medical implants, monuments corrode. The worldwide annu-
al direct cost of corrosion today is over €1.4 trillion and it is considered as one of the most
damaging and expensive natural occurring events today.

Corrosion processes could be classified as Chemical and Electrochemical. Chemical cor-
rosion is caused by the reaction of metal with gases and vapours (O,, halogens, SO,, H.S,..)
at high temperatures or at room temperatures in dry conditions. It often occurs in industri-
al plants that operate at high temperatures and in oil pipelines. Electrochemical corrosion
takes place on metal surface in electrolyte solution and obeys electrochemical laws. The
parts of non-homogeneous metal surface more susceptible to dissolution act as anode
and are oxidation sites, while more noble ones are cathodic areas, where reduction pro-
cesses take place. The existence of these corrosion cells is fundamental in all mechanisms
of electrochemical corrosion. Depending on specific arrangement of anodic and cathodic
areas and their location there are different types of corrosion: uniform corrosion, where
whole surface dissolves at the same rate, and localized corrosion, characterized by se-
lective metal dissolution at small area or surface zones. Even a small amount of dissolved
metal in non-uniform, localized corrosion could result in severe damages. Few examples
of localized corrosion are: pitting, galvanic, crevice, intergranular, stress corrosion crack-
ing, hydrogen embrittlement.

It is estimated that 25 - 30 % of the annual cost of corrosion can be avoided by using
optimum corrosion management and protection practices. These steps include elimina-
tion of the anodic or cathodic reaction, electronic or ionic path and could be based on the
action of the metal, action on the environment or inducing a barrier between metal and
environment. Depending on the strategy, prevention can be accomplished already in the
step of planning and projecting structures, including appropriate selection of materials
and structure design and their location. If preventive and control measures are utilized in
service they include environment modification (removal of aggressive species, utilizing in-
hibitors), electrochemical protection (cathodic and anodic) and coatings (organic, metallic
and conversion coatings).

Within the Faculty of Technology and Metallurgy and IHTM members of the Belgrade
School of Electrochemistry were active in studying corrosion mechanisms for different
metals (iron, steel, aluminium, copper) as well as corrosion protection by inhibitors, ca-
thodic protection, coatings (metallic, organic, electroactive), contributing to control and
maintenance in various industrial and civil objects.

Prof. Jelena Bajat, PhD
Faculty of Technology and Metallurgy,
University of Belgrade

Meet electrochemistry through Belgrade School of Electrochemistry 45



TR
A
i

i

[
=
=
=
(]
x
[=]
o
-
x
L]
3
(]
>
3
o
X
3
>
x
o
g
©
o
-
[=]
[
[Te]
)
o
aQ
%
=
=
=
9]
X
()
o
F
¥
)
[
[3)
©
I
™
(=]
c
>




EnekTpoxeMunjcko
TasloXKere N pacTtBapame
MeTana

ENneKTpoXxeMMUjCKO TanoxXekwe MeTana

Mpouecuma eNneKTPOXeMUNjCKOr Tanloxera MeTanu ce fobunjajy y KOMNaKTHOj UK Y HEKO]
op, pmcnepsHux hopmu. CUHOHMMU 3a AMCMEeP3He Tanore Cy NpawKacTy UM HenpaBUIHK
Tanosn. Jobujajy ce unu enekTponnM3omM U3 BOLEHUX €NeKTPOSaMTa UM U3 pacTona,
Hajuelwhe NPMMEHOM KOHCTAHTHMUX (MOTEHLMOCTATCKM U FafiIBaHOCTATCKM), N HEKUM
of, MEepuMOAMYHO MPOMEHIBUBMX pexuma enexktTponuse (nyncupajyha npeHaneTocrT,
nyncupajyha ctpyja u pesepcHa cTpyja) [1]. Oko 60 MeTana ce Moxe LO6UTU eNeKTPoNu-
30M y gMcnepsHoj unm npawkactoj hopmu. Mpempa ce BehuHa fobunja enekTponmsom uns
pacTona, TeXHOJOLWKM HajBaXKHWUjU MeTasnm Kao WwTo cy bakap, HMK, reoxhe ce Hajuewhe
nobujajy enekTponnsoM 13 BOOEHWX eNeKTponuTa.

Mopconoruja je HajsHa4YajHWja KapaKTePUCTNKA eNTEKTPOXEMUJCKN UCTANIOXKEHMX MeTana.
HajsHavajHnju napamMeTpu eneKTPosvM3e Of KOjuX 3aBUCKM MOPCOsIOruja UCTaNoXeHor
MeTana cy: BpCTa M cacTaB eneKTPosnTa, NMPUCYCTBO CneumduuHMX CyncTaHum y
eNeKTPoNMTMMa MO3HATMX Kao aguTMBM, TeMnepaTypa M BpeMe eneKTposvse, BpcTa
KopuwheHor kaTtogHoOr MmaTepujana, Mellame enekTponuta, uta [1].

OucnepsHe (npawkacTte, HenpaBuiHe) MeTanHe opme Koje ce gobujajy npouecuma
€/1eKTPOXEMU|CKOT TasioXekrba Cy: AeHAPUTU, Urne, rpaHyne, HenpaBuiHe U NpPaBuUHe
KpucTanHe hopme, cyHRepu, YecTuLe HANMK NayumHu, UTa. [1]. MHore o, bUX cy BeoMa
cnmyHe hopmama Koje ce Mory Hahu y npuponu. He Mory ce nobutu cBM MeTanu y rope
nomMeHyTuM copmama. LtaBuwe, obnunk geHpputa Kao Hejuewhn n HajaHavajHMju 06-
NUK AucnepsHux popmu, 3aBUCK O, BPCTe MeTana. Tako, HEKM of, AeHAPpUTa Cy HalnK
nanpartu, 4OK OPYrv OeHAPUTU cy cnnvHm cTabny 6opa nnu jenke. 3ajefHNYKa KapakTe-
pucTuka popmuparba BehuHe aucnepsHux hopmu je fa ce oHu fobujajy Tokom andysm-
OHO KOHTPOJIMCAHOT NpoLLeca efIeKTPOXEMU|CKOT TaloXeka.

Y koM 065mKy ce MeTan Moxe [oOUTK eNeKTPOXEMU|CKMUM MyTeM 3aBUCK Of, HEroBmx
KapaKTepuCcTUKa, Kao LITO Cy Tauka ToM/beha, bp3rHa eNleKkTPoXeMnjCKor npoLeca Koja
Ce 03HayaBa ryCTMHOM CTpyje U3MeHe, 1 NapamMeTpa KOoju je No3HaT Kao NpeHaneTocT 3a
peakunjy nsapajartba BogoHuKa [2]. Haume, Bpio 4ecTo ce fgellaBa [la TOKOM eNeKTpoxe-
MUjCKOT TaNloxera MeTana y obnactu dopmupara AUcnepsHux Tanora fonasu oo us-
[Bajarba BOOOHMKA Kao napanefiHe peakumje, v Koja Moxe fa 0CTBapu 3HavajaH yTmuaj Ha
Mopdonorujy eNeKTPOIUTUYKN UCTANIOXEHMX MeTana. Y 3aBUCHOCTU Of, rope MOMeHyTUX
napameTapa, MeTaau ce CBPCTBajy Y jeAHy o4 Tpu rpyne:
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I. HopManHu MeTanu - TUNWYHM MeTanun Koju npunagajy oBoj rpynu cy: of0BoO, Kanaj,
cpebpo, UMHK ¥ kKagMujyM. lMpouecy eneKTPOXeMMWjCKOr TasioXerba OBMX MeTana
npunagajy 6p3uM enekTPOXeMUjCKMM NpoLecnMa LITO 3Ha4M Ja Cy oKapaKTepucaHu
BMCOKUM BPELHOCTUMA FyCTMHE CTpyje M3MeHe. Takohe, OHM Cy OKpaKTepucaHW HucC-
KWUM TaykaMma Tomn/beka, U BUCOKMM NpeHaneTocT1Ma 3a peakuujy n3asajarba BOLOHUKA.
BehunHa rope nobpojaHux ANCNEP3HUX UNN HENPABUIHUX hopMu ce fobuja Tanoxernem
MeTana Koju npunagajy 0Boj rpynu, WTO CE jacHO MOXe BuaeTn ca civke 1.2 MpaHyne
cpebpa v onoBa ca pobpo aeduHUcaHNM KpUcTanHUM paBHUMa (canke la u 6), Beoma
payre vrne onosa (cnvka 1B), 4BOAVMEH3MOHANHN AEeHAPUTY 0/10Ba U LIMHKA KOju BEOMa
Hanukyjy nanpatu (cnvke 1r v fg), YecTuLe 0N0Ba Koje HanuKyjy nayumHu (cnvka 1h),
Te pasHOBPCHe MpaBUIIHe U HemnpaBuiHe KpucTanHe dopme (Cnvke le v x) Cy Heke of,
TUNUYHKX POPMU KOje KapaKTepuLLy rpyny HopManHux metana [3,4].

a) 6)

5um

n) )

100 im T TTBum
CJINKA 1. TunuyHe gucnepsHe (NpawkacTe) opme Koje ce nobujajy enektpoxemujc-
KMM TasioXereM T3B. HOPMaNIHMX MeTasa: a) rpaHyne cpebpa, 6) rpaHyne ofoBa, B)
Urna onoea, r) eHAPUT 0N10Ba HANIMK NanpaTu, 4) AeHAPUT LMHKA HANuK nanpatu, i)

yecTuLa 0/10Ba HANIMK NayyuHK, €) NpaBusiHe 1 XK) HenpaBunHe opme onosa [3, 4]

II. UHTepMegujapHu MeTanu — MeTasln KOju YUnMHe OBY rpyny cy 3nato, 6akap n cpebpo
(@Ko ce KopuCTe KOMMIEKCHU YMECTO OCHOBHUX eflekTponuTa). Npouecn enektTpoxe-
MWJCKOT TalloXera 0BUX MeTasia Cy CMopuju Of, OHUX U3 Fpyne HOPMaHUX MeTana, WTo
3HauM Oa Cy HMXOBe BPELHOCTU ryCTUHE CTPYje M3MEHEe HUXKE Of, OHMX 3a HOpMasiHe
MeTane. YMecTo ABOAMMEH3NOHANHUX OEeHAPUTA HalMK nanpaTtu, OBy rpyny metana
KapakTepully BeoMa pasrpaHaTy TPOAUMEH3UOHANHM OEHAPUTU Hanuk ctabny 6opa
(cnuka 2a). IHTepecaHTHO je NpMMeTUTKN fa 0Be AeHApUTe nsrpahyje enemMeHT Koju ce
Takohe yecTo cpehe y npupoau, a To je hopMa Koja jako HallnKyje KYKYpy3HOM KJn-
ny (cnuka 26) [5]. Kop 6akpa, Koju je TUNMYaH NpencTaBHUK OBe rpyne meTana, nog,
onpeheHnM ycnoBuma enekTponmnse hopMmpajy ce n npaBuHe rnobyne koje Mory 6uTu
M cacTaBHM feo geHapuTa (cnuka 2B v r). [ipyre HenpaBuiHe hopme Koje KapakTepu-

2 Ycnoswu nop KojuMa cy aobujere Mopdonoruje AUCNep3HUX Uan npawkacTux hopmu nokasaHux Ha cnnkama 1, 3 u 4 ce mory Hahu y pedpepeHuama[1,3-5].
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Wy npoLece eNeKTPOXEMUJCKOT Tanoxera bakpa HanvKyjy Wwaprapenu (cnuka 24) nnm
kapdwuony (cnuka 2h).

Ha BeoMa BMCOKMM NpeHaneTocTuMa, Uim rycTuHama cTpyje Koje cy BuwecTpyko sehe
of, rpaHuYHe ondy3noHe rycTuHe CTpyje, yTULLAj BOLOHMKA Kao napanenHe peakuuje To-
KOM Tanoxetrba bakpa nocTtaje 3HavajaH, LWTO Ce MaHUdecTyje NojaBoM pyna of, o4Boje-
HUX MeXypoBa BOLOHMKA Y MOPONOrnju Tako fobujeHnx Tanora. TunnyHa cTpykTypa
Koja ce chopMmMpa y yCNoBMMa MHTEH3MBHOT M3LBajatba BOLOHMKA HaNUKYyje CTPYKTYpK
nuenuter caha (cnvka 2e). DopMnpaHn MexypoBu BOAOHUKA NPeacTaB/bajy wabnoH
OKO Kojux ce Tanoxere bakpa onBuja Hajuewhe y 0bnunky kapguonactmx vyectumuya
(cnuka 2x).

50 um 200 pum

CITUKA 2. TunuuHe gucnepsHe hopMe Koje ce fobujajy eNeKTPOXeEMU|CKUM TarnoxereM bakpa: a) oeHapuT, 6)
KOHCTPYKTUBHW ENIEMEHT AEHAPUTA HANIMK KYKYPY3HOM Knuny, B) rnobyne Kao feo AeHppuTa, r) rnobyne, o) o6nmk
KOju Hanukyje waprapenu, i) kapduronacta CTPyKTypa, €) CTPYKTYpa HaNMK nyenmmem cahy, 1 x) kapduonacre

YecTuue hopmmpaHe oko pacTyhrux BOBOHUYHNX MexypoBa [3-5]

II1. UHepTHU MeTanum - y OBy rpyny MeTana ce ybpajajy reoxhe, kKobanT, HUK/, MaHraH,
XpPOM M nnaTuHa. KapakTepulle nx BUCOKA Tayka TOM/bewa, Mane 6p3uHe npoueca
eNeKTPOXeMUjCKOr Tasioxera (Tj. Masnie BPeAHOCTU FyCTMHE CTpyje U3MeHe) U HUCKe
npeHaneTocTU 3a peakuujy msgBajakba BOAOHMKA. Ycnen HWCKe npeHaneTocTy 3a
peakuujy n3aBajarba BOLOHUKA, TaNlOXeHe 0BMX MeTana ce 0fBuMja napasiesiHo ca peak-
LMjOM n3aBajakba BOOOHMKA Ha CBMM rycTMHama cTpyje u noteHuujanmma. CyHhepacTte
thopMe ca cTpyKTYpOM Koja HanmKkyje nuenurem cahy (cnvka 3) ce nobujajy enektpo-
XeMUjCKMM TanoXereM OBe rpyne MmeTana. lMowTo ce cyHhepacTe yectuue popmupajy
Y YC/IOBMMaA MHTEH3MBHOI U3[Bajatba BOOOHWKA, HE MOCTOjM pasnunka y MophooWKNM
KapakTepucTmkama mefly yecTuuama Metana us oge rpyne.
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OcuM eNleKTPOSIM30M 13 BOAEHMX eNeKTPoNuTa, aucnepsHe hopme ce nobujajy u enek-
Tponusom n3 pactona (cnvka 4) [3,4]. Ha npumep, Beoma gyre nrnuyacte gpopme Mg0/
Mg(OH), koje cy YecTo rpynucaHe y arperarte HanvK LBeToBMMa ce Mory AobuTu enek-
TPOIN30M PacTOMNSbEHOI MarHe3snjyM HUTpaT XxeKcaxmapara.

Det WD I—J———-I ﬁgg.ﬂm'

»
.

CJIMKA 3. CyHhepacTa yecTuua kobanTa [4] CJ/INKA 4. Beoma duHe urne MgO/Mg(OH),

50

rpynucaHe y arperaTe HasuMK LBeToBUMa
nobvjeHe enekTPoONM3oMm
13 pactona [3]

NcTpaxnsarbe Mopdosiorvje eNneKTPoOXeMUjCKN NCTANOXEHNX MeTana je jefaH of Haja-
YTEHTUYHNjUX fonpuHoca beorpazicke enekTpoxemujcke WKoNe y cBeTy. Hajsacnyxe-
HWjM 32 TO je, 3ajeHO Ca CBOjMM MHOro6pojHUM capagHuLumMa, npod. Ap KOHCTaHTUH .
Monos (1941-2019), peaoBHM npodecop TeXHOMOLWKO-MeTanypLIKor hakynteTa u gyro-
rOAULWHN CapafHUK MHCTUTYTa 32 XeMU|jy, TEXHOSIOT U]y 1 MeTanyprujy.

ENeKTPoOXeMMUjCKO pacTBapakwe Metana

Tpu HajBaXKHMje TEXHUKE KoL, KOjUX Ce MPUMebYje eNIeKTPOXeMUJCKO pacTBapake MeTa-
nau nerypacy [6]:

1. EnekTtpononupate,
2. EnekTpoxeMujcka MawnHcka obpapa (EMO), n

3. KapakTepusaumja eNeKTPOXeMUjCKM NCTANOXKEHMX Nerypa.

EnekTpononupame

Kop MeTana umnje pactBapare y ogpefeHoM eneKkTponnTy nsasmsa nojaBy HepacTBop-
HMX NPoAyKaTa pacTBapaka (HepacTBOPHUX COMN) HA MOBPLUMHKU MeTana, Moryhe je ns-
BPLUMTU MUKPOCKOMCKO M3paBHaBake MeTasIHWMX MOBPLIMHA, T3B. eNeKTPONnonnpame.
MonpeyHn npecek NOBpPLUMHE MeTana Koja je MoABPrHyTa eNeKTPononanpary Moxe ce
CXeMaTCKu NpeacTaBUTM Ha cnmum 5. MocToju BULWwe pasnora 36or kojux gonasu 4o noja-
Be v3paBHaBarba — MosMparba NOBPLUIMHE MeTana, a jefaH of rMaBHUX je YnkbeHuua fa
je ondysmnoHu hyke npofykata pacteapara Behu Ha nsbounHama (pactojarbe A) 36or

Mare aebsbrHe Andy3noHOr Cloja Ha BpXoBMMa Hero Ha yaybrbersnma (pacTojamse b).
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pacTteop

CJINKA 5.
CxeMaTCKM NpuKas NonpeyvHor npeceka
NnoBpLMHE MeTana Npu eNeKTpononmpamy

¢hunm conun

b

[eo MeTana Koju ce nonvpa npeacTaB/ba aHoay, AOK je MaTepujan Katofe 06MYHO HUCKO
YITbeHUYHW YenunK, rpaduT, 0SI0BO UK NAaTUHA, NpU YeMy je noBplimHa KaToge 100 —
1000 nyTa Beha of noBpLUMHe aHOAe.

MawuHcKa o6papa MeTana eeKTPOXeMUjCKUM
noctynkom (EMO)

OcHoBHM NpuHLUMN nocTynka EMO 6a3unpa ce Ha UnMkbeHMLN fla ce NPonyLwTakeM LOBO/BHO
BeNnKe rycTuHe cTpyje namehy aHome un katoze (oko 160 A cm2) y TaHkoM cnojy (0,005 -
0,13 cm, Koje ce ogpxaBa NomMepareM KaTtoae) npotouHor enekTponuta (5 25 % NacCl,
KCl, CaCl, n NaNO,) ocTsapyjy ycnosu Npu KojuMa ce aHof,a Tako pacTsapa Aa o oapehe-
HUX AMMeH3Mja npaTu obnuk KaToge.

KapakTtepusaumja eneKTpoxeMm1jCKu UCTasoXKeHux nerypa
NpuUMeHOM MeTofe aHoAHe NIMHeapHe BonTameTpuje (AJ1B)

Hajuewhe kopuwheHa TexHMKa 3a KapakTepusauujy nerypa je peHAreHcka aHanmsa,
KojoM ce Mory ogpennTtn mehydase n/unm nHTepMeTanHa jeaurera y nerypu. Haxa-
JIOCT, BPJIO YECTO je NpMMEeHa OBe TeXHMKE 3a KapaKTepusaunjy eneKTpoXeMmjcKu nc-
TaNoXeHWX Nerypa orpaHuyeHa Beam4YnHoM KpucTanuta (4o HeKONMKO AeceTuHa Ha-
HOMeTapa), WTOo je UCMOA rpaHuLLe AeTeKunje peHareHa, na ce Kao pesynrar nobujajy
peHAreHorpamm Koju ykasyjy Ha aMopHy CTPYKTYypy Tasnora. Y HoBuje BpeMe KOpUcTu
ce TPaHCMUCMOHA efleKTpoHCKa MuKpockonuja (TEM), BeoMa cKyna TexHMKa, ca KojoM
ce mory ogpefusaTtun Mefychase 1y cnyyajeBuMa HAHOMETAPCKUX KpucTanmTa.

MoueTKoM AoeBegeceTux, Tpu nabopaTopuje y ceeTy (Mefy Kojuma je 6una n nabopaTo-
pvija 3a enekTpoxemMujy YHuBepsuTeTtay beorpamy ) Cy CKOPO MCTOBPEMEHO CaonLTuie
pesynTaTe NoKyllaja fa ce ha3HM cacTaB eNleKTPOXEMUjCKM UCTANIOMEHOT TaHKOT C/loja
nerypa (0o 10 ym) okapakTepuuwe npumeHoMm AJ1B meToge [7-9].

AJIB MeTofa 3aCHMBA Ce Ha NPUMEHW TEXHUKE NTMHeapHe NpoMeHe noTeHumjana npm ma-
noj 6p3nHN NnpomMeHe noteHuumjana og 1 mV s, HakoH Tanoxema TaHkor cnoja (go 10
um) nerype 13 pacTeopa ofaroeapajyhnx joHa MeTana Koju je caunkbaBajy, Ha Noaio3u
O[L CTaKNacTor yribeHunKa, 3sata uam nnaTuHe, y jeaHoj henuju, enektpoga ce npebauyje
y opyry henunjy ca pacTBOpPOM KOju Cafpu CaMo HeyTpasiaH eNeKTPOJSINT y KOMe ce KOM-
NMOHEHTE Jlerype Mory KBaHTUTaTMBHO pacTBOpUTU. PacTBapakrbe ce ofBuja CBe LOK ce
He pacTBOPW KOMMJIeTHA KONMYMHa Nerype.

[a 6u ce ycnewHo npumeHnna AJIB MeTofa 3a kapakTepusauujy hasHor cactaBa enek-
TPOXEMU|CKM UCTANOXKEHUX Nlerypa Mopajy 6utu ncnymweHu cnegehu ycnosu: Lenokyn-
Ha KOMM4YMHa flerype ce Mopa KBaHTUTATMBHO PacTBOPUTM; MpoLLEeCcH nacusaumje mim
uemMeHTaumje Mmopajy buTtn oHeMoryheHun npu pacTBapamy erype, LWTO ce NOCTUXe npa-
BUJIHUM N360POM eneKTposMTa 3a pacTBapatrbe nerype.
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Kapaktepuctuke AJIB oarosopa pactBapaka pasfimumTux
TUNoBa nerypa

O6nuk AJIB ogroeBopa npu pacteapakby nerypa moryhe je npeaBuaeTv Ha OCHOBY (has-
Hor aunjarpama un MrmbcoBux eHepruja hasa Koje ce jaBsbajy Ha ha3HoM aujarpamy. Pas-
IMYNTU TUNOBM nerypa (eyTekTU4Ke, YBCTW pacTBopu, nerype ca mMefydasama un/mnm

MHTepMeTaNHUM jeautberbMa) nocegosahe pasnuunte AJIB ogrosope.

Y cryyajy eyTeKTUUKOr TuNa Jierypa, rae ce KOMMNOHeHTe He Mellajy y YBCTOM CTakby,
MbcoBa eHepruja cBake KOMMoHeHTe Tpeba [a ocTaHe MCTa Kao M Kog YMCTUX KOMMOo-
HeHTU. CxogHo ToMe, AJIB Tpeba fa byae okapakTepucaH ca aBa CTpyjHa Bpxa pacTea-
pakba Npv YeMy CBaKuM CTPYjHU BPX OA4roBapa pacTsapaky YNCTe KOMMOHEHTE.

®asHu gujarpam cuctema Zn-Cd v ogrosapajyhu AJ1B pesyntatu 3a nerype pasnminTtumx
cacTaBa NpuKasaHu cy Ha cnuum 6. CTpyjHU BpXoBM pacTBapama Zn u Cd s nerype cy
jaCcHO oLBOjeHMN.

a
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~
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CJIUKA 6. ®asHu gujarpam cuctema Zn-Cd (neso) n AJIB pacTBapama ferypa (aecHo) koje cagpxe 20, 40, 60

80 at.% Zn (at.% Zn HasHaueHu Ha canuy). EnekTponut 3a pacteaparse: 0,2M Na,SO, (pH 4); n=1mV s,
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Cnuunu AJTIB ogrosopu ce gobujajy 1 Kof nerypa tuna YBpcTux pacTBopa, Maga je y He-
kM cnyyajeBuma (Ni-Co) AJIB oaroBop oKpaKTepmUcaH je4HUM CTPYjHUM BPXOM Unju ce
noTeHLMjan Meka ca cacTaBoM nerype.

Mo3HaTo je [a YecTo MpuM Mellarby MeTasa y YUBPCTOM CTaky pacrnopej atoMa HoBO-
HacTane (ase, Koja noceayje MMHUManHy M6CoBY eHeprujy, HMje UCTU Kao pacnopes,
aTtoMa (KpucTanHa CTpyKTypa) Kog, uncTmux metana. OBakBa HoBa CTPYKTypa Moxe 6utu
nnu mehydasa nnnm MHTepMeTanHo jegurberbe. MorogHocT npuMeHe mMetoge AJIB 3a
KapakTepusaumjy hasHor cactaBa Jierypa Hajbosbe ce Moxe BUAETU KOZ Nerypa Koje
cajpxe uHTepMeTasHa jeAnmerba, jep CBako MHTEPMETATHO jeAuberbe noceyje noce-
6aH CTpyjHM BpX pacTBapaktsa.

®as3Hu gujarpam cuctema Cd-Cu je okapakTepucaH npucyctBsoM 4 nHTepmeTasHa je-
aunmerva (cnuka 7), Cd,Cu, Cd,Cu,, Cd,Cu, n CdCu,. Ha AJIB pacTBaparba nerype (Cnvka
7) Ha3HaUYEeHW Cy CTPYjHN BPXOBU NOjeaMHNX UHTEPMETANHUX jeautbersa. CBa UHTEpMe-
TanHa jeaurerba, ocum Cd,Cu, cy jacHo geduHucaHa ogrosapajyhiM CTpyjHUM BPXOM.
Hekonsonyunjom AJIB Ha nonoxajy CTpyjHor Bpxa pacTeaparka Cd,Cu, Moxe ce gobutn
oarosapajyhu cTpyjHu BpX. Buam ce Takohe na je cTpyjHu Bpx pactBaparba Cd s nery-
pe NoMepeH Ka No3UTUBHU|MM NoTeHLMjannma y ogHocy Ha unct Cd, wTo je nocnegmua
pacTtBaparba Cd 13 Mmace nerype v BepoBaTHo yTuuaj audysuje Cd kpos macy nerype.
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CJINKA 7. ®asHu gujarpam cuctema Cd-Cu n AJIB pactBapara unctor Cd n yunctor Cu 1 nerype Koja cafpixu
~ 75 at.% Cd v 25 at.% Cu. Enektponut 3a pacteapare: 0,01M CdSO, + 0,2M Na,SO, + 0,0lM H,SO,; v=1mV s™.

Nerypy Zn-Ni kapakTepuwe npucyctso Ni, Cd, n mehyydasa p (Cd,Ni) n y (CdNi) (cnuka 8). Ha nctoj cnmum npuxkasaHu
cy AJIB pacTBaparba UNCTUX MeTana 1 nerypa gea pasnmumrta cactasa: 30 at.% Cd — 70 at.% Nin 50 a1.% Cd — 50 at.%
Ni. Mpn pacTBaparby nerypa cactaba 30 at. % Cd — 70 at.% Ni nojaBsbyjy ce aBa cTpyjHa Bpxa Ha AJ1B, npn 4eMy CTpyjHA
BPX Ha HeraTuBHujem noTeHumjany (oko -0.5 V) ogrosapa pacTeapamy  mefydase (Cd Ni), 4ok cTpyjHM BpX Ha NO3K-
TMBHMjeM noTeHumjany (oko -0.38 V) ogrosapa pacTtBapatby y Mefydase (CdNi). PacTBapatbe nerype cactasa 50 at.%
Cd - 50 at.% Ni okapakTepm1caHo je NojaBOM jeQHOr OWTPOr CTPYjHOr Bpxa Ha oko -0.32 V, Koju ogroBapa pacTBapaky
y Mefydasze (CdNi) n cnabo nspaxxeHum CTpyjHUM BPXOM Koju ogroBapa pacteapamry Ni (-0.1V vs. ZKE).
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CNUKA 8. ®asHu gujarpam cuctema Cd-Ni v AJIB pacTBapara unctor Cd, unctor Ni v nerypa koja cagpxe 30 at.%

Cd n 50 at.% Cd. Enektponut 3a pactBapare: 1 M NaCl (pH 2); v=1mV s™.

Op He6ojwa Hukonuh, Hay4yHu caBeTHUK
LieHTap 3a enektpoxemujy HY

WNHCTUTYT 3a XeMWjy, TEXHONOTUjy U MeTanyprujy
YHuBep3utetay beorpagy

Op Bnagumup JoBuh, HayuHu caBeTHUK
WHCTUTYT 3a MyNTUANCUUNIIMHAPHA UCTPAXMBaHa
YHuBep3anuteTay beorpagy
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Electrochemical deposition and dissolution
of metals and alloys

SUMMARY

In their powder form, metals can be obtained by both, electrolysis from aqueous
electrolytes and molten salt electrolysis by application of constant (potentiostatic and
galvanostatic) or periodically changing (pulsating overpotential, pulsating current and
reversing current) regimes of electrolysis. The typical powder (disperse or irregular)
forms, which can be obtained by electrolysis processes are: needles, filaments, dendrites
of various shapes (2D fern-like or 3D pine-like), crystals of regular and irregular shapes,
granules, cobweb, cauliflower, carrot, corncob, globules, honeycomb, spongy, etc. Some
of these are very similar to those found in nature. The shape of electrolytically formed
powder forms is primarily determined by the nature of metals, i.e. by the following metal
properties: exchange current density (or rate of electrochemical process), melting point
and overpotential for hydrogen discharge. Depending on these, metals are classified
into three groups: (@) normal metals characterized by high exchange current density and
overpotentials for hydrogen discharge values and low melting points, like Pb, Sn, Ag, Zn
and Cd; needles (Pb and Ag), filaments (Zn), 2D fern-like dendrites (Pb, Ag and Zn), crystals
of regular and irregular shapes (Pb), granules (Pb and Ag), cobweb (Pb) are usually formed
by electrodeposition of metals from this group, (b) intermediate metals characterized by
medium exchange current densities and lower overpotentials for hydrogen discharge, like
Cu, Au, Ag (complex electrolytes); cauliflower, carrot, corncob, globules, and honeycomb-
like structures formed in conditions of vigorous hydrogen evolution are charcteristic for
this group of metals, and (c) inert metals charcterized by low values of both, the exchange
current density and overpotential for hydrogen discharge and high melting points, like Ni,
Fe, Co, Mn, Cr and Pt; the spongy-like form with the honeycomb-like structure is the main
powder form characterizing this group of metals.

All tehniques, considering the processes of electrochemical dissolution of metals,
can be classified into three groups: electroplishing, electrochemical machining and
characterization of electrochemically deposited alloys. The polishing process can be
attributed to the fact that diffusion flux of products of dissolution is larger at protrusions,
due to smaller diffusion layer thickness, than in metal recesses. Anodic linear sweep
voltammetry (ALSV) technique is also successfully used for identification of phases in
electrodeposited alloys.

Full Research Prof. Neboj$a Nikoli¢, PhD
Department of Electrochemistry

Institute of Chemistry, Technology and Metallurgy,
University of Belgrade

Full Research Prof. Vladimir Jovié, PhD
Institute of Multidisciplinary Research,
University of Belgrade
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MpuMeHa eneKTpoxemumje

Yy CMHTEe3u buomarepujana
3a NpUMeHe y MeguLumnHun

EnekTpoxemujcke MeTofe ce MOry KOPUCTUTK 3a CUHTE3Y PasfMuMTUX KOMMO3UTHMUX
MaTepujana HaMereHUX 3a MPUMEHY Y MeAMLMHN NoNyT aHTUBAKTEPUjCKMX NpeBnaka
Ha KOLWTaHWM TUTAHCKMM MUMMNAHTATUMa WM BUCOKO e(MKACHUX aHTUMUKPOBHUX

XupporenoBa 3a ybp3aHo 3apacTake paHa.

|_||I)I/IMeHOM OoBUX MeToOa je Moryhe CUHTETUCaT KOMMO3UTHE 6MOMaTepVIjaJ'le KOjI/I
y cebu cappxe HEKM aHTMBAKTEPUjCKM areHc, 04HOCHO aKTMBHY KOMMOHEHTY monyT
cpebpa nnmn aHTMbMOTUKA.

TUTAHCKU KOWITAHU UMMJIAHTATU ca
eJ'IeKTpO(I)OpeTCKVIM 6MO0AKTUBHUM npepnakaMa

Ctaperbe nonynaunje Ha rnobanHom HUBOY je foBeno 1 fo nosehaHor 6poja optonea-
CKWX MHTEepPBEHLM]a, Ma caM1M TUM pacTe 1 noTpeba 3a M3HanaxekeM HOBUX MeaULLUH-
CKMX CpefCcTaBa, yKibyuyjyhu n maTepujane HoBe reHepaumje, nobosbliaHMX CBOjCTaBa Y
O0[HOCY Ha cTaHZapHy npakcy. Mpatehu oBaj TpeHm, obnacT buomartepujana ce MHTEH-
3MBHO pa3Buja ycrnep cee Behe noTpebe 3a pasBojeM CUrypHUX, Noy3aaHNX N epuKacHmX
mMaTepujanay buoMennumHcke cepxe. TpPeHYTHO BENMKM Npobnem y cBeTy NpeacTaB/ba
yrpagka opTonenckux mmnnaHtata (cnvka 1), ogHocHo npoTesa 3rnobosa, KofeHa,
KyKa Unu oyrux Kkoctujy ycnepn 6onectv unm noBpeae, Kao U AeHTaHUX UMNAaHTaTa.

Mpunnukom amnsajHuparba HoBUX BGuoMaTtepwujana, mopajy 6uTn 3agoBo/beHM ofgrosa-
pajyhu 3axTeBu, kako 6u cBojcTBa [,06MjeHnx buomatepujana bmuna cnmyHa cBojcTBMMA
KowTaHor TkmBa. Of KJby4yHOr je 3Hauyaja ga nobujeHn Guomartepujan nocenyje 3apo-
Bos/baBajyha MexaHW4YKa cBOjcTBa, Aa byne buokomnatnbunaH, buoakTnuBaH M oTnopaH
npema Koposuju. MprUnmMKom opToNeaCcKMX MHTEPBEHLM]A NOCTOjN peaniaH PU3UK O UH-
(hekumja Ha MecTy UMNNaHTaumje, Te je NoXesbHo Aa buomaTtepujan cagpXm U HEKM aH-
TnbakTepujcku areHc, kako bu ce cMmarbuna notpeba 3a CUCTEMCKOM afMUHUCTPALMjOM

aHTUbMOTHMKa, ycnen cee Yewhe nojaBe aHTMBUOTCKeE pe3ncTeHUMje.

