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HszBog

Y paay je paTt npernen pasBoja aKTUBHMX TUTAHCKMX aHOAA 3a peakuujy okcuaaumje
XNOPUAHUX jOHA Y WUCTparKMBayYkMm nabopatopujama y Cpbuju. MNpuKasaHW cy U HOBM
pesynTaTu UcTpaxuBarba edekTa TemrepaTtype Tepmuyke obpage, cactasa v aebsbuHe
akTuBHe RuO,/TiO, NnpeBnake Ha TUTaHy Ha HbEHA MUKPOCTPYKTYPHA CBOjCTBA U 04pa3 OBUX
CBOjCTaBa Ha KaTa/IMTUUYKY aKTUBHOCT, jOHCENEKTUBHOCT M KOPO3MOHY CTabuaHocT vy
npouecy Aobujarba aKTUBHOT X/10pa. YCTAHOB/bEH je U edeKaT KUHETUYKUX U ONepaTUBHUX
napameTtapa npoueca efekTpoanse pasbnaxeHuUx pacTsopa HaTpPUjymM-xs0puaa Ha UCKo-
puwhere cTpyje U eHepruje No akTMBHOM xopy. Ha OCHOBY OBMX WMCMWUTMBAHba KOHC-
TpyucaHa je henuvja 3a enekTponunsy v ytepheHe cy ontMmasiHe BPeAHOCTU TEXHONOLWKUX
napameTapa npoueca nNpou3BoAtbe aKTMBHOr xanopa. CBeobyxBaTHa MUCTPaXknBarba pesyi-
TMpana Ccy KOHCTPYKLMjOM PasanymUTUX TUNOBA MNOCTPOjerba 3a in Situ NPOu3BOAHY aKTUB-
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MUWKpObMONOWKN HeucnpaBHa Boga 3a nuhe K
BO/Jla KOja Ce KOpPUCTU y MpoLLecy NpousBoaHe y noro-
HMMa npexpambeHe UHAOYCTPUje Y3POK je YecTux enwu-
Aemuja 3apasHux bonectu. 3ato je 3a gobujarbe
34paBcTBEHO He3beaHMX NpousBogda HeonxoaHa edwu-
KacHa gesnHdeKkuuja Boae, Kao n aesmHdeKkumja obje-
KaTa u onpeme. Y CBeTy Ce y MHOMMM 3em/baMa BoAa
Ae3nHduKyje racoButum xsopom. 360r noteHumjanHe
onacHocTM opg, u3bujarba MHUMAZeHaTa, y EBponckoj
YHWju je 3abparbeH TPaHCMOPT 1 CKAaAMLLITEHE TOKCUY-
HOT racoBMTOr X/0pa. Buwerogmitba UCTpaxkusBarma y
nabopaTtopujama dakynteta U uHctutyTa y Cpbuju [1-
—31] pesyntupana cy passojem gomahux ypehaja 3a
nNpou3BoAtY Ae3UHPEKUNOHOr CpeacTBa — aKTUBHOT
X/10pa Of, HETOKCMYHE CUMPOBMHE — BOLEHOI pacTBopa
HaTpujym-xnopuga. Y osum ypehajuma ce enekrpo-
NIM30M pa3bnaykeHor, HeyTpanHOr BOAEHOr pacTBopa
HaTpujym-xnopuaa fobuja pacTBop XMMOXN0PUTA U
XUMNOX/IOPUTHE  KUCENIMHE, CHaXXHOI OKCMZAaLMOHOr
cpencTBa Koje yHMWTaBa MUKpoopraHuame. OBaj Tex-
HOMOLLIKM MOCTYNaK He 3arahyje OKOAUHY M HemMa LwTe-
THUX yTULLA@ja Ha 34,paB/be PasHUKa.

Y npouecy pobujatba aKTUBHOI X/I0pa eNeKTPoIn-
30M pasbnaxkeHor pacTBopa HaTpujym-xiopuaa Ha
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aHOAM Ce aHOAHOM OKCUAALUMjOM XJOPUAHUX jOHa
n3gBaja xnop:

2CI" —>Cl+2e” (1)

MN3pgojeHn xnop audyHayje Kpos aHoaHu andy-
3MOHM C/I0j Ka Macu pacTBopa WM MPUTOM CUMYATAHO
xuaponusyje. Xugponmsa je 6p3a peakumja Tako ga npu
pH BpegHocTMma pacteBopa Behum og 6,5 rotoBo cas
XN0p XMaponausyje y aHogHomM Andy3noHOM cnojy pe-
aKLuMjoMm:

Cl,+H,0 —>HCIO + CI" + H* (2)

YcnocTas/ba Ce paBHOTEXKA AUcCouMjaumje XMNoxno-
PUTHE KNUCeNnHe:

HCIO =2 H +ClO™ (3)

HacTana XMnoxnopuTHa KUCeNMHA M jOHWU XuMo-
XNopuTa (aKTMBHU Xnop) n3 gudysnoHor cnoja andyH-
OYjy Ca jeAHe CTpaHe Ka aHoau, rae ce oKcuayjy 4o
xnopara:

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

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

2HOCI+0CI" — CIO; +2CI™ +2H" (5)
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Ondysuja n xugponusa xnopa n gudysmja akTUBHOr
xnopa oapehyjy KOHUEHTPaUMoHU npodua aKTUBHON
X/iopa y aHogHom aAudysnmoHom cnojy. OBaj npodun
oapehyje GnyKc aKTMBHOr Xx/opa Ha aHOAHOj NOBp-
WMHW, @ TUME U aHoAHe rybuTKe CTpyje HacTase OKCU-
Aaumjom akTMBHOT xnopa [3-5,9-11,23]. ybuum ctpyje
HacTajy u aHogHOM oKcupaumjom soge [3-5,9-11,23]:

