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Pedepar:

1. lucepranifina po6oTa MprucBAYeHa BCTAHOBJIEHHIO 3aKOHOMIPHOCTEH eJIeKTPOKATaNiTUYHUX MPOLIECIB, 110
peasi3yloThCsl B HU3bKOKOHLEHTPOBAaHUX po3unHax NaCl i po3po6ka Ha 11iil OCHOBI e(peKTUBHUX
€JIEKTPOKATaJIi3aTOPiB CUHTE3y HATPIiIo rinoxyioputy. [IokasaHo, 0 eJeKTPOKATAIiTUYHA aKTUBHICTb €JIEKTPOJIB 32
BiJHOLIEHHSM [I0 aHOJHUX IIPOLECiB B HU3bKOKOHLIEHTPOBAHUX XJIOPUAHMX PO3UYNHAX 3YMOBJIEHA MII[HICTIO 3B'SI3KY
XeMOCOpPOOBAHUX OKCUT'€HBMICHUX YaCTUHOK Pi3HOI IPUPOAU 3 TOBEPXHEI0 aHoIa. YYacTh B okucieHHi Cl-
J1abiIbHAX OKCUT€HBMICHMX YaCTUHOK 30i/1blIye MBUAKICTb YTBOPEHHSI TIIOXJIOPUTY i Belle 1O rajlbMyBaHHS
He6aKaHUX peaKLill BUMiIeHHS KUCHIO i CUHTe3Y XJIOPaTiB Ta XJIOPUTIB. 31ilICHEH] JOCTiIPKeHHS KiHETUYHUX

3aKOHOMIpPHOCTE! CUHTe3y HaTpilo riloxJI0pUTy B HU3bKOKOHIIEHTPOBaHUX po3unHax NaCl 103Bosniy IpoBeCcTH



KOpEJIALi0 MIXK CEJIeKTUBHICTIO 32 BigHomeHHAM 1o yTBopeHHs NaClO ta NaClO3, i akTuBHICTIO
eJIeKTpoKaTasizaTopa 10 peaklii BUijleHHs KUCHIO B POHOBUX po3urHax. OniepsKaHi KopeJisiiii BUKOHYIOThCSI SIK
D715 OKCUIHMX, TaK i 1711 MeTajleBUX eJIeKTPOKaTasi3aTopiB i BKa3yloThb Ha Te, 110 Npouecu okucyaeHHs Cl- i
yrBOpeHHs O2 nepebiraloTh Yepe3 OJIHAKOBI CTaAii Ta € MOB'sI3aHUMU. 3asiexHicTs BUxoay 3a crpymom NaClO B
HU3bKOKOHLEeHTpoBaHux po3unHax NaCl Big nonspusauii PBK B poHOBUX po3unHax Mae BYJIKaHONOiOHUI
xapakrep. ITpu npomy, BC(NaClO)>90% Ta BC(NaClO3)<1% peanisyeTbcs Ha aHOAAX, HA sikux y 1,0 M HCIO4 nipu 20
MA/cM2 171 MEeTaIeBUX KOMITO3ULIIMHMX eJIeKTpoKaTani3aTopis 1e 1,56-1,66 B, a 1151 OKCUIHUX 3 PO3BUHEHOIO
noBepxHew 1,49-1,58 B. [loMiTHe yTBOpeHHS XJI0paTiB Mae Miclie TiibKu Ha aHoAaX, Ae B 1,0 M HClO4 norexuian
PBK 6inpmnii 3a 1,66 B gy MmetaneBux, a6o 1,58 B 1151 okCUAHUX es1eKTpoKaTaiidaTopiB. Ha Takux MOBEepXHSIX,
3aBJSIKA YTBOPEHHIO YaCTUHOK OiJIbIll BUCOKUX €HEPTil, peasizyeTbCst OJHOYaCHO BUiIeHHS KUCHIO, cuHTe3 HCIO i
ClO- ta nogansuie ix nepersopenHs y ClO2- ta ClIO3-. Ha ocHOBI 1i€i 3a1€>XHOCTI 6yJIM 3alIpONIOHOBAHI IapaMeTpu
YIIPaBJIiHHA €JIEKTPOKATAIITUYHO aKTUBHICTIO i CEJIEKTUBHICTIO €JIEKTPOAHUX MaTepiailiB 3a BiJHOWEHHAM [10
11i7IbOBOTO MpolLiecy. 3rifHO 3 PEHTT€HOCTPYKTYPHUM aHali30M, Najaflil B TEPMOOOPOGIEHOMY
€JIEKTPOKaTaliTUdHOMY ITOKPUTTi Ha ocHOBi MeTaniB Ti/Pd i Ti/Pt-Pd i okcupgnux Ti/SnO2-Pd i Ti/SnO2-Pt-Pd
3HaxXOJUThCS y BUrIALi okcuny PAO. MeToioM peHTreHiBCbKOi (POTOEIEKTPOHHOI CIEKTPOCKOTII] TOKa3aHo, 10
noBepxHst PAO Mae BUCOKY CIIOPiHEHICTb JO rifpoKcuiioBaHHS — ancop6uii H20 i OH-. B cunTesi HaTpiio
TrinoXJOpUTy B HU3bKOKOHIIEHTpoBaHUX po3unHax NaCl 3a BUKOpUCTaHHS OKCUAHUX aHOiB MAaKCUMAaJIbHY
e(eKTUBHICTb IPOEMOHCTPYBAJIN eJIeKTPOKaTali3aTopu Ha ocHOBi SnO2, moaudikoBaHoro ogHoyacHo Pd(5-15
atr.%) i Pt(5-10 aT.%). B po60Ti po3pobisiennii croci6 ogep>kaHHs BUCOKOEePEKTUBHOTO METaJIeBOro aHOAA 1IJIs
CHHTEe3y HaTPilo riloXJIOPUTY B HU3bKOKOHIIEHTpOBaHMX po3urHax NaCl, 1o nossirae B €J1eKTpoXiMiYHOMY
HaHECEHHI Ha TUTaH NOCIifoBHO 1-2 Mr/cM2 niatuHy, 0,5-1,0 Mr/cM2 nanafiio Ta nofaiblil TepMoo6pooLi pu
500-5300C. Ha takux anogax B 0,15 M NaCl npu ryctuni ctpymy 40-50 MA /CcM2 e1eKTpOJIi3 IIPOTIKae 3
BC(NaCl0)=94-96% npu BC(NaClO3) < 0,5%. [lokazaHo, 1110 Ha BiIHOBJIEHIi1 TOBEPXHI IJIATUHU Ta IIJIATUHOBAHOTO
TUATAHY BUXiJ] 32 CTPYMOM TiNOxJIOpUTy gocsrae 90%. Y gaHnux yMOBax XJIOPaTH MPAKTUYHO HE YTBOPIOKOTHCS. 3MiHa
MOJISIPHOCTI ABOX OJHAKOBUX €JIEKTPOJB i3 334aHOI0 CKBKHICTIO CTBOPIOE YMOBH [1JI51 CHTE3Y TilIOXJIOPUTY HATPil0
Ha aKTUBHIl noBepxHi nuatuHu. IIpu upomy BC(NaClO) 36inburyeTbest maitke B 2 pasu, a BC(NaClO3) ameHuyeTbCst
Maibke B 5 pasiB. KiltoyoBi ci0Ba: HaTpio TiMOXJIOPUT, TiMOXJIOPUTHA KUCIOTa, aKTUBHUI XJIOP, €JIeKTPOoKaTaJi3,