TUTaH ce y Npakcy NoKasao Kao jefaH of HajmepCcneKTUBHUjUX UMMNAHTALNOHMX MaTe-
pujana, 36or CBOjuX OAJIMYHMUX MEXAHWUUYKMX CBOjCTaBa, OTMOPHOCTM Ha KOpPo3ujy 1 6uno-
KoMnaTubunHocTu. MeflyTum, y opraHnsmy, UMniaHTaT uma yfnory na ocTeapu Besy ca
OKOJIHUM KOLLUTaHMM TKMBOM, Ma Heroea NnoBpLUMHA NOCTaje MeCcTo XeMUjCKe MHTepakK-
LMje ca OKOJIHUM TKMBMMA. M3 0BUX pasfiora ce 4ecTo NOBpPWMUHA TUTAHA MoauduKyje
HaHoLWeHeM pasnmunuTux buomartepujana, kako 6u ce Ha Taj HauMH nobosbwana nHTe-
rpauvja MMnaaHTata ca OKO/IHMM TKMBOM. Y OBe CBpXe ce NpuMemsyjy NpUpPoOaHN Uin

Meet electrochemistry through Belgrade School of Electrochemistry 57



(a) npe

(6) nocne

KOMMNO3UTHM MaTepujanu, Hajuewhe kepaMmnka, NOAUMEPU UNKN HUXOBA KOMBMHaLMja.
[ocapawma npakca je nokasasna fa je 3a BesMku 6poj XMpypLIKUX MHTEPBEHLMja Koje
3axTeBajy PEKOHCTPYKLMjY KOWTAHOT TKMBA WY yrpagtby NpoTesa, HajnorogHuja npm-
MeHa KepaMU4KMx MaTepujana jep cy buokomMnatnbunHu n seoma fobpo ce nHTerpmwy
Y OKOJTHO XXWBO TKUBO.

(r

KpyHMLa
MMnnaHTaTa

OeHTaHN
UMnnaHTar

KOCT —

CJINKA 1. (@) OwTeheHwn 3rnob KoneHa, (6) npoTesa koneHa, (B) npotesa Kyka u () AeHTaNHW MMNNaHTaT
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brnokepaMuyku matepujanm nokasyjy cnocobHoct buommHepanusaumje — hopmMupara
HeopraHckMx mMonekyna in vivo. Y npouecy 6rnoMmHepanunsaumje, opraHCKM MosieKynu
»,KOHTpONUwy” Hykneaunjy, pact, Mopgonorunjy n ypefeHocT HeopraHckmx KpucTana.
MOﬂMd)MKaqua NOBPWWHE TUTAHCKUX UMMaHTaTa Ce 36or Tora 4yecTo BpLWww© npesna-
kama xugpokcuanatuta (HAP), Koju je HajcnIMUYHMjK cacTaBy NPUPOAHE KOCTU, OAHOCHO
6ronowkKor anaT1Ta, Te ucnosbaBa M3y3eTHY CNocobHOCT BMOMMHepanusaumje.

Beoma ehmkacHa enekTpoxemMujcka meTofa 3a MoaudmrKaunjy NnoBplUMHE TUTaHa, O4-
HOCHO HaHolere 6MoaKTUBHMX MpeBnaka je enekTpodopeTcko Tanoxere (EPD).
MNpeLHOCTN OBe TeXHMKE Cy MOryRHOCT HaHoLWeHa b1uokepaMmnyke npeBnake Ha MeTan-
He NOBPLUMHE C/IOXEeHMX 06/1MKa, YaK 1 OHMX ca WynJbMHaMa, Te yunctoha noctynka 6e3
Kopuwhera NoTeHLUNjaNIHO TOKCUUHMX XeMUKanuja, uume ce pobujajy anconyTtHo buo-
KoMnaTnbunHu matepujanu, 6esbenHu 3a MmegmumHcky ynotpeby [1]. Ocum Tora, enek-
TpoopeTcKo Tanoxeme je Moryhe nasoamnt Ha cobHoj TemnepaTypu WTO je of Usy-
3eTHOr 3Havaja Npu YKJ/by4yMBatby Y CacTaB N€KOBa M PasNNYUTUX BMONOLWKM aKTUBHUX

MoneKyna.

EnekTpochopeTcko TaNoXKewe 6MoKepaMUUKUX NMpeBiaKa
Ha MeTaJIHUM cyncTpaTuMma

EnekTpoopeTcKo Tanoxere je eNeKTPOXEMU|CKM NOCTYMNaK Koju ce NpuMersyje 3a A0-
6ujarbe NpeBnaka Ha MeTanHuUM cyncTpaTuma. Y npumeHn seh HeKonuko geleHuja, osa
TexHuka omoryhaBa Beoma ycnewHo fobujarbe TaHKUX (UAMOBa, KOMMNO3UTHUX Mpe-
BNlaka 1 NonmMMep-KepaMmmnyKMx HAHOKOMMO3MTa Ha MeTanHUM cyncTpaTuma. MsyseTHa
npeLHOCT OBe MeToAe npeacTas/ba MOryhHOCT npeunsHe KoHTpone febrbuHe n mop-
thonoruvje npeBnake KOHTPOSIMCaHbeM NapamMeTapa Tanoxera (HanoHa, BpeMeHa Tano-
Xerba, TeMnepartype, KOHLeHTpaLuuje cycrneHsuje).

MpuMeHOM eneKTpogopeTcKor Tasoxerwa Moryhe je Beoma ycnewHo nobuTtu npe-
BJlaKe YNCTOr XMOPOKCMANATMTa Kao U KOMMO3MUTHE NpeBiaKe XMAPOKcManaTuTa, Koje
yKJby4yjy npucycTBo nonummepa (xutosaH (CS) mnm nurHuH (Lig)), kao n aHTMbakTe-
pujckux areHaca (cpebpo nnm reHtammnumH (Gent)). Tokom EPD npoueca, nsgBojeHn Bo-
LOHVK HanywTa KaToAy Kpo3 npessaky, dopmupajyhun nopey yHyTpalwHhOoCTV Npesnake,
Tj. cTBapajyhu NoposHy CTPYKTYpPY, LWTO yTUUE HAa HUXOB KBANUTET U Mopdonorujy, Te
NMoCpeLHo 1 Ha BMoaKTUBHOCT. EnekTpotopeTcKo Tanoxere ce Moxe 0ABMujaTh U3 cyc-
neHsunja Ha 6asn eTaHonNa, ann U U3 BOAEHUX CyCrneH3uja.
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MpeBnake YNCTOr XMOpOKCManaTnuTa Kao U KOMNo3uTHe npeBnake Ha 6asum xmapokcu-
anatmMTa ca xMto3aHoM u/unu rpadeHom (Gr), y3 goaaTtak aHTMbaKTEpUjCKUX areHaca
— cpebpa mnu reHTamMuLUMHA, Nokasasie cy NpUcycTBO KapboHATHO CyncTUTymcaHor
XMOPOCKManaTmTa, WTO je BeoMa MOBOJbHO jep je KOWTaHW anaTuT y XXMBOM OpraHu3my
HecTexmomeTpujcku cynctutyncanu HAP [2]. JopaTtak rpadeHa [3] y komno3uTHe npe-

BNake LOBOAM O CMakbetba HaNpCanHa y NpeBnaLm 1 ojavyasa eHy CTPYKTYPY.

Mopepn Benukor 6poja 3axTeBa KOju MaTepujanu 3a M3pajy KOWTaAHMX MMMNIaHTaTa
Tpeba ma ucnyHe, nocnefrunx roguHa ce BennKa naxKkwa npuaaje aHTMbakTepujcKoj
aKTMBHOCTW TUX MaTepujana. Mako je ocTBapeH BeNWKW Hanpenak Ha OBOM MOJby,
b6akTepujcke MHpeKUMje N farbe NpeacTaB/bajy Benvkn npobnem koju Tpeba pewnTun.
CnpevaBake H6akTepujckux MHbekumnja n hopmupara brodunma ce mMoxe noctuhu
LOOATKOM pasnmMyunTux aHTMbaKTepmjcKMx areHaca, Koju 6u oenoBanu NOKanHO Ha
MecTy uMnnaHTauuje. EPD TexHuka oMmoryhasa 1 cuHTesy bromaTtepujana Koju nokasyjy
aHTMbaKTepunjcky akTMBHOCT [2,3]. Tako je BUCOK aHTUMUKPOBHM noTeHuujan cpebpa
[LOMPUHEO je HEeroBoj WNPOKOj ynoTpebun Kao KOMMNOHEHTE PasiMunTUX MeaULLUHCKMX
cpepncTaBa. [locTynkoM enekTpoopeTCKOr Taloxeka cy ycnewHo fobunjeHe KOMNos3uT-
He npeBnake cacpebpom Ag/HAP [3] n rpadeHom Ag/HAP/Gr [3], kao M KOMNO3UTHE npe-
BJlake ca 0,o0OaTKoM nonmMmepa nurimHa Ag/HAP/Lig [3] Ha TuTaHy ca uubeM nosehama
6rvokomnaTnbunHocTn NpeBnaka u hopmMmnparba KOMNO3MTHE MaTpuLLe Koja bu cnyxuna
Kao Hocay akTUBHe KOMMNoHeHTe 1 06e3beamna KOHTPONMCAHO, MOCTEMNEHO OTNYLWTaHhe
cpebpa. CHaxkaH aHTMbaKTepujckn ehekaT Ha OBaj HAYMH CUHTETUCAHUX KOMMO3UTHUX
npessaka je nokasaH [3] npema aBa Hajuewha y3pouHMKa KoWTaHUX HeKLmja — Mpam-
nosuTtueHe bakTepuje, Staphylococcus aureus v lpam-HeraTuBHe bakTepuje Escherichia

coli (cnuka 2).
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CJINKA 2. (a) CxemMaTcKu NpurKas enekTpodopeTCKOor Tanoxera KOMMNO3MTHUX NpeBnaka; (6) aHTubaxkTepumjcka
cBojcTBa komnosnTHux Ag/HAP [3], Ag/HAP/Lig [3], Ag/HAP/Gr [3] npema S. aureus, (B) aHTubakTepujcka akTMBHOCT
HAP/CS n HAP/CS/Gent [2] npema 6akTepuju S. aureus u (r) aHTubakTepujcka aktusHocT HAP/CS n HAP/CS/Gent [2]

npema b6aktepnju E. coli

CtaHbapgHa npouedypa HakoH yrpafke KOLWTaHMX MMMnaHTata Kog nauujeHarta je
cucTeMcKa mpuMeHa aHTMBMoTMKa reHTamuumHa 360r HeroBor LWKMPOKOr CcrekTpa
genoearba Ha BehuHy PaM-nosuTMBHWMX M pam-HeraTuBHux BGakTepuja. MefyTum,
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TO YecTo Nofpa3yMeBa NPUMEHY BUCOKUX KOHLEHTpaLuMja ieKa, naKo ce He MoCTuxKe
0O0BO/bHA KOHUEHTpauuvja Nleka Ha Xe/beHOM MeCTy, WTO Ha Kpajy oneT BoOAMU
nojaBn uHdekunje n opbaumBary umnnaHTata. EdukacaH npucTyn npepcras/ba
NIOKasHa MCcrnopyKa JieKoBa Ha Xe/beHOM MecCTy, Y3 MOoCTM3arbe BUCOKMUX JIOKaNTHUX
KOHLeHTpaumja 6e3 nsasmBama LMTOTOKCHMYHOr edpekTa. Takofe, Ha oBaj Ha4MH 61 6Kno
NMOCTUIHYTO OYrOPOYHO KOHTPOJIMCAHO MPUCYCTBO aHTMOMOTMKA Ha XKE/bEHOM MECTY.
EPD noctynkom cy ycneuwHo gobujeHe komnosntHe HAP/CS/Gent npeBnake Ha TUTaHy
Koje cy nokasane 3HayajHy aHTMbaKTepujcKy aKTMBHOCT M MOBOJ/baH edekaT Harnor
oTnywTamwa reHtrammumHa [2] wrto npepcrasba jeaHo of Moryhux pelera npoTmMs
cTBaparba brodunmay nHmumjanHom nepuopy (cnmka 2).

Mopepn oannyHe aHTMbOaKTepPHjcKe aKTUBHOCTHU, HELLUTOTOKCUYHOCT KOMNO3UTHUX HAP/
CS n HAP/CS/Gent npeBnaka [2] npema xymaHum (MRC-5) n Muwjum pnbpobnactmma
(L929) (cnuka 3a), kao n komnosuTHux Ag/HAP/Lig [3] n Ag/HAP/Gr [3] npeBnaka

npema MoHoHykneapHum hennjama nepudepHe kpeu (PBMC) (cnuka 36) je pokasaHa
CTaHAApAHUM TECTOBMMA, LWITO je O U3y3eTHOr 3Havaja 3a byayha MmeauumHcka

NCTPaXXnBara U eBeHTYasIHy NPUMEHY.
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CJINKA 3. LUMTOTOKCMUYHOCT KOMNO3UTHMX npesnaka (a) HAP/CS n HAP/CS/Gent npema xymaHum (MRC-5) n Muwjum

(L929) hnbpobnactmuma [2] n (6) Ag/HAP/Gr [3] n Ag/HAP/Lig [3] npeBnaka npemMa MOHOHYKeapHUM hennjama

nepudepHe kpsu (PBMC)

XupporenHe o6siore 3a paHe ca eJIeKTPOXEMUjCKU
CUHTETUCAHUM HaHo4YecTUL,aMa cpebpa

Matepujanu 3a obnore 3a paHe cy y NocfefHe BPeMe Y XUXM MHTepecoBaka ncTpa-
XMBaya WMpoM ceeTa. TpaguumMoHanHu MaTepujanu, Kao LWTO Cy 3aBOju U rase, npep-
cTaB/bajy camo hunsunuky bapujepy Koja WTUTK paHy Of OKOJIMHE, M KAao TaKBU Cy Hea-
[eKBaTHM 3a Texe obnvke noBpepa, a nocebHo Npu Neyery XPOHMUYHUX paHa. MNocebaH
npobnem koA TpaauuMOoHaNHMX MaTepujana je NoOAN0XHOCT bakTepujcknuM nHhekumja-
Ma, Koje MOry HanpaBUTW OrpoMaH 1 036urbaH Npobrem, NoHeKan Yak 1 ca aTanHum
rnocnepunuama, a nocebHo y 60fHNYKUM ycnoBmuma. Jow jefaH pusuk npeacTaBrba vyecta
3aMeHa 3aB0ja, jep Ce OHU YECTO fene 3a paHy na npu NOHOBHOM NpeBMjaky Moxe fohu

[0 0351efie HOBO(OPMUpPAHOT TKMBA.

Benuku Hanopu y cTpaxunsarmma ce ynaxy Kako 61 ce npoHalunm HoBM MaTepujanu
nobosblaHnX CBOjCTaBa, ca LM/beM OTKNaraka 1 nsberaBarba ropeonmcaHmnx npobne-
Ma rnoBe3aHux ca obsiorama 3a paHe 3a MacoBHy ynotpeby. Xvaporenosu — ympexe-
He MonMMepHe MaTpulie ca BeNIMKUM CagpiKajeM Boae M ca M3y3eTHOM cnocobHowhy
6ybpetrba M ancopnumje — cy ce nokasasu Kao HesaMeH/brBe KOMMoHeHTe obnora 3a
paHe HoBe reHepauuje [4]. Heke og npegHoCcTU xmuaporenHux obnora 3a paHe y ogHocy

60 YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje



Ha TpaguunoHanHe maTepujane obyxeatajy [4]:

1. 6MOKOMNATMBUIHOCT Y HETOKCUYHOCT NpeMa 3[,paBoM TKUBY,

2. BuUcoky moh ancopnuuje,

3. BMCOKy nponycT/bnBocCT 3a racose (0,, CO,, BogeHa napa),

4. cnocobHOCT oapKaBarba JIoKaslHe B/laXKHOCTU — CNipeYaBame NCyLlnBarba paHe,

5. cTepunHocT, bapujepHa CBOjCTBa, CNpeYvaBame Npoanpara MUKpoopraHMsama
[0 paHe,

6. Tepmoperynauujy,

HUCKY aXe3MBHOCT — CcnpeYyaBare Jief/beta 3a paHy, Uta.

M3b6op nonumepa of KOjUX Ce MOry HamnpaBuUTu XMaporesnHe obnore 3a paHe je 3aucta
BeoMa pasHoBpCaH — To Mory 6utu 6uononmMmepm NpMpPoOLHOr Nopeksa, Kao WTo Cy as-
FMHAT, XUTUH U XUTO3aH, Leynosa, CKpob, AeKCTpaH, X1janypoHCKa KUCENnHa, anu u
CUHTETCKU BMOKOMNATUBUIHM UK BUOAKTUBHM MNONUMEPU, HMP. MOSUBUHUI-aNIKOXOJ,
NOSIMBUHUA-MUPOSIUAOH, NONNETUNEH-TNINKOS, NOMMKaNPOIAKTOH, NoanypeTaH, nosu-
naxktug. MoryhHocT KOM6MHOBarha PasIMUUTMX MOJIMMEPHUX KOMMOHeHaTa u hopmu-
patbe 6reHan, rpadT KomonnMepa v MHTepneHeTpupajyhnux Mpeska, jow BulLe WHUpK
cnekTap MOryRHOCTU KOHTPOJE CBOjCTaBa XUAPOreHUX MaTepujana 3a obriore 3a paHe.

Benvku nHTEpec y CBeTy Hayke NocToju y Be3n ca NPOU3BOAHOM T3B. ,,aKTUBHUX 06-
fiora 3a paHe” — XuaporesiHUX MaTtepujana Koju cagpKe MHKOPNOpUcaHy HeKy akTUBHY
KOMMOHEHTY 1 NpeacTaBsbajy akTUBHY 3alWITUTY of, bakTepujcke nHpekumnje, 3a pasnu-
Ky Of TpaAuuMoHanHMx obnora sa paHe Koje YMHe caMo MacuBHY, nsnuky bapujepy.
JlokanHa npumeHa aHTUHaKTEPMjCKOr areHca je yBek NoBOJbHMja O, CUCTEMCKE, jep ce
TaKo nocTuxe bpxxe gocTaB/batbe sieka Ao Mecta (noTeHuwmjanHe) nHdekumje n omo-
ryhaBa ce npvMeHa MakMX [,03a Y3 NOCTM3ake jader epekTa. XMaporenosu cy roToBo
npeanHn Hocauum 3a aHTMbaKTepujcKe areHce, jep ce kbMX0BOM MHKOPMOpaLmjoM yHyTap
nonMmepHe Matpuie omoryhaBa KOHTPOSIMCAHO OTNyLWTarbe TOKOM AyXKer BPEMEHCKOT
nepuoaa, Ymme ce NpoayXyje ayropedyHocT obnore. M3bop aHTMbaKTepujckor areHca
je KpyunjanaH 3a ycnewHo neyere, a rnobanHa TeHaeHUmMja y nocnegke Bpeme je ga
ce cBe Buwe mnsberasa ynotpeba aHTMOMOTMKA 360r ONACHOCTU Of pa3Bujatba aHTU-
brnoTCcKe pesucTeHunje, WTOo je nocebHOo pM3MUHO y cnydajy obnora 3a XpoHUYHE paHe
Koje 61 Tpebano fa ce anauumpajy TOKOM Ayror nepruopa, MeceLmma unmn yak roguHama.
N3y3eTHy anTepHaTmMBy aHTMbMOTMLMMA NpefcTaB/bajy HaHouvecTuue cpebpa, Koje cy
nosHaTe No CBOjoj aHTUBAKTEPM|CKO] aKTUBHOCTM LLUMPOKOT CnekTpa. MexaHnsaM rbuxo-
BOr aHTMbaKTepujcKor AejcTBa NpeacTaB/ba ,Hanag no cBUM poHTOBMMA®, yKibyuyjyhn
owTeherwe meMbpaHe bakTepujcke henuje, omeTare pennukauyuje OHK, HacTajarbe
cnobopHMx pagukana n y3apokoBake OKCMAATUBHOr cTpeca. 360r Tora je rotoBo HeMO-
ryhe pa 6akTepuje pasBujy pesncTeHunjy npema cpebpy, 3a pa3ninky og aHTMbmnoTuKa.
CBM OBM pas3nosu cy LOBeNN A0 BENNKE NOTPaXHe akTUBHMUX obnora 3a paHe ca aHTuU-
b6akTepunjcknum cpebpoM. BehnHa koMepumjanHux pelerba ce yrnaBHoM 6asmpa Ha npu-
MeHW joHCKMX obnuka cpebpa, MefyTuM, HaHouyecTUue, 360r CBOjUX Manux AUMeH3Knja
(8o 10 nm) 1 n3y3eTHUX PU3NYKO-XEMUjCKMX CBOjCTaBA, NPeACcTaBsbajy jow ednkacHuje
aHTMBaKTepPMjCKO CpeacTBO Of jOHCKOr cpebpa. HaHouecTuue cpebpa ce Mory cuHTe-
TUCaTW PasNMYMTUM MeTOAaMa, a HEKe 0, HajpacnpoCTpareHNjUX Cy XeMUjCKe MeToae
y3 nomoh jakor peayKLUMOHOT cpefcTea Kao wto je NaBH,. MelhyTum, o36umaH npobnem
npu Kopuhery XeMUjCKUX peayKLNOHUX areHaca Moxe BUTK HbUXoBa TOKCUYHOCT, NOo-
cebHO Npu MHKOpPNoOpaLnju HAHOYeCTULA Y MeauLUNHCKe bruomaTepujane, roe je ynyTHO
n3behun 6Mno kakBe xeMuKanuje Koje MOry yrposuTu 3gpasa Tkmea v henunje. HeTokcmy-
Ha — ,3efieHa” — anTepHaTUBa XEMUJCKUM NOCTYNLUMMa CUHTE3e HaHovecTuua cpebpa
cy enekTpoxeMujcke MeToge [5], Koje nckbyuyjy ynotpeby 6uno KakBux xeMukanuja,
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a peaykKuuMja npekypcopa A0 HaHoyecTUua cpebpa ce ocTBapyje LejcTBOM eneKTpuyHe
CTpyje M BOOOHMKA KOjU Ce n3aBaja Ha KaTtoau.

MoTeHuwMjan n MOryhHOCTN eNneKTPOXeMUjCcKe CMHTe3e HaHoyecTuua cpebpa y obnorama
3a paHe cy BeoMa WMPOKK M pa3HOBPCHM. OBM MOCTYNLM Ce MOTY NOAeNVTU Ha BE rNaBHe
BPCTE — rafiBAaHOCTATCKY CUMHTE3y HaHOYeCTULA MPU KOHCTAHTHO] CTPYjU Y KONOUOHUM
pacTBOpuMa nonmmepa, n insitu CUHTE3Y HaHo4eCcTnuay yMpe)KeHoj MaTpuun xmoporena

NPN KOHCTAHTHOM HaMoOHY.

FanBaHocTaTcKa MeTtopa

CvHTe3a HaHouecTULa cpebpa y KoNonagH1MM pacTBOpMMa Ce MOXe OCTBapUTU eNeKTpo-
XEMWjCKOM penyKLumjom joHa Ag* Npu KOHCTAHTHOj CTpyju. AnapaTypa 3a CUHTe3y (cnuvka
4) obyxBaTa nNoTeHLMOCTaT Kao M3BOp CcTpyje ca MmoryhHowhy npeumnsHe KOHTpose ryc-
TUHE CTpyje, N enekTpoxeMnjcky hennjy ca Tpu enekTpone — pagHoM, KOHTpa 1 pede-
PEHTHOM eneKTPOLOM. Y KONoULHN pacTBop nonmumepa (MoJMBUHWA-ASIKOXON, anruHar)
ce pofaje joHckum npekypcop cpebpa (AgNO,) oarosapajyhe KoHUEHTpauuje, a 3aTuMm ce
joHu cpebpa nof AejcTBOM eNleKTpuUHe CTpyje peayKyjy A0 HaHoYyecTuua, Koje cy cTa-
bunnsoBaHe y Konouay nyTeM MHTepaKumnja ca nonMMepHUM naHuuma. Bapuparbem u
KOHTPOJIOM NapaMeTapa CMHTe3e MOXe Ce yTULaTW Ha BETUYMHY, 06/IMK U KONMYUHY [,0-
6ujeHnx HaHouecTMLa cpebpa, WTO je BeoMa BaXKHO jep tbuxoBa aHTMbakTepujcka edu-
KacHOCT BeoMa 3aBUCKU Of, AMMEH3Mja 1 06nMKa HaHovecTuMLa.

LobunjeHn KONOWAHN pacTBOPU Cy BEOMa CTabUIHW 1 Y HbKMa He [onasun 0o arperauuje
HaHouecTUua cpebpa ycnep vMHTepakuumja ca MOMMMEPHUM KOMMOHeHTaMa. Takohe,
NpeLHOCT OBe MeTOLE je y TOMe LITO Ce U3 KONMOULHOM pacTBopa Mory fobuTtu pasnmun-
Te (hopMe UBpCTUX MaTepujana 3a obnore 3a paHe. Ha nprmep, eNeKTpocTaTUYKOM eKc-
Tpy3ujoM KonoupHor pacteopa Ag/anruHaT cy pobujeHe Ag/anrmHat MUKpo4vecTuLe,
[OK Ce M3NMBakbeM U cyllereM pacTBopa Ag/MONMBUHUI-ANKOX0N MOTY fLOBUTK TaHKK

hMIMOBM, A HHUXOBUM yYMpEXKaBateM 1 XUAPOrenoBM BUCOKOT cTeneHa bybpetba.

CBKW 0BM MaTepujanu cy nokasanu uspasmuTy aHTMOaKTepUjCKy akTUBHOCT npema bak-
TEPUjCKMM COjeBMMa Koju Cy Hajuewhm y3pouHNLM KOXHUX MHheKumja — Staphylococcus
aureus v Escherichia coli. C ppyre cTpaHe, [obujeHn HaHOKOMMNO3UTHU MaTepujanu cy
BeoMa B6MOKOMMNATUBUIIHWU U HUXOBA HETOKCMYHOCT je UCMUTaHa M gokasaHa nomohy
cTaHOapaHWX TecToBa nNpema pasnnumtum henvjama — Tenehmm xoHApoOLUTUMA, MOHO-
HykneapHuMm hennjama nepudepHe KpBK, Kao 1 npema henmjckum anHmjamMma XxyMaHux 1

muwjnx mbpobnacra.

YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje
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CJIUKA 4.

pagHa

- enerTpons EnekTpoxemujcka CMHTE3a HaHOYeCTu-

ua cpebpa ranBaHoCcTaTCKOM METOA0M
n pobujare aHTHbakTepujckmx obnora
3a paHe y pasnuyutum hopmama (Mu-

KpouecTuue, GUIMoBU, XMAPOrenoBu)

EaEl

T

MeTopa KOHCTAHTHOr HaNOHA

MNopen ranBaHoOCTaTCKe, jowW jefHa edmkacHa MeTona cMHTe3e aHTUBaKTepujcKux Ha-
HouecTuua cpebpa je MeTofa KOHCTaHTHOr HanoHa. CylITMHCKA NpegHOCT OBe MeToae
ornepa ce y Tome LWTO je 0BUM nyTeM Moryhe U3BpLWNTK (n Situ CUHTE3y HaHoYecTULA
cpebpa — pakse, OUPEKTHO Y YMPEXEHO] MaTpULM NONMMEpHOr xuaporena. Tpajake
CMHTe3e 0, cCaMo 4 MUHYTA, HAKOH Yera ce AUPeKTHO f06ujajy HAHOKOMMO3UTHU XUAPO-
refioBM ca MHKOPMOPUCAHUM HaHo4vecTMLaMa cpebpa, 3Ha4ajHoO nojeLHOCTaB/bYje no-
CTyMaK CMHTe3e ¥ yKasyje Ha To fla 0Ba METOLA MMa BMCOK MOTEHLMjan 3a eBEHTYasHy
MacoBHY, KOMepLuujanHy NpPon3BoAkY. CYLITUHCKW NPUHLKMA METOAE KOHCTAHTHOr Ha-
noHa noppasymesa 6ybpetbe xuaporenay joHckoM npekypcopy cpebpa (AgNO,), HakoH
yera ce xugporen cmeluTay efiekTpoxemujcky henvjy nsmehy pagHe n KOHTpa enekTpo-
[e ¥ nofBpraBa KOHCTAHTHOM HamnoHy jeAHocMepHe cTpyje (cnnka 5).

—

xugporen

¥ nssop

_|__ jeanocmepHe CJIMKA 5.

cTpyje

aKTMBHOCT

aumiGattepy]cea EnekTpoxemujcka in situ cMHTEe3a

HaHouyecTuLa cpebpa, ANPEKTHO Y

NOSIMMEPHO]j MaTPULM YMPEKEHOT
Xuaporesia, METOA0M KOHCTAHTHOT

HaHouecTMle

cpebpa HamnoHa

Ag/nonvBnHUA-anKoXon/XnTosaH Xnaporen

Mpn BUCOKUM HanoHWMa MMNAEeMeHTaLNnje [onasn 0o UHTEH3MBHOI U34Bajaka BOOO-
HMKa Ha KaToaM, Koju pepyKyje joHe Ag' 1 noBoamn oo 6p3or popmuparsa HaHo4YecTMLa
cpebpa y yHyTpawrOoCcTu xuaporena. Kao 1 Kog, rafiBaHoOCTaTCKe MeToAe, Bapupatem
napaMeTapa CMHTe3e, Kao LTO Cy BPEME U MPUMEHEHM HAaMOH, MOXe ce yTULATK Ha
OnMeH3unje n obnunk HaHouecTuua cpebpa, unmMe ce nocTuxe fobujare KefbeHUX aHTu-
bakTepujcknx ethekara.

MaTtepwujanu 3a obnore 3a paHe Koju cy fobujeHn METOLOM CUHTE3€e HaHoYecTuLa cpe-
6pa Npu KOHCTAHTHOM HamnoHy 0byxBaTajy xuaporenose Ha 6asn pasnMUUTUX CUHTET-
CKUX W NPUPOAHUX NoSiMMepa — NOSIMBUHUN-NIUPONNLOHA, MOUBUHUI-ANIKOXONA U XU-
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TO3aHa, Kao U HKX0oBUX BeHAM. XMTo3aH — NPUPOLHU MonMcaxapua, noamKaTjoHCKor
KapakTepa — ce noka3ao Kao nocebHO nepcrnekTMBHA KOMMOHeHTa aHTUBaKTepumjcKnx
obnora 3a paHe, ycnep cBojux bnarux peoyKumMoHux cBojcTaBa koja nosehaBajy edn-
KacHOCT CUHTe3e, Kao 1 360r NpMpoaHMX aHTMbaKTepujcKMX CBojcTaBa Koja nocepnyje,
a Koja BeoMa [0MNpuvHOCE CUHEPrnjcKOM eeKTy y cnpe3un ca HaHouecTuuama cpebpa.
N oBM MaTepujanu cy ce nokasanm kao Beoma ehrmkacHa 3altmta o 6akTepujcKUX NH-
thekumja, wTo je notBpheHo Ha Staphylococcus aureus v Escherichia coli cojeBnMa, a Ta-
Kohe je M hnxoBa HETOKCMYHOCT 1 BrokoMnaTubuNHOCT BaNMAanpaHa in vitro rectoBmma
npema MoHoHykneapHuM hennjama nepudepHe kpsu (PBMC), xymannm (MRC-5) n muw-
M hmbpobnactuma (L929). Ha cnvum 6 je npukasaH NnpuMep McnuTuBarba BMoNoWKmnx
cBojcTaBa xuaporenosa Ha 6asu PVA, ca n 6e3 cpebpa v ca pas3nnumTtuM cagpiajem
XuTo3aHa [6,7]. Ca cnmke ce moxe younTn ga nopehame cagpkaja xutosaHa (0,5 mas.%)
nosoan oo nobosbllarba aHTUBAKTEPUjCKMX CBOjcTaBa npema cojeBuma S. aureus u E.
coli, ann n po 6orbe BokoMNaTMBUNHOCTHK, WTO Ce BUAWN Ha npumepy noBehaHor npe-
*uB/baBaka MRC-5 henunja (xymaHux cnbpobnacTa).

6 S. aureus [ xontpona 6 8+ E. coli % orrpora
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Bpeme koHTakTa xuaporena u 6aktepujcke cycneHsuje, h Bpewme KkoHTakTa xuaporena n 6aktepujcke cycneHauje, h
B CJIUKA 6.

AHTnbGaKTepujcka CBOjCcTBa Xuaporesiosa Ha 6asu

PVA 1 xnutosaHa, ca u 6e3 HaHo4yecTuua cpebpa (13-

0,25 Ag/PVA

paxkeHa npeko 6poja npexunsenmx baktepnjckunx he-

PVA/0,5CHI
PVA/0,1 CHI

nnja no MUANANTPY CycrneHsunje — eHr. colony forming

PVA

units, CFU ml?), npema (a) S. aureus v (6) E. coli 6bakTe-

0 20 40 60 80 100 120

Mlpoxiraraease Nenuia y onvocy va rosTpony, % pujckum cojeBuMa; (B) NnpexunsrbaBate henunja xyma-

HOr NopekJsay NpUcycTBY UCTUX Xaporenosa [6,7]

Ha ocHOBY cBera M3foXeHor, MoXe Ce 3aK/byunTu Aa Cy MOMMEpPHN MaTepujanm ca
eNeKTPOXEMU|CKM CUHTETUCAHMM HaHoYecTuL,ama cpebpa BeoMa pa3HOBPCHU y norne-
oy hopme (xupgporenosu, GUIMOBM, MUKPOUYECTHULLE), KAO 1 Aa Cy U3yseTHo brokomna-
TUOBMHM a NCTOBPEMEHO nocenyjy jaky aHTMbaKTepunjcKy akTUBHOCT, Te Ce Mory cmat-
paTv nepcnekTMBHMM MaTepujanmma 3a obrore 3a paHe HoBe reHepaumje.

Mpodh. ap BecHa MuwkoBuh-CrtaHkosuh
TeXHONOWKO-MeTanypLUKu hakynTeT
YHuBepautetay beorpagy
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The applications of electrochemistry in medical
biomaterials syntheses

SUMMARY

A wide array of electrochemical methods can be utilized for the synthesis of different com-
posite materials, including highly efficient antibacterial coatings for hard tissue implants,
as well as antimicrobial hydrogels and films for wound healing.

Titanium bone implants with electrophoretically deposited bioactive
coatings

The sharpincrease in orthopedic interventions, including implantation procedures such as
hip and knee replacements, has led to increasing research interests in new hard tissue im-
plant biomaterials, aimed to alleviate many issues associated with operative and post-op-
erative complications in orthopedics. Titanium, a metal with excellent properties such as
low corrosion susceptibility, high toughness and mechanical strength, is widely used for
hard tissue and dental implants. One of the most frequent issues is poor bio- and osse-
ointegration of Ti, which is why its surface is usually modified by applying a bioactive coat-
ing that can improve binding to natural bone through biomineralization process. The base
of such coatings is often hydroxyapatite (HAP) — a calcium phosphate mineral with a struc-
ture similar to that of natural bone. HAP coatings can be deposited on the titanium surface
using electrophoretic deposition (EPD) technique, which has many advantages over oth-
er coating methods. For example, it allows single-step deposition of composite coatings
(including HAP phase along with polymer components and antibacterial agent), at room
temperature, which is especially important for incorporation of thermally-sensitive drugs.
Various HAP/polymer composite coatings have been deposited using EPD, and antibacte-
rial agents (silver or antibiotic gentamicin) have been successfully loaded in the coating
matrix by applying this one-step process. Some examples of EPD-obtained antibacterial
composite coatings include silver/hydroxyapatite/lignin, silver/hydroxyapatite/graphene,
and hydroxyapatite/chitosan/gentamicin. All of these coatings have exhibited exemplary
antibacterial activity against Staphylococcus aureus and Escherichia coli bacterial strains,
and their biocompatibility was verified towards different cell lines, illustrating the power
of electrochemistry in obtaining bioactive and biocompatible composite coatings for hard
tissue implant applications.