2H,0 -0, +4H" +4e” (6)

Y npouecy gobujarba aKTUBHOT X/10pa TemnepaTypa
€/IeKTPOINTA je penaTUBHO HucKa (t < 30 °C) wTo ycno-
paBa peakuujy XemMujcKke KOHBep3uje aKTMBHOI XJa0pa
8o xnopata [3-5,9-11,23]. Npn BpeaHoctuma pH oko
6,2 KOHBep3Mja je Hajbp:Ka, jep je y Toj obaacTm ogHOC
KOHLIEHTPpaLMja XMMOXIOPUTHE KUCENNHE U jOHA XMNO-
X/lopuUTa TakaB pa obesbehyje maKkcumanHy 6p3unHy
XEeMWjCKe KOHBep3Mje aKTUBHOT Xx/0pa Ao xnopata [11].
3aTo ce npouec NPon3BoAHE aKTUBHOF X/10pa U3BOAN Y
anKanHoj cpeanHn. MehyTum, y MHOFMM CayyajeBuma y
NpaKcK, jako anKkalHW PacTBOPM aKTUBHOT XJ0pa He
Mory Aa ce Kopucte. [leo aKTMBHOI X/i0pa Ce TpaHC-
nopTyje Ha KaToay rae ce peaykyje A0 XIOPUAHUX joOHA
LITO Y3POKyje rybuTKe akTUBHOI X/I0pa Koju ce y auTe-
paTypu, pagy nakwer obpayyHa YKYMHOT WCKOPWLL-
hetrba CTpyje, 03Ha4YaBa Kao KaToaHu rybuum [8-11,14—
-17]:

ClOo” +H,0+2e” —CI" +20H" (7)

MowTo je KoHUEHTpaLMja HAaTPUjym-xnopuaa y npo-
uecy aobujarba akTMBHOT X10pa 06MYHO marba og 30,0
g dm_3, 3HauajHe aHogHe rybuTKe CTpyje y3poKyje u
aHo4Ha OKcuaalmja Boge.

EKCMEPMMEHTAIHU AEO

Ha nogecHo npunpems/beHoj TUTAHCKOj OCHOBU Tep-
MWYKMM MOCTYNKOM je popMMpaH akTMBHM duam of
OKCcMAa pyTeHujyma u TuTaHa [3-5,8]. [naTke TUTaHCKe
nao4e cy, nocne necknpara u ogMmawhunearba ca 3acu-
heHnum pacteopom NaOH y etaHosny, HarpusaHe 20 min
y K/byyanoj 20 mac.% HCl. Ha oBako npunpemsbeHe
naove HaHouweH je pacteop RuCl;-3H,0 u TiCl, y 2-npo-
naHony KoHueHTpaunje 20 g dm™ PaYyHATO Ha 4ucte
meTane. Cactas pacrtsopa je sapupao og 5,0 go 100
mol% Ru. PacTBoOp je HaHOLWeEH BWLe NyTa, CBE AOK ce
He nocTurHe pebs/bMHa nNpeBfiake Koja oAroBapa macu
001080 20¢g m 2 unucTx MeTana. Mocne HaHowekra
CBaKoOr c/i0ja pacTBopa, nJso4ye cy cyweHe Ha 50 °C, a
3aTUM neyeHe 10 min Ha UCNUTUBAHO] TemnepaTypu.
HakoH nocneprer HaHolwerwa pacTtBopa njaoye cy ne-
yeHe 60 min Ha UCNUTMBAHO] TemnepaTypu Koja je Ba-
pupana og 300 go 800 °C. KpuctanHa cTpykTypa ¢op-
MUWpaHe NpeBnake UCnuTaHa je peHAreHCKOM CTPYKTYp-
HOM aHanu3om Ha Philips andpaktomeTpy ca rpadut-
HUM MmoHoxpomaTpom u CuKa 3paverem.
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EnekTpoxemujcka mepera BpLUEHA Cy Y KAACUYHO]
enekTpoxemujckoj henuvju sanpemumte 1,0 dm® ca no-
cebHum genom 3a pedepeHTHy 3acuheHy Kasomenosy
enekTpoay. PagHe enekTpose 6une cy y obaunky naova
nospwuHe 4 cm’, a nomohHy eneKTpoay je UYMHMNA
napanenHo MnocTaB/beHa TUTaHCKa naoya. CBM NOTEH-
LUMjann y TEKCTY M Ha CAMKama Aath cy Npema CTaH-
[apaHO] BOLOHWYHO] enekTpoau. TOKOM enekTpoxe-
MMjCKUX Meperba KopUWheHOo je cTaHZapAHO enek-
TPUYHO KONO CacTaB/beHO Of, Mporpamepa ca MOTEH-
ymoctatom (RDE Potentiostat Pine instrument Co.,
Grove City, Pennsylvania), X—Y nucauya (Hewlett Packard
7035B) u aurutanHor sontmetpa (Pro's Kit 03-9303C).
PactBopwu cy npaB/beHM o4, TPU NyTa AeCcTUANCaHe BOAe
n Merck xemukanmuja. AHOAHO, KaTOAHO M YKYMHO UCKO-
puwhere cTpyje oapehHMBaHO je Ha OCHOBY cacTaBa
racHe cMelle Koja 1U3nasu n3 enektponmsepa [5]. Kymy-
NaTMBHO McKopuwhere cTpyje oapehunBaHo je Ha 6a3m
KOHUEHTPaUmje aKTUBHOI x10pa y pacteopy. KoHueH-
Tpaumja aKTMBHOT x10pa ogpehmBaHa je NoTeHLMOMET-
pujckom TUTpaumjom HaTpujym-apceHatom(lIl) [5].