€JIEKTPOXiMiYHa KiHETUKA, aHOHI IIPOLIECH, €JIEKTPOCUHTES.

2. The thesis is devoted to the establishment of regularities of electrocatalytic processes in low-concentration
NaCl solutions, and to the development on this basis of the effective electrocatalysts for the synthesis of sodium
hypochlorite. It is shown that the electrocatalytic activity of the electrodes in relation to anode processes in low-
concentration chloride solutions is attributed to the strength of the bond of chemisorbed oxygen-containing
particles of different nature with the anode surface. Participation of labile oxygen-containing particles in the
oxidation of CI- increases the rate of hypochlorite formation and leads to inhibition of undesirable reactions of
oxygen evolution and formation of chlorates and chlorites. Studies of the kinetic regularities of synthesis of sodium
hypochlorite in low-concentration NaCl solutions allowed to establish the correlation between selectivity for the
formation of NaClO and NaClO3, and the activity of the electrocatalyst to the reaction of oxygen evolution in balk
solutions. The obtained correlations are for both oxide and metal electrocatalysts and indicate that the oxidation
processes of Cl- and the formation of O2 go through the same stages and are related. The found correlations are
volcano-curve, which indicates participation of oxygen-containing particles in the formation of HCIO or ClO-, the
presence of which on the surface causes the OER to flow in a certain region of potentials. In this case, CE (NaClO)>
90% and CE (NaClO3) <1% is realized on the anodes on which in 1.0 M HCIO4 at 20 mA /cm2 for metal composite
electrocatalysts it is 1.56-1.66 V, and for oxide electrocatalysts with a developed surface it is 1.49-1.58 V. Significant
formation of chlorates, however, occurs only at the anodes where in 1.0 M HCIO4 the OER potential is greater than
1.66 V for metal, or 1.58 V for oxide electrocatalysts. In this work has been developed the method of obtaining the
highly efficient metal anode for the synthesis of sodium hypochlorite in low-concentration NaCl solutions, which
consists in electrochemical deposition of 1-2 mg/cm2 of platinum, 0.5-1.0 mg/cm2 of palladium and subsequent
heat treatment at 500- 5300C. On these anodes during the electrolysis of 0.15 M NaCl, the current efficiency of



NaClO is 94-96% with a current efficiency of NaClO3 less than 0.5%. According to X-ray diffraction analysis,
palladium in the heat-treated electrocatalytic coating based on metals Ti/Pd and Ti/Pt-Pd and oxide Ti/SnO2-Pd
and Ti/SnO2-Pt-Pd is in the form of PdO oxide. X-ray photoelectron spectroscopy has shown that the PdO
surface has a high affinity for hydroxylation - adsorption of H20 and OH-. Most likely, this property of palladium
compounds provides its high electrocatalytic activity in the reaction of formation of hypochlorite, where labile
oxygen-containing particles participate. Electrocatalysts based on SnO2 modified simultaneously with Pd (5-15
at.%) and Pt (5-10 at.%) demonstrated maximum efficiency in the synthesis of sodium hypochlorite in low-
concentration NaCl solutions when using oxide anodes. It is shown that on the reduced surface of platinum and
platinum-plated titanium the current efficiency of hypochlorite reaches 90%. Thus, platinum-plated titanium
electrodes with a surface platinum content of 2 mg/cm2 can be used in non-diaphragm electrolyzers of flow and
storage type for electrolysis of low-concentration NaCl solutions to obtain NaClO solutions not contaminated with
unwanted impurities. The electrolysis must be carried out in the modes of periodic reverse current at current
densities of 20-40 mA /cm2. In this case CE (NaClO) can be 1.5 times increased, and CE (NaClO3) is almost 5 times
reduced. To increase the selectivity of NaClO synthesis it is advisable to use platinum-plated porous titanium
heat-treated at 4000C as electrodes. Key words: sodium hypochlorite, hypochloric acid, active chlorine,
electrocatalysis, electrochemical kinetics, anodic processes, electrosynthesis.
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