Hydrogel wound dressings with electrochemically synthesized silver
nanoparticles

Due to the widespread emergence of multidrug resistant bacterial strains and antibiotic
resistance concerns, wound dressing industry and research is turning to novel antibacteri-
al solutions that allow avoiding antibiotic administration. Silver nanoparticles (AgNPs) are
a potent, wide-spectrum antibacterial agent with a multifaceted mode of action that pre-
vents bacteria to develop resistance. Incorporating AgNPs in polymer matrices, such as
hydrogels and films, allows controlled delivery and prolonged release in order to achieve
long-term wound protection with a minimized need for dressing replacement. Electro-
chemical methods are efficient for in situ synthesis of AgNPs inside polymer matrices,
with the main advantage being the complete absence of any chemical reducing agents that
are often toxic and difficult to remove from the material. The electrochemical reduction
of Ag*ions is achieved by only using electrical current or pure hydrogen gas that is gener-
ated at the cathode in aqueous electrolytes, which allows for obtaining completely green
and non-toxic product. Modifications in the synthesis process also enable the control of

Yno3Haj enekTpoxeMujy kpos beorpapcky WKoNy enekTpoxemMuje



AgNPs properties, such as size and concentration. Two of the most frequent electrochem-
ical AgNPs synthesis methods are galvanostatic route, that allows obtaining AgNP-loaded
colloid solutions which can be further processed to obtain different forms of solid mate-
rials, such as Ag/alginate microbeads and Ag/poly(vinyl alcohol) films, and constant volt-
age in situ synthesis inside the cross linked hydrogel matrix, that has been successfully
utilized to obtain silver/poly(vinyl alcohol)/chitosan nanocomposite hydrogels. All of these
different materials exhibited exceptional antibacterial effect against two most frequent
skin infection culprits - Staphylococcus aureus and Escherichia coli, and their non-toxicity
was confirmed towards several tissue-specific cell lines, indicating the strong potential of
electrochemical methods in green and facile AgNPs synthesis for wound dressing appli-
cations.

Prof. Vesna Miskovié-Stankovié¢, PhD
Faculty of Technology and Metallurgy,
University of Belgrade
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EnexkTpoxemujcke
TexHosoruje
-MHAYCTPUjCKA
eJlIeKTpoxemMuja

MojaM n pa3Boj eNIeKTPOXEMUjCKUX TEXHOIOTUja

Kapa 6u Tpebano na neuHuninemo Enektpoxemmujcke TexHonorunje, Npeo Ha wra 6ucmo
NMOMUCIUAN je NPUMEHa NpoLeca eNeKTPosM3e 3a NPON3BOLHY PA3INUNTUX HEOPraH-
CKMWX M OPraHCKUX CyncTaHumM, Maga je 0BUM TepMuHoM obyxsaheHo 1 gobujare 1 npe-
ynwhasarbe MeTana, enekTponvsa Boge, npeunwhasare 0oTNagHUX BOAA, @ HEPETKO
ce y efIeKTPOXEMUjCKe TEXHOJIOTMje CBPCTaBajy eNeKTPOXEMU|CKU CUCTEMU 3a KOHBEP-
3ujy U akymynaumjy enekTpuyHe eHepruje, pasnnunTe TeXHONOrMje 3alTuTe MeTana u
nerypa of, Koposuje, TeXHoJIormje eNnekTPOXeMUC]KUX ceH3opa 1 cn. Kapa rosopumo o
eNeKTPOXEMUJCKMM TEXHOMOINjaMa Koje NMpuMeryjeMo 3a MaCOBHY NMPOU3BOAHY, Haj-
yewhe KOPUCTUMO TEPMUH ,,MHOYCTPUjCKA eNeKTpoxeMnja“. Pa3Boj eNeKTPOXeMUjCKNX
TexHosiorvja ce gelaBa CKOPo UCTOBPEMEHO ca pa3BojeM efleKTPOXeMuje, na ce npea
npakTU4YHa eNieKTpoxXxeMmnjcka sHarba Besyjy ce 3a oTkpuhe ,6atepuja”. PapanejeBa ekc-
nepMeHTasIHa UCTPaXnBarba Koja cy Boausa Besun nsmelly KonmumHe cyncTaHLe u Konum-
UMHe eneKTpuULMUTETa Ce MOTy CMaTpaTy NPBUM 3a4eLmMa Uaeje O eNeKTPOXEMUjCKUM
TexHosnorujama.

Pa3Boj Hayke 1 TexHUKe y CBUM obnacTuma L0BEO je O MACOBHE NPOM3BOAHE, PA3BOj
reHepaTopa BesiMke cHare ca MoryhHowhy KOHTponMcaka HamoHa U CTpyje yCnoBuo
je MacoBHY MHAYCTPUjCKY NPOM3BOAHY NPMMEHOM NpoLeca eNeKTponmn3e u 4o ycrnoHa
NMHAyCTpujcke enekTpoxemuje [1]. Beh je TpuaoeceTux roamHa npowsior Beka nocToja-
na noTtpeba fa ce Hekako knacudukyjy n objegnHe NocTynum enekTpoxemMmnjcke npo-
M3BOLHE Na je TO BOAWUNIO U NyBnmKoBary NpBe KhMre nof HacnoBoM ,,MHOycTpujcka
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enexktpoxemuja” (C. L. Mantell, Industrial Electrochemistry, McGraw-Hill book Co; 1931,
1st edition) [2]. BepoBaTHao je npecygHO 3a pa3BOj e/IeKTPOXEMUJCKUX TeXHosormja u
MHAOYCTPUjCKe enekTpoxemMuje 6UNo ycnocTaB/barbe eIeKTPOXEMUCIKOT UHKEHEPCTBA,
Kao nocebHe HayuHe pucuunnvHe. lojaBa eNeKTPOXEMUjCKOr MHXerepcTBa Ce,
CIIMYHO XEMWN]CKOM MHXKEHEPCTBY, Bedyje 3a pa3maTtpara npoueca TpaHcnopTta mMace. Y
eNeKTPOXEMUjCKOM CUCTEMY TPAHCMOPT Mace ce OAHOCK Ha TPAHCMOPT HAaeNEeKTPUCaAHMX
BpCTa npouecuma gudysuje, Murpaumje n KoHBekumje, WTOo je BOOMII0 YCNOoCTaB/bakby
Be3e M3Mely rpaHuYHe rycTvHe CTpyje W TPAHCMOPTHUX (heHOoMeHa ornegaHux vy
KoeurunjeHTy npeHoca Mace. OBa TeEOpPUjCKa M MPaKTMUYHA pasmaTpara MoTMBMKCana cy
Lalba MCTaXmBarba, NO aHaIoOrNjy ca XeMUCKUM UHKEeHEPCTBOM, YCNOCTaB/beHa je Be3a
n3mehy xMapoavHaMUYKNX YCII0Ba M TPAHCMOPTa Mace y eNleKTPOXEMUJCKUM cUCTEMMMA
Kopuwherbem 6e3gmmMeH3noHanHnx napameTtapa: (PejHongcos, LWmutos 6poj, Wepsy-
[oB, IpacxooB) Yak cy yCNOCTaB/bEHN HOBU KPUTEPUJYMU CANYHOCTU CTPUKTHO Be-
3aHM 3a enekTpoxemujcke napametpe (BarHepos, 6poj) [2,3]. MpuMeHa npuHuMna:
TepmoduHamuka (OQHOCK Ce Ha PABHOTEXYHO CTake Ha XeTepOreHoj HaeneKTPUCaHoj
rpaHvum asa enekTpopa/enekTponuT; KuHetuka (bp3vHa enekTpoxeMmnjcke peakunje
MaHucdecToBaHa rycTUHOM cTpyje); TpaHcnopT (Bp3nHa npucTu3arba peakTaHaTta
Ka rpaHuum asa enekTpona/enekTponuT U eHepreTckn edekTu Koju ra npate) u
Pacnodena cTpyja-noTeHyujas, nocTaje HayyHU OCHOB 3a pa3Boj nocTtojehux u nojaBy
HOBUX ENEKTPOXEMUC]KUX TexHoNoruja [4]. UicnuTyjy ce v npuMekbyjy HOBE KOHCTPYKLNje
eN1eKTPOXEMU|CKUX peakTopa, HOBU eNeKTPOOHW MaTepujanu, cBe y uuby nosehara
NMPOLYKTUBHCTU €NEKTPOXEMU]CKMX NOCTYMNaKa N CMarberba YTPOLLKA eNeKTPUYHE eHe-

rvje no jeguMHMLM NponsBoaa Npu ToM Boaehn pavyHa o eKONOLWKMM 3aXTEBMUMA.

MpepHOCTU M MaHe eNIeKTPOXEMUCjKUX
TexHoJioruja

Nmajyhu y Buay npupony enekTpoXeMujCKUX peakumja, y Kojoj ce nojaBsbyje eNeKTPoH
Kao ,YWUCT peaKkTaHT", CaBpPEMEHU eSIeKTPOXEMU|CKMU MPOLLECU CUHTEe3e ce cMaTpajy
€KOMOWKN MPUXBAT/bUBMM N YEeCTO Ce CMaTpajy anTepHAaTUBOM MHOMUM XeMUjCKUM
nocTynuuma cuHtese. Mopep Tora, NPOU3BOAM EIEKTPOXEMUJCKUX peaKLmja cy 06U4HO
Behe unctohe, 3axTeBajy Makbe arpecuBHe CpeamrHe, HUXe TeMnepaType U Ci. a HepeTKo
nmjy Behy eHepreTcky epmMKacHOCT y OLHOCY Ha KOHBEHLMOHAIHE XeMUWjCKe MNOCTYMNKe
cuHTese [5]. YonwTeHo, NpefHOCTUMA eNEKTPOXEMUJKUX TEXHOMNOTMja MOTy ce cMaTpa-
T [6]: PasHoBpcHOCT (pasnuunte AUPEKTHE U MHONPEKTHE CUHTe3e, NpuMeHa y pasnu-
UNTUM pPeakLMOHUM cpefnHaMa, TPETMaH y pasnnynMTiM 3anpeMmHama of, BeoMa Ma-
JIUX - HEKOMMKO MUUAIUTapa A0 EKCTPEMHO BEIMKUX — MUIIMOHW NnTapa); EHepreTcka
egukacHocT (Huxe Temnepatype, borbe uckopuwherwe eHepruje wumajyhu y Buay
moryhHocTu onTummusaumje npoueca); /lakoha aytomartusayuje (CTpyja n noTeHumjan
ce MorogHW 3a KOHTPONY WM ayTomaTtmsauujy npoueca), EKOHOMCKA NpuxBAT/bUBOCT

(KOHCTpYKLMje peakTopa Cy 06MUYHO jeaHOCTaBHE 1 jedTrHE).

Ca fpyre cTpaHe, YitbeHuMLa [a Cy eIeKTPOXEMU|CKEe peaKLinje xeTeporeHe Npupoae, Tj.
oaMrpaeajy ce Ha rpaHuuUM hasa eneKkTpoaa/eneKkTponmnT, YHOCK U3BECHA TPAHCMOPTHA
orpaHu4erba, Kao M 3aBUCHOCT MPOAYKTUBHOCTM o, cneunduryHe NoBpLUMHE eNeKTPOoLE,
Koje ce MOry cMmaTpaTu MaHaMma eneKTPOXeMUjCKMX TexXHOsoruja, anu ce ycrnewHo
pelwBajy NpMMEHOM HOBUX KOHCTPYKLMja peakTopa 1 BpcTa efiekTpoaa [6].
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Mpernep HajsHaYajHUjUX €NIEKTPOXEMUjCKUX
TexHoJioruja

Y nornepy noTpowWHE eNeKTpUYHEe eHepruje Ha npouec pgobujarba anymuHujyma u
XJlopankanHy enekTponusy 3ajegHo opnasu npeko 90 % eHepruje yTpoleHe y CBUM
ocTanuMm npouecmma enektponuse [5].

EnekTpoxemujcka NponsBOAHa ayMuHMjyMa je rnobanHa U MacoBHa, CaMo Yy jaHyapy
Mecely 2020 roguHe Npou3BefeHO je NMpeko 5 MunmMoHa ToHa anymujHujyma (http://
www.world-aluminium.org/statistics/). Mpe yBoRerwa enekTponuTMukor pobujarba

anyMuHujyma, werosa LeHa je buna 6nucka ueHn cpebpa, a TPOWKOBU NPOU3BOAHE
yBofhereM enekTponumae cy 3HavyajHO CMarbeHM Na je U LeHa aNyMUHUjyMa faHac OKo
TpucTanegeceT nyTa Maka of ueHe cpebpa (http://www.infomine.com/investment/).

OBO je 04IMYAH NPMMEP KaKO NPYMeEHa eNeKTPOXEMUJCKUX TEXHOOMja MOXe ,a CMarbU
LueHy npoussopga [7]. Cam npouec MMa Befinke TPOLUKOBE eHepruje Koju yyecTByjy ca
30 % y ueHun npoussoga [7]. Mpouec pobujarba anymMuHujyma ce cacTtoju og nobujara
rnvHuue (@nyMUHMjyM-oKCuaa) U npoueca enekTposnse rMuHULe y pacTony KpuonumTa.
EnekTponusa pactona ogBuja cey T3B. Xon-Epynoeom npouecy (Hall-Héroult), a ocHoBe
OBOT npoueca fAatnpajy ca kpaja 19. seka [3]. Mpouec ce Boan Ha BUCOKOj TeMnepaTypu
of, 1000 °C, npu BUCOKMUM FycTMHama cTpyje og oko 1 A cm?[5]. Tokom eneKTponmse Ha
eneKkTpoAaMa ce oAuUrpaBajy KOMMIMKOBaHe peakLmje anu je onwta KaToaHa peakuuja
pobuvjarbe anyMuHujyMa, LOK Cce Ha aHOAM U3LBaja yrisbeH-guokcug. Xon-Epynos npo-
Lec je oaroBopaH 3a oko 2,5 % yKynHe eMucuje yribeH-ANOKCUAA Y CBETY, WWTO yKIby4yje
OMNPEKTHY eMUCKjy MOPEeKIOM Of, aHO4HE peakuuje U UHOMPEKTHY eMUCKjy ycnegq, yno-
Tpebe cdocunHmx ropuea [7]. Maga ce enektponusa Beh Ayro ycnewHo npumersyje 3a
NPOM3BOAHY aNlyMUHMWjyMa, [OCTa UCTPaXMBara je JOKYCMpaHO Ha nogmn3are eHep-
reTcke eMKacHOCTM npoLeca, onTMMM3aLmjy NOTPOWHUX YI/bEHUYHUX aHOo4a, Kao U

MUHUMU3UpPakY edhekaTa eMucuje yribeH-guokeuaa [7].

XnopankanHa enekTponamMsa je jegaH Of HajMacoBHUMX W Haj3HauajHUjUX npoueca
XeMUjCKe MHAYCTpUje yonwTe, a OLHOCK Ce Ha eNeKTPOoNM3y BOAEHMX pacTBopa XJ10pu-
[a ankanHux metana (NpBeHCTBEHO HaTpujyMa) [3]. MacoBHOCT xJiopasikanHe eneKkTpo-
NM3e orfefa ce y YnkbeHUUM ga ce y 0BoM npouecy gobujajy Tpy nponssopa: rnaBHU
NMPOM3BOAM XJIOP U XMAPOCKUA, U CMOPEeAHM BOLOHUK KOjU ce Takofje Moxe MCKopUCTU-
TW. X7I0p 1 xuppokcug, ce ynotpebrbasajy kao npexkypcopu y npeko 50 % duHanHmx
NpoM3BOAA XeMUWjCKe MHAYCTpUje, Ha NpuUMep: aaxesusa, NACTUKe, NecTUumnpa, xap-
Tuje, BUCKO3e, Lenysio3e U nanupa, npepage HadTte, OPraHCKMX U HEOPFraHCKUX CUH-
Tesa u cn.[7]. XnoankanHa enekTponnsa uma ayry uctopujy og npeko jeaHor seka. Ha
noyeTky je kopuwheHa XunBMHA enekTpoaa, Aa bu ce npouec ycaBplwaBao pa3Bojem
enekTponusepa ca gujaparmom u enekTponusepa ca MmembpaHoMm. Y npouecy xaop
anKanHe efNieKTPONIM3e Ha aHOAM Ce U3ABaja racoBWTM XJIOP a Ha KaToau [0nasu Ao
pefLyKuMje BoAe W cTBaparba XUAPOKCUITHMX joHa. MMajyhu y BUAY peakTUBHOCT XJ0-
pa n MmoryhHOCTU ofBMjarba HM3a XEMUjCKUX peakLmja Kojuma ce OpacTUYHO CMakbyje
nckopuwhere cTpyje, Kao U MOryhHOCTM CcTBapaka eKCrnio3nBHe CMelle racoBuTor
XJlopa ¥ BOLOHMKA, HEOMXOAHO je MPOCTOPHO Pa3fBojuTN aHOLHM M KaTo4HM Aeo. Mako
je TepMOAMHAMUMYKWY FNefaHo TEOPUJCKM HAMOH 3@ eNeKTPonn3y pacteopa conum 2,2V,
HanoH Ha peakTopy npesasunasu 3,0 V ycnepn oTnopa efnekTposvTa, NpeHaneTocTu
eNeKTPoOAHMX MaTepujana, oTrnopa cenaparTopa 1 HepaBHoOMepHe aucTpubyunje cTpyje
[7]. Ynpkoc pocapaltbnM MHOBALMjaMa y XJIopanKanHoj eneKkTponnsun, nocToju jow
MecTa 3a ONTMMM3aLKjy, MPBEHCTBEHO Y NOrNeay CMarerba EHEPreTCKMX TPOLKOBA,
na xJiopaJikajsHa eflieKTposinsa ocTaje jefHa oA HajbUTHUX TeXHOMOorMnja y Xemmujckoj
NHAOYCTPUjU.
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LLITo ce Tuye Nopu3BOAHE OCTANIMX HEOPraHCKUX jedutberba U34Bajajy ce enekTpoxe-
MUjCKe TEXHOMOoruje NPon3BOAHEe Nepujegnterba NPBEHCTBEHO nepcyndaTta U BOLO-
HUK-nepokcupa. Mepcyndar je nopep Tora WTO je UHTEpPMeaujap y Npon3BOL M BO-
LOHVK-MEepPCoKCUAa, BaXHO jeaurberbe Y TEKCTUHO] MHAYCTPUjU, MHAYCTPUjM nanmpa
n uenynose. NocTynak efnekTpPonnse yKkbyuyje aHOLHY OKCUAALM]Y KOHLEHTPOBAHON
pacTtBopa cyndaTtHor Tj. bucyndgaTHOr aHjoHa, a HenoXxesbHa aHo4HAa peakLnja je OKCu-
jauuja Bofe. Mako TepMmoanHamMmuky ctabunHuja, okcmpaumja Boge, Moxe fa ce cys-
6uvje NpMMeHOM cneunjanHMX aHOQHUX MaTepujana Koju nmajy Benmky npeHaneTocT 3a
ofBuvjare oBe peakuuje. KaTogHa peakuuja y 0BOM NMOCTYMKY je peakunja nsasajarba
BOLOHMKA [3]. EnekTpoxeMujcka Npon3BoHa KanujyM-nepMaHraHaTa je nocTynak Koju
je NOTUCHYO XeMumjcke HaunmHe CMHTe3e. AHOL4HA peaKLumja y OBOM NOCTYMKY je oKcupa-
LMja MaHraHaTtay afKajiHOj CpenHM, 0OK je KaToAHa peaklnja n3gBajarbe BogoHuka [3].
Kanujym-nepmaHraHarT je OKCUAALNOHO CPeACTBO M TPOLIN Ce Y MHAYCTPU|CKOj CUHTE3M,
y nocrnenme BpemMe KOpuUcTu ce 1y obpagu oTpngHux Boga. KuHa je goMmnHaHupa Tp-
XULTEM KannjyM-nepMaHraHaTta ca noloBMHOM YKYMNHe CBETCKE NPOU3BOLHE, a creae
CAL, 3emme EY u iHanja. Hajsehn koH3yMeHT oBe xemujkanuje cy CAL, foK je Hajsehu
n3BO3HMK je KuHa (u3Bop https://www.imarcgroup.com/potassium-permanganate-

technical-material-market-report)

MNako TpaguumoHanHa NpoOW3BOLHA OPraHCKUX XemuKanuja nogpasymeBa Xemujc-
Ky CWHTe3y, pas3BMWjajy Ce eNleKTPOXeMMUjCKM MocTynuu cuHtese [7]. MpenHocTu
eNeKTPOXEMUJCKMUX MOCTynaka ce MNpBEHCTBEHO ofHoce Ha MoryhHocT pobujarba
YNCTUjUX NPOM3BOLA U CENEKTUBHU]Y CUHTE3Y Y3 Maku Bpoj peakUMOHUX CTyNHeBa,
anv 1 Ha MarbyM 6poj NonasHUX cyncTaHum v jedTUHMje peakTaHTe, 3Hajyhu ga aHoga u
KaToda MOory fia 3aMeHe OKCMAALWOHO, OAHOCHO PefyKLMOHO CpeaAcTBo. Mlako nocToju
MHTepecoBare Yy Hay4yHOM CBETY 3a MpoyyaBarbe eleKTPOOpraHcke CUHTE3e, Maau
6poj nponsBoaa ce Ha 0Baj HAUMH NPOM3BOAM Y MHOYCTPUjCKUM ycnoBuma. CBakako je
Haj3HaYajHWj1 NPOM3BOL KOj/ CE MACOBHO MPOM3BOAMN ENIEKTPOXEMUN]CKOM TEXHOIOTMjOM
aoMNOHUTPUI, BaXKHA XeMUKanja 3a NponsBOAkY HajnoHa [3]. AounoHnTpun ce pobuja
eNeKTPOXMAPOAMMEPMN3ALLMO0JOM aKPUNOHUTPKUNA, KOopUcTe ce obu4HO KagMujymcke
KaTo4e M aHOo4e Of 4envka unum onoBo-guokcupa [3,5]. KatogHa peakuuja je enekT-
poovMepusaumnja, LOK Ce Ha aHOAM M3LBaja KMCEeOHUK. EnekTpoxemMmujckn peakTopu
3a CUHTE3Yy aAUMNOHUTpPUIA CYy 3aXTEBHOr An3ajHa. HEKONMKO MHAYCTPUjCKUX TMraHaTa
y CBeTYy MacoBHO npousBoaun agunoHutpun (Monsanto(Solutia), USA; Asahi Chemical;
BASF. Y nornepy TeXHUYKMX pellera U nckopuwhera eHepruje, prupma Monsanto je
HajBuMLLIE nocTurna.

Pa3BojeM HOBMX MaTepujana M CBe OWTPUjUM 3axXTeBMMA Y 3alUTUTW OKOJIMHE, MpPy-
*ajy ce MoryhHOCTK 3a pa3Boj U OCTaNNX €IeKTPOXEMMU|CKUX TEXHOMOrmja 3a Npoms-
BOLHY OPraHCKUX jefutberba, Kao WTO Cy: eTUEH-T/IMKOJ, aHTPaxmHOH; aLeTOuH,
4-aMUHOMETUNNUPUANH, l-uncTeuH, 2,5-auMeTokcn-2,5-guxnapodypaH; asobeHseH,
1,4-pguxmapoHadTaneH; XeKcgyoponponuieHoKCcna;, m-XMaopoKCUOEH3U anKoxos;

p-MeTOKCM663aJ'I,D,eXMﬂ,; CYKUMHCKa KncesinHa.

CarnepaBajyhu cBe nobpojaHe NnpeaHOCTM eNeKTPOXEMUjCKUX TeXHONOornja, ybp3saH pas-
BOj HOBMX HAHOCTPYKTYMPaHUX MaTepunjana, Kao U CTPOre eKoJIolWKe 3axTeBe y norneny
3alUTUTE XMBOTHE CPpeAMHe N eHepreTcke e(hMKACHOCTU, eNEeKTPOXEMM]CKE TEXHONOTMje

He npecTajy ga byny hoKyc MHOTMX TEOPUJCKUX U MPAKTUUHUX UCTPaXKMBaHbA.

Mpod. pp Munuua reoszpeHosuh
TeXHONOWKO-MeTanypLlIKu hakynTeT
YHuBepautetay beorpany
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Electrochemical technologies - industrial
electrochemistry

SUMMARY

Electrochemical technologies, apart from numerous processes of industrial production of
organic and inorganic products (industrial electrochemistry), include metal refining and
production, water treatment and electrolysis, electrochemical systems for energy conver-
sion and storage, corrosion protection, electrochemical sensors, etc. The industrial pro-
cesses of electrochemical synthesis have a long tradition, such as chlor-alkali electrolysis,
which is the one of the most massive and significant processes of the chemical industry
in general, or the global and mass electrochemical production of aluminum. However, the
turning point in the development of electrochemical technologies and industrial electro-
chemistry refers to establishment of electrochemical engineering as a scientific discipline.
This enabled better insight into the mass transport limitation of electrochemical reactions
in real systems and motivated the development of new constructions of electrochemi-
cal reactors and new electrode materials, increasing the productivity of electrochemical
processes and reducing the consumption of electricity per unit of product within environ-
mental requirements. Intensive research in the field of materials science and the need to
meet ecological requirements in terms of environmental protection and energy efficiency,
makes electrochemical technologies the focus of contemporary and intensive theoretical
and practical research.

Prof. Milica Gvozdenovié, PhD
Faculty of Technology and Metallurgy,
University of Belgrade
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EnekTpoaHanutnuka
XeMuja

OCHOBHa CBOjCTBa €eKTPOXEMUJCKUX CEH30pa CYy: CeNeKTUBHOCT, OCET/bMBOCT, Mep-
HW Omncer, NpMpoaa M3nasHor cUrHana, NoOHOB/bMBOCT, TPAJHOCT, BpeMe o4,31Ba, Noys-
OaHocT. EnekTpoxemujckm 6noceHsopu cy jenHOCTaBHM ypehaju unju npuHLmMn paga je
3aCHOBAH Ha cTBapatby e/IeKTPUYHOT CUrHama NPONOPLMOHANHON KOHLEHTpaLmnju ncnm-
TMBaHe cyncTaHue y pacTteopy. Kopucte ce 3a getekumnjy pasnuumtux bromonekyna
KOj1 CYy MPUCYTHU Y JbYACKOM Tesy Kao WTO Cy: FyKo3a, Xonectepors, xemornobuH, AHK
n opyru. IMajy npakTUUHy NpMMeHy 1 3a: AeTeKumjy necTuumnpa, BOGOHUK-NEPOKCMAa,
ackopbuHcke kncenuHe. NMpema TeEXHULN JeTeKumje, eneKTpoxeMujckm buoceHsopu ce
Knacuukyjy Ha: NoTeHLMOMEeTpUjcKe, aMnepoMeTpujcke, BONTaMeTPUjCKe, KOHOYKTO-
MeTpujcKe U umnegmmeTpujcke.

HoBe enekTpoaHanuTuyke MeTode kao 6p3e, noyspaHe U eduKacHe ce KOpuUCTe:
y LeTeKUMju NnekoBa Yy TeNleCHMM Te4YHOCTMMa, 3a KOHTPOJy cafpxaja fekosBa y
KoMepunjanHuM apmaueyTckum opmynaumnjama, 3a npeasuhare HacTaHKa pefoKc
mMeTabonuTa, 3a ogpehnBarsa y 6M0ONOWKMM y30pLMMa ca CBPXOM (hapMaKOKMHETUYKe
KapakTepusaumje eNeKTPoaKTUBHE BPCTE-NIEKA, KA0 M TOKOM CTyanja cTabunHocTu.

MoTeHLMOMEeTPUjCKM CEH30PU CYy jOH-CENIEKTUBHE eNIeKTPOLe Kojuma ce Mepu no-
TeHumjan (npema pedepeHTHOj eNneKkTPoAM) NpU HYNTOj CTPYjH, @ KOjU 3aBUCK Of, KOH-

LueHTpauuje ogroesapajyher joHa (aHanuTa). MNpuMeHa jOH-CENEeKTUBHUX eneKkTpoaa

je Bpfio WwWupoka: y NoJbonpmuBpeam - 3a aHanusy 3emsmumwta, Hybpusa, Tkna burbaka,

Yy MeAUUMHM, Y UHOYCTPUjU XpaHe, Y NanuMpHOj MHAYCTPUjU, Y Te0NoTUjn 1 pyaapcTey,
y thapmaumju, 3a ogpefmBarbe KBanuTeTa Boge, y HaTHO] MHAYCTPUjU, UTA. Passoj

eNeKTPOHNKe, HOBUX TeXHOJ'IOFI/Ija n HaHOMaTepI/IjaJ'Ia KaO0 U UCTpPpaXxnmBaka HOBUX
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CEH30PCKUX CyncTaHuM oMoryhunm cy M MMHMjaTypusaunjy joH-ceneKTUBHMUX eNlekTpoaa
wTo omoryhaBa npuMeHy OBaKBMX CeH30pa 1y ApyruM obracTrma Kao WTO je KIIMHMYKA
xemuja.

Bnno Koja joH-ceneKkTMBHA eNeKTPoLa Ce CacToju Of: Tesla eNeKTPoLe, HeHOr efleKTPo-
aKTMBHOI (CEH30pPCKOr) Aena u KoHTakTa nsmehy ceHsopa u kabna 3a MEPHU UHCTpPY-
MeHT (pH/mV MeTap) Koju Moxe 6UTK UBPCT UM YHYTPallbK pedepeHTHU pacTBop (kao
KOA, CTakfieHe eneKkTpoae). KOHCTPYKTMBHO NOCMATpaHo, Y OAHOCY Ha CEeH30p cenek-

TUBHE eNneKTpoae Mory 6uTn:

« efleKTPoAe ca YBPCTOM MeMbpaHOM Koja Moxe 6UTU xoMoreHa (CeH30pCcKu mMaTe-
pujan je Noiv- UM MOHOKPUCTANIHU AUCK) UK XeTeporeHa (eNeKTpoakTUBHM MaTe-
pujan pUcneproBaH je y MHepTHy MaTpuuy (napaduH, nonveTnseH) unm je y obnumky
npaxa yTp/baH y MHepTHY npoBoaHy Matpuuy (rpaduT-MTOE))

+ eneKkTpoae ca Te4YHoM MeMbpaHoM (joHO-U3MeHMBaYKe UM Ca HeYTPaNHUM HoCa-
UeM HMP. MAKPOLMKINYHO jeantbetbe).

Pa3Boj joH CeneKTUBHMX eneKTpoaa y CyWwTHHM NoYmkse joww kaga cy Cremer, 1906. rogu-
He, a HelWTo KacHuje n Haber v Klemensiewitz yTBpannu ga onHa o ogroeapajyher ctakna
rokasyje eneKTpUUHY 3aBUCHOCT Of, KOHLEHTpaumje joHa BoAoHMKa. MpBY nokywaju ga
ce pohe 0o He-CTaKJIeHUX jOH-CENIEKTUBHUX eneKkTpoaa notuuy on Trumpler-a, Kolthoff-a
n Sanders-a, MmefyTnm 6e3 npakTMUYHEe NPUMEHIBUBOCTU. [TOUYETKOM NefeceTux roamnHa,
Tezak n Mirnik npousBofe enekTpoay ca MembpaHoM opf, cpebpo joampa ynpecoBaHor
y napacwvH. MpBy, y U3BECHO] Mepu NPUMEH/bMBY eneKTpody U3pagunu cy Pungor un
Hollos-Rokosinyi 1961. roguHe kKopucTehu Kao enekTpoakTUBHM MaTepujan cpebpo jo-
ONL OUCNEeproBaH y MHEPTHY MaTPULLy Of, CUIIMKOHCKe ryme. HactaBrbajyhu nctpaxu-
Batba Ca YNTABOM NAejaioM CBOjUX capafHuka Pungor je Hajsag 1965. roanHe NoHyamo
aHanuMTUM4apvMa cBeTa NpBy TEPMOAMHAMUYKN PEBEP3UNBHY jOH-CENTIEKTUBHY ENEeKTPOAY
KOja ce 1 KoMepuMjanHo nponssoauna. NoauHy LaHa KkacHuje, Frant n Ross paspagunu cy
CeneKkTUBHY eNeKTPoay Koja je uMmana MeMbpaHy o, MOHOKpUCTana naHTaH-Tpudnyopmnaa
Koja ce 3axBasbyjyhu cBojum ocobuHama npu oppefuBary hayopuaHUX joHa cMmaTpa
jenHoM of, Hajbosbux joH-CceNneKTUBHMX enekTpopa. Of TUX WesfeceTux roguHa nountbe
Harnu pasBoj U YCNOH Yy MPOU3BOLHM Y NPUMEHM CENEKTUBHMX enekTpoaa. [o naHac je
pa3BujeH U KOMepuMnjaNiHO ce NPOU3BOAU BeNMKM 6pOoj pasnnMunMTUX jOH-CENEKTUBHUX
efleKTpofa Koje ce MOry CBpPCTaTy y BULle rpyna: CTak/eHe enekTpoae, enekTpoae ca
4YBpCTOM MeMOpaHOM, TeuyHe joHOM3MerMBaYKe efleKTPoLe, MPeBYyYEHe eNleKTPose,
EeH3UMCKe eneKTpoae, efleKTPOAe Ca raCHUM CEH30PUMa, jOH-CENeKTUBHU TPaH3UCTOpPH
ca eeKkTom nosba.

Of cBux BpcTa broceHsopa Koju cy y (ha3m pasBoja UK ce WNPOKO npumersyjy, 85 %
CBETCKOr TpXuUWTa npunaga bruoceHsopuma 3a rnykosy. Mpeu enekTpoxemmjcku 6mno-
CEeH30p 3a rNyKo3y No3HaT Kao ,,eH3MMCKa enekTpoaa” KOPUCTM eH3MM FyKoKcuaasy
(GOx). BrioceHsopu 3a rNyKo3y Apyre reHepaumnje KopucTe MegmjaTtope Kao WTo Cy: Npo-
BOLHE OpraHcKe Conun, KOMMJeKCU NpenasHux MeTana, jeammerba Ha 6asn xmHoHa. Oa-
CyCTBO MefujaTopa je rnaBHa npegHocT broceHsopa 3a rnykosy Tpehe reHepaumje Koju
ce O4JIMKYjy BENIMKOM ceneKTUBHOLWRAY. YAPKOC YNHEHULM fa Ce CEH30PU 3a MYKO3Y Ha
6a3u eH3Ma MaCoBHO MpUMekbYjy, HECTAabUMHOCT eH3MMa orpaHMyaBa NPMMeHy OBakK-
BUX ceH3opa. lMokasaHo je gaHa 50 °C GOx noymrbe farybmakTneHocT, gabuHa 60 °C oc-
Tano camo 20 % of novyeTHe akTUBHOCTW. [La b1 ce npeBasnwnn npobnemMm cTabunHocTm
pasBWjeHN Cy He-e3UMCKM CEH30pU 3a [IYKO3Y KOjU KOPUCTE HAHOCTPYKTYpHe
MaTepujane Kao LWTO Cy: NJAEMEHUTU MeTanu, Nerype, oKCUAM NpenasHux meTana,
NPOBOLHW NONNMEPW, YITbeHUK (YribeHU4He HaHoTybe, bopom fonoBaHe AnjaMaHTCKe
enekTpoae). MnaeBHe ofnnke HaHomaTtepwujana cy: pobpa enekTpuyHa NPOBOLAIbUBOCT,
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jeAnHCTBEeHa CTPYyKTypa Koja obesbehyje Benuky cneunduyHy NOBPLIMHY U 3HAYajHa
eNeKTPoKaTaUTUUYKa akTMBHOCT. MprMeHa HaHOCTPYKTYPHUX MaTepujana uma sHavajaH

LOMPUHOC y 061acTV eNeKTPoXeMUjcKkx bruoceHsopa 3a rinyKosy.