PESY/ITATU U AUCKYCUIA

NcnutmBaH je yTuuaj npupoge aHOA4HOT U KaToAHOr
MaTepujana, KMHETUYKMX U OMnepaTMBHUX MapameTapa
Ha eNleKTPoAHe NPeHaneToCcTH, Naj HanoHa y enekTpo-
JINTY, KaTOAHO, aHOAHO M YKYMNHO Uckopuwwhere cTpyje
M Ha NOTPOLWHY eHepruje no jeguHUUM NPOM3BOAA-
aKTMBHOT xnopa. Ha ocHoBy fo6ujeHnx pesynTaTa yTBp-
HeHa je onTMManHa KOHCTpyKumja hennje u ontumanHe
BPEAHOCTN TEXHO/IOWKMUX NapameTtapa npoueca. KoHa-
YHM UCXOA WUCTPAXKMBakba Ha OBOM MPOjEKTY je KOH-
CTPYKLMja HOBUX MOCTPOjeHa 33 MPOU3BOAHY aKTUBHOT
xnopa [1-31].

Y TOKy peanusauuvje npojekTa npumereHa je
Aomaha TexHosiorMja uspage akTUBMPAHUX TUTAHCKMUX
aHOofa 3a eneKkTponusy pasbnaxkeHwWx pacTBopa X/o-
puaa y ankanHoj cpeamHn. CHUMarbem aHOAHWUX nona-
PU3ALMOHUX KPUBM MpPU ENeKTPOAN3U pasbnaxkeHux
pacTBopa xnopuaa UCNUTAH je yTuuaj cagprkaja RuO, y
npeBfakamMa Ha HMXOBY KaTa/MTUUKY aKTMBHOCT. Ha
OCHOBY TWUX MNOJMAPM3aLMOHMX KpuBuX oapeheHa je
3aBWCHOCT aHOAHOT MOTEHLUMjana Ha rycTMHU cTpyje Ao
1,0 kA m 2 og cagpxaja RuO, (camka 1). Mpesnake ca
cagpkajem 40 mol% nmajy BeNUKY KAaTaIMTUYKY aKTUB-
HocT. Ca noseharwem cagprkaja RuO, mnsHag 40 mol%
KaTaMTUYKA aKTUBHOCT Ce 3HayajHuje He merba. Me-
hHytum, nosehawe cagprkaja RuO, nocnewyje usgpa-
jatbe KMCEeOHMKA aHOOHOM OKCMAAUMjOM BOAe LWTO
CMatbyje joHCeneKTMBHOCT npesnakKa. NojayaHo nspBa-
jarbe KMCeOHWKa cmarbyje M cTabuaHocT aHopda, jep
M3[BOjEHM KUCEOHWK ybp3aBa pacTBaparbe RuO, wu
dopmuparbe cnabonposogHor mehycnoja og Hectexmo-
METPUjCKUX OKcuaa TuTaHa. Mpu cagpxajuma RuO,
marbum oz 40 mol% noteHumMjan Harno pacrte ca cma-



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

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

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

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

AHanusa eKkcnepMmeHTaNHUX pe3ynTaTa yKasyje fa
Hajbosba eneKkTPOXeMmjcKa CBOjCTBa noceayje TUTaHCKa
aHofda ca npesnakom cactaBa 40 1 60 mol% TiO, (cauka
1).

OBe npeBnake cagp:ke MUHUMANHE KONUYMHE Nie-
MEHWUTOr MeTana pyTeHWjyma Koju um obesbehyje Be-
JIMKY KaTaAUTUYKY aKTUBHOCT, A06pY jOHCEeNeKTUBHOCT
M 006py KOPO3MOHY CTabWMAHOCT MNpPU ENEeKTPON3U
BOAEHWX pacTBopa HaTpujym-xnopuga [3-5,8].

PeHOoreHCKOM aHanM3oM UCMWUTaH je yTuuaj caap-
*aja RuO, u Temnepatype dopmuparba Ha MUKpPO-
CTPYKTYpHa CBOjcTBa npeBnaka. CBe npesnake ca py-
TeHWjymom popmunpaHe Ha TemnepaTypama HUMXUM of,
600 °C cagprke $pasy meTacTabuaHOr YBPCTOr pacTBopa
RuO,-TiO, ca BeNIMUMHOM KpUCTANHOT 3pHa OKo 10 nm,
Ca B€/IMKOM MWHUMANHOM TYCTUHOM XaOTUYHO pacno-
peheHux gucaoKaumja u BeMKOM CpearOM BpeaHOL-
hy MuKpoHanpesama. lNpeBnake ca cagpiajem RuO,
marbum og, 10 mol% nopeg, pyTuaHe CTPYKTYpe YBpcTor
pacTBopa caap:ke u ¢asy aHataca TiO,. Ca nopactom
cagpkaja RuO, og 5 no 40 mol% y npesnakama ¢op-
MupaHum Ha 500 °C nosehaBa ce npoceyHa AMMEH3N]ja
KPUCTanHUX 3pHa ca 12 Ha 26 nm. MNpu gabem nose-
hawy cagpaja RuO, go 100 mol% BennyunHa Kpuc-
Ta/IHUX 3pHA ce 3Ha4yajHuje He nosehasa [3,4]. Mpe-
BNake ¢popmupaHe Ha Temnepatypama Buwum og 700
°C cagprke aBe dase pyTunHe CTpyKType: ¢pasy yncror
RuO;, n ¢asy uuctor TiO,. Ca nopactom TemnepaType
dopmuparba npesnaka og 500 Ha 700 °C pacTe cpeapba

