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TEXHOJTOI NMYECKUME NMAPAMETPbBI SJIEKTPOXVMUWNYECKOI O
OBE33APAXVBAHUNA BOAbl C HN3KM COAEPXAHVNEM
XNOPUNOA HATPUA

PO3rnsHyTO TEXHOJMOriYHI NapaMeTpy npouecy 6e3giaparmMoBOro efeKTponi3y Po3BefeHUX PO3YMHIB
XNOPUAY HaTpito i eNeKTPOXiMIYHOrO 3He3apaXkyBaHHS BOAW 3 MPUPOLHVM COMIEBMICTOM. BcTaHOBNEHO
BM/IMB NPUPOAY KaTafiTUYHO aKTUBHOIO LLapy aHOAY, TeMMepaTypu enekTponidy i KOHLeHTpau il Xnopuay
Ha KIHETUKY YTBOPEHHS aKTMBHOIO XN0py. MpoaHani3oBaHO eeKTUBHICTb NepioAgnYHOro i 6e3nepepBHOro
MPOTOYHOI 0 CNOCOBY eNekTPosi3y.

Technological parameters of a dilute sodium chloride solutions electrolysis process of and electrochemical
decontamination of water with natural salt content are observed. Influence of the anode active layer nature,
electrolysis temperatures and chloride concentration on chlorine evolution kinetics is shown. Efficiency of
a periodic and continuous flowing way of electrolysis is analysed.

BBefeHuve. Ha cerofHAWHMIA feHb pa3paboTaH A0BOJIbHO LUMPOKUIA accopTu-
MEHT YCTaHOBOK MO0 3/1EKTPOXUMNYECKOMY CUHTE3Y BOAHbLIX PACTBOPOB aKTUBHOIMO
xnopa. OfHaKo, NPaKTUYeCKN BCe OHW paccymTaHbl Ha paboTy C KOHLIEHTPUPOBaH-
HbIMW pacTBOpamu xnopuga Hatpus (100 r-gm™ u 6onee). Mpy 3TOM NCXOAHOE CO-
[epXaHve xnopuga LO/MKHO MpeBblwarb KOHEUHYH KOHLUEHTPpaumio akTUBHOIO
xnopa B pacTeope B 8...10 pas.

Tak Kak cofepykaHve XI10pui-MoHOB B MUTLEBO BOAE PersaMeHTUpPOBaHO
HOpPMaTMBHbLIMK fOKYMeHTaMu [1, 2] 1 He MOXXeT npesbiwaTts 350 mMr/n, To 06e33a-
paXvBaHve BOAbl C MPUMEHEHVWEM BbICOKOKOHLEHTPUPOBaHHbIX X0PUAHbLIX pac-
TBOPOB HEBO3MOXXHO. BO/bLLIOIN MHTepeC NpeacTaBseT 31eKTPOXMMUYecKas obpa-
60TKa BOAbI C MCMO/Ib30BaHNEM MPUPOAHOr0 COMECOAEePXaHUA NN TEXHO-/I0TUA,
He3HauuTeNbHO noBsbiwarowmx cogepxkaHne NaCl B Boge nocne ee 06paboTKmM pac-
TBOpPaMM aKTMBHOIO X/10pa.

MeTofMKa 3KcrnepumeHTa. MccnegoBaHns KMHETUKU aHOAHBLIX MPOLLECCOB,
MpoTeKaroLWwmMX Npun 3MEKTPO/IN3E BOLAHOIO pacTBopa X/opuaa Hatpus 6e3 pasgene-
HUA 3/1EKTPOAHbIX MPOCTPAHCTB MPOBOAWAN HA OKCUAHOM PYTEHWEBO—TUTAaHOBOM
(OPTA), okcngHom KobanbT-TuTaHoBOM (OKTA) 1 OKCUAHOM CBMHL0BOM TUTaHO-
BoM (OCTA) aHogax [3]. Ans aneKTponmsa Ucnosb3oBaam SUerky nepuognyHoro u

19



NPOTOYHOro TUna. Msyyanm BnMaHue matepuana KaTaMTUUYecKn akTUBHOIO aHoA-

HOro MOKPbITUA, TemMMepaTypbl 31eKTponuTa U KoHueHTpaumm Cl~ MoHa Ha KuHe-
TUKY 00pa3oBaHMA aKTUBHOIO X/opa. B fAyeiike MPOTOYHOro Tvna onpeaensiu
B/IMSIHWE CKOPOCTM MNPOTOKa 06pabaTbiBaeMoil BoAbl. [onsipu3aumoHHbIe M3Mepe-
HUA NPOBOAMAN B Amana3oHe MNoTHocTel Toka 2-200 A-m*? NpN KOHUEHTpaLmmn
xnopuga Hatpus (mr-gm™): 70, 350, 700, 1400.

Pe3ynbTaTtbl 3KCNepuMeHTa N nX 06CykaeHue. MNpegenbHble NA0THOCTU TO-
ka Ha OPTA 1 BbIX0oA MO TOKY aKTUBHOIO X/10pa, B 3aBMCUMOCTM OT KOHLIEHTpa-
LMK Xnopuaa HaTpus, NpuBeaeHbl B Tabnue.