EnekTpoaHanntnyke mMeTode Kao WTO Cy LUMKAMYHA BONTaMeTpuja M MyscHe BolTaMe-
TPUjCKe TEXHMKE, YECTO Ce KOpPUCTe 3a KBaHTUdMKaLNjy nekoBa. To cy MohHe, BuLIeHa-
MEHCKe W je[HOCTaBHE TEXHUKE KOje Ce NPUMeHsYjy Y LUIMPOKOj 06nacTu KOHLEeHTpaLmja,
omoryhaBajyhu 6p3y aHanu3y Ha 1ako AOCTYNHOj onpemu. [nMaBHa KapakTepucTmuka nyn-
CHUX TEXHWKA je penaTuBHO Besnmka OCeT/bMBOCT, Kao U 6p3nHa oarosopa, 36or yera ce
ckpahyje BpeMe noTpebHo 3a aHanusy, a ogpehnsarbe cyncTaHue je Moryhe y obnactu
BP/I0 HUCKMX KOHLUEHTpaumja. YnpaBo 360r HUCKe rpaHuue getekuunje (<10 M), nyncHe
BONTaMeTpujcKe TeXHUKe cy Hajuyelwhe mMeToge npBor nsbopa y aHanM3n pasamyunTux
hapMakoTepanujckmx jegmmberba U TenecHUx Te4HocTu. HoBuja ncnutnearsa y obnacTu
HaHOMaTepujana u NPOBOLHMX NoNMMepa Aajy 3HayajaH AOMPUHOC eNTEKTPOXEMUjCKOM
oppehnBarby nekoBa 1 kbMX0BOj KBaHTUMKALM]K Y BMONOWKMM Te4yHocTMMa 360r yera ce
ouekyje noBehaHa NpMMeHa eNeKTPOXEMU|CKMX METOAA Y CBAKOAHEBHO] KIIMHUYKO] MpaK-
cu. Hajuewhe kopuwheHe enekTpoae Cy eneKTpoaa Of, 31aTa v CTaKIacTor Yr/beHuKa, ay
nocnenHe Bpeme ce cee Yelwhe npumerbyje 1 60poM gonoBaHa AMjaMaHTCKa enekTpoaa
(BOLOE). Y anjaMaHTCKOj CTPYKTYPU jefaH aToM yribeHuKka og, xumbaay (1:1000) 3amerseH
je atomom b6opa. KpuctanHa cTpyKTypa AnMjaMaHTa, y KOjoj Cy aTOMM yr/beHnKa nocTaBibe-
HW y TeEMeHVMMa MpaBWSIHOM TeTpaeapa, NpeAcTaB/ba HajTBPAM mMatepujan y Npupoau,
N3y3eTHE XEMUjCKE NHEPTHOCTU U HEMPOMYCT/bMBOCTU 3a OPraHcKe pacTeBapaye 1 Boay.
3axBaspyjyhun cBojum kapakTepucTrkama, BOJE je moryhe npumeHnTn vy pacteopmma
jakux knucenvHa unm 6asa, a afcopnumja OpraHCKMX MoJeKyna Ha NOBPLMHM eneKTpo-
[e je He3HaTHa. EnekTpoga of CcTaknacTor yribeHuKa, y CKnagy ca CBojoM ckioHowhy
Ka afCcopnLumju OPraHCKUX MOMEKYNA, HaLlMa je NMPUMEHY Yy UCTPaXnBary NoTeHLMjanmHO
reHOTOKCMYHUX ehekaTa ogpeheHnx nekosa nytem npahera nHTepakumje OHK-nek y3
kopuwhere enekTpoxeMmnjcknx broceHsopa.

Y okBMpy Beorpafcke LWKone enekTpoxemuje, eNekTpoae ca YBpcToM membpaHoM pas-
BMjaHe Cy M KOMepLMjaiHO ce NPOU3BOAMIIE U KOA, Hac. Tako cy npod. Momup JoBaHoBuh
n ap. Bnagucnasa JosaHoBuh ca capagHuumMa ca TeXHONOWKO-MeTanypLiKor dakyn-
TeTa un LeHTpa 3a enektpoxemnjy UXTM-a YHuBep3auTeTay beorpaay passujanu joH-ce-
NeKTUBHe enekTpoae Pyx)nyKMHOr TMna (CEH30PCKM Npax Koju ce yTpsbaBa 'y MPOBOAHY
xuppohobHy MaTpuuy) ook je npod. paraH BecennHosuh ca dakynTteTta 3a husnuky
xemujy YHuBep3uTeTa y beorpagy ca cBojoM rpynom capajHuKka passujao CeneKkTuBHe

eNneKTponge ca YBPCTOM XOMOIreHoOM MeM6paHOM.

Mpodecop Petr Zuman (Clarkson University, Potsdam, USA), jemaH of Hajno3HaTujux
enekTpoxemmyapa y cBeTy (opraHcka enektpoxemuja, bnoenekTpoxemuja) je nosHaT u
Kao yunTesb BeNMKOM Bpojy enekTpoxemMmyapa y Bulle geceTrHa nosHatmx naboparto-
puja WMPOM CBETA Ha TPU KOHTUHEHTa. MIMao je Benuky ynory y hopmupary beorpas-
CKe LWKOJIe 3a eNeKTpoaHaNnTuKy nekosa jep je 61o yuntemn ap Munku ABpamos Meuh
Koja je ca npod. ap CnobopnaHom MNeTposuhem hopmumpana rpyny y oksmpy LleHTpa 3a
enekTpoxemnjy MXTM-a n TexHONOWKO MeTanypLluikor akynteta YHmBepsuteTa y be-
orpagy (npod. ap OywaH Mujun, op JeneHa Jlouh, op Hemama Tpuwosuh, ap JeneHa
JTahapesuh). MpaBum nsbopom 6ok bactepa 1 hapmaL,eyTCKOM aHANIUTUKOM je BeSIKK

OOMpPUHOC pady rpyne gana komnanuja Xemogapm Ltaga Bpwad,

MnycTpaumnja enekTpoaHanuTuke OpojHUX pasnMuMTMX BpPCTa nekoBa (CTaHAapha
M KoMepuwmjanHux obnmka y XyMaHWM TeNnecHMM TeYHOCTMMa) KOojy je peanvsosana
borpapcka wkona ce Hajbosbe ornepa y nornaesby Contribution to the Recent Advances
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in Electrochemical Analysis of Pharmaceuticals krure: Biomedical and Pharmaceutical
Applications of Electrochemistry [1].

Beorpapcka rpyna ce ycnewHo nosesana u capafyje npeHocehun cteveHa 3Harba U3
eNeKTpoaHaNUTMKe MaKpPONMAHMX aHTUBMOTMKA ca rpynoM 3a aHanuTuky LenapTma-
Ha 3a xeMujy, BoxeMmnjy n 3alWTUTY XXUBOTHe cpeaunHe YHuMBep3uTeTa y HoBom Capy

(Valerija Guzsvany, JacMunHa AHojunh, Onra Bajone, Carba Lekymuua).

Mpodecop Petr Zuman je 61o yuntems n mp Oparuum ymaHosuh (faneHuka, beorpagn),
npod. OecaHku Cyxresuh (PakynTeT 3a Gusnuky xemujy YHuBepsuteTa y beorpagy)
n npod. Bepn KanetaHoBuh Koja je y capaimu ca kbiMa hopmMupana rpyny 3a enekTpo-
aHanuMTMKy nekosa Ha PapmaueyTckoM takynTeTy YHuBepsuteta y beorpagy (Mapa
Anekcuh, BaneHTuHa Pagynosuh).

Op Munka ABpamoB MBuh, HayuHu caBeTHUK
Op Bnapucnasa JoBaHoBuh, Hay4yHU CaBEeTHUK
Op JeneHa JloBuh, Hay4yHU caBEeTHUK

LleHTap 3a enekTpoxemujy

HY MHCTUTYT 32 XeMujy, TEXHONOTNjy 1
meTanyprujy YHusepauteTay beorpany

Op BaneHTuHa PapynoBuh, acucteHT
®dapmaueyTcku hakynTeT
YHuBep3uTeTay beorpagy

JlnTepartypa

1. M. L. Avramov Ivi¢, S. D. Petrovi¢, D. Z. Mijin, Contribution to the Recent Advances
in Electrochemical Analysis of Pharmaceuticals, in Biomedical and Pharmaceutical
Applications of Electrochemistry, S. Boki¢ Ed., Modern Aspects of Electrochemistry,
Vol. 60, Springer, 2016, pp 89-195. ISBN: 978-3-319-31847-9)
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Electoanalytical chemistry Summary

Electrochemical sensors are simple devices in which principle operation is based on the
production of electrical signal thatis proportional to the examined substance concentration
in solution. A whopping 85% of all biosensors (both, in development and commercial) are
glucose biosensors due to the suddenincrease of the number of diabetes mellitus patients.
Sensors are also used for detection and determination of other biomolecules which are
present in the human organism, such as cholesterol, hemoglobin etc. On the other hand,
the electrochemical sensors have practical application for detection and quantitation of
numerous inorganic compounds, particularly of pollutants. According to the detection
technique, electrochemical sensors are classified as: potentiometric, amperometric,
voltammetric, conductormetric and impedimetric.

Potentiometric sensors are ion-selective electrodes used for measuring of potential (in
relation to reference electrode) at zero current, where the measured potential value
depends of corresponding ion (analyte) concentration. The large number of different ion-
selective electrodes has been developed so far, thus besides a glass electrode, the ion-
selective electrodes might contain solid membrane or liquid (ion exchange) membrane/
sensor. It is possible to determine the concentration (the activities) of numerous cations
and anions in different samples by application of these electrodes.

The members of Belgrade School of Electrochemistry were developing the solid membrane
electrodes, which were manufactured afterwards. These electrodes are displayed as the
museum pieces at this exibition.

New electroanalytical methods, characterized as fast, reliable, versatile, simple and
efficient, are employed to: detect and/or determine drugs in human body fluids, control
the content of commercial dosage forms, predict the occurrance of redox metabolites,
quantify drugs or their metabolites in biological samples with the aim of pharmacokinetic
characterization of electroactive species-drugs, conducting of stability studies.

One ilustration of numerous electrochemical analysis of different drugs (as the standards
or as the active component in human body fluids after the usage of commercial dosage
forms), which was realized by the members of Belgrade School of Electrochemistry, is
best presented in the book chapter Contribution to the Recent Advances in Electrochemical
Analysis of Pharmaceuticals in Biomedical and Pharmaceutical Applications of
Electrochemistry, Modern Aspects of Electrochemistry, published by Springer, which is
exposed at the exhibition.

Full Research Prof. Milka Avramov Ivié¢, PhD

Full Research Prof. Vladiislava Jovanovié¢, PhD

Full Research Prof. Jelena Lovi¢, PhD

Department of Electrochemistry

Institute of Chemistry, Technology and Metallurgy, University of Belgrade

Ass. Valentina Radulovié, PhD
Faculty of Pharmacy, University of Belgrade
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CA 100 CNUHA W 22 TABNMUE
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beorpaacka wkona
eJieKTpoxemMuje

Belgrade School
of Electrochemistry

Beorpapcka Wwkona enekTpoxeMuje Huje HU MHCTUTyuKja,
HU rpafeBUHa, Na HW 3ajefHuLa. Hby YUMHE Jbyau U HbU-
X0Ba 3Haka, fgocTurHyha n pesyntatn. OHa Hema gatym
OCHMBara HUTU fedUHUCAH nodveTak, a HaLaMo ce fa
Hehe nMaTu HU Kpaj. HacTana je kao pe3ynTaT Hanopa He-
KOMIMKO reHepaumja HayvyHVKa fa akyMynupajy 3Hara 1
npeHecy nx Ha cnegehe reHepauuje, La CBOjUM UCTPAXKU-
BakbMMa U HUXOBMM pesyntaTuma LONpUHEeCY ocBajakby
HOBMX 3Hakba M HanpeTKy LenoKynHor apywTea. HbeHu
3a4eTHULM M OCHMBAYM HUCY BUNKM CBECHM Oa 3anountby
HewTo WTo he y eNeKTPOXeMMNjCKOj HayLM NocTaTu CBeT-
CKW NPEeno3HaTo, Yak TO HUCY HU KEeNean — OHU Cy camo
6mnu noceeheHn HayLuM KOjoM cy ce 6aBUAM U TPYAUIU CY
ce pfa Ty cBojy noceBeheHocT npeHecy Ha cnepehe reHe-
pauuje. MUme beorpagcka LKona enekTpoxemuje ce noja-
BWJ10 Y CBETCKO] eNIEKTPOXEMUN|CKO]j 3ajeAHULM 1 Mpe Hero
LUITO Ce KOA, Hac nojaBmia CBecCT O HO0j, Kao nojam Koju npe
cBera O3HauvaBa jeflaH o[, Haj3HayajHMUjuX LeHTapa enek-
TPOXeMMjCKe HayKe y CBeTY, a CBakaKo Hajsehu n Hajpas-
BMjeHnjn y oBoM peny EBpone. OHo ce nopjenHaKo ofHoO-
CM 1 Ha cucTeM obpasoBarba M Ha 3Hayaj U yTuuajHoCT
pesynTaTa M casHaka Hay4yHMKa noteknmx ca beorpag-

CKOT YHMBEP3UTETA Ha CBETCKY €/1eKTPOXEeMMU]Y.

Belgrade School of Electrochemistry is not made of institu-
tions, building, not even the community. It is made of peo-
ple and their knowledge, achievements and results. It has
no date of establishment nor defined start, and we hope it
also won’t have an end. It was created as a result of sever-
al decades of scientists’ efforts to accumulate knowledge
and pass it on to future generations, to contribute with their
research and results, to conquer new knowledge and ad-
vance the society as a whole. Its initiators and founders
were not aware that they are starting something that will
become recognised on a global level in the field of elec-
trochemical science, they even didn’t want that — they
were simply devoted to their science and they tried to pass
that devotion on to the future generations. The name Bel-
grade School of Electrochemistry appeared in the global
electrochemical community even before we ourselves be-
came aware of it, as a term which, first of all, defines one
of the most important centres of electrochemical science
in the world, and most definitely, the largest and the most
developed in this part of Europe. It equally relates to the
system of education and the importance and influence of
the results and achieved knowledge of the scientists who
originated from the Belgrade University on the world elec-
trochemistry.
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Op npBUX eKcnepuMeHarta
A0 Ba)XHOr MecTa Ha
eJIEKTPOXEMUjCKOj Manu cBeTa

MpeTeya beorpafcke wWKone enekTpoxemuje je 6o aka-
nemMnk Cuma JlosaHnuh (1847-1935), npodecop v npBeu
pekTop beorpanckor yHMBep3nTeTa, jefaH of, OCHMBava
N npeacepHuK Cprckor xemujckor gpywTtsa. baBuo ce
Hay4HMM U CTPYYHMM PagoM y CKOpPO CBMM obnacTtuma xe-
Muje, a TpajHe BPeAHOCTU MMajy HheroBa UCTpaXunsatrba U3
0b651acTN eNeKTPOCUHTESE MOA, LEejCTBOM TUXOT eNeKTpuY-
HOT Npaxkkera. JTozaHuh je enekTpocMHTE3aMa noaBpra-
BaO pasniMunTe Knace jefurbera M3 Kojux je nobujao Be-
KM 6POoj HOBUX, CITOXEHUX OPraHCKMX Npon3soaa. Mako
TO HUCY BUNKN eNeKTPOXEMU|CKM EKCNEPUMEHTMH, jecy Bunu
MpBM y KoOjUMa Cy Mpoy4vaBaHe peakuwuje nop yTuuajem
eneKkTpuunTeTa, a obaBrbeHu cy jow Kpajem 19. Beka.

LJoKyMeHTOBaHM MoYeTak enekTpoxemujckor obpaso-
Barba y Cpbuju npeactasmwa 1903. roaunHa, kKaga je aop
Munoje CrojurbkoBuh, eHeBcky hHak, Ha 6eorpanckoj
Benunkoj WKonM OCHOBAO jefHYy Of HajcTapujux Kateppu
thnsnuke xemunje y EBponu. OH je 6o 1 NpBU HACTABHUK
(hn3mnuke xemMuje y oOKBMpPY Unjer kypca ce npegasana u Xe-
MUjcKa cTaTuKa ca eflekTpoxeMnjoM. Y6p30 HaKoH WTo je
1905. Benuka wkona npepacnay YHMBepP3nTeT, HA HOBO-
thopmupaHom dunozodckom takyntety je 1908. roonHe
OCHOBaH 3aBof, 3a (hM3NUKY XEMU]Y, YMjU je YPaBHUK CBeE
00 1948. 6uo npod. Ctojurskosuh. Mamehy gBa pata 6poj
CTyLeHaTa KOju Kao rnaBHWU NpeaMeT chyuwajy husndky
xeMujy 610 je Manu, Yak n kapa cy 1924. rogunHe Ha duno-
30(hckoM (hakynTeTy ocHOBaHWU McTopujcko-hraonowkm
n MpupogHo-mMaTeMaTmnykn opcek. Mefly manobpojHuma
cy 6unu MNasne CaBuh (1909-1993) n CnobogaH PucTtuh
(1912-1994), kacHuje npochecopu husmuke xemuje, Koju
CYy CBaKW Ha CBOj HAa4YMH, OCTaBMW/IM CHaXaH neyaT Ha HeH
pasBoj. HakoH Opyror ceBeTckor pata, Beh 1947. roouHe,
dunosotckn hakynTeT ce paspBaja Ha dunosodckn m
MpupopHo-maTeMaTuuky thakyntet (NMM®) y okBupy Kojer
nocToje kategpa 3a Pusnuky xemujy n GU3nNUYKOXeMmnjCKu
3aBOA, Ha umnjeM ce yeny, of opnacka npod. CTojusbKo-
Buhay neHsujy 1948. rogmHe, Hanasw Masne Casuh.

Ca ppyre cTpaHe, 1920. roguHe, kaga je npocecop Huko-
na MywwuH (1875-1947) nsabpaH 3a XOHOPapHOr HacTaB-
HUKa eNleKTPoOXeMuje n enekTpomeTanyprmje Ha MawmH-
CKOM oficeKy TeXHMUKOT thakynTeTa, NnpBu nyT ce 'y Cpbuju
nojaB/byje YXXeCTPYy4YHO efleKTPOXeMUjCKo obpasoBarbe.
Ho, Kako je He3af4o0BO/baH YC/IOBMMA 3a MCTPaXMBAUKU
pan oH Beh noyeTkom 1921. npewao y 3arpeb, Hema no-
TBPAe [a je TakBa HacTaBa W ogpxasaHa. Mnak, seh 1923.

From the First Experiments
to the Important Place on the
Electrochemical Map of the World

Forerunner of the Belgrade School of Electrochemistry
was academician Sima Lozani¢ (1847-1935), professor
and the first Dean of the Belgrade University, one of the
founders and the chairman of the Serbian Chemical Soci-
ety. He performed scientific and professional work in al-
most all areas of chemistry, and his research in the field
of electrosynthesis under the influence of silent electrical
discharge holds a permanent value. Lozani¢ subjected var-
ious classes of compounds to electrosynthesis, thus ob-
taining a large number of new complex organic products.
Even though those were not electrochemical experiments,
they were the first in which reactions under the influence
of electricity were studied, and they were published in late
19t century.

Documented beginning of electrochemical education in
Serbia happened in 1903, when Dr Miloje Stojiljkovic,
Geneva student, founded one of the oldest Departments
of Physical Chemistry in Europe, at the Belgrade Grand
School. He was also the first teacher of physical chemis-
try and his curriculum also included Chemical statistic with
electrochemistry. Soon after the Grand School evolved into
a University in 1905, at the newly formed Faculty of Phi-
losophy, Institute of Physical Chemistry was established in
1908, and professor Stojiljkovi¢ was its Head until 1948.
Between two wars, the number of students that took phys-
ical chemistry as their main subject was small, even when
in 1924, Department of History and Philology and Depart-
ment of Natural and Mathematical Sciences were estab-
lished at the Faculty of Philosophy. Those few students
included Pavle Savi¢ (1909-1993) and Slobodan Risti¢
(1912-1994), later professors of Physical Chemistry, who,
each in his own way, left a strong mark on its development.
After the Second World War, in 1947, Faculty of Philosophy
was separated into Faculty of Philosophy and Faculty of
Natural and Mathematical Sciences (PMF), which included
Department of Physical Chemistry and Institute for Physi-
cal Chemistry, headed by Pavle Savi¢, after the retirement
of professor Stojiljkovi¢ in 1948.

On the other hand, in 1920, when professor Nikola PuSin
(1875-1947) was elected honorary teacher of electro-
chemistry and electrometallurgy at the Department of
Machine Engineering of the Technical Faculty, narrow pro-
fessional electrochemical education appeared in Serbia
for the first time. However, since he transferred to Zagreb
in 1921, unsatisfied with the conditions for research work,
there is no confirmation that that kind of classes ever took
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roanHe, kaga je nopep Asa noctojeha cMepa Ha MalumnH-
CKO-eNeKTPOTEXHUYKOM OL,CEKY OCHOBAH M TEXHOMOLWIKM, Y
HacTaBHOM MnaHy ce nojassbyje N eniekTpoxeMuja ca hoH-
noM vacosa 3+0, anu cBe o 1925, kapa je TeXHOMNOLWKM
CMep npepacTao y caMoCTallHW OACEK, NpefaBatba HUCY
oppxasaHa. Taga nsbopom mnagor MNaHte TyTyHKha 3a
OOoLeHTa noynkbe HacTaBa 13 npegmeta Gusmuka xemuja
caTepMmoanHamukom (4+0, V cemectap) n dusmnuka xemuja
ca enekTpoxemujom (4+0, VI cemecTap). Beh cnepehe ro-
OWHe OH ycresa fa opraHusyje JlabopaTtopujy 3a usmny-
Ky XeMUjy 1 eneKTPOXeMujy y OKBUPY XEeMU|CKO-TEXHNY-
KOr 3aBofa, a 3a HenyHe ABe roguHe, y3 nomoh mnafumx
konera M. MNajoeuha un C. Pawajckor (kacHuje cy obojuua
noctann npodecopn TexHonowkor akynteTa), yBeo je
OCHOBHe Bexbe 13 0BMX NpeaMeTa 1 3anoyeo ca HayuyHUM
panom. Kaga je TexHuukn pakyntet 1930. roguHe nobuo
HoBY 3rpaay, y byneBapy kpasba Anekcangpa, nabopato-
puja npepacTta y 3aBof, a Hukona MNywunH, Koju je HaKoH
noepaTtka y beorpag npeTxonHe rognHe usabpaH 3a pe-
LOBHOr npodecopa, NocTaje Heros ynpaBHUK. Y HOBOM,
[o6po onpeM/beHOM MPOCTOPY CTUYY Ce OOJIMYHMN YCII0BU
3a Bexbe fo 25 cTymeHaTta, anm 1 3a Hay4YHU pag acucTe-
HaTa u npodecopa. MNMpodecop MNywuH je y Beh npucyTHOM
poueHTy MaHTn TyTyHuMhy 1 jow HEeKOMMUMHM MNagux
acucTeHaTa MMao of4/IMYHE capafHuMKe, ca KojuMma je cBe
pno Opyror cBeTckor pata yHanpehuBao HacTaBy, Hanucao
npBe yLbeHnke nsnuke xemMuje n eneKTpoxemuje Ha cpr-
CKOM je3MKY M ycnewHo ce 6aB1O NCTPaXXMBAYKUM PALOM,
npe ceera y obnactnma HeBOLEHMX pacTBOpa, nerypa u
Anjarpama ctarba BULLEKOMMOHEHTHUX cucTema.

HakoH [pyror cBeTcKor paTta, y HOBMM APYLITBEHUM YC-
NIOBMMa W HaKoH obHaB/baka paga YHuMBep3uTeTa, 1948.
roonHe TexHWYKKM akynTeT m3nasm u3 cactasa beo-
rpPafCKor yHMBEpP3UTEeTa M NOCTaje He3aBUCHA TexHU4Ka
BeNIMKA LWIKONA, a HeH TeXHOJIOWKN OfCEK MOCTaje jefdaH
on, beHMX (hakynTeTa ca ABa OACEKA — TEXHOMOWKMM t
MeTtanypwkuMm. Minak, seh 1954. LLIkona je yKnHyTa, a CBU
HeHu akynTeTn, na u TeXHONOLWKK, NocTann cy NOHOBO
neo beorpaackor yHuBepsnuteta. 0g,1966. hakynteT HOCK
OaHawre nMe — TexHONOWKOo-MeTanyplwKkm dakynTtet —
TM®.

place. Still, in 1923, when Department of Technology was
established, in the addition to the two existing depart-
ments at the Department of Machine and Electrical Engi-
neering, electrochemistry appeared in the curriculum with
3+0 classes per week, but up until 1925, when Depart-
ment of Technology evolved into a separate department,
the classes did not take place. Then, with the election of
young Panta Tutundzi¢ as assistant professor, the class-
es for subjects Physical Chemistry with Thermodynamics
(4+0, 5™ semester) and Physical Chemistry with Electro-
chemistry (4+0, 6" semester) began. Already the follow-
ing year, he managed to organise a Laboratory for Physical
Chemistry and Electrochemistry within the Institute for
Chemistry and Technology, and less than two years later,
with the help of his younger colleagues M. Pajovi¢ and S.
Rasajski (both of which later became professors at the Fac-
ulty of Technology), he introduced basic practical classes
and began scientific work. When Faculty of Technology got
anew building in 1930, at the Kralja Aleksandra Boulevard,
the Laboratory evolved into an Institute and Nikola Pusin,
who was elected full professor after his return to Belgrade
a year before, became its Head. This new, well-equipped
space offered great conditions for practical classes for up
to 25 students, as well as scientific work by professors and
assistants. Professor Pusin found excellent collaborators
in assistant professor Tutundzi¢ and a few other young as-
sistants, and together with them, until the outbreak of the
Second World War, he improved the education, wrote the
first textbooks in Serbian in the fields of physical chemistry
and electrochemistry and successfully performed scientif-
ic work, first of all, in the areas of non-aqueous solutions,
alloys and diagrams of multicomponent system state.

After the Second World War, in new social circumstances
and after the University began operating again, in 1948,
Technical Faculty separated from the Belgrade Universi-
ty and became an independent Technical Grand School,
while its Department of Technology became one of its fac-
ulties with two departments — Department of Technology
and Department of Metallurgy. However, already in 1954,
the School was cancelled and all its faculties, including the
Faculty of Technology, once again became a part of the
Belgrade University. Since 1966, the Faculty has been car-
rying its current name — Faculty of Technology and Metal-
lurgy —TMF.
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3a npeor gekaHa TexHonowkor chakynteta u3abpaH je
MaHTa TyTyHKWh, npaBu 3a4eTHUK oHora wTo he ce ce-
nampeceTux HasBaTu beorpancka Wwkona enekTpoxemuje.
buro je ocHmBay 1 npeu wed Kategpe 3a pur3nuky xemujy
n enektpoxemujy TexHonowkor cakynteTta. [Mopep Tora
WTO je [4A0 3HayajHe OonpuHoce Hayuu y obnacTtu aHa-
NUTUYKE XeMUje 1N eNneKTpoaHalnTuKe, OH je yCTaHOBMO
W Tafa jeAMHCTBEHW Mporpam efnekTpoxemmujckor obpa-
30Batba Y OKBUPY OCHOBHUX CTyAMja, KOjU U JaHAC YMHU
TexHONOoWKOo-MeTanypwky akynTeT je4HOM Of, PeTKMUX
BMCOKOLLKOJICKMX YCTaHOBa Yy CBETY KoOje nocefnyjy Tako
cBe0obyxBaTHO ¥ KBannTeTHO obpa3oBare Ha LOAMNIOM-
ckuMm cTygujama. CBoja 3Hara M MCKYCTBa MPEHOCKO je U
cTypeHTuma NpupoaHo-maTemaTuydkor akynrertay beo-
rpany roejeon 1952. oo 1957. roguHe 6o XoHOpapHM pe-
[LOBHU npodecop enekTpoxeMuje Ha npeameTy dusnuka
xemMuja, a og, 1957. n Ha ENeKTpoTexHUYKoM haKynTeTy y

NCTOM 3Bakby.

HberoB gonprHOC pa3Bojy Hay4YHO-UCTPAXMBaUKe fenaT-
HOCTW Oorfiefa ce 1y pykoBofery 1 0OCHUBakY HEKOTMKO
3HAYajHMX MHCTUTYUM]a. Tako 1952. rogmnHe nocTaje yn-
paBHUK XeMujcKor MHCTUTyTa Cpncke akagemuje Hayka
N YMETHOCTM, KOjU je YeTUpPWU roguHe paHuje HacTao Of
LOpxxaBHe xeMmujcke nabopartopuje. Ha veny Tor MHCTU-
TyTa oCTaje M Kaja OH npepacTa y XeMUjCKU UHCTUTYT
HapoaHe Penybnuke Cpbuje 1954. roonHe. PeopraHusa-
umnjom 1961. roouHe oH nocTaje MHCTUTYT 3a XeMujcka u
TEeXHOJIOWKa UCTpaXuBama, fgaHac MHCTUTyT 3a xemujy,
TexHonorujy n metanyprujy — UXTM, y okBupy kojer MNax-
Ta TyTyHunh ocHmnBa Operbetrbe, kacHuje MHCTUTYT, a fa-
Hac LleHTap 3a enekTpoxeMujy — LLEX, Ha umjem ueny Kao
OMpeKTop ocTaje cBe Ao cMmpTtu 1964. roguHe. MowTo je
ceanwte MXTM-a bunoy srpanu npee [lp>xaBHe XxeMujcke
nabopatopuje (ocHoBaHe 1859), nogurHyTe jow 1882.
rogvHe, BehnHa capagHvka Ogerberba 3a eNIeKTPoxemMujy
je cBoje nabopaTopuje nmana 'y HoOBONOAMIHYTOj 3rpagu
TexHonowkor akynteta (1960.), 3axBasbyjyhu npe cee-
ra Hanopuma MNaHTe TyTyHumha, wTo je oMoryhuno ga
Ce CKOpPO CBa UCTpaXuBarba peanusyjy y 3ajeHUUYKUM
TumoBmnMa QPakynteta n Operbema, WTO Ce HAacTaBwUio
M 0O faHawmnx gaHa. eo uctpaxunsada Operbera 3a
eneKkTpoxemujy, Ha yeny ca MNetpom PakmHom u Jlasa-
poMm Bopkanuhem, 1971. roguHe ocHuBa HOBU NHCTUTYT
3a xeMujcke msBope cTpyje - UXMUC. HakoH HM3a TpaH-
chopmaumja, NpBO y NPUBPELHO APYLITBO, Na 3aTUM U Y
xonauur, UXNC ce 2005. rognHe peopraHusyje y UXNUC
Hay4HO TEXHONOLWKM NapK 3eMyH, Ynja je LLeHTpasHa je-
ovHunua n gaHac IHIS TECHNO EXPERTS, pa3BojHO-UC-
TpaXnBayvku LeHTap y ob1acTm xeMujcknx n3sopa cTpyje
M pa3Boja HOBUX €NIEKTPOLHUX MaTepumjana 3a Hhux.

Panta Tutundzi¢, the true initiator of what was to become
the Belgrade School of Electrochemistry in the 1970s, was
elected the first Dean of the Faculty of Technology. He was
the founder and the first Head of the Department of Physi-
cal Chemistry and Electrochemistry of the Faculty of Tech-
nology. Apart from his great contribution to science in the
field of analytical chemistry and electroanalytics, he also
established at the time unique curriculum for electrochem-
ical education within the undergraduate studies, which to-
day makes the Faculty of Technology and Metallurgy one
of the rare institutions of high education in the world that
has such a comprehensive and high-quality education in
undergraduate studies. He also shared his knowledge and
experiences with the students at the Faculty of Natural and
Mathematical Sciences, where, from 1952 to 1957, he was
an honorary full professor of electrochemistry for the sub-
ject Physical Chemistry, and since 1957, holding the same
title, at the Faculty of Electrical Engineering.

His contribution to the development of scientific and re-
search activities can also be seen in the management and
establishment of several important institutions. In 1952,
he became the Head of the Institute of Chemistry at the
Serbian Academy of Sciences and Arts, which evolved four
years earlier from the State Chemical Laboratory. He re-
mained at the head of that Institute after it transformed
into the Institute of Chemistry of the National Republic of
Serbia in 1954. By reorganisation in 1961, it became the
Institute for Chemical and Technical Research, nowadays,
Institute of Chemistry, Technology and Metallurgy —IHTM,
within which Panta Tutundzi¢ established a Department,
later an Institute, and today the Centre for Electrochem-
istry — CEH, which he managed as its Head until his death
in 1964. Since the seat of IHTM was at the building of the
first State Chemical Laboratory (established in 1859),
built in 1882, most of the associates of the Department
of Electrochemistry had their laboratories in the newly
constructed building of the Faculty of Technology (1960,
primarily thanks to the efforts of Panta Tutundzi¢), which
enabled almost all of the research to be executed by joint
teams from the Faculty and the Department, the practice
which has continued until today. Part of the researchers
from the Department of Electrochemistry, headed by Pe-
tar Rakin and Lazar Vorkapic¢, established a new Institute
for Chemical Power Sources — IHIS in 1971. After a series
of transformations, first into a company, then a holding,
in 2005 IHIS was reorganised and became IHIS Scientif-
ic-Technology Park Zemun, whose central unit is still IHIS
TECHNO EXPERTS, a development-research centre in the
field of chemical power sources and development of new
electrode materials.
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TokoMm rogunHa y Cpbuju ce ocHMBajy HOBE UCTpaXkmBay-
Ke 1 06pa3oBHe MHCTUTYLMje, Kao nocneguua CHaxHor
pa3Boja HayKe, a Yy HEKMMA 0[, tbMX U CHaXKHU efleKTpoxe-
MUjCKK LeHTpuW. Tako ce y okBMpy Cprncke akafemuje Hay-
KanymMeTHOCTN 1969. ocHMBa MHCTUTYT TEXHUYKNX HayKa
ny rwemy 1973. roguHe, Bupo 3a ayTOHOMHa eneKTpuyHa
BO3MSa Nog PykoBoAcTBOM AnekcaHppa Hdecnuha. Kac-
Huje ce Taj Bupo TpaHcthopMuLle y gaHawmn LleHTap 3a
HOBe MaTepujane n HaHoTexHonorunje. CapagHuum brupoa
n LleHTpa cBoje nabopatopuje Takohe mMmajy y 3rpaamu
TexHOMOWKO-MeTanypLwkor dakynrteta, u ceBe oA Taga
y4ecTBYjy Y 3ajeQHMUYKUM UCTPaXMBarMMa 1 NpojekTuma
ca uctpaxmpaumma TM®-a n LLEX-a.