AVMeH3M1ja Kpuctana ca 26 Ha 75 nm. MNMpu dopmuparby
npeesaka Ha TemnepaTypama Huxum og 400 °C xno-
pUAM PYTEHNjYMA 1 TUTAHA Ce He KOHBEPTYjY Y LenocTu
Yy OKcuAe, nNa OBe MpPeB/aKe MMAjy Makby e/IeKTPUYHY
nposoa/bMBOCT. MNpeBnake dopmmpaHe Ha TemnepaTy-
pama Buwum og 550 °C Takohe umajy marby enek-
TPUYHY NpPOBOA/BMBOCT 360r dopmuparba HeCcTexmo-
METPUjCKUX OKCMAa TUTaHa y mehycnojy TUTaH-aKTUBHa
npesnaka [3,4].

Hajbos/ba enekTpoxemumjcka CBOjcTBa nocenyjy npe-
BNaKe Ao6WjeHe TEPMMUYKMM MOCTYMKOM — KOHBEP3U-
jom xnopuaa pyTeHujyma M TUTaHa PaCTBOPEHUX Yy
2-nponaHo/y Yy kbUXOBE OKCUAE, N TO Y YCKOM Temnepa-
TypHOM MHTepBany og 420 go 500 °C (cauka 2). Y Tom
WMHTepBany Temnepatypa dopmupa ce meTactabunHu
YBPCT PacTBOP OKCWMAA PYyTEHMjymMa M TUTaHa BUCOKe
KOMMAKTHOCTU U fobpe apxesunje. PyTuaHa cTpyKTypa
yBpCTOr pacTBopa obesbehyje Aobpa enekTpoxemmnjcka
cBojcTea [3,4].
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Cnuka 2. 3asucHoctu totienyujana 40 mol% RuO:, 60 mol%
TiOz aHoge og Wwemiepaiiype d)opmupama apesnaxa (30 g dm™
NaCl, pH 7,0t = 25 C, j= 1,0 kA m™).

Figure 2. Potential of 40 mol% RuO:z, 60 mol% TiO: anode as
a function ofcoatmgformanon temperature (30 g dm™> NaCl,
t=25 ‘Cj—10kAm ,pH 7.0).

Ha cavum 3 npukasaH je ytuuaj Aeb/bmHe npesnake
Ha HbEHY KaTaJIMTUYKY aKTUBHOCT 3a peaKkuujy OKCU-
Jaumnje xnopuaHux joHa. Oeb/bmHa npesnaka u3pa-
KEHa je MpeKo mace HaHeTUX MeTana pyTeHujyma U
TUTaHa MO jeAUHULM NOBPLUIMHE TUTAHCKEe Mo4Ye, Kao
wTo je yobuyajeHo. Ca nopactom aebsbuHe npesnake
HeHa KaTa/IMTMYKa aKTUBHOCT M3parKeHa MoTeHuu-
janom npwm ryctuHm ctpyje og 1 kA m~ cnopo pacte y
MHTepBany paebsbmHa og 5 oo 20 g m. Mosehatrbe
KaTa/IMTUYKEe aKTUBHOCTU je 3HATHO Makbe M3apaKeHo
on noseharwa peanHe nospwuHe. Ca noseharbem
Aeb/buHe npesnaka pacte u gybuHa nopa, na je ote-
YKaH MPEeHOC X/IOPUAHUX jOHA Y FbUXOBY YHYTPALLIHOCT U
NPEeHOC HACcTanor x/iopa M akTUBHOI X10pa M3 nopa y
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macy enekTposuta. Mpesnake aebsbuHe og 10 o 15 g
m CYy KOMMAKTHe, AOK npeBnake aebswe oa 15 g m~
MMajy MYKOTUHE WU HKUXOB Bpoj pacTe ca nopacTtom
Aeb/byHe. 3aTo oBe npeBnake bpxe Kopuaupajy u
Nakwe ce nacusmpajy. Kog npesnaka Tatbux o4, 5 g m™
ca cMmarberbem aebsbuHe KaTaNMTUUKa akTUBHOCT Hario
onaza. ToKom TepMuyKor ¢dopmuparba TaHKMX mnpe-
BNaKa HacTajy cnabonpoBoAHN HECTEXMOMETPU|CKU OK-
cnam TutaHa. OBO Yy3poKyje 6p3y Kopo3ujy u nacu-
BaUMjy TaHKWUX MpeBnaka npu enekTponumsu pasbna-
KEHUX XopuaHux pacteopa [3,4]. MNpuKasaHu pesyn-
TaTM NOKasyjy Aa Hajbos/ba eNeKTpoxemujcKa CBOjCTBa
MMajy npesnake aebsbmHe o410 0015 ¢g m™? [3,4].
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Cnuka 3. 3asucHoctu totieHyujana 40 mol% RuOz, 60 mol%
TiOz aHoge og gedmuHe apesnaxe (30 g dm™> NaCl, pH 7,0,
t=25C,j=1,0kAm™).

Figure 3. Potential of 40 mol% RuO:z, 60 mol% TiO: anode as
a function of coating thickness (30 g dm™ NaCl, t = 25 <,
j=1.0kAm™, pH7.0).