CBecTaH uuMkbeHMLE [a Ce pa3Boj CaBPEMEHE Hayke
3acHMBaA Ha YCKOCTpPY4YHOM obpasoBamy, YHUBep3uTeT
y beorpagy 1970. rognHe ocHMBa NpBY NOCTAUMNAOMCKY
WKOJY Y LLeHTpanHoj u jyronctouHoj EBponu — LleHTap 3a
MyNTUOMCLMNNMHAPHE CTyAuje. Kpo3 untaB HU3 dhnekcu-
6unHmMx nporpama obpasoBara, NOACTULAHKE U Pa3Boj
MYNTUANCUUNIIMHAPHUX UCTpaxuneara, LleHTap Beh ne-
peceT roguHa Hyaou jeauHcTBeHe moryhHocTu, npe ceera
MnaguM HayvyHuumMMa. Pa3Boj oBakBe BpcTe obpasoBarba
Ha (hakynTeTMma yumHUO je CyBUWHMM 06pa3oBHy yno-
ry LleHTpa, na je oH 2007. peopraHnMsoBaH y Hay4YHO-UC-
TPAXMBAUKY MHCTUTYLUM]jY No4 UMEHOM MHCTUTYT 3a My-
nTugucumMniaMHapHa uctpaxunsara (MMCW). Op camor
noyeTka, MoOXJa W HajaHavajHKja obnact obpasoBarba 1
nctpaxmsama LleHTpa jecy KOHBep3Mja 1 CKNaguwTere
eHepruje. Benukn 6poj McTpaxkmpadya Koju ce LWMPOM
cBeTa 6aBe oBOM npobnematvkoMm cBoja hyHOaMeHTan-
Ha 3Haka CTeKao je ynpaBo y 0BOj WwkKonu. MNpepasayn y
LleHTpy cy 61nmn HajucTakHYTUjU HAYYHULM 1 Npodecopu
pasnuunTtux akynteta, na je sehmHa cTypeHaTa cBoje
MarncTapcke 1 LOKTOPCKe pafoBe, MHOTM HAKOH Tora u
CBOja UCTpaXunBaka, ypaauna Ha Tum pakyntetuma, Haj-
yewhey Beh NOMeHyTMM 3ajeAHNUYKNUM TUMOBMUMA Y Nnabo-
paTopujama Ha TexHOMOLKO-MeTanypLLIKOM haKynTeTy.

Jow 1957. rognHe Munenko Wywunh, jegaH on yyeHuka
MaHTe TyTyHUMha Ha KaTtenpu 3a pusnyuky xemnjy NMMd-a,
Beh ampmmncaH Ha OCHOBY CBOjUX pajoBa O Mofapo-
rpadckom opgpefuBamy ypaHa, nocTtaje npeu nsabpaHu
HacTaBHUWK 3a nNpegMeT EnekTpoxemuja Ha TOj KaTeppw,
npeysuma ra of, CBOr yumTesba, pa3Buja ra 1 BOAM CBe A0
opnlacka y neHsujy 1990. To je npakTu4HO 6MO 3ayeTak
opyror ueHTpa beorpafcke WKone enekTpoxemuje, no-
TeKJ1or U3 UcTor n3sopa. HakoH ognacka Nasna Casuha
y neHsnjy 1966, npocecop Wywwnh nocTaje wed Katenpe
M ynpaBHWK 3aBofa 3a (uanuky xemujy. TOKOM rogmHa
MMO® je npowao Kpo3 HU3 peopraHusaunja — hopmmupa-

Over the years, new research and education institution
have developed in Serbia, as a consequence of the strong
development of science, and some of them also developed
strong centres of electrochemistry. That is how, within
the Serbian Academy of Sciences and Arts, Institute for
Technical Sciences was established in 1969 and within
it, in 1973, a Bureau for Autonomous Electrical Vehicles,
headed by Aleksandar Despic. Later, that Bureau was
transformed into today’s Centre for New Materials and Na-
notechnologies. Associates of the Bureau and the Centre
also have their laboratories in the building of the Faculty of
Technology and Metallurgy, and ever since then, they have
been participating in the joint research and projects with
the researchers from TMF and CEH.

Aware of the fact that development of modern science re-
quires narrow professional education, in 1970, University
of Belgrade established the first graduate school in Central
and Eastern Europe — Centre for Multidisciplinary Studies.
Through a series of flexible educational programs, encour-
agement and development of multidisciplinary research,
for the past 50 years, the Centre has been offering unique
possibilities, first of all, to young scientists. Development
of this kind of education at the faculties has made the ed-
ucational role of the Centre redundant, so in 2007, it was
reorganised into a scientific research institution called
Institute for Multidisciplinary Research (IMSI). From the
very beginning, perhaps the most important area of edu-
cation and research at the Centre has been conversion and
storage of energy. A great number of researchers who deal
with this issue around the world have gained their basic
knowledge in this school. Lecturers at the Centre are the
most distinguished scientists and professors from various
faculties, so majority of students did their master and doc-
toral dissertations, many of them their further research as
well, at those faculties, most often as part of the previously
mentioned teams at the laboratories at the Faculty of Tech-
nology and Metallurgy.

In 1957, Milenko Susi¢, one of Panta Tutundzi¢’s students
at the Department of Physical Chemistry at PMF, already
recognised for his papers on polarographic determination
of uranium, became the first elected lecturer for the sub-
ject of Electrochemistry at the Department, which he took
over from his teacher, developed it and managed until he
retired in 1990. That was, practically speaking, the start of
the second centre of the Belgrade School of Electrochem-
istry, which originated from the same source. After Pavle
Savi¢ retired in 1966, professor Sui¢ became the Head
of the Department and Head of the Institute for Physical
Chemistry. Over the years, PMF has gone through a series
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JIN Cy ce oAceun, UHCTUTYTKU, HOBe KaTeape, yCTaHOBM-
I HOBW MpeaMeTun, opraHnsoBasie ce nocnegunioMmcke
cTyaunje, oa 6u ce 1990. nogenno Ha WecT He3aBUCHUX
thakynTeTa, Mely kojuma je 1 faHawmm GakynTteT 3a Gu-
3UYKY XEMMU]Y.

CTvuajeM oKonHOCTH, fenom 360r NpocTopHe pasasoje-
HoCcTW, a penom 360r noBpeMeHux Hecyrnacuua pAsa
ueHTpa beorpancke wkone enekTpoxemumje Ha POX-y n
TM®-y, wmxoBa capaftba je buna MHOro Marba Hero LWTo
je Tpebanon wTo je Morna fa byne. nak oHa HUKapa Huje
npecTajana, caMo je NepuoANYHO Metbana UHTEH3UTET U
obnuke, a yewhe je Guna NMYHa HEro MHCTUTYLMOHAS-
Ha. O ToMe cBef0uM M NofgaTak ga je beorpapacka wkona
eneKTpoxemMuje y CBETYy MpenosHata Kao je4MHCTBEHMU
LeHTap, jeOMHCTBEHN N3BOP N3Y3eTHUX HayYHUKA U Cjaj-
HUX npeja n gocturHyha. To he nokasatu n HapeaHu pe-
noBu y kojuma he 6utn HabpojaHe HajBaxkHMje obnacTu
KojuMa ce oHa 6aBu, HeHa HajaHauajHuja gocTurHyha u

HeHa HajuCTakHyTu1ja MMeHa.

Opf orpomHor 6poja yueHunka u capagHuka, asojuua haka
MaHTe TyTyHuwmha, KacHuje 1 npodecopa Ha TexHonowWw-
Ko-MeTanypwkom akyntety, AnekcaHgap Lecnuh u
OparytnH Opaxuh, 3ajedHO ca HEKOJMUMHOM CBOjuX
konera, takofe Rauuma MaHTe TyTyHuwuha, y nepuopy
o[, NoyYeTKa liesfeceTUx roguHa npownor seka, bunm
cy Hocuouun u morno 6u ce pehu npaBm yTemerbmBauu
Beorpapacke wWkone enekTpoxemuje. Hbnuxosa ncTpaxu-
Bakba M HNXOBA 3HaHA, LOOPMM 0eN0M CTeyeHa U TOKOM
BULLIEKPATHMX, Kpahux nnu gyxmnx 6opasaka Ha MHOrMM
€BPOMNCKUM N aMEepPUYKUM YHUBEP3NUTETMMA, KA0 U KPO3
capajhy ca MHOrMM BENIMKUM eNleKTpoxeMmuvapuma cBor
BpeMeHa, o, kojux hemo cnomeHyTn camo LloHa Bokpu-
ca, Mpejam Xunca, AnekcaHgpa ®pymkuHa, Kyprta LiBa-
6ea, JakoBa KonoTupkuHa, Pouepa [NapcoHca, JleBa
KpuwTanuka, EBreHuja bypesckor, BbpajaHa KoHBeja,
Cepha Tpacatuja n Epuky KanmaH, anu 1 ca »xesbom aa
CTeyeHa 3Hakba M UCKYCTBa MpPeHecy Ha HOBe reHepa-
Luje cBojux cTygeHaTa u mnahux capagHuka, omoryhunum
cy na beorpap noctaHe 3Ha4yajHO MECTO Ha efleKTpoxe-
Mujckoj Manu ceeTa. CBe 10 NoyeTKa feBefeceTnx rogm-
Ha, eNeKTpoxemMmnjcka Hayka y beorpafy ce MHTEH3UBHO
pasBuja, 6poj obnacTn ncTpaxmneamwa U 6pPoj NCTpaxKu-
Baya HenpecTaHo pacTe, a pesynTaTu TUX UCTPaXnuBaka
cy mefy HajaHayajHUjuM casHarbMMa 40 KOjuX je aolwna
enektpoxemuja Tor goba. To cy omoryhunm opnmyHa
onpems/beHocT (cpeanMHoM ocampeceTux b6eorpancke
enekTpoxemujcke nabopatopuje cy 6une mehy Hajbobe
OMNPeMJ/bEHNM Y CBETY), CTaNlHW KOHTAKTU U capaftba ca
eneKTpoxemMuyaprma LWMpoM nnaHeTe, CUTYPHO U cTa-

of reorganisations — departments, institutes, new depart-
ments, new subjects have been established, postgraduate
studies have been organised, and in 1990, it was separated
into six independent faculties, which included today’s Fac-
ulty of Physical Chemistry.

Due to a confluence of circumstances, partly because of
the spatial separation and partly due to occasional disa-
greements between the two centres of the Belgrade School
of Electrochemistry at FFH and TMF, their cooperation has
been far smaller than it should and could have been. Still,
it never ceased, it only occasionally changed intensity and
form, and it was more often personal than institutional.
This is also testified by fact that Belgrade School of Chem-
istry has been recognised in the world as a unique centre,
a unique source of excellent scientists and great ideas and
achievements. This will also be demonstrated by the fol-
lowing lines that mention the most important areas of its
activities, its most significant achievements and the most
distinguished names.

Out of the enormous number of students and associates,
two of Panta TutundZi¢’s pupils, later professors at the
Faculty of Technology and Metallurgy, Aleksandar Despi¢
and Dragutin DraZi¢, together with a handful of their col-
leagues, also Panta Tutundzi¢’s students, were the carri-
ers and it can be said, the true founders of the Belgrade
School of Electrochemistry since the early 1960s. Their
research and knowledge, largely acquired during sever-
al short- and long-term visits to numerous universities in
Europe and USA, as well as though cooperation with great
electrochemists of their time, such as John O’Mara Bock-
ris, Graham Hills, Alexander Frumkin, Kurt Schwabe, Jakov
Kolotirkin, Roger Parsons, Lev Krishtalik, Yevgeniy Bude-
vski, Brayan Conway, Sergio Trasatti, Erika Kalman, etc,
as well as their desire to pass on the acquired knowledge
and experience to new generations of their students and
young associates, enabled Belgrade to become an impor-
tant place on the electrochemical map of the world. Up
until the early 1990s, electrochemical science in Belgrade
had been developing quickly and the number of research-
ers continued to grow, while the results of those research
were among the most significant findings in the electro-
chemistry of that time. That was possible thanks to excel-
lent equipment (in mid-1980s, Belgrade electrochemical
laboratories were among the best-equipped in the world),
continuous contacts and cooperation with electrochemists
all around the world, stable and secure funding of research
and participation in international electrochemical conven-
tions, as well as researchers’ great dedication. There were
only a few important names in the world electrochemistry
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6MnHO hMHaHCUpare ncTpaxmBamwa v yyewha Ha enek-
TPOXEMU]CKMM CKYMOBMMA, Kao M Benumka nocsBeheHocT
ncTpaxmpada. Mano Koje 3HauyajHO MMe CBETCKe enek-
TpoxeMuje je nponycTuno ga nocetn beorpag 1 pasmeHu
nckycTBa ca npoctecopuma fecnuhem, Apaxkuhem u wu-

XOBUM capagHuumma.

MNMocnepunua MHTEH3MBHOT pa3Boja enekTpoxemuje y beo-
rpagy 6uno je ocHuBare Enektpoxemumjcke cekunje Cpn-
CKOr xeMujckor gpywTBa 1968. roanHe. Of cBOr HacTaHKa
na [0 faHac To je jegHa of, Hajak TUBHMjUX M HajopraHnso-
BaHMjux cekunja pywrea. Cekunja je, umajyhmy Buay oa
Cy Ce LEeHTpW enekTpoxemuje jow wWe3neceTux rogunHa
[BafleceTor BeKa, MaKo He TaKO CHaXW 1 BENINKW, Pa3Bu-
M 1y OpyruM akagemckum cpeguHama buswe Jyrocna-
Buje, bruna nHMLMjaTop ycTaHOB/baBaka Jyrocs0BEHCKOT
cuMMosnjyma o enekTpoxemuju. MNpeu je ogpxaH y beo-
rpagy, ucte 1968. rogunHe, a 3aTuM Cy crnegune roguHe y
KojuMa je To 6110 3Ha4YajHO MecTo Npe3eHToBaka HajHO-
BUjUX pe3ynTaTa, AUCKYCKhja U floroBapakba 3ajeHUYKUX
UCTpaXuBaka, Kao M MokpeTawa uHuuMjaTmea. foctu
CMMMO3unjyMa 1 nneHapHu npepasayun cy buna MHora of
paHvje HaBefEeHUX BENIMKMX UMEHa CBETCKe efleKTpoxe-
Muje, a CKyM je MMao 3Ha4yajHo MeCcTO Ha Manu efleKTpoxe-
Mujckux pgorafaja TokoM HM3a roguHa. MpunagHuum beo-
rpafcKe LWKOJNe efleKTpoxeMuje cy CKOpPo pefoBHO bunu
HajbpojHMjM yuecHMUM 1 ca HajsehuM Bpojem caonwTera.
BehuHa ux je ogpxaHa y [lybpoBHUKKY, ann u Ha Oxpuay,
y beunhuma n PoButby, a nocneptu (4BaHaecTu no pemy)
KOjM je OKYynuo CBe enekTpoxemuyape buBlie gpxkaBse,
oApxaH je y jyHy 1991. Ha MirmaHy. HakoH pacnaga Jyro-
cnaBuje, TpaAuumMjy CKynoBa Mof WUCTUM WMEHOM, Ha-
cTaBJbajy enekTpoxemumyapu CaBesHe Penybnuke Jyro-
claBwje, HeCcpasMepHO CKPOMHMje 1 no 6pojy yuecHrKa n
no KBanuTeTy, na 6u nocneprun 6o ogpxkaH y jyHy 2003.
rognHe nog umeHom XVI cuMnosnjym o eneKTPOoxXeMujm

Cpbuje n LipHe lNope, ca cBera aBageceTak yuecHuKa.

HewTo KacHwuje, Kao pesynTaTt UCTMX TpeHpoBa, 1989.
roguHe ce ocHmBa W [OpywTtBo pusukoxemmyapa Cp-
6uje — ODC, koje of, moyeTKa 3HavajaH A0 aKTUBHOCTHU
nocsehyje enekTpoxemujun, wto je 2000. rognHe goBeno
na gopmuparea EnekTpoxemujcke cekuunje Tor ApywiT-
Ba. CXoQHO TeMaTmMKaMa Kojuma ce 4YnaHoBU Te ceKuuje
OpywTBa Hajsuwe 6ase, of 2014. roguHe ODC kao ca-
Tenutckn porahaj cBoje MefyHaponHe KoHepeHunje
Fundamental and Applied Aspects of Physical Chemistry
opraHusyje Meeting on Materials Science for Energy
Related Applications, cBe yrnegHuju MefhlyHapoaHu ckyn
KOjW OKYM/ba NPEeTeXHO eNneKTpoxemuyape, yriaBHoOM 13
pernoHa. Oe, 2020. roaunHe, 15. koH(epeHunjy npaTtuhe

that didn’t visit Belgrade and that passed on the opportu-
nity to exchange their experiences with professors Despic
and Drazi¢ and their associates.

The intensive development of electrochemistry in Bel-
grade resulted in the establishment of Electrochemical
Division at the Serbian Chemical Society in 1968. Since
its foundation, it has been one of the most active and the
most organised section of the Society. Bearing in mind that
in the 1960s, centres of electrochemistry also developed
in other university centres in Yugoslavia, albeit not as great
nor strong, the Section was the initiator of establishing Yu-
goslav Symposium on Electrochemistry. The first was held
in Belgrade in 1968, and then, in the following years, the
symposiums became a place for presentation of the latest
results, discussions and making agreements on joint re-
search and initiatives. The symposiums’ guests and plena-
ry lecturers were many of the previously mentioned names
from the global electrochemical community and the Sym-
posium held an important place in the annual calendar of
electrochemical events for many years. Members of the
Belgrade School of Electrochemistry were almost regu-
larly the most numerous participants with the greatest
number of presentations. Most of the symposia were held
in Dubrovnik, but also at Ohrid Lake, in Beci¢i and Rovinj,
while the last one (the twelfth in total), which gathered all
the electrochemists in the former state, was held in June
1991 at Igman. After the break-up of Yugoslavia, the tradi-
tion of these gatherings under the same name, was contin-
ued by electrochemists from the Federal Republic of Yu-
goslavia, in an unproportionally smaller scope by both the
number of participants and the quality, and the last one
was held in June 2003 under the name of 14 Symposium
of Electrochemistry of Serbia and Montenegro, with only
about 20 participants.

A little later, as a result of the same trends, in 1989, Ser-
bian Society of Physical Chemists — DFS, was established,
which, since the inception, dedicated a large part of its ac-
tivities to electrochemistry, which in 2000 led to the for-
mation of Section for Electrochemistry. According to the
themes that the members of the Section were most inter-
ested in, since 2014, as a satellite event of its international
conference Fundamental and Applied Aspects of Physical
Chemistry, DFS has been organising Meeting on Materials
Science for Energy Related Applications, an increasingly
respected international conference that gathers mostly
electrochemists, largely from the region. In 2020, the 15®
Conference will be followed by the fourth meeting on ma-
terials in the field of energy.

Since electrochemistry at the Department for Physical
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N YeTBPTU cacTaHak o MaTepujanuma y obnactu eHep-
rumje.

MowTo je enekTpoxemuja Ha CTyAMjcKOj rpynu dusmuka
XeMuja Ha Tagalwrem MprupogHo-maTeMaTnykom hakyn-
TeTy npoyyaBaHa y CKnony 6pojHUX KOMMIEeMeHTapHUX
npegMeTa Kao WTO Cy MatemaTtuka, usmnka, xemumjcka
TepMoAMHaMMKa, aTOMUCTUKA, XeMUjCKa KUHeTuKa,
aToMcKa v MoJIeKyncKa CnekTpoxemuja, Harnacak je 6uo
Ha HeHOoj hyHAaMeHTaNHOoj CTpaHu y Kopenaumju ca no-
MEHYTUM KOMMNEMEHTAPHMM NpegMeTuMa — nsyyasaky
TpaHCcnopTa joHa y eNeKTPoanTuma, Teopmjn MexaHmsma
thopMuMpara [BOJHOI eNIeKTPUYHOr CJioja, TepMOAUHA-
MUYKOM acneKkTy efleKTPOMOTOPHEe Cuile Y KUHETUYKOM
acnekTy peakumja Ha rpaHuum Metan/enektponut. Mpo-
6nem je y noyeTky 610 y HealeKBaTHO] U CKPOMHOj On-
pemu. Tek of cepampeceTux roguHa ce Habassba Taga
CaBpeMeHa efleKTpoXeMujcKa MHCTpYMeHTaunja, Koja je
1987. ponyreHa jow caBpemMmeHnjoM. M nopep Tora, 3ax-
Basbyjyhv NOBO/BHOM OKpYyXekby 3a hyHAaMeHTaHa mc-
TpaxkmBaka, ncTpaxusauu ca MMdP-acy y obnactv enek-
TpoxeMuje ycnesanu fa npaTe caBpeMeHe TpPeHOoBe Yy
pasBojy enekTpoxemuje. Tako cy cefamaeceTux roguHa
noyenia UCTpaxusara pacTtona conu, noBesaHa ca hu-
XOBUM 3HauajeM y fobujarby ankanHux v TEWKO Ton/bU-
BMX CTPaTerujckn BaXkHux metana. llap roanHa KacHuje,
yBeAeHa Cy UcnutuBaka YBPCTUX €NeKTPONnNTa, y BE3N
ca Taja akTyeslHMM MPOHaNacKoM CyMepjoHCKMX Mpo-
BOAHVKA Ha 6a3n BMCOKOMOKPETHMX joHa KPO3 YBPCTY
asy, 1 Ha HKMMa 3aCHOBAHUX AYroBEYHUX NUTUjYMCKMX
baTepuja 3a nejcmejkepe. Y BpeMe KoMepumujanmsaumje
MeTan-xmapugHux batepuja, ocamaeceTux rogmHa cy
3anovena v UCTpaxuBara TEPMOLUHAMUKE U KUHETUKE
Xxuapupara mMeTtana u nerypa, a no4eTkoM HOBOI MU-
NleHnjyMa 1 npoy4vaBaka NPOBOLJbUBOCTU anpoOTUUHUX
eNeKTPONINTUYKNX PACTBOPA M KUHETUKE MHTepKanaLmo-
HUX peakuMja, y Be3u ca Tafa akTye/IHOM KoMepumjanu-
3aUnjoM NUTUjyM-joH baTepuja ca OpraHCKMM eneKkTpo-
NIMTUYKMM pacTBapaymma. KacHuje ce Ta uctpaxusama
nopepn, NMMTUjyMOBUX WKNPE U Ha ApYyre joHe, anKalHUX
N 3eMHOaJIKa/IHUX efleMeHaTa, He caMo Yy anpoTUYHMM
Hero 1y BoAeHnM pacTsopuMma. lapanenHo ca oBuM, uc-
TPaXXMBaHW Cy M MaTepujann KataiuTUYKM aKTUBHU 3a
peakumje KNCEOHNYHE N BOOOHWYHE eNleKTpoAe y Boae-
HUM pacTBOpMMAa, akTyenHMM 360r nepcnekTrBe ga Bo-
OOHMYHO-Ba3AyLlHA eHepreTMka KOHKypuLe GOCUIHUM
ropvsmma y obnactu caobpahaja. MocebaH gonpuHoc je
MOCTUIHYT Yy pasBojy kapboHM30BaHMX NoANaHUIVHA A,0-
NMpPaHnX xeTepoaToMmMMa, BUCOKE eNleKTpoKaTaInTuuke
aKTMBHOCTM M BUCOKOI KanauuteTa LBOJHOr eNeKTpuy-

HOr cnoja. Y nocnegmwux gecet rooMHa UCNUTUBaHa noja-

Chemistry of the Faculty of Natural and Mathematical
Sciences has been studied as part of numerous complicat-
ed subjects, such as mathematics, physics, chemical ther-
modynamics, atomistics, chemical kinetics, atomic and
molecular spectral chemistry, the emphasis was on its fun-
damental side in correlation with the previously mentioned
complementary subjects — study of transport of ions in
electrolytes, theory of double electrical layer formation,
thermodynamic aspect of electromotive force and kinet-
ic aspect of reaction at the metal/electrolyte interface.
The issue at first was inadequate and modest equipment.
In wasn’t until 1970s that the procurement of at the time
modern electrochemical instrumentation began, which
was supplemented by even more modern one in 1987.
But despite that, thanks to the favourable surroundings
for fundamental research, the researchers from PMF have
managed to keep up with the modern trends in the de-
velopment of electrochemistry. That is how in the 1970s,
they began studying salt dissolution with its importance
for production of alkaline and hard-to-melt strategically
important metals. A few years later, they introduced study
of solid electrolytes, in relation to at the time topical dis-
covery of superionic conductors based on highly movable
ions through a solid phase, and long-term lithium batteries
for pacemakers that were based on them. At the time of
commercialisation of metal-hydrid batteries, in the 1980s,
they also began research of thermodynamics and kinetics
of metal and alloy hydration, and at the start of the new
millennium, also the study of conductibility of aprotic elec-
trolyte solutions and kinetics of intercalation reactions, in
relation to at the time topical commercialisation of Li-ion
batteries with organic electrolyte solvents. Later, the same
research has expanded to other ions, besides lithium, of
alkaline and non-alkaline earth elements, not just in apro-
tic but in aqueous solutions as well. In parallel, catalyti-
cally active materials for reactions of oxygen and hydrogen
electrode in aqueous solutions were also studied, because
of the possibility for the hydrogen-air energetics to com-
pete with the fossil fuels in the field of transportation. A
special contribution has been achieved in the development
of carbonised polyanilines of doped heteroatoms, of high
electrocatalytic activity and high capacity of double elec-
trochemical layer. In the last ten years, research into phe-
nomena on the metal/electrolyte Interface have also been
performed using theoretical DFT method.
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Ba Ha rpaHuLLK MeTan/eneKTposnT BpLie ce U TEOPUjCKOM
OPT meTonooM.

Mako je opujeHTaumja 6una npBeHCTBEHO Ha (hyHAaMeH-
TanHa UcTpaxusama, ca Pakynteta 3a QUINUKY XeMujy
MOTEKJIO0 je HEKOIMKO MPaKTUUHMX pellerba, Kao WTo Cy
ycaBpllaBatbe TexXHO/orvje npousBOAHE TaHTaNOBUX
KOHOEeH3aTopa WM TEXHOOrnja CUHTe3e aflkasHuX joga-
Ta 3a NPOTUBIrPaAHUN peareHc, anm u HU3 PerncTpoBaHux
naTeHaTa Koju Yekajy NpakTU4Hy NprMeHy.

HaxanocT, HecpehHu norahaju nesepeceTnx n OACycTBO
yCcnoBa 3a KBaNMTeTaH HayYHO-UCTPaXMBauku pap yc-
nopunn cy pasBoj enekTpoxemuje y beorpagy, anm He n
Beorpagcke wkone enekTpoxemuje. Cknamwajyhun ce og
Hepaha y cBojoj 3eMsbuy, y NoTpasu 3a 6o/mwmm MoryhHoc-
TMMa 3a UCTPaXwuBakba M CUTYPHUJOM €r3ncTeHLM|oM,
Benuku 6poj yueHuka npodecopa Oecnuha, Opaxuha n
LWywwnha kpajeM ocaMmpeceTux U TOKOM feBefeceTux, na
M HaKOH Tora, o4sia3n 13 3emsbe U ca cobom Hocu 3Haka
n pocturHyha cteveHa y beorpagy. MomeHyhemo camo
HEKOJIMKO HajMo3HaTUjuUX M HajycnewHujux Mehy wuma:
Papocnas Auwuh, HeHag Mapkosuh, PagocnaB ATaHa-
cocku, Hukona AHacTacujeBuh, BojucnaB CtameHkoBuh,
CtaHko BpaHkosuh, Hebojwa MapuHkoBuh, AnekcaHgap
XepahaHuH, Tarwwa Bupakosuh Koch, Cpehko Ctonuh u
opyru. Huko on mwux, kaga ce obpaha enekTpoxeMumjckoj
jaBHOCTHW, He MponyLTa Aa UCTaKHe Aa HbUxoBa ycnewHa
Hay4Ha Kapwvjepa v ocTBapeHu pesyntatu Hajsehum ne-
JIOM MO4YMBajy Ha OHOME LITO CYy HayyYunam v OOCTUIIN Y
Beorpapny. BennunHa beorpafcke WKose enekTpoxemuje
orneface vy TOMe LUTO je HAKOH BULLIE O jefHe feleHuje
cTarHaumje, CKPOMHOI NMpUCYCTBa Yy MaBHUM TOKOBMUMA
HOBOMOKPEHYTUX UCTPaxuBaka, OCKyAMWLe, 3acTapene
onpeme, ca NOYETKOM HOBOI MUNIEHWjyMa novena aa ms-

HegpaBa HOBY reHepaLnjy yCnewHNX HayYyHmKa.

Mako camo nme beorpapfcke LWKoe eNeKTpoxemMuje BuLle
HUje TONMMKO MNPeno3HaT/bUBO, HacNeOHWLM OCHMBaYa
Bpahajy HeH yrnen y cBeTy, MHTEH3MBHO HacTaBbajy
NCTPaXknBaka y TpaguLUMOHANHUM, anu U 0CBajajy HoBe
obnacTun enekTpoxemuje, obHaBsbajy cTape M ocTBapyjy
HOBEe KOHTaKTe 1 capafyjy ca koneramay cBeTy. Mokasa-
Tesb TUX Hanopa je U ycTaHoB/baBake PernoHanHor enek-
TPOXEMMW|CKOT CKyMa, KOju je HacTao Ha TPaauunju Heka-
LalHNX jyrOCNOBEHCKUX CUMMO3MjyMa O eJIEKTPOXEMU|U.
Ha nHuumjaTney rpyne enektpoxemuyapa us beorpapga, a
y3 NOAPLIKY Konera ns Xpeatcke, [pBU permoHanHu cnum-
nosunjyM o efnlekTpoxemuju — JyromcTtovHa EBpona, opra-
HM30BaH je 2008. roauHe y PoButby, XpBaTcka. [lo gaHac
je ogpxaHo cegam ckynosa (nopep Xpatcke, y Cpbuiju,
PymyHuju, CnoseHnju, byrapckoj n MaRapckoj), cBaku

Although they were mostly oriented towards fundamental
research, several practical solutions have originated from
the Faculty of Physical Chemistry, such as improvement of
technology for production of tantalum capacitors or tech-
nology of alkaline iodate synthesis for anti-hail reagents,
as well as a series of registered patents that are still await-
ing practical application.

Unfortunately, unfortunate events in the 1990s and the
lack of conditions for good-quality scientific research have
slowed down the development of electrochemistry in Bel-
grade, but not the Belgrade School of Electrochemistry.
Taking refuge from the unfortunes in their own country, in
search of better conditions for research and safer existence,
great number of professors Despi¢, Drazi¢ and Susi¢’s stu-
dents left the country in the late 1980s and 1990s, and af-
ter that as well, and with them carried their knowledge and
achievements acquired in Belgrade. We will mention only
some of the most successful and famous among them: Ra-
doslav Adzi¢, Nenad Markovi¢, Radoslav Atanasoski, Niko-
la Anastasijevi¢, Vojislav Stamenkovi¢, Stanko Brankovic,
Nebojsa Marinkovié, Aleksandar Zeradanin, Tanja Vidak-
ovi¢ Koch, Srecko Stopi¢ etc. None of them, when speaking
to the electrochemical public, fails to mention that their
successful scientific career and achieved results are large-
ly based on what they have learned and accomplished in
Belgrade. The size of the Belgrade School of Electrochem-
istry can also be seen in the fact that after over a decade of
stagnation, modest presence in the main streams of newly
launched research, shortages, outdated equipment, at the
start of the new millennium, it began producing a new gen-
eration of successful scientists.

Although the name Belgrade School of Electrochemistry
is not as recognisable anymore, the heirs to the founders
are returning its good reputation in the world, intensively
continue research in the traditional areas, but also conquer
new ones, restore the old and make new contacts and co-
operate with their colleagues in the world. An indicator of
those efforts is the establishment of Regional Symposium
on Electrochemistry, which was created on the tradition of
former Yugoslav Symposiums on Electrochemistry. Upon
the initiative of a group of electrochemists from Belgrade,
with the support of their colleagues from Croatia, the first
Regional Symposium on Electrochemistry of South-East
Europe, was organised in 2008 in Rovinj, Croatia. So far,
there have been seven symposiums (apart from Croatia,
in Serbia, Romania, Slovenia, Bulgaria and Hungary), each
time with around 200 participants, and the next, eight, will
be held in 2021 in Austria. The best confirmation to the
electrochemists in Belgrade that they are on the right track
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nyT caoko 200 yyecHuka, a cnegehu, ocmu, buhe ogpaH
2021. roguHe y AycTpumjn. Hajbosba noTBpaa enekTpoxe-
mMuyapuma beorpaga ga cy Ha pobpom nyTy je pobujare
pomahuHcTBa 71. roguwmer cactaHka MehyHapogHor
eneKkTpoxemujckor gpywTsa, on 30. aBrycta go 4. cen-
Tembpa 2020., Hajseher cBeTCKOr ckyna y oBoj obnacTu.
KopucTehu Taj Benuku HayyHu gorafaj, a y by Nnpomo-
BUCaHa eNIeKTPOXEMM|CKE HayKe, MOTMBMCAHA MIaanx
[a joj ce nocBeTe, ann 1 yno3HaBara Hajlwmpe 3ajeaHun-
e ca OBOM HayKOM U beHUM gocturHyhuma, 13 HayuHux
MHCTUTYyUMja 1 gpywTaBa je 2020. rognMHy npornacunio sa
loouHy enekTpoxemuje y Cpbunju. Tokom eHor obenexa-
Barba npensufieHe cy MHOre akTMBHOCTM: TPW LuKIyca
jaBHMX NpefaBarba, HEKONIMKO PafMoHMLA 38 YYEHUKE U
CTYLEeHTe, NpoMoLMja eNEKTPOXEMUN]jE HA HEKOJIMKO Ha-
YYHUX CKYMNoBa, CBe A0 0Be n3noxbe kao cBeobyxBaTHOr
yno3HaBakba ca eNIeKTPOXEMUN]OM KPO3 HacTaHak, pasBoj

M akTUBHOCTK Beorpapacke WwKone enekTpoxemuje.

Op jopomeTpuje 0o NUTUjyM-
joHCKux 6arepuja

Of pasBujarba M yHanpefhuBara enekTpoaHamUuTUYKUX
MeToLa, Npe CBera KynomeTpuje, jonoMeTpuje, meTano-
MeTpuje, NnepMmaHraHomeTpuje, buxpomatomeTpuje, UH-
OMPEKTHE KyNOMeTpujcKe TUTpauunje BULIEKOMMOHEHT-
HUX cUCTeMa 1 [pyrux, kojuMa ce 6aBuvo MaHTta TyTyHLnh,
obnactu uctpaxusara beorpagcknx enekTpoxemmyapa
ce BpemeHoM wwupe. Kpajem nepecetux (1957-1959),
AnekcaHpgap Hecnuh TokoM cBor 6opaBka ko LloHa
bokpuca noummwe pa ce 6aBu npobnemuma KuHeTUKe
eNeKTpPoaHMX Npoueca, a Ta Tematuka, nocebHo npobne-
MW eNIEKTPOXEMUCKOT TasloXeHa 1 pacTBaparba MeTana,
oCTaje jefiHa o[, HajBaXkHWjux obnacTu no Kojoj je Ao oa-
HalWHMX faHa no3Hata beorpafcka WKona enekTpoxe-
Muje. HakoH Oecnuha n OparytuH Opaxuh je npoBeo e
roanHe (1959-1961) kon npodecopa bokpuca, roe je u
OH MMao NPWKKY fAa ce ynosHa u ga capafyje ca HajeMu-
HEHTHUjUM efneKTpoxeMuvapmma Tor BpeMeHa, usmehy
octanux un ca AnekcaHpgpom ®pymkuHoM. Capagha u
KOHTaKTW Koje cy Taga ycnoctasunm decnuh u Opaxuh
HacTaBJ/beHM Cy AeleHunjama, CBe [0 faHac, 1 BEPOBaTHO
cy 6aw oHn omoryhunu ga ce enektpoxemuja y beorpa-
Ly y3OWrHe 0o NiaHeTapHo npeno3HaT/bmBe beorpaacke
lwKone enekTpoxemuje. MexaHusaM TasioXera U pacT-
Bapakba reoxfa Koju cy 3ajeAHUYKMM MCTpaXmBarmmma
1961. roomHe noctaBunun bokpuc, decnuh n Opaxuh, pa-
Hac no MHULUMjanMMa aytTopa nosHat kao b1 ] mexaHn3am
(3. O’M. Bockris, D. M. Drazi¢, A. M. Despic, Electrochimica
Acta, 4 (1961) 325), npBu je BENMKM pe3ynTaT Koju je Haja-

is the fact that they were chosen to be the hosts of the
71t Annual Meeting of the International Society of Elec-
trochemistry, from August 30 to September 4, 2020, the
largest global gathering in this field. Using that great scien-
tific event and with the aim of promoting electrochemical
science, motivating the young and also getting the wid-
er community to get acquainted with this science and its
achievements, 13 scientific institutions and societies have
declared this year, 2020, the Year of Electrochemistry in
Serbia. The celebration shall include numerous activities:
3 cycles of public lectures, several workshops for pupils
and students, promotion of electrochemistry in several
scientific conventions, as well as this exhibition as a com-
prehensive introduction to electrochemistry through the
establishment, development and activities of the Belgrade
School of Electrochemistry.

From Iodometry to Lithium-Ion
Batteries

From development and improvement of electroanalytical
methods, first of all, coulometry, iodometry, metallom-
etry, permanganometry, bichromatometry, indirect cou-
lometric titration of multicomponent system, etc., which
were the focus of Panta TutundZié¢’s work, the Belgrade
electrochemists’ area of research has expanded over
time. In late 1950s (1957-1959), during his stay with John
Bockris, Aleksandar Despi¢ began working on the prob-
lems of kinetics of electrode processes, and that subject,
especially the issues of electrochemical deposition and
dissolution of metal, remained one of the most important
areas that Belgrade School of Electrochemistry has been
known for. After Despi¢, Dragutin DraZi¢ also spent two
years (1959-1961) with professor Bockris, where he also
had the opportunity to meet and collaborate with the most
distinguished electrochemists of that time, including also
Alexander Frumkin. Collaboration and contacts that were
then established by Despi¢ and Drazi¢ have continued for
decades, until today, and it is quite likely that it was them
that enabled electrochemistry in Belgrade to rise up to
planetary recognisable Belgrade School of Electrochem-
istry. Mechanism of deposition and dissolution of iron,
which was established in 1961 in a joint research by Bock-
ris, Despi¢ and Drazi¢, today known after the initials of its
authors as BDD mechanism (3. O’M. Bockris, D. M. Drazic¢,
A. M. Despi¢, Electrochimica Acta, 4 (1961) 325), was the
first great result that announced the creation of Belgrade
School of Electrochemistry. Over the past 60 years, dozens
of researchers worked and are still working on the study
of electrochemical deposition and dissolution of metals,
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BMO HacTaHak beorpafcke wKone enekTpoxemuje. TOkoM
npoteknunx 60 roanHa, Ha geceTnHe UcTpaxunsada 6asu-
no ce 1 6aBKW ce NpoyvaBakeM eNeKTPOXEMMCKOr Tano-
Xerba U pacTBapakba MeTana, nerypa v KoMnosuTHUX (Bu-
LECNOjHMX) MaTepujana, TanoxereM npaxosa Metana u
nerypa v pasHoOBPCHMX KaTanmsaTopa 3a UHOYCTPUjCKY
eNeKTpoNnnsy, ykby4yjyhu n nctpaxmsarma mexaHmsama
pasnuuntux obnvka Koposuje U passujarbe NocTynaka
3awTnuTe of koposnje. Mehy bpojHum gocturHyhmuma y
0BOj 061aCTV UCTUYEMO HEKOJIUKO:

Jow JOK cy KOMNjyTepu 3aysumanu umTtaBe cobe, Ha-
UnkbeH je nporpaMm Kojum je moryhe reHepucaTtu cBe
Moryhe nyTeBe Kojuma Moxe fa ce ogurpa jegHa (enek-
Tpo)xeMujcka peakuuja. Nokasano ce ga je KOO HeKux
peakuuja, Ha NpuMep Npv penyKumnjyu KnMceoHuka, 6poj
mMoryhux nyTeBa OorpoMaH v ga Mory noctojatu 6pojHu
HOBM, KOje HM MalTa UCTpaXmsaya A0 Tafa Huje morna

AanpertnoctaBu.

Benwuka rpyna uctpaxusava beorpagcke wkone 6aBu ce
JeueHnjama, cBe 00 fgaHac, npobnemMmnma enekTpoKpuc-
Tanusauunje MeTtana, OLHOCHO Mopdosorvje MeTanHux
[.enosuTa Koju ns Tora nponcTtunyy. NocebHo ce npoyyasa
nojaBa OeHAPUTUYHOT pacTa, a pe3ynTarT je Teopuja Koja
nokasyje naje OHycnoB/beH 0gHOCOM n3mehy akTmBaLmo-
He M TpaHCMOPTHEe KOHTPONe npoueca pasefiekTpucara
joHa. [laT je v [ONpMHOC NO3HaBakby NpoLeca Hykeauuje
MeTasHMX 3pHa Ha HeCpPOAHOj NOAJI03M, @ eKCNepUMeH-
TanHo je noTBphEeHO NOCTOjake 30He NCKIbyYeHa 0Ko Beh
thopMupaHor Hykneyca y Kojoj He Moxe fa fofe fo HoBe
HyK/lealmje, Kao 1 NocTojara HyKJieauMoHUX NPCTeHOBA

Koju ce Wwupe oko pacTtyher kpucTana.

Kao pesynTtaT npoyyaBarba eNEKTPOXEMMUCKMX 0COBMHA
pasnuMUMTUX Nerypa u HaumHa bruxoBor nobujarba KaToa-
HWM TanoxereM, NpoHaheHa je 1 n3BaHpedHa MeToAa
opnpehuBara hasHor cacrtasa ferypa, jeAHOCTaBHMUjA U
6pixa of, CBUX 4OTNE NO3HATUX. Y NUTakby je MeToha aHo4-
He NIMHeapHe NMpoMeHe MoTeHuMjana, Ynju cy oaroBopu
Kao oTMcak NpcTa, KapakTepUCTUYHM 3a CBaKy Jlerypy, a
[0ajy U KBanuTaTUBHE U KBAHTUTaTMBHE nofaTke o hasa-
Ma 13 KOjuX ce nierypa cacTtoju.

Ha 6a3u oBMx hyHAaMeHTaNHMX UCTPaXMBara passuje-
HW CY Uy MPaKCU NPUMEHEHM MHOFOBPOjHM MOCTY MK, U3-

rpafleHn NoroHu, NpujaB/beHN 1 peann3oBaHu NaTeHTU.

HuwTa Marbe 3HavajHa 1 3a beorpafcky WKONy enekTpo-
XeMuje npenosHaT/buea H1je HM 06nacT enekTpokaTanu-
3e, NpoyyaBarbe ¥ PasBoOj HOBUX ENEeKTPOKATANUTUYKNX
MaTepujana 3a HajpasnuMunTuje HameHe. Mako ce enek-
Tpokatanusa y beorpagy npoyyaBana jow opf nepece-

alloys and composite (multi-layered) materials, deposi-
tion of metal and alloy powder, and various catalysers for
industrial electrolysis, including research of mechanisms
of various forms of corrosion and development of corro-
sion protection. Among the numerous achievements in this

area, we will mention a few:

At the time when computers were still taking up entire
rooms, a program has been created that made it possi-
ble to generate all possible ways in which a certain (elec-
tro)chemical reaction can take place. It turned out that
in some reactions, for example in oxygen reduction, the
number of possible pathways is enormous and that there
can be countless others, which researchers at the time
couldn’t even dream of.

For decades, a large group of researchers from the Bel-
grade School of Electrochemistry has been working on
problems of metal electrocrystallisation, i.e. morphology
of metal deposits that stem from it. The phenomenon of
dendric growth has been especially researched and the
result was a theory that shows that it is conditioned by the
relationship between activation and transport control of
the ion discharge process. A contribution was also given
to the knowledge about the process of metal grain nucle-
ation on an unrelated surface, while the existence of ex-
clusion zone around the already formed nucleus where no
new nucleation may occur has been experimentally prov-
en, as well as the existence of nucleation rings that spread
around the growing crystal.

As a result of the research on electrochemical qualities of
various alloys and techniques for obtaining them by cath-
ode deposition, an excellent method for determination of
phase composition of alloys has also been discovered,
which is simpler and faster than all the others that were
previously known. The method in question is the method
of anodic linear sweep voltammtery (ALSV), whose an-
swers are like fingerprints, characteristic for each alloy,
and which also give qualitative and quantitative data on the
phases of the alloy.

Based on these fundamental research, numerous proce-
dures have been developed and practically applied, facil-
ities have been constructed and patents were registered
and realised.

Equally important and for the Belgrade School of Elec-
trochemistry recognisable is the area of electrocatalysis,
study and development of new electrocatalytic materials
for various purposes. Although electrocatalysis has been
studied in Belgrade since the 1950s, in early 1980s, with
the discovery of selectivity of the noble metal monocrys-
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TUX rogvHa OBaJeceTor Beka, paHuMx ocaMeceTux, ca
oTKpuheM CeneKTUBHOCTM KaTaJIMTUYKe aKTUBHOCTU
MOHOKpUCTana niemMeHnTUx mMetana y (QyHKLUjM Kpuc-
Tanorpadcke opujeHTaumje, 3anNoUnky MHTEH3UBHA UC-
Tpaxusara ynotpebe naeMeHUTUX MeTana, pasnmunTmnx
nerypa u yribeHUMYHUX KOMMO3UTA, Kao Katanmsatopa
3a HUCKOTeMnepaTypHe ropueHe henuje, cynepKoHAeH-
3atope, NMTUjyM-joHCKe bBaTepuje, anu nU MHore gpyre
enekTpoxemujcke npouece. Y hoKycy TUX UCTPaXKMBaHa
6unu cy npoLecu KatogHe pefyKLnje BOLOHUYHUX JOHa U
KMCEeOHMKa, Kao 1 OKcupaLmnje opraHCKMx MosieKkyna Koju
Cy NOTeHLMjanHa ropmea y raJiBaHCKMM ropuBHUM cripe-
roeuMma. MNocebaH LONPUHOC YUUHEH je UCTPaXKMBareM
KaTanMTUYKOT fenoBara Jobpo aerHncaHnx Kpuctan-
HUX paBHWU. PasBujeHa je TexHWKa KojoM Cy MOHOKpUC-
Tanu nnaTuHe 1 3nata 6UnM Tako CeYeHU Aa Ha HUX0BO)
MOBPLIMHK pacTBopy byay mM3noxeHe pasnuumte, 6uno
HUCKOWHIEKCHE UMW paBHU Ca BULLIMM MHOEKCUMA, KOje
npefcTaB/bajy pasHe 0QHOCE pPaBHUX MOBPLUMHA U CTe-
neHunua. NokasaHe cy 3Ha4ajHe pasnKe y KaTtalnTUUYKoM
[enoBaky TaKBUX NOBPLUMHA Ha eNTeKTPOXEMUCKE peak-
umje. MocebHa naxma je noceeheHa pasymeBary NoBp-
WMHCKMX Mpoueca Ha rpaHuum asa metan-pacTBopa.
Kopuctehu pasnuuute ex situ (AES, LEED, UPS, XPS) u in
situ (SXS, STM / AFM) NOBPLINHCKMK OCET/bUBE TEXHUKE Y
KoMbuHaumnju ca BubpaumoHom cnektpockonujom (FTIR,
ATR) 1 KNlaCUYHUM eneKTPOXeMUjCKMM meTopama, yc-
nocTaB/beHe cy penaumje nsamehy MUKPOCKONCKe aTOMCKe
(ENeKTPOHCKE) CTPYKTYpPE MOHOKPUCTANTHUX MOBPLUMHA U
MaKpOCKOMCKe KNHETUYKEe Bp3nHe eNneKTPOXeMUjCKMX 1/
NN XeMUjCKNX peakunja. To je omoryhuno ga ce pasyme
[enoBake MeTasHMX HaHOYEeCTHLA Y CUCTEMUMA 38 KOH-
BEp3ujy 1 CKNaguwTera eHepruje, y3 ycTaHOB/baBake
onHoca namehy 6p3unHe peakunje, CENEKTUBHOCTU U CTa-
6MNHOCTM U KapaKTEPUCTUUYHUX OUMEH3Uja MeTalHUX
KaTanusartopa. Kapa je noyeTkom AeBefeceTux roauHa
pobap peo Tuma otuwao y CjegmrbeHe AMepuyke pxa-
Be, LLeHTap OBMX MCTPaXKMBarba Ce NPEHeO NPEKO OKeaHa,
anun 1 HaKoH Tora, Maja y CBe CKPOMHU|UM YyCNIOBUMa, U
y beorpagy ce HacTaB/ba Ca 0OBUM UCTpaxmBarMMma y3
KOHTUHYasHYy, HEKAA UHTEH3UBHW]Y, a HEKAfd, CKPOMHMUjY
capafty ca konerama y Amepuun. W paHac je 3HavajHa
rpyna uctpaxwusava y beorpany nocseheHa oM Tema-
Ma, a cTacana je n HoBa reHepauuja mnafux Koja je Ha
nyTy Aa BpaTu yrnen Koju je beorpag Mmao Ha 0BOM Mosby.

Mox[a jefaH of HajopUrMHANHUjUX NPaKTUYHKX pesys-
TaTa beorpapcke Wwkone enekTpoxemuje je Kpeuparbe
NMPVYMapHOr XeMWjCKOr U3BOpa CTpyje MM akymynaTo-
pa eneKkTpPUYHE eHepruje ca MeXaHWYKUM MNyHeHEM,

KopuwherweM cucTeMa anyMUHWjyM-Basgyx ca Hey-

tal catalytic activity in the function of crystallographic ori-
entation, intensive research into the application of noble
metals, various alloys and carbon based composites, as
catalysts for low-temperature fuel cells, superconductors,
lithium-ion batteries, as well as numerous other process-
es, began. The focus of this research were the processes
of cathodic reduction of hydrogen ions and oxygen, as well
as oxidation of organic molecules that represent potential
fuels in galvanic fuel cells. A special contribution has been
given by the study of catalytic activity of well-defined crys-
tal planes. A technique has been developed for cutting of
platinum and gold monocrystals so that on their different
surface, both low-index and high-index planes, are ex-
posed to the solution, which represents various relations of
flat surfaces and steps. Significant differences in catalytic
activity of such surfaces on electrochemical reactions have
been demonstrated. Special attention was given to under-
standing of surface processes on the metal-solution inter-
face. Using various ex situ (AES, LEED, UPS, XPS) and in situ
(SXS, STM / AFM) surface sensitive techniques in combina-
tion with vibrational spectroscopy (FTIR, ATR) and classic
electrochemical methods, relations have been established
between the microscopic atomic (electron) structure of
monocrystal surfaces and the macroscopic kinetic rate
of electrochemical and/or chemical reactions. This led to
understanding of the activity of metal nanoparticles in en-
ergy conversion and storage systems, by establishing re-
lations between the reaction rate, selectivity and stability
and characteristic dimensions of metal catalysts. When in
early 1990s, a large part of the team left for USA, centre
of this research moved across the ocean, but even then,
in increasingly more modest conditions, this research has
continued in Belgrade, with continuous and interchangea-
bly intense and modest cooperation with the colleagues in
the USA. Still today, there is a significant group of research-
ers in Belgrade who are dedicated to these topics and a
new generation of scientists has come of age which is on
its way to return the good reputation that Belgrade once
had in this field.

Perhaps one of the most original practical results of the
Belgrade School of Electrochemistry is creation of a prima-
ry chemical source of electricity or an electric accumulator
with mechanical loading, using aluminium-air system with
neutral aqueous solution of sodium-chloride as electro-
lyte. Under the management of professor Despic, for the
first time in the world, high energy potential of a low-alloy
electroactive aluminium was used in combination with ox-
ygen from air as oxidant and a solution of table salt as a
source of electric energy of high specific capacity. That is
how they have created Metal Candle, ecologically impec-
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TPpasHUM BOAEHUM PaACTBOPOM HATPUjyM-xJiopuaa Kao
enekTponutoM. [log pykoBoacTtBoM npodecopa [Lec-
nuha, NpBM NyT Y CBETY BUCOKW €HEPreTCKU NnoTeHumjan
HUCKONErnpaHor eneKTpoakTUBHOI anyMUHUjyMa UCKO-
puwheH je y KOMBUHAUMjK ca Ba3AyLWHUM KUCEOHWKOM
Kao OKCMAAHCOM M pacTBOPOM 0BUYHE KYyXWUHCKE COMKU
3a M3BOP ENIEKTPUYHE eHepruje BesIMKor cneumguuHor
KanauuTeTa. Tako je HacTana MetanHa ceeha, eKONOLWKK
becnpekopaH XeMUjCKM U3BOP CTPYje jep cy NpoM3BOAMU
HheroBe eBeHTyanHe Ae3uHTerpauunje anymMuHujyM-ok-
CUA ¥ cnaHa BoAa. oBOJ/bHM Cy Yalla BOAE M Masno Cou
[a TOKOM MHOTuMx catu faje pobpo ocBeT/bere Kaf rog,
To 3aTpeba. MpBK npoToTmn je uspaheH M naTteHTUpaH
jow KpajeM ocampeceTux roguHa, anv npobnemm Kopo-
3uje KosekTopa, XnapotobHOCTM BasaylHe eneKkTpoae
cacTpaHe Basgyxa v cTBapakba resia alyMMHUjyM-Xnapo-
KCuAa Cnpeunnu cy weHy Komepuujanusauujy. Mako cy
NCTpaXXnBaka Ha NpeBasnnaXery HegocTaTaka Tpajana
rogMHama, a Kpajem npowsior MMeHnjyma HanucaH je v
OncexaH npojekaTt ycBajarba NOCTYMNKA 3a HeHy KoMep-
LjanHy npov3BoaHY, 4O NPUXBAT/bMBOI pellera HUKa-
0a Huje gowno. MpojekaT HMje peann3oBaH, 3a WTa no-
CTOje MHOTM pasnosu, anu ga cy metan/sasnyx 6atepuje
nepcrneKkTUBaH M3BOP eHepruvje Nokasyjy n MHora akTyen-
Ha MCTpa)kMBatba U BEpOBak-e Aa Cy OHE jefaH o KaHau-
[aTa 3a nokpeTarbe eNeKTPUYHMX BO3na.

JefHO opf, 3HavajHMjux pocTurHyha y npakTUYHO] npwu-
MEeHUW 3Harba WM pesynTaTa OCHOBHMX WCTpaXkuara je
obnacTt xsnop-ankanHe enektponuse. MovyeTKkoM cepam-
[eceTux rogMHa ABafeceTor Beka rpyna uctpaxusaya
je 3amoyena ncTpaxusarba passoja KaTalUTUYKUX Npe-
Bflaka Ha 6asn NnneMeHUTUX MeTana, Npe cBera pyTeHujy-
Ma, Ha TUTaHy, Kao eneKkTpoda y NPoM3BOAHMN Xnopa U
xfiopata. Pe3ynTaT TUX UcTpaxusara je 61o passoj no-
CTyrnKa uspaje u penapauuje Te BpCTe aHOAQ, KojuMa cy
TOKOM CKOpPO ABe AeLeHnje cHabneBaHa cBa nocTpojerba
XN0p-anKanHe enekTponuMse y Tafawroj Jyrocnasuju.
Mopepn pa3Boja aHOA4A, NCTPAXKUBAUKN TUM je 61O 1N NHU-
umnjaTop ocHvBara brupoa 3a xnop, CTPYYHOr yapyxKeHa
KOje je 3a3ajiaTaK MMario pellaBame CBUX, a He CaMo Tex-
HOJIOLIKUX 1 Pa3BOjHMX 3axTeBa npomssohava xnopa. 13-
Mef)y ocTasnor, OHO je MOKPETaso NpojeKTe ycaBpLiaBara
N PEKOHCTPYKLMja TEXHOMOLWKMX nocTynaka n ysohera
HoBe, MeMbOpaHCKe TexXHOMornje y npomsBoamy. JefaH of
pesynTaTa TUX UCTpaXuMBaka je U Pa3Boj BUCOKO ayToMa-
TU30BaHe TexHonorunje aesnHdekLnje Boae, Koja je Ko-
MepLMjannsoBaHa y mnocTpojera Nof HasvBoM X/10poreH.
MpBO nocTpojetbe je npomsBeneHo 1996. y npeaysehy
Curma, Kyna, a gaHac ce nspahyje Bulle og fecet mogena
pasnuuMTUX KanauuTeTa, 3a pasnuymMTe HaMeHe —of, cTa-
LMOHAPHMX, MPEKO KOHTEJHEPCKUX, A0 MPEHOCHUX.

cable chemical electricity source, because the products of
its potential disintegration are aluminium-oxide and saline
water. All it takes is a glass of water and a little bit of ta-
ble salt to get a lot of hours of good lighting whenever it is
necessary. The first prototype was made and patented in
the early 1980s, but the problems with collector corrosion
and hydrophobicity of the air electrode on the side of air,
as well as generation of aluminium-hydroxide gel, prevent-
ed its commercialisation. Although the research on over-
coming its shortcomings lasted for years and by the end
of the last millennium, a comprehensive project for estab-
lishment of the procedure for commercial production was
produced, an acceptable solution was never reached. The
project was never realised for numerous reasons, but the
fact that metal/air batteries are a good potential source of
energy is also being demonstrated by numerous current
studies and belief that they are one of the candidates for
powering electrical vehicles.

One of the more important achievements in the practical
application of knowledge and results of the basic research
is the field of chlorin-alkaline electrolysis. In early 1970s, a
group of researchers began studying development of cata-
lytic coatings based on noble metals, first of all ruthenium,
on titanium, as electrodes in the production of chlorine and
chlorates. The result of these studies was the development
of construction and reparation procedure for this type of
anodes, which have been supplied for almost two decades
to all facilities for chlorine-alkaline electrolysis in Yugosla-
via. Apart from the development of anodes, the research
team also had a task to resolve all, not just technical and
technological, demands of the chlorine manufacturers.
Among other things, it drove the projects of improvement
and reconstruction of technological procedures and intro-
duction of new membrane technology in production. One
of the results of this research was also the development
of highly automatized water disinfection technique, which
has been commercialised in the so-called Hlorogen facili-
ties. The first facility was produced in 1996 at the Sigma
Company, Kula, and today more than ten different models
with various capacities are being produced for various pur-
poses — from stationary, containers to mobile.
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BpemeHOM ce mosbe ucTpaxmBara WKMPU U Ha gpyre
nNpMMeHe akTUBHUX NPeBJflaka Ha TUTaHy 3a pasfuunte
enekTpoxemujcke npouece (npeunwhaBarbe OTMAAHUX
BOLA, XpOMuMpare, nponssoara bennx numosa, padu-
Hauuja 6akpa u op), anv v Ha Apyre npuMeHe okcupa
NAEMEHUTUX U NPeNasHMUX MeTana Koje huxose ocobuHe
omoryhaBajy: KOMNO3UTHW MaTepujanm 3a KOHBEP3Ujy U
CKNnaguliTere eHepruje, Hocayun Kkatanansaropa. Jow of,
noyeTka ocamaeceTux rogMHa, na cBe Lo faHac, ca Wwu-
perweM obnactm uctpaxkmsama ysehasa ce n 6poj ncrtpa-

MBaya Koju ce kbmma 6aBu.

[a je beorpapg vMao yrnegHo MecTo y CBETY eneKTpo-
xeMnje noTtephyje nopaTtak ga cy v nopep CKPOMHUX
mMoryhHocTuW, npe cBera (MHAHCUJCKUX, Y Hera TOKOM
nocneprmnx 60 rognHa [OAA3UAN MHOMM HayYHULM Ha
ycaBpluaBake 1 pag. Kag rog ce ykasana npuamnka, Kpos
pasHe BUOOBe capagre U MeflyHapoaHMX npojekaTa, Ha
heceTuHe, Npe cBera Maagux HayyHuKa, J4oNnasuno jey
Beorpapcky wkony enektpoxemuje ga oboratn 3Hama,
yCaBpLUM Ce UK yYecTByje y peannsaumnjm sHayajHux uc-
TpaxkmBama. To cy Hajuewhe 6unu cTyoeHTH Ha pasMeHn
MW Ha JOKTOPCKMM U MOCTAOKTOPCKMM cTygujama (M3
Pycunje, XonaHguje, ®uHcke, Mapoka, benopycuje, An-
wupa, KnuHe v ap), anv n UCKycHu nctpaxmnsaum. Of cBux
HUX cnoMmeHyheMo caMo HEKONMMLMHY, Koju cy ¥y Beorpap,
ponasunm kao Beh npmsHaTh 1 No3HaTW HayydHuuM: bo-
puc OaHnjen KaxaH, Kejc BecTepH PesepB YHMBEP3UTET,
CAL; N. Cabo, Mahapcka akageMnja Hayka; YeH LLlex Xao,
YHusepauteT WaHpoHr, JuHaH, KnHa; Hukona baTtuHa,
npodecop Ha YHuBepcupapn AyToHoMa MeTpononuTta-
Ha-M3Tananna y Mekcuky; MNMutep ®erun, naHac pykoso-
aunau, npojekta y MuHuctapctey eHepruje (DOE) y Ba-
wuHrToHy, CALL; AHxej KoBan, MHCTUTYT 3a Katanuay u

NnoBpLUMHCKY XeMujy, Morbcka akafieMnja Hayka.

MHoro 6u BpeMeHa u npoctopa buno noTpebHo pma ce
camo npukaxy, cem Beh HaBegeHux, cBa ocTana Hajsa-
¥Huja pocTurHyha Beorpafcke LWKofe enekTpoxemuje,
a jow BuwWe pa ce HaBedy AOMPUHOCK CBMX NojegmHaua
KOju UMHe Ty wkKony. MNopepn Tora, PeTKn Cy OHWU Koju cy
CBOj AOMPMHOC Janu caMo y jegHoj obnactu, jep Kao u
CBakKa, 1 efleKTpoxeMuja 3anase y 6monorunjy, MeguunHy,
HayKy O MaTepujannma, ekonorunjy, husmnky, ca Kojom je
oayBek buna y HepackuMauBOj Be3n, TEOPUCKY XeMujy,
thapmaumjy n gpyre. 3aTo Cy Ha Kpajy 0OBOr KpaTKor npu-
Ka3a caMo HabpojaHe obnacTun kojuma cy ce 6aBuAN 1 joLu
yBek ce 6aBe uctpaxuBaun beorpapcke wwkone enek-
TpoxeMmuje, a n3a Tora Cy fata U UMeHa Jbyau KOju YmHe
Ty wkony, 6e3 o63upa y kojoj cy obrnactn ocTaBuIN CBOj
Tpar. CKOpO CUIFYPHO HEKO MMe HepocTaje jep cy Npeko

Over time, the field of research has expanded to other ap-
plications of active coatings on titanium for various elec-
trochemical processes (waste water treatment, chrome
plating, production of sheet metal, copper refining, etc.),
but also to other applications of oxides of noble and tran-
sition metals enabled by their properties: composite mate-
rials for energy conversion and storage, catalyst supports.
Starting from the early 1980s, the expansion of the area
of research has also led to the increase of the number of
researches.

Belgrade’s respected place on the map of the electro-
chemical world is also confirmed by the fact that despite
modest capabilities, first of all financial, for the past 60
years, it has been the place that many scientists have
come to for improvement and work. Whenever there was
a chance, through various types of collaboration and in-
ternational projects, dozens, first of all, young scientists,
have come to Belgrade School of Electrochemistry to ex-
pand their knowledge, perfect their skills or participate
in the realisation of important research. They were most
often exchange students on PhD or postdoctoral studies
(from Russia, Netherlands, Finland, Morocco, Belarus, Al-
geria, China, etc.), but there were experiences researchers
as well. Among them, we shall mention only a few, which
came to Belgrade as already distinguished and famous
scientists: Boris Daniel Cahan, Case Western Reserve
University, USA; I. Sabo, Hungarian Academy of Sciences;
Chen Shen Hao, Shandong University, Jinan, China; Nikola
Batina, professor at the Universidad Auténoma Metropoli-
tana-Iztapalapa in Mexico; Peter Faguy, today, a program
manager at the Department of Energy in Washington DC,
USA; Andrzej Kowal, Institute of Catalysis and Surface
Chemistry, Polish Academy of Science.

It would take a long time and a lot of space to present,
apart from the ones already mentioned, all the other most
important achievements of the Belgrade School of Elec-
trochemistry, and even more to state the contributions
of all the individuals that make up the School. Besides,
those who have given their contributions in just one area
are rare, since like all others, electrochemistry is also be-
coming an increasingly multidisciplinary science. Thus,
electrochemical research permeates biology, medicine,
environmental protection, materials science; it has always
had unbreakable ties with physics, theoretical chemistry,
pharmacy, etc. Therefore, at the end of this short review,
we will mention only the areas that the researchers from
the Belgrade School of Electrochemistry have worked
and are still working on, and after that, we have provided
names of the people that make up the School, no matterin
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nona Beka noctojara LLkone u Bennkn 6poj nctpaxu-
Baya oHeMoryhunm aytopy TekcTa fa casHa MMeHa CBUX
FbUX.

O6nactv OCHOBHMX U NnpUMerEeHNX UCTpaxmeBara beo-

rpafcKe LUKOJNe eneKkTpoxemuje:

» KuHeTuKa enekTpoaHMX npoLeca

- EnekTpoxeMujcKO Tanoxekre 1 pacTBapara meTanau
nerypa u kuxoBUX npaxosa

- Koposwuja u 3awTnTa 04 KOpo3uje

« lanBaHOTEXHMKA U NpeBfiake — 3aWTUTHE, DYHKLMO-
HanHe, oeKopaTuseHe

- EnekTpokaTanusa — pasBoj kaTasmsatopa u Hocava
KaTanusartopa

» Hayka o matepujanmma

- KoHBep3uja v cknaguwTere eHepruje — batepuje,
rOPMBHU CNPEroBu, CynepKoHAeH3aTopu, XubpuaHm
N3BOpPY eHepruje

* YIr/beHWYHN MaTepujanu n KOMNO3nTK Ha 6asu
yribeHnKa

« Xnop-ankanHa enektTponusa

« EnekTtpoaHanuTtuka

« EnekTpoxeMujcku ceHsopwu

« EnekTpoxeMujay MeguumHn — 6MokoMnaTnbunHm
MaTepujanu 3a UMNNaHTe v leyerbe,
eNIeKTPOXEMUjCKE METOLE AMjarHOCTUKE

» EneKkTpOXeMujCKO MHXeHepCTBO

- EnekTpomeTtanypruja

« Peuunknupame pygHor otnaga v hnoTaunjckux jano-
BULITA

« [peunwhaBakbe oTNagHMX BOAa

Beorpapcky Koy enekTpoxemuje unHe (Mo npubamx-
HOM XPOHOJMOLWKOM peny)*:

MaHTa TyTyHumh, AnekcaHpap Oecnwuh, OparyTud Opa-
»uh, Munenko Wywwuh, Nayna MyTtaHos, CpeTeH Mnage-
HoBuh, VBaH JopocnoBaukn, Hapa JakoBrbeBuh-Xanau,
AnekcaHpap [HamjaHosuh, Bepa [Opaxuh, Ospa Ta-
Tuh-Jarmh, OaHka JoBaHosuh, Cnacoje Hhophesuh, Le-
caHka Cyxreuh, Oparnua Munuh, Momump JoBaHoBuh,
Oparvua OBumH, Oapko Wena, Munan BojuHoBuh, MeTtap
PakuH, Urop Kaauja, lopgaHa CaBuh Marnuh, KoHcTaH-
TUH MNonos, CBeToMup Xauwn-JoppaHos, Pagocnas ATa-
Hacockn, Papgocnas Auuh, MunaH Jakwwuh, BpaHucnas
Hukonuh, Amanuja Tpunkosuh, MBaH JycTuHujaHOoBUA,
HeHap Tomos, JbumwaHa Bpayap, 3BoHko CtaHkoBuh, Jo-
BaH JosuheBuh, Benusap CtaHkoBuh, JbumbaHa ATaHa-

cocka, Munoppar Makcumosuh, Papojka Lnmnpara, Jlyka

*  BapHeKoNMKo MMe HepocTaje. Mnopef HanopaayTopaaaofKoneraunpujaressa

casHa WTo BULIE MMEHA, CKOPO CUTYPHO HEKO j& MPOMyLITEHO.

what area they have left their mark. It is almost certain that
there are some names missing, because half a century of
the School’s existence and a large number of researchers
have made it impossible for the author to learn all of them.