Ha ocHOBY Mnonapu3auMoHUX KPUBWUX CUMYNITaHUX
peaKkumja M3aBajarba XJ10pa M KUCEOHUKA OKCMAALMjOM
XNOPUAHUX jOHaA M BoAe MpPU enekTpoausu pasbna-
YKEHOr pacTBopa HaTpujym-xnopuaa (oa 20 o 30 g dm™
NaCl) na 25 °C u pH 7,0, ogpeheHa je onTMmanHa
obnact noTeHuMjana 3a NPOU3BOAHY AKTUBHOI X/10pa
o4 1,35 no 1,39 V kojoj ogroeapa ryctuHa ctpyje og 1,0
kA m™.

Mpw enekTponnsm pacrteopa cactasa 30 g dm~® Nacl
n 5 g dm > NaClO ryctuHom ctpyje o4 1,0 kA m™ Ha
t =25 °C v npu pH 7,0 nocTn:Ke ce BUCOKO aHOAHO
uckopuwherse ctpyje og 86% [4,5,8] n nobuja pacteop
KOjU Ce MOXKe KOpUCTM Kao eduKacaH pacTBop 3a ge-
3nHbEeKUMjy.

OnTMmanHe rycTuHe CTpyje Mpu eNeKkTpoansn pac-
TBOpa ca cagp:ajem NaCl og 10 no 30 g dm™ npm 6,5 <
pH < 7,5 Ha TemnepaTypu og 15 go 30 °C oarosapajy
obnactn noteHymajana og 1,35 go 1,39 V. OBe ryctuHe
cTpyje 06e36ehyjy BenvMKy nNpOW3BOAHOCT €/1eKTpo-
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NiM3epa ca MaKCMMasHUM UcKopuwherem cTpyje y3
BEJINKY KaTa/IMTUYKY aKTMBHOCT U Many KOPO3Wjy aHoaa
[4,5,8].

Ca cmarberwem KoHueHTpauuje NaCl y pacTtBopy
¢daBopusyje ce okcuaaumja Boge, Na onaja UCKOPULL-
here cTpyje U nponsBoaHOCT henunje 3a eneKkTpoamay,
a pacTe yTpOLIaK eHepruje no KoJIMYUHU NpousseaeHor
aKTUBHOT x/10pa (civKa 4).
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Cnuka 4. 3agucHocli aHogHol uckopuwhersa ciupyje (ni) og
KOHUEHITPAUUja HawpujyM-xnopuga u akimusHol xaopa y
pacigopy: @ — 1,0x10 7 u A — 5x10% mol dm™> NaCIO
(pH7,0t=25 C,j=1,0 kAm™).
Figure 4. Anodic current efficiency (i) as a function of sodium
chloride and active chlorine concentration in the solution:
@ 1.0x107 and A —5x107 mol dm™> NaClO (t = 25 T,
j=1.0kAm™, pH7.0).

PacTBOp aKTMBHOr X/I0pa Ca BEAUKMM cagpiKajem
NaCl, sehum og 50 g dm™> yecto je 36or BennKor canu-
HUTeTa, HenodecaH 3a Kopuwhere y Ae3nHpeKumnoHe
cBpxe. AHanusupajyhu KBanuteT npoussedeHor pac-
TBOpa, Npou3BoAHOCT henuje 3a eneKkTpoamsy, yTpolwak
eHepruje No jeAMHUUM KOAUYMHE aKTMBHOI X/opa M
TpajHOCT aHOAHEe npeBfaKe, YCTaHOB/bEHa je ONTU-
MaJjiHa KOHUEHTpaumja HaTpujym-xiopuaa y pactsopy
3a enlekTpoamsy oa 250035 ¢g dm™ [3-5,8,12,26].

TemnepaTtypa enekTpoaMTa yTude Ha BpeaHOCT
aHOAHOr noTeHUMjaNa M Ha aHOAHO UcKopuwhere
CTpyje No akTMBHOM X/0py. AHOAHM NOTeHUMjan onaaa
ca noBuLIeHeM TemnepaType 40K Uckopuiihere cTpy-
je pacte (cauka 5).

Onjarpam npuKkasaH Ha canum 5 ykasyje Ha To da
nosehatbe TemnepaTtype pacTBopa 3HaATHO Bulie ybp-
3aBa peakumjy oKcuaaumje XNopuaHUX joHa Hero pe-
aKkuMjy okcuaaumje soge M Andysunjy aKTUBHOT Xa0pa.
Ca nosehatbem TemnepaType MHTEH3UBMPA Ce KOHBEp-
3Kja aKTMBHOTr X/0pa Yy X/0paT, WTO y3poKyje rybutke
aKTMBHOr xnopa [4,5,8,11,23]. AKo ce oBU rybuumn ms-
pauyyHajy U npunuLly aHoaHUM rybuumma, Aobuja ce aa
YKYMHO aHOAHO McKopulwherbe CTpyje pacTe ca nose-
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harem Temnepatype go 50 °C, a npu gasbem pacty
TemnepaTtype uckopuwhere cTpyje onaga (cavka 5).
TemnepaTypHu nHTepBan og, 25 ao 35 °C je onTumanaH
MHTEpPBan Koju obesbehyje MaKCMManHy eneKkTpoxe-
MMjCKY edUKaACHOCT eNneKkTposn3epa 3a NPOU3BOAtLY
aKTMBHOr x/s0pa. MehyTum, ako je 3axTeBaHa Temne-
paTypa pacTBopa npumeTHO Beha of TemnepaType oKo-
NIMHe, y cucTeMy mopa Aa noctoju nocebaH ypehaj 3a
3arpeBatbe pacTBopa. YK/byuMBLIM M OBaj napameTap y
aHann3y edpUKacHOCTU MNPOM3BOAHE aKTUBHOI X10pa
3aK/byyyje ce Aa je ONTUMANHU TemnepaTypHU UHTep-
Ban og 15 no 30 °C.