Areas of main and applied research by the Belgrade School
of Electrochemistry:

= Kinetics of electrode processes

= Electrochemical deposition and dissolution of metals
and alloys and their powders

= Corrosion and corrosion protection

- Electroplating and coatings — protective, functional,
decorative

» Electrocatalysis — development of catalysts and cata-
lyst support

» Materials science

= Conversion and storage of energy — batteries, fuel cells,
supercapacitors, hybrid energy sources

= Carbonaceous materials and composites based on car-
bon

= Chlorine—alkaline electrolysis

- Electroanalytics

» Electrochemical sensors

= Electrochemistry in medicine — biocompatible materi-
als for implants and treatment, electrochemical diag-
nostic methods

= Electrochemical engineering

» Electrometallurgy

= Recycling of mining waste and flotation tailing dumps

- Waste water treatment

Belgrade Scholl of Electrochemistry consists of (in an ap-
proximate chronological order)*:*

Panta TutundZi¢, Aleksandar Despi¢, Dragutin Drazic,
Milenko Su$i¢, Paula Putanov, Sreten Mladenovi¢, Ivan
Doroslovacki, Nada Jakovljevi¢-Halai, Aleksandar Dam-
janovié, Vera Drazi¢, Ozra Tati¢-Janji¢, Danka Jovanovic,
Spasoje Dordevi¢, Desanka SuZnjevi¢, Dragica Mini¢, Mo-
mir Jovanovié¢, Dragica Ovcin, Darko Sepa, Milan Vojinovi¢,
Petar Rakin, Igor Kadija, Gordana Savi¢ Magli¢, Konstantin
Popov, Svetomir HadZi-Jordanov, Radoslav Atanasoski, Ra-
doslav Adzi¢, Milan Jaksi¢, Branislav Nikoli¢, Amalija Trip-
kovi¢, Ivan Justinijanovi¢, Nenad Tomov, Ljiljana Vracar,
Zvonko Stankovi¢, Jovan Jovicevic¢, Velizar Stankovi¢, Ljil-
jana Atanasoska, Miodrag Maksimovi¢, Radojka éimpraga,
Luka Bjelica, Vukadin Leovac, Ljiljana Jovanovi¢, Tatjana
Raki¢, Milan Cekerevac, Aleksandar Dordevi¢, Dugan Keda,
Strahinja Zecevic¢, Predrag Despotov, Slavko Mentus, Ned-

* At least a few names are missing. Despite the author’s efforts to learn as many

names as possible from his colleagues and friends, some were almost certainly
omitted.
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Bjenuua, BykaguH JleoBaul, JbumbaHa JoBaHoBuA, TaTja-
Ha Pakuh, MunaH Yekepeau, AnekcaHpgap hophesuh,
OywaH Keua, Ctpaxumwa 3eueBuh, MNpeppar HdecnoTos,
CnaBko MeHTyc, Hepemwko KpcTtajuh, AHka Bopkanuh,
Mupocnae Cnacojesuh, Yacnae JlaurweBal, Toma [pos-
ouh, Bjekocnas Hakuh, Page CtaHkoBuh, KaTtapuHa Je-
pemuh, Munopap AtaHaukosuh, B. Josanunhesuh, Jlazap
Bopkanuh, MupjaHa Pajunh-ByjacuHosuh, HeHan Mapko-
Buh, Hukona AHactacujesuh, TopgaHa Auumh, Bnagummp
Josuh, bopka Josuh, Munka AspamoB Meuh, CtojaH Ho-
kuh, Bnagucnasa JosaHoBuh, KceHnja Monosuh, Muomump
Masnosuh, Jbybuua MaBnosuh, BegpaHa MapuHoBuh,
MwunosaH lMypeHoBuh, JbumwaHa Majuh Kpctajuh, 3opaH
Ctesuh, JoBaH Monuh, Benuwa Bewoswnh, Hebojwa Ma-
puHkoBuh, BecHa Muwkosuh CtaHkoBuh, Tomncnas Tpu-
woswnh, Papge CteBaHoBuh, JacMnHa CteBaHoBuh, CeeT-
naHa lWTtp6au, AnekcaHgap OekaHcku, 3opaH MUHeEBCKM,
Hukona UpBjeTvhaHuH, JburbaHa MwuHeBckn, CHexaHa
lojkosuh, BpaHumup Jyrosuh, bumwaHa bobuh, BpaHu-
mup Mpryp, Munuua leospeHosuh, bope Jerauh, Bojuc-
nae CramenkoBuh, JeneHa bajaT, CtaHko bpaHkoBwuh,
PageHka Mapuh, Muomup Bykmuposuh, Bnagumup MMa-
Huh, Taka Bugakosuh Koch, Hebojwa Hukonuh, JeneHa
JNoBuh, bepucnas bnusaHau, Maja O6bpagosuh, Cpehko
Ctonuh, Cara CteBaHoBuh, BecHa pekynosuh, burbaHa
LWmpykmh MayHkoBuh, HeBeHka Enesosuh, NopaH Bnaj-
Huh, Bumwana babuh, Munmnua Mapueta KaHuHcku, MBaHa
CtojkoBuh-Cumatosuh, Urop MawTn, Ypow JlaurweBsal,
Bnagnumup Tpunkosuh, Hemara laBpunos, BecHa LiseT-
koBuh, OywaH Tpunkosuh, Bnagumup Hukonuh, leospeH
Tacuh, Hatawa Bykuhesuh, Cawa Epakosuh, Munuua
ByjkoBuh, Mapuja Muxamnosuh, MunytnH CmusbaHuh,
MBaHa Meposuh, AHa JaHkosuh, Taspuno Lekynapau,
Munuua Koweswuh, bpaHka Metkosuh, MpuHa Cpejosuh,
Mwuna KpcTtajuh Majuh, Mupocnas MNasnosuh, BojaHa Pa-
pojkosuh, AHa Oob6poTa, MBaHa JeBpemoBuh, KatapuHa
Hewoswuh.

Ap AnekcaHpap JeKaHCKU, HAy4YHU CaBEeTHUK
LleHTap 3a enekTpoxemMujy
HY MHCTUTYT 3a XeMunjy, TeXHONOrnjy n MeTanyprujy

YHuBepanutetay beorpany

eljko Krstaji¢, Anka Vorkapié¢, Miroslav Spasojevi¢, Caslav
Lacnjevac, Toma Grozdic¢, Vjekoslav Naki¢, Rade Stankovic,
Katarina Jeremié¢, Milorad Atanackovi¢, V. Jovancicevic,
Lazar Vorkapi¢, Mirjana Rajci¢-Vujasinovi¢, Nenad Mark-
ovi¢, Nikola Anastasijevi¢, Gordana Adzi¢, Vladimir Jovic,
Borka Jovi¢, Milka Avramov Ivi¢, Stojan Doki¢, Vladislava
Jovanovi¢, Ksenija Popovi¢, Miomir Pavlovi¢, Ljubica Pav-
lovi¢, Vedrana Marinovi¢, Milovan Purenovié, Ljiljana Gaji¢
Krstaji¢, Zoran Stevic¢, Jovan Popic, Velisa VeSovic¢, Nebojsa
Marinkovié, Vesna Miskovi¢ Stankovi¢, Tomislav TriSovic,
Rade Stevanovi¢, Jasmina Stevanovié, Svetlana Strbac,
Aleksandar Dekanski, Zoran Minevski, Nikola Cvjeti¢anin,
Ljiljana Minevski, Snezana Gojkovi¢, Branimir Jugovic¢, Bil-
jana Bobié, Branimir Grgur, Milica Gvozdenovi¢, Bore Jeg-
di¢, Vojislav Stamenkovi¢, Jelena Bajat, Stanko Brankovic,
Radenka Mari¢, Miomir Vukmirovi¢, Vladimir Pani¢, Tanja
Vidakovi¢ Koch, Nebojsa Nikoli¢, Jelena Lovi¢, Berislav
Blizanac, Maja Obradovi¢, Srecko Stopi¢, Sanja Stevano-
vi¢, Vesna Grekulovi¢, Biljana §ljukié Paunkovi¢, Nevenka
Elezovié, Goran Vlajni¢, Biljana Babié, Milica Marceta Ka-
ninski, Ivana Stojkovi¢-Simatovi¢, Igor Pasti, Uro$ Laén-
jevac, Vladimir Tripkovi¢, Nemanja Gavrilov, Vesna Cvet-
kovi¢, DusSan Tripkovi¢, Vladimir Nikoli¢, Gvozden Tasic,
Natasa Vukicevi¢, Sanja Erakovi¢, Milica Vujkovié, Marija
Mihailovi¢, Milutin Smiljani¢, Ivana Perovi¢, Ana Jank-
ovi¢, Gavrilo Sekularac, Milica Kogevi¢, Branka Petkovié,
Irina Srejovi¢, Mila Krstaji¢ Paji¢, Miroslav Pavlovi¢, Boja-
na Radojkovi¢, Ana Dobrota, Ivana Jevremovi¢, Katarina
Nesovic.

Full Research Prof. Aleksandar Dekanski
Department of Electrochemistry

Institute of Chemistry, Technology and Metallurgy
University of Belgrade

96 YnosHaj enekTpoxemMujy kpo3 Beorpaacky WwKony enekTpoxemuje






JbYOWU PEOPLE

AKaoeMunK
AnekcaHpap Oecnuh

Academician
Aleksandar Despic

1927-2005

AnekcaHpgap Oecnuh je jemaH of Haj3HayajHMjuUX cpn-
CKUX Hay4HuKa apyre nonosuHe 20. BeKa M BEpOBATHO
Haj3HauYajHUjU eNneKTpoxeMuuap cpenre 1 jyroucTouHe
EBpone Tor BpemeHa. HajuctakHyTuju je ytemesrbuay
beorpapcke wkone enektpoxemuje. Y pogHom beorpa-
Oy je 3aBpwmo rumHasujy 1945. n TexHonowku takyn-
TeT 1951. roauHe. Mocneamwe ABe roanHe ctyaunja buo je
neMoHcTpaTop Ha KaTenpu 3a mM3nuKy XeMujy n enek-
TpoxeMmwujy, kog ceor npodecopa MaHTe TyTyHunha n ctn-
neHaucTa UcTe Kateppe, Ha Kojoj je 1953. nsabpaH 3a
acucTeHTa.

MpekpeTHULA Y HEFOBO] HAay4YHO] Kapujepu BEpOBATHO
je buna ctuneHguja kojy je y jeceH 1953. nobuo og bpu-
TaHCKOr caBeTa, 3a ycaBplaBake Kof npogdecopa LloHa
Bokpuca (John O’Mara Bockris) Ha IMnepujanHom Konewy
HayKe 1 TexHuke y JJoHgoHy. MehyTuM, Ta capaZtaje cTu-
LLajeM OKOJIHOCTM OTrnoYena TeK YeTUPU roAMHe KacHuje U
To He y JlToHgoHy, Beh Ha YHuBep3uTeTy MeHcunBaHuvja y
dunapenduju. MowTo je bokpuc npummo nosme ns CAL,
reros konera Xunc (G. J. Hills) ra je npumuo y ceoj Tum. Y
NoHpoHy je Oecnuh 1955. n fokTOpMpao Ha JIOHAOHCKOM
YHuBep3nTeTy, a 3axBasbyjyhn Xuncoeoj npenopyuu, no-
CTao je CTapuju Hay4dHU capafHuK npodecopa bokpuca
Kaja je 0Baj CTBApao CBOj MPBW UCTPAXMBAUKM TUM Ha
YHuBep3nuTeTy lMNeHcuneaHuja. Tako ce Oecnuh y jeceH
1957. roguMHe Halwao U LLEHTPY eNIeKTPOXEMUjCKEe HayKe,
a Tokom 6opaska y CA[ HajBulLle BpeMeHa je NOCBETUO
npoyyaBatbMMa eNeKTPOXeMUjCKE KUHEeTUKe, nocebHo
npoLecrma peakumja Tanoxera 1 pacTBaparba MeTana.
BpemeHoM je BokpucoBa nabopatopuja npepacnay jen-
Hy o4 OBe HajyrnegHuje Ha ceeTy, nopend nabopatopuje
AnekcaHapa Haymosunua ®pymkumHa y MoCKBM, a He Manu
LOMNpUHOC y ToMe nMao je u AnekcaHgap decnuh.

HakoH nospatka ns CA[ 1959, Oecnuh HacTaB/ba paj
Ha TexHosoWKOM (hakynTeTy rge ybp3o nocrtaje AOUEHT
(1959), na BaHpenHu (1964) n penosBHu (1971) npode-

Aleksandar Despi¢ was one of the most important Serbian
scientists in the second half of the 20" century and probably
the most important electrochemist in the Central and East-
ern Europe of that time. He is the most distinguished found-
er of the Belgrade School of Electrochemistry. He graduated
from high school in his native Belgrade in 1945 and complet-
ed his studies at the Faculty of Technology in 1951. The last
two years of his studies, he worked as a demonstrator at the
Department of Physical Chemistry and Electrochemistry,
under his professor Panta Tutundzi¢ and as a scholarship
holder at the same Department, in 1953, he was elected
assistant.

A turning point in his scientific career was probably the
scholarship he received in the autumn of 1953 from the Brit-
ish Council, for improvement under professor John O’Mara
Bockris at the Imperial College of Science and Technology
in London. However, due to a confluence of circumstances,
that cooperation didn’t start until four years later, and not in
London but at the University of Pennsylvania in Philadelphia.
Since Bockris received an invitation from USA, his colleague
G. J. Hills took him in his team. In London, Despi¢ received
his PhD in 1955 at the London University and thanks to a
recommendation by professor Hills, he became a senior sci-
entific associate to professor Bockris when he was putting
together his first research team at the University of Pennsyl-
vania. That is how in autumn of 1957, Despi¢ found himself
at the centre of electrochemistry, and during his stay in the
USA, he devoted most of his time to the studies of electro-
chemical kinetics, and especially metal deposition and dis-
solution reaction processes. Over time, Bockris’ laboratory
became one of the two most distinguished laboratories in
the world, next to the laboratory of Alexander Naumovich
Frumkin in Moscow, and Aleksandar Despi¢ has also made
not small contribution to that.

After returning from the USA in 1959, Despic¢ continued his
work at the Faculty of Technology where he soon became an
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cop. TOKOM yror HM3a roguHe ApXu HacTaBy M3 MHOMUX
npeLMeTa Ha pefoBHUM Y MOCNEeANNIOMCKUM CTyAnjama,
kao wro cy dusmuka xemnja, KonongHa xemuja, Xemmjcka
KMHeTUKa, KnHeTuMKa eneKTpOLHUX npoueca U LPyru.
Buo je meHTOp 71 gunaomckor paga, 38 MarmcTapckux u
16 pokTOopCcKMx ancepTaumja. Ca capagHuumuma OparyTtu-
Hom [Opaxuhem n O3pom Tatmh JaHuh Hanucao je nsyse-
TaH y6eHuk OcHoBU efleKTpoxeMuje, N faHac NofjeAHaKo
aKTyesnaH Kao 1 Npe CKOPO Nnosia Beka Kaja je HacTao. 3a
JonucHor unaHa Cpncke akagemuje Hayka v yMeTHOCTM
(CAHY) nzabpaH je 1965, a 3a pegoBHor 1976. roguHe. Of,
1992. je 6uo unaH EBponcke akageMuje 3a NOBPLUMHCKE
TexHosoruje, Ay»u H1u3 rogmHa 61o je HaLMOHaNHU Npea-
CTaBHMK Yy MeflyHapooHOM eNneKTPOXeMUjCKOM ApyLITBY
(International Society of Electrochemistry — ISE), a op
1977. po 1979. n weros noTnpencefHuK; npencefHmK
Cpnckor xemujckor gpywTsa 6uo je 1973-1977, a 1978.
je n3abpaH 1 3a EroBOr NoYacHor npepcenHuka. Nctpa-
XMBAUKM U Hay4dHKU onyc AnekcaHppa Jecnuha (o6jaBuno
je 183 HayuHa 1 32 cTpy4Ha paga, (ko)ayTop je 18 cTyanja
n enabopara, 27 nateHaTa 1 18 yubeHunka 1 moHorpad-
CcKux nybnunkaumja), Kao u LONPUHOC HAYYHUM U CTPYUYHUM
opraHusaumjama, sancTa cy MMMNo3aHTHU. MeRyTum, oH
je ocTtao 3anamheH un 360r ApylWwITBEHE U OpraHu3aumoHe
aHra»oBaHOCTH, Npe cBeray chepun Hayke n npomouuje
HayKe, anu v ONWTKUX OPYLITBEHUX NUTarba. CNOMEHNMO
caMo [a je jefaH je of ocHuMBadva v ampekTopa LleHTpa
3a enekTpoxemujy u LleHTpa 3a MynTuaucuUUnIMHapHe
cTyauje. Minak, HajaHavyajHUjKu ONPUHOC HA OBOM MOJbY je
CBaKaKo OCHMBake Myseja Hayke U TexHuke 1989, umnjn
je npBu oupekTop 61o fo 1999. rognHe. NoyeTKkoM ocam-
LeceTux roauHa MHULKMPao je n ocHMBawe doHpaumje 3a
Mnafe TaneHTe.

Y Tewkumm BpeMeHuma pacnaga buswe Jyrocnaswuje,
CBOjUM [OpYWTBEHUM aHra)KoBareM, Npe cBera Kpos
CAHY, uuju je notnpepcenHuk (1981-1994) wn npen-
cefHuK (1995-1999) 6mno TMx rogmHa, NoKyLWaeao je aa
LonpuHece NpoHana)Xeky HajLeNUCXO4HNUUX peLlerba y
CJIOXXEHMM OKOJIHOCTMMA Y KOjMMa Ce ApKaBa Halna.

Mpep Kpaj )1BOTa, 6PUNKIBUBO U CABECHO, K0 LWITO je CBe
UMHMO TOKOM XKMBOTA, NOBPMHYO Ce 1 3a CBOjy OCTaBLUITHU-
Hy. TecTaMeHTOM Nof, Ha3MBOM 3aBewTare je pacnope-
MO CBY CBOjy MMOBUWHY — KHbMre ca NocBeTOM 0CTaBuO
je 6ubnunoteumn CAHY, a octane genom 6ubnuoteun YHu-
Bep3suTeTay barwanyuu, a genom wkonamay Penybnunum
Cpnckoj; nMcaHy ocTaBWTUHY ocTaBuo je Apxmusy CAHY.
3aBelwTareM je ocHoBao M 3aaybuHy 3opuue n Anek-
caHgpa Oecnuha (kacHuje ns opManHmMx pasnora npe-
uMeHoBaHy y ®oHp), ca ceguwTeM y Mysejy Hayke u
TEXHMKeE, KOjoj je 0CTaBMO 1 CBOj CTaH M BUKeHauLy. Lnmb
3anyxbuvHe je fa ce NOMOrHy OTKyn npeameTa, uspaga
MakeTa W pennuka, KynoBmHa Kkbura, yaconuca n uamo-
Ba 1 CBe OHO WTOo he gonpuHeTy nonynapmsaunju Hayke 1

TexHuKe Kpo3s pag Myseja.

assistant professor (1959), associate professor (1964) and
full professor (1971). For a long time, he has held classes
in numerous subjects for undergraduate and postgraduate
students, such as Physical Chemistry, Colloid Chemistry,
Chemical Kinetics, Kinetics of Electrode Processes, etc.
He was a mentor for 71 graduate theses, 38 magistral the-
ses and 16 doctoral theses. With his associates Dragutin
Drazi¢ and Ozra Tati¢ Jani¢, he wrote an exceptional text-
book Basis of Electrochemistry, which is still as current as it
was almost half a century ago when it was created. He was
elected corresponding member of the Serbian Academy of
Sciences and Arts in 1965, and a regular member in 1976.
From 1992 he was a member of the European Academy for
Surface Technologies, for a number of years, a national rep-
resentative at the International Society of Electrochemistry
(ISE), and from 1977 to 1979 its Vice-President; he was the
President of Serbian Chemical Society from 1973 to 1977
and in 1978, he was elected its Honorary President. Scien-
tific and research body of work of Aleksandar Despi¢ (he
published 183 scientific and 32 professional articles, he is
a (co-) author of 18 studies, 27 patents and 18 textbooks
and monographies), as well as his entire contribution to the
scientific and professional organisations are impressive.
However, he is also remembered for his social and organ-
isational engagement, first of all, in the area of science and
promotion of science, as well as general social issues. We
should just mention that he is one of the founders and direc-
tors of the Centre for Electrochemistry and Centre for Multi-
disciplinary Studies. However, his most significant contribu-
tion in this field must be the establishment of the Museum of
Science and Technology in 1989, where he served as its first
Director until 1999. In early 1980s, he also initiated estab-
lishment of the Foundation for Young Talents.

During the hard times of the break-up of Yugoslavia, with
his social engagements, most of all through SASA, where
he served as the Vice-president (1981-1994) and President
(1995-1999) in those years, he strived to contribute to
finding the most comprehensive solutions for the complex
circumstances in the country.

At the end of his life, carefully and thoroughly, like in
everything he did in his life, he took care of his legacy. In his
testament titled Bequest, he distributed all of his property
— his books with dedications he left to the Library of SASA
and the rest to the Library of the University of Banjaluka, and
partly to the schools in Republika Srpska; his written legacy
he bequeathed to the Archive of SASA. With his Bequest,
he also established Foundation of Zorica and Aleksandar
Despi¢, with headquarters at the Museum of Science and
Technology, to which he also bequeathed his apartment
and summerhouse. The aim of the Foundation is to help
procurement of objects, production of models and replicas,
purchase of books, magazines, films, etc, all of the things
that shall contribute to the popularisation of science and
technology through the Museum’s activities.
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AKageMUK
AparytuH Opa>kuh

Academician
Dragutin Drazic

1930-2008

3ajenHo ca AnekcaHgpom decnuheM, unju je 6uo Hajbnu-
WM capafHUK 1 npujaTesb, poLoHavenHuk je beorpancke
WwKosne enekTpoxemuje. OaMmax HakoH wTo je 1956. rogun-
He aunnommpao Ha TexHonowkoM hakynTteTyy beorpaay
n3abpaH je 3a acnucteHTa Ha Katenpu 3a hmsnuky xemujy
N eNeKTPOXeMUjy UCTOT haKynTeTa 1 Ha HOj MPOBEO LLeo
CBOj paf4Hu Bek. Ha w0oj je n pokTopupao 1965, nsabpaH
je 3a penoBHor npocecopa 1978, a y aBa HaBpaTa 6mo
N tbeH wed (1981-1984. 1 1987-1995). HakoH AneKkcaH-
npaecnuha, 1 OH je NpoBeo ABe roaunHe ko npogecopa
Bokpuca (John O’Mara Bockris) Ha YHuBep3uTeTy lNeH-
cunBaHuja (1959-1961).

Ha TexHonowkoMm, KacHuje TexHOMOLWKO-MeTanypLIKOM
thakynTeTy LpKao je npefaBarba Ha PeAOBHUM U nocie-
OUMNIOMCKMM CTyaunjaMa ns Hekonnko npeameta (Pusny-
Ka xeMuja, Koposuja, Enektpoxemujcka kuHeTuka, Enek-
TPOXEMUjCKM ABOjHU cnoj U agcopnunja). O HeroBom
enyKaTMBHOM pafy Buwe of 6poja aunnomckux (44), ma-
ructapckux (25) n goktopckux (11) pagoBa Koju cy of-
6parbeHn nog, HEeroBUM MEHTOPCTBOM FOBOpPE yCnelHe

Kapujepe heroBux ctygeHara.

On ocHuBama Operberba (KacHuje LleHTpa) 3a enekTpo-
Xemujy npn VIHCTUTYTY 3a XeMujy, TEXHONOrMjy U meta-
nyprujy 1961. roguHe, cnegehux yetppecert roguHa ce
y teMy 6aBMO Hay4yHO-MCTpaXKMBaYKMM pagoMm, a cpe-
OWHOM cefampeceTux rogmHa 610 je U Heros Aupek-
Top. HajsHauajHMje obnacTn weroBmMx UCTpa)KmBarba cy
KMHETUKA €eNeKTPOAHMUX TNpoLeca, eneKTPOXeMUjCKU
npouecy Tanoxera, pacTBapaka M Koposuje 1 3awTu-
Te of, KOPO3Mje OPraHCKMM U MeTasHUM npesBnakama u
eNeKTPOXeMMjCKN U3BOPU eHepruje. Onyc pagosa npo-
NCTEKAOo M3 HEroBMX UCTpaXKMBaka je MMMno3aHTaH: 9
yubeHunka n MmoHorpadckux nybnukaumja; 193 nybnmko-
BaHa pafga, of yera 135 y MeflyHapoaHMM YaconmcuMma;

Together with Aleksandar Despi¢, which was his closest
collaborator and friend, he is the founder of the Belgrade
School of Electrochemistry. Right after graduation at the
Faculty of Technology in Belgrade in 1956, he was elect-
ed assistant at the Department of Physical Chemistry and
Electrochemistry at the Faculty, where he spent his entire
working life. There, he also defended his PhD thesis in
1965, he was elected full professorin 1978 and on two oc-
casions, he was the Head of the Department (1981-1984
and 1987-1995). After Aleksandar Despi¢, he also spent
two years with professor John O’Mara Bockris at the Uni-
versity of Pennsylvania, from 1956 to 1961.

At the Faculty of Technology, later Faculty of Technol-
ogy and Metallurgy, he held classes for undergraduate
and postgraduate students in several subjects (Physical
Chemistry, Corrosion, Electrochemical Kinetics, Electro-
chemical Double Layer and Adsorption). His work as an
educator is best described not by the number of graduate
(44), magisterial (25) and doctoral (11) theses defended
under his mentorship, but rather the successful careers of
his students.

Since the foundation of the Department (later Centre)
for Electrochemistry at the Institute for Chemistry, Tech-
nology and Metallurgy in 1961, for the next 40 years, he
worked on scientific research and from the mid-1970s,
he was the Head of the Department. The most important
areas of his research are kinetics of electrode processes,
electrochemical processes of deposition, dissolution and
corrosion and corrosion protection using organic and inor-
ganic coating and electrochemical energy sources. Body
of work that originated from his research is impressive: 9
textbooks and monographies; 193 published articles, of
which 135 in international journals; 15 patents; 48 articles
published in Proceedings and 226 announcements and
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15 nateHaTta; 48 pagoBa WTamMnaHuxy 36opHuumman 226
caonwiTera 1 npegasarba. Y4eCTBOBAO je y peannsaunjn
9 HauMoHanHuMx n 5 mefhyHapogHux nNpojekTa, a Ha 11 je
610 pykoBoamnad.

Mpotdecop HApaxwuh je rognHama 6MO unaH MHOMUX
MeflyHapoOoHMX yOopyXera U HbUXOBUX Tena. Tako je of
1981. pno 1991. rogmHe 61O YnaH KOMUCKje 3a eNIEKTPO-
xeMnjy YHuje 3a uncTy n npumemreHy xemujy (IUPAC), op,
1989. po 1999. PapHe rpyne 3a efeKTPOXEMU|CKO WH-
*erepcTBo EBponcke enepaumnje XeMUjCKUX UHXKerbe-
pa (EFCE) a og 1992. mo 1994. noTnpencenHuk Mehy-
HapopgHor enekTpoxemujckor apywTsa (ISE). MocebHo
je 3HavajaH HeroB gonpuHoc pagy u passojy Cpnckor
XeMujcKor ApywTBa unju je npepacenHuk buo og 1981. go
1985, a jow BuMWeE NOAM3akby KBanUTeTa M 3Ha4vaja He-
rosor yaconuca Journal of the Serbian Chemical Society
Unju je rNaBHU ypenHuK 610 BULIe of ABageceT roguHa.
3axBasbyjyhu emy To je 610 MoXaa 1 NPBM Yaconuc ca
0BMX NPOCTOPa KOju ce Hawao Ha Science Citation Index
(SCI) nucTtw.

3apgonucHor ynaHa Cpncke akagemuje HayKamyMeTHOCTH
n3abpaH je 1983. a 3a peposHor 1991. roaunHe.

Meet electrochemistry through Belgrade School of Electrochemistry

lectures. He participated in the realisation of 9 national and
5international projects, of which 11 were managed by him.

Professor Drazi¢ has been a member of numerous interna-
tional associations and their boards for a number of years.
From 1981 to 1991, he was a member of Electrochemistry
Commission of the International Union of Pure and Applied
Chemistry (IUPAC), from 1989 to 1999, a member of the
Task force for Electrical Engineering of the European Fed-
eration of Chemical Engineers (EFCE), and from 1992 to
1994, Vice-president of the International Society of Elec-
trochemistry (ISE). His contribution to work and develop-
ment of Serbian Chemical Society, where he served as the
President from 1981 to 1985, is especially important, and
even more so, his contribution to the improvement of the
quality and importance of its Journal of the Serbian Chem-
ical Society, whose editor-in-chief he was for more than
twenty years. Thanks to him, this was perhaps the first
journal from this region that made its way to the Science
Citation Index (SCI) list.

He was elected corresponding member of the Serbian
Academy of Sciences and Arts in 1983, and regular mem-
berin 1991.
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AKageMUK
MuneHko Lywunh

Academician
Milenko Susic

1925-2005

FoAMHY faHa HaKoH gunnoMupama Ha MpupogHo-mate-
MaTmukoM takynteTy (MM®) y beorpaay, 1951. rogunHe
ce 3anocnmo y MHcTutyTy BuHua, Kao nctpaxmeay nog
meHTopcTBOM [MaBna Casuha. To je 6uno Bpeme pas-
BOja Nporpama HykneapHe eHepreTuke Tagawre Jyro-
cnaBuje, a CBoje MpBe pafgoBe je NybsnMKoBao Ha TeMy
yBohewa nonaporpadcke metone oppehvBara canp-
Kaja ypaHa y ypaHoBuM pypnama. [okTopupao je 1955,
a Beh cnepehe 1956. roguHe je nsabpaH 3a pouUeHTa
Ha cTyaumjckoj rpynu dusmyka xemuja Ha NMMO-y, roe je
BOAMO HacTaBy e/IeKTPOXeMHUje 1 XeMUjCKe TePMOAMHA-
muke. Y nepuony 1958-1959. 61o je Ha ycaBpluaBaky Y
HyK/leapHOM UeHTpy HamoHanHa nabopatopuja AproH
(Argone National Laboratory), CALL, roe je paguno Ha npo-
6nemMnma cenapauumje GucMOHMX npopykaTa. 3ajefHo
ca AHoM CaBuh je jow 1967. rognHe npeBeo KanuTan-
HW YubeHuk ¢pusuyke xemuje C. MnectoHa (S. Glasstone:
Textbook of Physical Chemistry, Van Nostrand Company,
1946), Koju ce OeLeHWjamMa KOpPUCTUO y Lenoj busLloj
Jyrocnasuju. Aytop je n ABa 3HadajHa yLbeHuka: Enek-
Tpoxemuja (1970) n OcHOBU efleKTpoxeMuje U eneKTpoxe-
Mmujcke aHanuze (1980).

Y nepuopy 1972-1975. pyKkoBOAMO je NpOjeKTOM ycasp-
lwaBakba TEXHONIOrvje MpPOM3BOLHE TaHTaNOBUX KOH-
[leH3aTopa ca eNeKTPONUTUYKUM HAHOLWEHEM OKCUAHOT
OneneKkTpUYHoOr cnoja, 3a abpuky Asana EnektpoHcke
WHAYCTpuje Huw, KojuM cy ocTBapeHe BeuKe ywtene y
rybuumma TaHtana. Y uctpaxuBama, anm Uy HacTaBy,
yBeO je Tafa y CBeTy HoBe obnacTu: enekTpoxemujy
pacTona conuv 1 eNeKTPOXeMUjy UBPCTUX ENEKTPONNTA, Y
Kojuma cy nog ytuuajem MNaHTte TyTyHumnha npeosnapa-
Bafla UCNUTMBaHA ENEKTPUYHE NPOBOA/BUBOCTU U €1EK-

TpOoaHannUTuKe.

One year after graduation at the Faculty of Natural and
Mathematical Sciences (PMF) in Belgrade, in 1951 he be-
gan working at the Vinca Institute as a researcher under
the mentorship of Pavle Savi¢. That was the time of the
development of nuclear energy program in the former Yu-
goslavia and he published his first articles on the subject
of introduction of polarographic method for determination
of uranium content in ore. He defended his doctoral the-
sis in 1955 and already the following year, he was elected
assistant professor at the Department of Physical Chem-
istry at the Faculty of Natural and Mathematical Sciences
in Belgrade (PMF), where he held classes in electrochem-
istry and chemical thermodynamics. From 1958 to 1959,
he was at the Nuclear Centre Argone National Laboratory,
USA, working on the issues of separation of fission prod-
ucts. Together with Ana Savic, in 1967, he translated a cap-
ital textbook by S. Glasstone, Textbook of Physical Chem-
istry (Van Nostrand Company, 1946), which has been used
in the former Yugoslavia for decades. He is also the author
of two important textbooks: Electrochemistry (1970) and
Introduction to Electrochemistry and Electrochemical
Analysis (1980).

From 1972 to 1975, he managed the project of improving
the production of tantalum capacitors with electrolytic ap-
plication of oxide dielectric layer, for Avala factory of the
Electronics Industry Ni§, which gained great savings in the
loss of tantalum. In his research, as well as his teaching,
he introduced areas that were new in the world at the time:
electrochemistry in molten salts and electrochemistry of
solid electrolytes, in which, under the influence of Panta
Tutudzi¢, study of electrical conductibility and electroa-
nalysis has taken the primacy.
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Benuku peo HayuyHor onyca npodecopa LUywwnha ynHe
NUCTPpaXXnBara COMMMa MMMPErHMpaHMX 3eo0sMTa Kao
YBPCTUX enekTponuTa. PyKoBoAMO je HA30M HalMoHan-
HUX UCTPa)XMBa4yKUX MNpojekaTa Ha TeMy (U3MYKO-xe-
MUWJCKUX MpoLueca y TEXHONOrMju caBpeMeHnx Matepuja-
na, y nocnepHo0j AeueHnjn NpoLusior Beka ca Harlackom
Ha nerype 3a agcopnunjy BOLOHWKA U BOAOHUYHO] eHep-
retuun. MNop HeroBuM MeHTOpCTBOM m3paheHe cy 24
LOKTOpPCKe aucepTtaumnje, 06jaBuro je 230 HayuHUX ny6nmn-
Kauuja, nmao ckopo 300 caonwTerba Ha Hay4YHUM CKyMno-
BMMaA 1 KoayTop je 3 naTeHTa.

OonucHn unaH Cprcke akageMuje Hayka M yMEeTHOCTU
nocTtao je 1974, a penoBHn 1985. roguHe.

Meet electrochemistry through Belgrade School of Electrochemistry

Large part of professor Susi¢’s scientific work consists of
research of impregnated zeolites as solid electrolytes. He
managed a number of national research projects on the
subject of physical-chemical processes in the technology
of modern materials, in the last decade on the previous
century, with emphasis on alloys for adsorption of hydro-
gen and hydrogen energetics. Under his mentorship, 24
doctoral theses were defended, he published 230 scientif-
ic publications, had almost 300 announcements at scien-
tific gatherings and he is the co-author of 3 patents.

He was elected corresponding member of the Serbian
Academy of Sciences and Arts in 1974, and regular mem-
berin 1985.
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AKageMUK
Papocnae Ayuvh

Academician
Radoslav Adzi¢

1942-

Mo 3aBpLUIETKY PEAOBHUX MU MarucTapckux ctyauja, 1974.
roovHe je [OKTOpMpao Ha TexHOMOLWKO-MeTanypLKOM
thakynTeTy YHMBep3uTeTa y beorpagny, kKoju je Taga, no
peunma JyHnuarra XaHra (Junliang Zhang) u peropa
JepkujeBuua (Gregory Jerkiewicz) y yBOOHWMKY cBecke
yaconuca Electrocatalysis 3(3-4) (2012) 161, Kojy cy oHU
ypehusanu a noceeheHa je 70. poheHgaHy PaTka Auunha,
,0M0 MefyHapo4HO no3HaT No M3BPCHOM obpasoBaky
N3 eneKkTpoxeMmjckmx Hayka“. TokOM u3paje AOKTopa-
Ta W HaKOH Tora, Ap Auuh je HEKONMKO NyTa NMyToBao Ha
Kejc BecTtepH PesepB YHuBep3uTeT y KnusneHgy, CAL,
roe je capahmeao ca EpHcTtom Jerepom (Ernest Yeager).
TokoMm cnepehux ckopo ABafeceT rogvHa, cBe OO Of-
nacka y CAL 1992. roguHe, y MHCTUTYTY 3a eNneKTpoxe-
Mujy UXTM-a, umnju je HEKONNKO roguHa 6no 1 gupekTop,
npenBoAMO je Tpyny UCTpaXupada Koja Ce MHTEH3UBHO
6aBuna enekTpokaTanusom. MNokasanu cy ga yntpaTaH-
KW MeTaNlHX CJI0jeBM WUCTANIOXKEHM Ha MoTeHuujanuma
HEraTMBHWjUM Of, PaBHOTEXHOr nocepnyjy jeAMHCTBEHEe
eNleKTpoKaTanuTmuyke ocobrHe npema HU3y enekTpoxe-
MUjCKUX peakuuja, NocebHO OHMX Of 3Hauaja 3a HayKy u
TEXHOJIOrMjy ropMBHUX cnperosa. lNopep Tora, oBa rpyna
je buna npBa y CBeTYy Koja je nokasana yTuuaj ryctuHe u
opujeHTauuje cTeNeHnL,a MOHOKpUCTasa nnaTuHe 1 anata
Ha KMHEeTUKY OKcKaaLmje MpaBJsbe KUCeNNHe 1 MeTaHona.
JepnaH opf, Haj3Ha4ajHUjUX pesynTaTay Tom nepuopy 6uno
je objaBsbMBatrbe onwTe WEMe peakLumje peayKumje Kuce-
OHWMKa, WTO je, nopep, ocTanor, omoryhuno objawrasarbe
HajCNOXEHNjUX pesynTaTta UCTpaXkmBarba Ha poTupajyhoj
OUCK-eNneKTpoau ca npcTeHoM. Y LleHTpy 3a Myntuamuc-
uMnNanHapHe ctyaunje 610 je TOKOM ocamaeceTux u nese-
[eceTUX rogMHa aHraXoBaH Kao AOLUEHT, Na BaHPe4HU U1
penoBHW npogecop.

HakoH ofnackay HauvoHanHy nabopatopujy bpykxejseH

After completing his graduate and magisterial studies, in
1974, he defended his PhD thesis at the Faculty of Tech-
nology and Metallurgy at the University of Belgrade, which
was, at the time, according to the words of Junliang Zhang
and Gregory Jerkiewicz in the introduction to the edition
of journal Electrocatalysis 3(3-4) (2012) 161, which they
edited and which was dedicated to the 70" birthday of Rat-
ko Adzi¢, “internationally acknowledged for its exceptional
education in the field of electrochemical sciences”. During
his work on his PhD thesis and after that, Adzi¢ travelled
several times to the Case Western Reserve University in
Cleveland, USA, where he collaborated with Ernest Yeager.
During the following almost twenty years, up until he left
for USAin 1992, at the Institute for Electrochemistry at the
ICTM, where he served as director for several years, he
led a group of researchers that intensively worked on elec-
trocatalysis. They have demonstrated that ultrathin metal
layers deposited on potentials more negative that equilib-
rium have unique electrocatalytic qualities according to a
series of electrochemical reactions, especially those im-
portant for science and technology of fuel cells. This group
was also the first in the world to demonstrate the impact of
density and orientation of platinum and gold monocrystal
ladder on the kinetics of formic acid and methanol oxida-
tion. One of the most important results in that period was
publication of the general scheme of oxygen reduction re-
action, which, among other things, enabled explanation of
the most complex results of research on the rotating ring-
disk electrode. In the 1980s and 1990s, he worked at the
Centre for Multidisciplinary Studies as an assistant profes-
sor, associate and full professor.

After coming to Brookhaven National Laboratory, USA,
in 1992, where he now holds the title of Senior Scientist
Emeritus and Adjunct Professor of the Stony Brook Uni-
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(Brookhaven National Laboratory), CAL, 1992. roguHe,
roe naHac uma 3Barbe Senior Scientist Emeritus v BaHpea-
Hor npodecopa Ha YHuBep3uTteTy CToHu bpyk (Adjunct
Professor Stony Brook University), BeceTak roguHa ce np-
BEHCTBeHO 6aBMO npoyyaBarbeM efIeKTPOXeMuje MnoBp-
WMHe, KPO3 AeTasbHe CTPYKTypasiHe CTyaunje MeTanHux
MOHOCJI0jeBa M Ha mMMa agcopboBaHMX xanoreHuaa,
KopuwherweM TexHuka 6asmpaHnx Ha CUHXPOTPOHCKO]
pagujaumnjn. TMM Koju je OH NpefBoOAMO yCreo je ga yc-
TaHOBW CTPYKTYPY aKTUBHUX MecCTa 3a Heke peakuuje in
operando.Y nepuogy 2001-2015. TMM je OTKPMO 1 pa3Bmno
HOB KOHLLENT MAaTMHCKOr MOHOC/IOJHOI KaTanusaTopa,
KOjM OCMM LUITO MMa 3HayajHo nobosbluaHe KaTaluTuuKe
ocobuHe, nocenyje 1 3HavyajHo Behy CTaBUNHOCT U Makby
LeHY y O HOCY Ha cTaHpapaHe. MNpakTuyHa npuMeHa ose
BpCTe KaTanmsatopa morna 6u na nma sHataH yTuuaj Ha
[a/by pa3Boj EHEPreTCKUX CUCTeMa, eIMMUHUCaHEM BU-
COKe LleHe MaTuWHe Kao rMaBHOM OrpaHuyera WUpoKe

npumeHe ropusHux henuja.

Papocnas Auuh je po capa o6jaBno npeko 300 Hay4YHUX
pagoBa Koju cy unmtmpanu suwe og 30.000 nyTa, y3 h uH-
gekc 84. 3a ponucHor unaHa Cpncke akageMmuje Hayka
N yMEeTHOCTU n3abpaH je 1994. roguHe, 3a MHOCTPAHOT
ynaHa AkageMunje MHxerepckux Hayka Cpbuje 2017, a
op, 2018. je unaH MeflyHapoHe akaZeMuje 3a efieKTpo-
xemujy (International Academy of Electrochemical Energy
Science). Hocunal, je 6pojHUX nprsHatba U Harpaga, mehy
Kojuma n OkTobapcke Harpage Beorpaga (1983); Me-
nae Cpnckor xemumjcko gpywTsa (1997); Harpane Enek-
Tpoxemujckor ppywTtBa (Fellow of the Electrochemical
Society), (2005); Harpage MuHuMCTapcTBa eHepreTuke
CA 3a nporpam ucTpaxuBarba U pasBoja BOLOHUYHOT
ropusa (US Department of Energy’s Hydrogen Program
R&D Award) (2008. n 2012); Harpage MemopwujanHor
MHcTUTyTa BaTten 3a usymutessa roguHe (Inventor of the
Year, Battelle Memorial Institute) (2005. n 2011), Harpa-
ne MehyHapopgHor enekTpoxemujckor apywTsa (Fellow
International Society of Electrochemistry) (2012); Harpage
3a 4YecTo UMTMpaHOr ucTpaxmesaya HayuyHe mpexe To-
Maca Pojtepca (Thomson Reuters Web of Science: Highly
cited researcher) (2016) n gpyrux.

Meet electrochemistry through Belgrade School of Electrochemistry

versity, for ten years, he worked on the study of surface
electrochemistry, through detailed structural studies of
metal monolayers and halogenides adsorbed on them, us-
ing techniques based on synchrotron radiation. The team
he managed succeeded in establishing the structure of
active places for certain reactions in operando. During the
period 2001-2015, the team discovered and developed a
new concept of platinum monolayer catalyser, which, apart
from significantly improved catalytic characteristics, also
has a significantly greater stability and smaller price com-
pared to the standard ones. Practical application of this
kind of catalysers could have a great impact on the further
development of power systems, by eliminating high price
of platinum as the main limitation of the wide application
of fuel cells.

So far, Radoslav Adzi¢ has published over 300 scientific ar-
ticles, cited over 30,000 times, with h index of 84. He was
elected corresponding member of the Serbian Academy of
Sciences and Arts in 1994, foreign member of the Acad-
emy of Engineering Sciences of Serbia in 2017 and since
2018, he has been a member of the International Academy
of Electrochemical Energy Science. He was awarded nu-
merous awards and recognitions, including Belgrade Octo-
ber Award (1983); Medal of the Serbian Chemical Society
(1997); Fellow of the Electrochemical Society, (2005); US
Department of Energy’s Hydrogen Program R&D Award
(2008 n 2012); Inventor of the Year, Battelle Memorial
Institute (2005 u 2011), Fellow International Society
of Electrochemistry (2012); Thomson Reuters Web of
Science: Highly cited researcher (2016), etc.
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AKaoeMunK
CnaBko MeHTYyC

Academician
Slavko Mentus

1946-

HakoH WwTo je AMNAoMuUpao Ha CTYAM|CcKOj rpynn dusmuka
xemuja Ha [lpupopgHo-maTteMaTuukoM akynteTy vy
Beorpagy 1969. roguHe, nsabpaH je 3a acucTeHTa Ha
NCTOj CTyAMjcKoj rpynu, rae je 1975. nog MEHTOPCTBOM
MuneHka Wywwrha, on6paHnMo [OKTOPCKY Te3y 0 OfHOCY
eNeKTPUYHEe NPOBOAJbUBOCTN, BUCKO3HOCTU M MOJIapHe
3anpeMmnHe BUCOKOTEMMNEPATYPCKMX TEYHOCTU. Y OKBUPY
Te3e ny6AMKOBAO je jedHAUYMHY KOja Ha NIMHeapaH HauyuH
noBesyje oBe Tpu BenuuunHe. Y capaltyi ca MEHTOPOM
ce TOKOM HapefHux rogvHa 6aBvMO MCTPaxmBarbMMa
NPOBOA/BUBOCTU, KUHETUKE €eNeKTPOAHWX npoueca vy
cMcTeMMMa ca eNeKTPoNMTMMa, anpoTUYHMM OPraHCKUM
eNeKTPoONnTUMa M KUHETUKOM Xuppupara MeTana u
nerypa u3 BogeHux pacteopa. Og 1994. Boan HacTaBy
enekTpoxemuje Ha PakynteTy 3a (BM3UUKY XEMUjy Ha
OCHOBHMM ¥ [OKTOPCKMM cTygujama. WHuumpao je
NCTpaXuBaka efieKTPoxeMuje pepokc nonumepa u
OOT meTofe ncnutrMBaka rpaHuue Metan/enekTponut,
KOjy YCMewWwHOo HacTaB/bajy HEroBM [OKTOPAHTU W
KacHuWju capafHuun. MoyeTKOM OBOr BEKA PYKOBOAMO je
HaLWOHAHMM MPOjEKTOM Ha TeMy (PU3NUYKO-XEMMjCKUX
KapakTepucTuka ™maTepujana 3a eneKTPOXeMUjCKy
KOHBEP3Ujy eHepruje, a 3aTUM U NPOjeKTOM JIuTujym-joH
6atepuje u ropusHe henuje. Y OKBMpY OBUX UCTPAXKMBaHA,
nopepn enekTPoOAHMX MaTepujana CTaHAaPAHUX INTUjyM-
joH 6aTepuja, npoyyaBaHu cy 6pojHM MaTepujanu 3a
WMHTepKanauujy ankanHux v APYyrux joHa M3 BOAEHUX
pacTteopa. Y nepnoay 2015-2018, ca napTHepuma ca Xe-
MUjcKOr MHCTUTYTa y JbybrbaHu, Boamo je MeflyHapoaHu
npojekaT Ha TeMy cTabunHOCTWU enekTpokaTanusatopa
3a ropusHe henuje.

Hanucao je oBa yubeHuka: OdabpaHe mMeTode (hu3u4ko-
xemujcke aHanuse (1993) n Enextpoxemuja (1999) Koje cy
KOpUCTWSIE 1 jolw yBEK KopucTe bpojHe reHepalmje cTy-

After graduating at the Department of Physical Chemistry
at the Faculty of Natural and Mathematical Sciences in Bel-
grade in 1969, he was elected assistant at the same De-
partment where in 1975, under the mentorship of Milenko
Susi¢, he defended his doctoral thesis on the relationship
between electrical conductibility, viscosity and molar vol-
ume of high-temperature liquids. Within his thesis, he pub-
lished an equation as a linear manner of connecting these
three quantities. In cooperation with his mentor, over the
next few years, he worked on the study of conductibility,
kinetics of electrode processes in systems with electro-
lytes, aprotic organic electrolytes and kinetics of hydration
of metals and alloys from aqueous solutions. Since 1994,
he has been managing classes of electrochemistry at the
Faculty of Physical Chemistry for undergraduate and post-
graduate students. He initiated research of electrochem-
istry of redox polymers and DFT method of analysis of
metal/electrolyte boundary, which has been successfully
continued by his PhD candidates and later associates. By
the start of this century, he managed a national project on
the subject of physical-chemical characteristics of mate-
rials for electrochemical conversion of energy, and then
also the project Lithium-ion batteries and fuel cells. Within
this research, apart from electrode materials for standard
Li-ion batteries, numerous other materials for intercalation
od alkaline and other ions from water sources were also
studied. During the period 2015-2018, with partners from
the Institute of Chemistry in Ljubljana, he led an interna-
tional project on the subject of stability of electrocatalysts
for fuel cells.

He is the author of two textbooks: Selected Methods for
Physical-Chemical Analysis (1993) and Electrochemistry,
which were and are still being used by numerous genera-
tions of students at the Faculty for Physical Chemistry. He
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neHata @akynTteTa3a usmnuky xemnjy. 06jaBuro je 193 Ha-
yuHa paga, uma suwe of 200 nybnmkoBaHMX caonwitera
Ca HayyHUX CKynoBa, a teroB naTteHT [1-1034/91 o
BeWTa4YKoOM mM3a3MBaky Kpuctanusauuje artmocdep-
CKe BoAe ce npumetrbyje 3a 3aWTUTY of rpaga y Cpbuju.
PykoBogawuo je nspanom oko 100 AMNAOMCKUX U BULLE Of,
40 mMarucTapCckmux n OOKTOPCKMX Tesa. YnaH je Cpnckor
XeMmujckor apywTsa, ApywTsa dusnkoxemmnyapa Cpbuje,
JyrocnoBeHCKOr ApyLTBa 3a UCMUTUBAKE MaTepujana u
MefyHaponHOr eNneKTPOXeMUjCKOT ApyLITBA.

LonucHu unaH Cprncke akagemmje Hayka M yMeTHOCTM No-
cTao je 2009, a peposBHu 2015. roguHe.

Meet electrochemistry through Belgrade School of Electrochemistry

published 193 scientific papers, has more than 200 pub-
lished announcements from scientific gatherings, and his
patent P -1034/91 on artificial induction of crystallisation
of atmospheric water is used for protection against hail in
Serbia. He managed work on over 100 graduate and over
40 magistral and doctoral theses. He is a member of the
Serbian Chemical Society, Association of Physical Chem-
ists of Serbia, Yugoslav Association for Materials Research
and International Society of Electrochemistry.

He was elected corresponding member of the Serbian
Academy of Sciences and Arts in 2009, and regular mem-
berin 2015.
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[1p HeHap MapkoBuh
Nenad Markovi¢, PhD

1953-

HeHap M. Mapkosuh je aunnomupao (1977) Ha TexHonoww-
KO-MeTanypLlKoMm thakynTeTy, a Maructpmpao je (1982) u
poktopupao (1984) y LleHTpy 3a MynTuaucLmMnaMHapHe
cTyanje, KoHBepsnja eHepruje. EnektpoxeMujy je yumno
oA, Haj6omsmx npochecopa: AnekcaHngpa Hdecnuha, Opa-
rytuHa Opaxuha v Pagocnasa Aynha. [eo cBoje Ook-
TOpCKe OucepTauuje je ypaamno y nabopatopuju npod.
Jerepa (Ernest Yeager) Ha Kejc BecTepH Puseps YHuBep-
3uteTy (Case Western Reserve University) y KnueneHgy,
CAL. AkapeMcky Kapwujepy je 3anoveo 1978. roguHe
Kao Hay4HW capafHuUK Ha VIHCTUTYTY 3a eNeKTPOXeMUjy.
Kao mnap pokTop Hayka 1985. je nocTtao pykosogumnal,
rpyne 3a NoBPLIMHCKY eNeKTPOXeMUjY U UHTEH3MBHO je
capafuBao ca PapgocnaBom Anhem Ha ncTpaxmBamnma
eNIeKTPOXEMUJCKNX KaTanmusatopa, nocebHo Ha MOHO-
KpUCTa HMM NOBpLUMHaMa 1 NoBpLIMHaMa MoaudmrKkoBa-
HUX af-aToOMUMa, AEeMNOHOBaHWUM Ha MOTeHUMjanMMa Hu-
UM O, PaBHOTEXHOT. MoYeTKOM LeBeeceTux roauHa,
kapa cey Jyrocnaeuju Hacnyhnsana Hagonaseha kpusa,
oTuwWao je y HaumoHanHy nabopatopujy JlopeHc bepknu
(Lawrence Berkeley National Laboratory) y KanudopHuju,
roe je TOKOM HapegHux 4eTpHaecT rofuHa HacTaBuo
ncTpaxmeama 3anoveta y beorpagy. CpegmuHom 2005.
roAunHe npenasn y AproH HaunoHanHy nabopartopujy, Ha
Opesbere 3a Hayky o matepujanmuma (Argonne National
Laboratory, Material Sciences Division), y Kojoj je n gaHac
Ha nosunumjn Bogeher HayyHMKa 3ajeHUYKOT LLeHTpa 3a
NCTPaXunBake CKNaanullTeHa eHepruje.

HberoB rnaBHM UCTPaXKUBAYKM UHTEPEC je pa3yMeBarbe
NOBPLUMHCKUX MNpoueca Ha HaeNeKTPUCaHOoj rpaHuum
thasa meTtan-pacTtsop. Kopuctehu pasnuunte ex situ u
in situ NOBPLUMHCKN OCET/bUBE CMEKTPOCKOMNCKE U MU-
KPOCKOMCKe TexHuke, y KoMbuHaumjn ca BubpaLnoHom

CﬂeKTpOCKOI’IVIjOM n  KnaCu4yHuM eJ'IEKTpOXGMVIjCKMM

Nenad M. Markovi¢ graduated at the Faculty of Technology
and Metallurgy (1977), and obtained his magisterial (1982)
and doctoral degree (1984) at the Centre for Multidiscipli-
nary Studies, at the Energy Conversion Department. He
learned electrochemistry from the best professors: Alek-
sandar Despi¢, Dragutin Drazi¢ and Radoslav AdZi¢. He
did part of his dissertation at the laboratory of prof. Ernest
Yeager, at the Case Western Reserve University, in Cleve-
land, USA. He began his University career in 1978 as a sci-
entific associate at the Institute for electrochemistry. As
a young PhD graduate, in 1985 he became a manager of a
group for surface electrochemistry and he intensively co-
operated with Radoslav Adzi¢ on research of electrochem-
ical catalysts, especially monocrystal surfaces and ad-at-
om modified surfaces, deposited at potentials lower that
the equilibrium. In early 1990s, when the future crisis in
Yugoslavia began to loom on the horizon, he went to Law-
rence Berkeley National Laboratory in California, where for
the next fourteen years he continued the research he had
begun in Belgrade. In mid-2005, he transferred to Argonne
National Laboratory, Material Sciences Division, where he
is still working as a leading scientist of the Joint Centre for
Energy Storage Research.

His main research interest is understanding surface pro-
cesses on charged boundary of metal-solution phases.
Using various ex situ and in situ surface sensitive spec-
troscopic and microscopic techniques, in combination
with vibrational spectroscopy and classic electrochemical
methods, he established relations between microscop-
ic surface structure and macroscopic speed of (electro)
chemical reactions. His research largely contributed to
understanding of metal nanoparticle activities in energy
conversion and storage systems and establishment of the
relationship between the speed of reaction, selectivity and
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MeTofama, yCrnocTaBuo je ogHoce MaMelly MUKpocKon-
CKe MOBPLWMHCKe CTPYKTYpe W MaKpOCKoncke 6p3uHe
(enexkTpo)xeMmnjcKMx peakumja. Hherosa cy ucTpaxkmparba
YMHOroMe [onpuHena Kako pasyMeBakby aKTUBHOCTM
MeTasIHMX HaHo4YecTUla y CUCTEMUMA 32 KOHBEP3Ujy U
CKNIaAuILTEHE eHepruje, Tako 1 yCTaHOB/baBakrby O4HOCA
6p3vHe peakuuje, CENEeKTUBHOCTU U CTabUIHOCTH KaTa-
iM3atopa y 3aBUCHOCTM Of, AMMEeH3Mja YecTunua mMeTan-
HWMX KaTanusartopa.

AyTop je Buwe op 260 papoBa u3 obnactm enexkTpo-
KaTanns3e M NOBPLUMHCKE eneKTPoXeMuje, a LUTUpaH je
npeko 38.500 nyTa, y3 h-uHaekc 93. PykoBOAMO je wecT
npojekaTta pa3Boja e/leKTPOXeMUjCKe KOHBep3uje 1 ckna-
OMWTera eHepruje, hMHaHCUPaHUX O CTPaHe aMepuyKor
MuHucTapcTBa 3a eHepreTuky (United States Department
of Energy), ann n capafuBao ca HEeKONMKO BESIMKMX KOM-
naHuvja ayToMobuicke WHAOyCTpuje Ha pasBojy MoroHa
3a enekTpuyHe aytomobune (M, TojoTa, HucaH, XoHaa,
BMB). Opf, BuWwe Harpaga v npusHama Tpeba nctahu Ha-
rpagy MeflyHapoaHor eniekTpoxemujckor apywtea (Fellow
of the International Society of Electrochemistry 2011) n
®dapapejeBy Meparby KparbeBCKOr efleKTPOXeMUjCKOr
opywTtsa 2013. (Faraday Medal Award, Electrochemical
Royal Society).

Meet electrochemistry through Belgrade School of Electrochemistry

stability of catalyst depending on the dimensions of metal
catalyst particles.

He is the author of more than 260 articles in the field of
electrocatalysis and surface electrochemistry, cited over
38,500 times, with h-index 93. He managed 6 projects of
development of electrochemical energy conversion and
storage, funded by the United States Department of Ener-
gy, but he also collaborated with several great automobile
companies on the development of power drive for electric
cars (GM, Toyota, Nissan, Honda, BMW). Out of his numer-
ous awards and prizes, we should mention Fellow of the In-
ternational Society of Electrochemistry 2011 and Faraday
Medal Award in 2013, awarded by Electrochemical Royal
Society.
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KATAJNNIOI CATALOGUE

1 KaojepmaH of LeHTapa enekTpoxemujey ceeTy, beorpag cy
nocehnBana MHora sHavajHa MMeHa cBeTcke Hayke. OBO je
anbymy koju ce o 1972. no 2000. rognHe noTnucana sehuHa
HUX.

As one of the centers of electrochemistry in the world, Belgrade
has been visited by numerous important names of global science.
This is an album signed by most of them from 1972 to 2000.

2 Pasnununtun yubeHnum Beorpaacke WKone enekTpoxemuje.
HajcTapuju je Hanucao MaHTta TyTyHUnh 1 noTuye ns 1937.
roguHe.

Different textbooks of the Belgrade School of Electrochemistry.
The oldest one was written by Panta Tutundzi¢ and it dates from
1937.

MeRlyHapogHe MoHorpadgmje unaHoBa Beorpapacke WKone enekTpoxemuje
International monographs whose authors are members of the Belgrade School of Electrochemistry

3 John O‘M. Bockris and Dragutin M. Drazic
Electro-Chemical Science, Taylor & Francis, 1972 e

4 Milka L. Avramov 1vi¢, Slobodan D. Petrovi¢, Dugan Z. Mijin, . T B Y
Contribution to the Recent Advances in Electrochemical - -0
Analysis of Pharmaceuticals in Biomedical and Pharmaceutical X feYaY
Applications of Electrochemistry, in Biomedical and Electroanalysis in
Pharmaceutical Applications of Electrochemistry, Springer Biomedical and
International Publishing, 2016 Pharmaceutical

Sciences

Voltammetry, Amperometry,
Biosensors, Applications

5 Konstantin Popov, Stojan Doki¢, Nebojsa Nikoli¢ and Vladimir
Jovi¢, Morphology of Electrochemically and Chemically Deposited
Metals, Springer, 2016

Morphology of
Electrochemically
and Chemically
Deposited Metals
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6 Jasmina Stevanovié, editor, Metals and Metal-Based e -
Electrocatalytic Materials for Alternative Energy Sources and Metals and
Electronics (22 ayTopa nornassba / 22 authors of chapters), Nova Metal-Based
Sci Publishers. 2019 Electrocatalytic

cience Fubli ’ Materials for
Alternative Energy
Sources and
Jasmina Stg\{oanowc‘ Ph.D.
oo oo

7 Mwuomup Masnosuh, Aywan CtaHojeBuh n CpeteH MnageHosuh, it T SOICNTERN
Koposuja u sawTuta matepujana, TexHonowku hakyntet R
3BopHuK, 2012 KOROZIJA

1 ZASTITA
MATERIJALA

8 JeneHa b. bajaT, MNpeBnake nerypa YuHKa — eleKTPOXeMUujCKo
dobujare u KoposuoHa ctabusiHocT, CaBes UHxerepa u
TexHu4vapa 3a 3awTuTy matepujana Cpbuje, 2009

9 MeTanHa ceeha
HajnosHaTtuju pesyntat beorpacke WkKone efleKTpoxemuje.

Exkonowku becnpekopaH XeMUjCKM U3BOP CTPyje pasBujeH
noyeTkoM gesepecetTux rognHa 20. Beka.

Metal Candle

Most famous result of the Belgrade School of Electrochemistry.
Ecologically impeccable chemical source of electricity developed
in the early 1990s.

10 XnoporeH

CuCTEM 3a eNIeKTPONIUTUUKY NPOU3BOAHY XJlopay 06unKy
pacTBopa HaTpujyM-xunoxnoputa (NaOCl) Ha MecTy noTpolme
Hlorogen

System for electrolytic production of chlorine in the form of the
sodium hypochlorite (NaOCl) at the place of its consumption

Meet electrochemistry through Belgrade School of Electrochemistry
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11 KomepumujanHu nonaporpad nponsseneH y YexocnoBavkoj
cpenunHoM aBapgeceTux roauHa 20. Beka (npoussohay V. and J.
Nejedly). JapocnaB XejpoBcku je 1957. rogmHe nobuo Hobenosy
HarpafZy 3a pasBoj nonaporpaguje Kao aHanMTU4YKe MeTofe.
Commercial polarograph manufactured in Czechoslovakia in
the mid-1920s (manufactured by V. and J. Nejedly). Jaroslav
Heyrovsky was awarded Nobel Prize in 1957 for the development
of polarography as an analytical method.

12 CeT3aeneKTpoxeMujcKka Mepeta C NoyeTKa ocaMaeceTunx
rognHa 20. Beka
Set for electrochemical measurements from the early 1980s

13 CaBpeMeHM CeT 3a eJIeKTPOXeMUjcKa Mepera
Modern set for electrochemical measurements

14 JNa6opaTtopujcka enektponautuuka henumja, kpaj 20. Beka
Laboratory-scale Electrolytic Cell, late 1990s

15 JdapcoHBanoB ransaHoMmep, noyetak 20. Beka
D’Arsonval Galvanometer, early 20" century
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16 1. BUTCTOHOB MOCT, Felten & Guilleaume, Hemauka, Tpugecete 1 %
roguHe 20. BeKa
Wheatstone bridge, Felten & Guilleaume, Germany, 1930s
2. Manu ButctoHoB MocT, Hartmann & Braun AG; ®paHkdyprT,
Hemauka, 1945.
Pontavi Small Wheatstone Bridge, Hartmann & Braun AG;
Frankfurt, Germany, 1945

17 MynTuyHKLNOHANIHU UHCTPYMEHT, FIEM - Fabbrica Istrumenti
Elettronici di Misura, MunaHo, opyra nonoBuHa YeTpaeceTmnx
roguHa 20. Beka
Multifunctional instrument, FIEM - Fabbrica Istrumenti
Elettronici di Misura, Milano, second half of the 1940s

18 Polymesureur MD313
Chauvin & Arnoux; Mapus, ®paHuycka, 1945,
Chauvin & Arnoux; Paris, France, 1945

19 pH mMeTtap
Radiometer, KoneHxareH, [laHcka, negeceTe roanHe 20. Beka
pH-meter
Radiometer, Copenhagen, Denmark, 1950s

20 Myntudinekc ransaHometap moa. MGF 2, Dr. B. Lange GmbH,
BepnuH, cpegnHa negecetux rognHa 20. Beka
Multiflex Galvanometer mod. MGF 2, Dr. B. Lange GmbH, Berlin,
mid-1950s

Empfinalichielt pro mm

Eingangswiderstand:
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OTnopHe pekape, Industrija za elektrozveze, JbybbaHa,
Jyrocnaeuja, kpaj roguHa negeceTtux 20. Beka

Decade resistor, Industrija za elektrozveze, Ljubljana, Yugoslavia,
late 1950s

R-I Voltmeter

BontmeTtap/ommeTap, Southwestern Industrial Electronics
Houston Texas, CAL, 1955.

Voltmeter/Ohmmeter, Southwestern Industrial Electronics
Houston Texas, USA, 1955

HuckodgpekBeHumnjcku RC reHepaTop

Institut za elektrozveze, kpaj wesneceTux roguHa 20. Beka
Low-frequency RC Generator

Institut za elektrozveze, late 1960s

AMnepmMmeTap u Bontmetap, Iskra, JbybbaHa, cpegmnHa
wespeceTux rogmHa 20. Beka
Amperemeter and voltmeter, Iskra, Ljubljana, mid-1960s

KoHpykToMeTap, Industrija za elektrozveze, JbybrbaHa,
Jyrocnaeuja, wespeceTe rognHe 20. Beka

Conductometer, Industrija za elektrozveze, Ljubljana, Yugoslavia,
1960s
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26 MukpoamnepmeTap u BontTmetap, Iskra, JbybrbaHa,

cpefvHa cefampeceTux rogmHa 20. Beka
Microamperemeter and Voltmeter, Iskra, Ljubljana,
mid-1970s

27 CaBpeMeHU AUruTanHu MynTuMeTap

Modern Digital Multimeter

28 MWcTopujcku pasBoj akymynaropa (6atepumje)

29

Historical development of batteries

1. 2. 3. 4.
OnoBHu / Ni-Cd MH-NiOH Li-jon / Li-
Lead-acid (1899) (1990) ion (1991)
(1859)
u/v 4,0 1,25 1,2 3,7
0/ Ah 1,0 1,2 1,1 1,02
E/Wh 4,0 1,5 1,32 3,8
m/g 280 70 12 24
wsp/ Wh kg 14,3 21,5 110 158

5.

Zn-Ag,0 6atepuja (1.55 V), passujena 1930. ronuHe. Osakse baTepuje
cy, 36or Benuke cneumndmyre eHepruje (130 Wh kg?), Hanajane npse
coBjeTcke CnyTHMK caTennTe 1 aMepuyKe Hocave pakeTa CaTypH, kao u
nyHapHe mopyne nporpama Anono. Komepuujanusosaxe cy 1960.
Zn-Ag,0 battery (1.55 V), developed in 1930. Due to their high specific
energy (130 Wh kg?), they’ve powered the first Soviet Sputnik satellites
and American Saturn rocket carriers, as well as lunar modules for the
Apollo program. They were commercialized in 1960.

Hukn enekTpope 3a HUKN-KaaMujym akymynartope sehux
CHara
Nickel electrodes for high-power nickel-cadmium batteries

Meet electrochemistry through Belgrade School of Electrochemistry
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30 TlopuBHU ranBaHcku cnperoeu (FTC)
KoHBepTYjy NOTeHLUMjaTHy XeMUJCKY eHeprujy ropmea, 06uUHo
BOLOHWKA, AUPEKTHO Y eNEeKTPUYHY eHeprujy.
Fuel cells
They convert potential chemical energy of fuels, usually hydrogen,
directly into electricity.
MHT / MST
BuHuya / Vinca

31 ConapHa henuja
Solar cell

32 MakeTta aytomo6una Kojer nokpehe cynepkoHaaH3aTop
Model of a car powered by a supercapacitor

33 ENeKTPUYHU TPOTUHET
JNntnjym-joHcke 6atepuje omoryhune cy MacoBHo Kopulhere
Manux eneKTpUYHMX BOo3nna.
Electric scooter
Lithium-ion batteries have enabled the mass use of small electric
vehicles.

34 BWWeEHaMEHCKa joH-Ce/IeKTUBHA efieKTpoaa
EnekTpopa Py>XWYKUHOT TMNA pasBujeHa je n KoMepumnjanHo
npousBofheHa ocampeceTux rognHa 20. Beka.
Multifunctional Ion-Selective Electrode
RuZicka-type electrode was developed and commercially
produced in the 1980s.
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35 KoMepuujanHe cTakjieHe eNlIeKTPoAe 13 CpefinHe Le3neceTux
roauHa 20. Beka. Npounssohay Radiometer, JLaHCKa.
Commercial glass electrodes from the mid-1960s. Manufactured
by Radiometer, Denmark.

36 Anapart 3a Mepembe wehepay KpBU, eIEKTPOXEMU[CKM CEH3OP
Blood Glucose Monitor, electrochemical sensor

37 Ankortectep — Mepay afikoxonay KpBU, e/IeKTPOXEMU|CKN
CeH3op
Breathalyzer — Breath alcohol tester, electrochemical sensor

38 bBakapHu npax ce fobuja eNeKTPONUTUYKUM TaSIOXKEHEM
6akapa Ha noBpLNHY KaToae. AHofa 1 n3Bop bakapHUx joHa
je enekTpopa of unctor bakpa fobujeHa eneKkTPoNMTUYKOM
paurHaunjom. EnekTponuT je BogeHu pactBop bakap-cyndaTam
CyMMopHe knucenuHe. Pagn nosehara KaToHe rycTuHa cTpyje,
O[HOCHO CMakberba NOBPLUMHE, KaToae ce nspahyjy y obnuky
Yelwsba, OAHOCHO LUUMKK Ha Hocauy. [poLuec ce oaBuja Npeko
peakuuja:
Cu — Cu?* + 2e” okcupaumja Ha aHoam
Cu?* + 2e” - Cu pefnyKumja Ha KaToam
Copper powder is obtained by electrolytic deposition of copper
on the cathode surface. The anode and source of copper ions
is an electrode made of pure copper obtained by electrolytic
refining. Electrolyte is an aqueous solution of copper sulfate and
sulfuric acid. In order to increase the cathode current density,
i.e. reduction of the surface, the cathodes are made in the form
of a comb, i.e. bars on the base. The process takes place through
reactions:
Cu — Cu?* + 2e- oxidation at the anode
Cu?* + 2e- - Cu reduction at the cathode
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40

41

42
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MakeTe enekTpopa us pactuHaumje 6akpa, Zijin, bop
Electrode models from copper refining, ZiJin, Bor

TuTaHCcKe N1 oUMMeH3uoHo ctabunHe aHope (ACA)

1.HeakTnBMpaHa TUTAHCKa aHoaa (UNCT TUTaH)

2.JTabopaTopujckn y3opak akTMBMpaHe aHofde, Ca aKTUBHOM
npeBfiakom

3.JlabopaTopujckm y3opak aHO4e HAKOH HEKOTMKO
ekcnepumeHaTta. PasHobojHe Tpake NoTu4y of, pasnmumnTux
eKcrnepumeHaTay pasfnuymTum pexmMmnma paga.

Titanium or Dimensionally Stable Anodes (DSA)

1.Uncoated titanium anode (pure titanium)

2.Lab sample of activated anodes, with active coating

3.Lab sample of an anode after several experiments. Different-
colored stripes are the result of different experiments under
different conditions.

JeMoHcTpaumja efieKTpoxeMujcke Koposuje reoxkha
NeBO — yTHLLA] MEXAHUYKOT Hanpes3arba

BEeCHO — YTULLA] KOHTaKTa ca Apyrnum meTanoMm (ranBaHcka
Koposuja)

Demonstration of electrochemical corrosion of iron

Left — impact of mechanical strain

Right — impact of the contact with another metal (galvanic
corrosion)

EneKTpoXeMMjcKo Tanoxemwe
Electrochemical deposition

YnosHaj enekTpoxemujy kpo3 beorpapcky WKony enekTpoxemuje
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43

3alTUTHE U J,eKOpaTUBHE eNIeKTPOXeMUjCKe npeBiake
Protective and decorative electrochemical coatings

A/ TpoTe3a BelTauyKor KyKa

45

loprey oeo npoTese ce yrpahyje y 3rnob kyka n tpeba ga
omoryhu cpacTarbe ca NpUpPOLHUM KOWTaHUM TKMBOM, a TO Ce
MOCTUXKE eNEeKTPOXEMUN]CKMM MOCTYNKOM HaHOLWEeHa CUHTETCKe
npeBnake Ha 6a3u xmpgpokcnmanaTnTa Ha NOBPLMHY KasoTe.
Artificial hip prosthesis

The calotte on the upper part of the prosthesis is built into the hip
joint, which should enable fusion with natural bone tissue, and this
is achieved by electrochemical procedure of applying a synthetic
coating based on hydroxyapatite on th surface of the calotte.

XupporenHa obnora 3a paHe ca efleKTPOXEMU|CKHU
CUMHTETUCaHWM HaHoYecTuL,ama cpebpa

Hydrogel wound dressing with electrochemically synthesized
silver nanoparticles.

MHT / MST
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