100

0 10 20 30 40 50 60

Cnuka 5. 3asucHocit uckopuwhera ciwipyje og wiemidepaiiype:
A — aHogHo uckopuwiheroe; @ — 00pauyHatmio yKyiaHo aHOGHO
uckopuwhere (1,0>dO_2 mol dm™ NaClO, 30 g dm™ Nadl,
j=1,0kAm™~, pH 7,0).

Figure 5. Temperature dependence of current efficiency:

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

Y enekTponuUTUYKOM npouecy aobujarba aKTUBHOT
XN0pa enekTpoan3om pasbnaxkeHux pacteopa xaopuaa
Y aNKa/IHOj CpeauHWN, Ha KaToau ce oABWja peakuwuja
n3aBajarba BOAOHUKA M ANPY3MOHO KOHTPO/IMCAHA pe-
AYKUMja aKTUBHOT xJiopa. AHAZIM30M BPeaHOCTU NpeHa-
neTocTM u3aBajarba BOLOHWKA, KOPO3MOHe CcTabun-
HOCTM U LLEHEe KOLITakba KaTogHOor maTtepujana u moryh-
HocTn dopmuparba BUnonapHUx enekTpoga YCTaHOB-
JbEHO je Aa je TUTaH HajnogecHMju matepujan 3a uspa-
Ay Katoaa [6,7,9,10].

Ba)kHO je uctahu fa Katoge o, TUTAHa TOKOM
enekTponunse ancopbyjy aToMCKM BOLOHUK KOju mocTe-
NeHo pasapa MeTasiHy KPUCTaNHy peLleTKy, LWTo ce
yO4aBa M0OjaBOM LIPHOT Mpaxa Ha MNOBPLUMHKM KaToaa.
Mpw ryctuHama cTpyje marbum og 1,2 kA m’ 0OBaj npo-
Lec je penaTuMBHO cnop, na ce 1 HakoH 10 roauHa paga
y hennjama 3a npousBoary aKTUBHOI X/I0pa TUTAHCKe
KaToge 3HayajHuje He owTeTe.

06nukK henvje, AMmeHsnje enekTpoaa u mehyenek-
TPOOHO pacTojakbe yTUUY Ha uckopuwhere cTpyje u
eHepruje. AHaNM30M BpEeMEHa 3agpKaBakba efeme-
HaTa 3anpemMunHe eNekTpoanTa y heamnju ycTaHoB/bEH je
HeH onTMmanaH obnuk [1,2,13-17,27,28]. AnumeH3uje
eflekTpoaa 3aBuce oA KanauuTeTa enekTpoansepa. lNo-
BehatbeM BUCMHE enekTpoga nosehasa ce Haromwna-
Batbe€ MexypoBa KaToOA4HO WM34BOjeHOr BOAOHMKA Y rop-
UM genosuma henunje WTO y3pOKyje HepaBHOMEPHY
pacrnogeny ryctuHe cTpyje MO BUCUHW €NeKTPOAHMUX
nosplKnHa. bp3nHa KpeTarba eNeKTPonUTa AyXK enek-
TPOOHUX MOBPLIMHA 33aBMCU Of, OAHOCA BWUCUMHE W
WwupuHe enekTpoge. MNpu ogHocy 3:1 obesbehyje ce
6p3nHa KpeTarba eNeKkTposnMTa Koja cnpeyaBa Haromu-
NaBatbe MexypoBa BOLOHWMKA Y FOpHWMM Aen0BUMA
henuvje n Koja obesbehyje edprMKacHO ogHOLIEHE AKTUB-
HOr X70pa y NpuxBaTHW pe3epsoap. heauja ce noc-
TaB/ba Yy pacTBop Ha ogpeheHoj AybuHM Tako ga ce
OTBOP 3a y/ia3 pacTBopa Hanasu y OoHeM, a usnas
npou3BoAa enekTponuse y roprwem aeny henwmje. To-
KOM efniekTponuse y henunju ce Hanasm cmella pactsopa
M racoBMTOr BOAOHMKA, a Y NPUXBAaTHOM pe3epsoapy
oko henuje oa HeHor ynasa 4o n3nasa, Hasasu ce camo
pactBop. Ycnen pasnvke cneunduUyYHUX maca cagpkaja
y henvju n pacteopa y npuxsaTHOM pe3epBoapy oABuja
ce peuupKynaumja pactBopa uuja je 6bp3nHa nponop-
LuMoHanaHa sucuHu henuje (,indtuHr edekat”). AHoge
mory 6uTn y 061Ky mpexke 1y 06MKy nno4ve. AKTUBHA
noBplwnHa aHoge obnauka mpexe je 1,3 go 1,6 nyta
Beha of reomeTpujcke noOBpWWHE aHOZA Y OOGAMKY
nnaova.

KaTogHu rybuum cTpyje y3poOKOBaHW peayKuujom
aKTMBHOT X/10pa ce cMakbyjy noBehatbem ofHOCA aHOA-
HEe M KaToAHe NOoBpLMHe. TeXHWYKM je HajjeaHOCTaB-
HWje Aa MasiM eNeKTPOoIM3epPU ca aHOAHOM MOBPLUMHOM
70 0,04 m?, MMajy enektTpoge y ob6auky naoya [9].

AHanmsa KoHCTpyKumje henuje, gMmeHsuja enek-
TPOA4a, MexaHWUKe YBpcTohe 1 enekTpuyHe OTNOPHOCTH
TUTaHa yKasyje Ha To Aa aeb/bmHa enektpoga oz 2,0 go
3,0 mm obe3behyje 4BpCTY KOHCTPYKuUMjy henuje u
penaTMBHO Manu nag, HanoHa y TUTAHCKMM MA04Yama.
Mag HanoHa y eNeKTPoAnUTy 3aBUCK of, MehyenekTpoa-
HOr pactojatba. CMarberbe mehyenekTpoAHor pacToja-
Hba Y3POKyje: a) CMarberbe esIeKTPUYHE OTMOPHOCTU
pacTBOpa ycnes cmarberba AyKMHE NyTa Kojum ce npe-
HOCW HaenekTpucatbe U 6) noseharbe OTNOPHOCTU
ycnen cmarberba edeKkTMBHE NOBPLUMHE PacTBOpa Kpos3
KOjy ce NpeHOCU HaenekTpucarbe 360r nosehara KoH-
LEeHTpaLuje racHUX MexypoBa KaTOAHO W3ABOjeHOr BO-
OOHMKA. YCTaHOB/bEHO je Aa je onTMManaH pasmak 3,0
mm [1,2,13-17,27,28].

Ha ocHoBY NpuKasaHWX UCTPaXkMBakba M 3aK/by4vaka
[1-31] KOHCTpyMCaHM Cy HOBM TUMNOBW LUAPXKHUX pe-
LMPKYIALMOHUX WU NPOTOYHMX NOCTPOjerba 3a Mpous-
BOAHY aKTMBHOT X/10pa ca NOTNYHOM ayToMaTU3aumnjom
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M Ja/bMHCKUM yrpas/batbem. KanauumTeT n KapakTepuc-
TUKe NOCTPOjeHba 3aBUCE 0, heroBe HameHe.

Ha canum 6 npukasaHa je wema jegHor wapKHOr
noctpojerba npomussegeHor y Cpbuju. Ypehaj je KoHc-
TPYMCaH Ha OCHOBY €KCMepuMMEHTa/IHUX pe3yaTaTta
BULLETOAMLHUX UCMUTUBaAbA M3BeaeHUX y nabopato-
pujama HeKOIMKO daKynTeTa U UHCTUTYTA Y 3EMJ/bU.

Mpe nywTara y pag osor ypehaja, y peakuMoHy
nocyay ce AoAa ogMepeHa KOJIMYMHA HaTUjyM-xaopuaa
M NOCyAa HanyHM OMeKwaHoM BogoMm. Ypehaj 3a ome-
KlWaBakbe BOAe nopen KOJOHE CagpXu W ayTomaTtu-
30BaH CUCTEM 33 pereHepaunjy jOHM3mMernBadYKe mace.
Tokom paga ypehaja, y eNekTpoansepy Hactaje akTuB-
HW XJIOP KOjW ce CTpyjarbem pacTBopa TpaHCMopTyje y
peaKkuMOHy nocyay. Ha cBakmx cejam MUHYTa eNeKTpo-
NIn3e ayTOMATCKM Ce YK/byuYM Yy paj U3MeruBay Tono-
Te. Kpo3 mera TOKOM TPOMUHYTHOT paga npotuye xna-
[OHa BOAA M X/1lagmn pacTBop Y peakunoHoj nocyaum. MNpo-
uec enektponuse Tpaje 30 yacoa. 3a OBO Bpeme
nobuja ce 80 dm? pactBopa NaClO koHueHTpauuje 1,0
g dm™. HakoH 3aBpLUEHE eNeKTponM3e OTBapatbem
BeHTMNa (8) pacTBOp nNpenasn y NpuxsaTHW pe3epBoap

OJaK/e ce CMCTEMOM 3a Ao3upatrbe ybpusrasa y npegs-
BuheHu npocrop.

Ha camum 7 npukasaHa je wema jegHor TMna peunp-
Ky/lTaLUMOHOT NocTpojerba npounsseaeHor y Cpbuju. OBaj
TMN ypehaja je HamerbeH 33 NPOM3BOAHY AKTUBHOT
xnopa 3a ge3nHoekunjy 6aseHcKMX Bofa y Kojuma ce
Hanasmoa3 pob6g dm~ Nacl.

LeHTpudyranHom nymnom ce Ha jegHom Kpajy 6a-
3eHa ycucaBa 6aseHcKa BOAa WM MNOTUCKYje Kpo3 new-
YaHU GUNTEp U M3MeHMBaY TOMNOTE Y eNeKTPOM3Ep.
MewyaHn puntep ce KOPUCTM 33 OACTPatbMBatbe Mexa-
HWYKMX Heunctoha U3 BoAe, a U3MeHMBaY TON/OTe ca
QyTOMATCKOM peryiaumnjom 3a teHo xnahere uan 3ar-
peBatbe. Y e/IeKTpoNM3epy ce NPOM3BOAN AKTUBHMU
Xxnop n ybauyje y 6a3eH cTpyjarbem pactBopa. Y ba-
3eHy, aKTMBHM X/IOp OKcuAyje NpUCYyTHE MUKpoopra-
HU3MeE U peayKyje ce [0 XN0puaHMX joHa. Boay ca Hac-
TaNMM XIOPUAHUM jOHMMa LeHTpudyrasaHa nymna ycu-
caBa W MOHOBO MOTUCKYje Yy eneKkTponmsep. Ha Taj
HauYMH Ce MOHaB/ba LMKAYC OKCcMZaumje XA0pUAHUX
joHa u peaykumje aktTMBHOr xsiopa. Mpoussogra Mno-
TpebHe KOMUYMHE aKTUBHOT X/10pa 33 edUKACHY AE3UH-

Cnuka 6. Llema wapxHol ypehaja 3a Gpou3sogry akiiusHoi xnopa: 1 — peakyuoHa tocyga; 2 — puxeawina ocyga; 3 — KONOHA 3d
oMeKwiasare 8oge; 4,5 — cucttiem 3a gosupare; 6 — usmerusau wounolie; 7 — eneKmponusep; 8 — eeHmun; 9 — uciipasoay u

MEPHO-pETyNauUOHU CUCIUEM.

Figure 6. A schematic of a batch-type device for active chlorine generation: 1 — reaction vessel; 2 — receptacle; 3 — water softening
column; 4,5 — dosing system; 6 — heat exchanger; 7 — electrolyzer; 8 — valve; 9 — rectifier and measurement and requlation system.
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deKumjy baseHcKke Boge peryauwe ce n3bopom jaunHe
CTpyje 1 BpemeHa Tpajarba enekTponunse. Y HajHOBUjUm
TMNOBMMa e/IeKTpoAu3epa yrpaheHe cy enektpoge ca
,CcamonpeunwhaBarbem”. To cy TUTAHCKe eNekTpose ca
AKTMBHMM KaTa/IUTUUKMM CNIOjEM UMjU ce nonapuTer
TOKOM e/IeKTPon3e Mema. Y cyyajy KOHCTaHTHOT Ha-
najarba, MONapuUTET €NeKTpoLa Ce Mera Y TPEHYTKY
YK/bydera ypehaja y pas AOK ce Ko YonepcKor 1 npe-
KMAQYKOr Hamajatba NOMAPUTET Mera HaKoH oapehe-
HOT BPeMeHa Yy BPeMEHCKOM PacnoHy o, Hy/ia A0 ocam
yacoBa. Kopg 0BWMX enekTponMsepa cCBaKa enekTpoaa
jefHO Bpeme paaM Kao aHoAa, a MOTOM Kao Katoaa. Y
KaTOAHOM LMKAYCY, U34BOjeHN BOAOHMK pa3apa Kame-
Hau Ha enektpoau [31].

PactBopu npounsseseHun y ypehajuma 3a npomssoa-
by aKTUBHOI X10pa MOy [a Ce KOpUCTe 3a BesiMKe
rpajcKe M mane Ceocke cucTeme BoAoCHabaeBara, 3a
ceocke byHape, 3a DaseHe 3a Kynamwe, Ae3nHpeKuunjy
onpeme u objekata y npexpambeHoj MHAYCTPUjM, 3a
besberbe TeKCTUAR, Y GapMaLLeyTCKO] MHAYCTPUU U Y
NPMMapHOj NO/bONPUBPEAHOj NPOU3BOALM (33 AE3UH-
deKumjy cemeHa M objekata y CTOYApPCKOj NMPOU3BOA-
W), NPU Npepaay oTNAAHUX BOAA, UTA.

3AK/bYYAK

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

Skimer

akteHe RuO,/TiO, npeBnake Ha HbeHY KaTaJIUTUYKY
AKTMBHOCT, jOHCENEKTUBHOCT U KOPO3UOHY CTabuaHOCT
y npouecy aobujarba aKTUBHOF X10pa €leKTPOSIN30M
pa3bnaxkeHnx pactBopa HaTpujym-xaopuaa ogpeheHe
Cy ONTUMA/IHE BPeAHOCTU NapameTapa TepMuykor ¢op-
MUparba YBPCTOr pacTBoOpa OKCMAA PyTEHWUjyma U TU-
TaHa. Hajbos/ba enekTpoxemumjcka CBOjCTBA MMajy HaHO-
KPUCTaKHe NpeBaake YBPCTOr pacTBOpPa PYTU/IHE CTPYK-
Type, cactaBa 40 mol% RuO,, 60 mol% TiO,, nobujeHe
Ha 500 °C. MpeBnake cy KOMMAKTHE W afAXEPEeHTHE,
nebsomHe 10 go 15 g m~ ca KpUCTaZiMMa NpOCeYHUX
AMMeH3Mja 26 nm. YCTaHOB/bEH je U edeKaT KMHeTHu-
KUX W OMepaTUBHMX NapameTapa esieKTPOXeMUjCKor
npoueca fobunjarba aKTUBHOF X/10pa Ha UcKopuwhere
CTpyje n eHepruje No akTMBHOM Xxn0py. Ha ocHoBy go-
bujeHnx pesyntaTta yTBphHeHe cy onTMManHe BpeaHOCTH
TEXHOJ/IOWKMX MapameTapa MpoLeca NPoOu3BOAHE aK-
TUMBHOI xnopa. CBeobyxBaTHA WUCTpaKuMBarba PesynTu-
pana cy KOHCTPYKUWjOM Pas/IMYnTMX TUNOBA MOCTpoje-
Ha 32 MPOM3BOAHY aKTUBHOT X/10pa.

3AXBA/THNLA

AyTopu ce 3axBasbyjy MUHUCTApCTBY NpOCBeTE, Hay-
Ke M TexXHoJ/IoWwKor passoja Penybaunke Cpbuje Ha ¢u-
HaHcKjcKoj nomohu ToKom M3page oBor pasa (Mpojekat
6poj 172 057).

Filtraciona mlaznica'

elektroliticka
Celija

Kanalizacija

Cnuka 7. Lllema peyupxynauuoHol ypehaja 3a Gpou3eogry akiiugHol xnopd.
Figure 7. A schematic of a recirculating device for active chlorine generation.
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SUMMARY

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

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

University of Kragujevac, Faculty of Agronomy Cacak, Serbia

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

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

(Scientific paper)

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

Keywords: Disinfection e Active chlorine
e Anode
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