Tabnuua
3aBICMMOCTb MOMIOTHOCTY TOKA 1 BbIX0/Aa MO TOKY aKTUBHOTO X/10pa
OT KOHLEHTpaLWK XN10pu1aa HaTpys
KoHueHTpauws NaCl, mr-gm™ 70 350 700 1400
M10THOCTbL TOKa, A-M™ 1,2 3,1 6,9 9,8
Bbixog no Toky, %: 14 27 41 55

MoTeHuwnansl aHogHoro npouecca Ha OKTA npesbiwaroT noteHunansl OPTA
Ha 50-70 mB, Ha OCTA - 300-350 mB. KpuTtnueckuin noteHuyman ana OKTA 1,7 B.
[MpefenbHble MIOTHOCTU TOKA B paccMaTpuBaemMoM fuanasoHe KoHueHTpaumi NacCl
HaxofAaTcs B MHTepsane 4,5...10,5 A-M?2 Bbixo4 M0 TOKY aKTWBHOrO X/opa Ha
OKTA npeBbllwaeT nokasatenm Ha OPTA Ha 12...18 %, ocobeHHO Ans pacTBOPOB
NaCl ¢ koHueHTpaumein 70 n 350 Mr-am 3. 310 CBWETENLCTBYET 0 60/IEe BbICOKOIA
CENEeKTUBHOCTM B 3/1IEKTPOCKHTEe3e akTuBHOIo xsiopa OKTA B cpaBHeHUn ¢ OPTA.

OCTA He UMEKT KPUTUYECKOro MoTeHuMana, a COOTBETCTBEHHO CKOPOCTb
npotiecca Ha HUX IMMUTUPYETCA TOSIbKO ANGEY3NOHHBIMU OrpaHuyYeHnamn. bnaro-
[lapsA BbICOKMM MoTeHLUManam aHoHbIX npoueccoB Ha OCTA B uccnefyembix pac-
TBOpax AOCTUrasICb MOTEHUMaNbl 06pa3oBaHNA aKTMBHOMO Kucnopoga. oatomy
OCTA npeAacTaBnseT UHTepec 4719 06e33apaXkmBaHns BOAbl MyTemM 030HMPOBaHKA.

KOoHLUeHTpaumsa xnopug NOHOB OKasbiBaeT pPas/IM4yHOe BMAHME HA KUHETUKY
aHOAHOr 0 npoLiecca Ha UccneayeMblx 3/1eKTPOAHbIX MaTepuanax. Tak TaeneBcKuii
Yy4acTOK Ha NoSApPM3aLMOHHBIX KPUBbIX, CHATLIX HA OPTA npu cogepxXaHun xno-
puaa Hatpus 70 1 350 Mr-gM™> 3aKaHuMBaeTCs Npu MAOTHOCTM Toka 10-15 A-m?,
MNPV KOHLEHTpaLun xnopuga Hatpus 700 v 1400 mr-gm™ — npm 60-70 A-m. Ha no-
NAPU3ALUMOHHBIX KPUBLIX, NOMyyYeHHbIX Ha OKTA, anvHa TageneBcKOro yyactka
NPaKTUYeCKN He 3aBUCUT OT KOHLEHTpauun X10pua MOHOB BO BCEM MCCNeAyeMOM
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Anana3oHe. OCTA MeHee KaTa/IMTUYECKM aKTMBHbI K MpoLieccy 06pa3oBaHusA ak-
TUBHOrO xiopa. OfHaKOo, OHU NO3BONAOT NPOBOANTL 06PAbOTKY BOAbLI NPY HU3KOM
cogepaHum xnopuga Hatpust B Heil. OCTA Takke He CTO/lb YyBCTBUTE/NbHbI K
npumecsam cynbartos, Toraa kak Ha OPTA 1 OKTA npumecun cynb(atos B pac-
TBOpPEe TOPMO3AT aHOLHOe BbifeNeHne X1opa U COOTBETCTBEHHO YCKOPAKT conps-
YKEHHbIN aHOLHbIV NPOLIECC — BbleNeHNE KUCTOPOa.

[MonyyeHHble NONAPM3aLMOHHbIE 3aBUCMMOCTM NMO3BOMUAN ONpPeaennTsL pabo-
yme [manasoHbl MAOTHOCTE TOKa A1 UCCNefyeMblX KaTa/IMTUYeCKM aKTUBHbIX
aHOAHbIX NOKPbITWIA B AMana3oHe Temrepatyp 283-298 K.

[MoBbILLEHME TemnepaTypbl 3M1eKTponm3a ¢ 283 Ao 295 K ¢ OfHON CTOPOHbI
yNyyLlaeT NoABOL X/10pPUL MOHOB K MOBEPXHOCTU aHoAa M A0/HKHO Obl Bb1I0 Mpu-
BECTM K POCTY BbIX0/Ja MO TOKY aKTMBHOIO Xnopa. Ho, ¢ Apyro CTOPOHbI, YCKOPS-
FOTCA MPOLEeCChbl KaToAHOro BOCCTaHOB/EHNS aKTUBHOIO X/0pa, YTO NMPUBOAUT K
CHWKEHUIO KOHLEHTpaLMK TUNoXIopuUTa HaTpus B 3/IEKTPONINTE, U XOTS Hanpsxe-
HVe Ha AYeilke TakXKe CHVDKAETCS, YAe/bHbIN pacxos, 3NeKTPOIHEPrUn yBennymBa-
eTCA BC/IEACTBUE CHUXKEHNS BbIXOLA NO TOKY MMMoX/opuTa.

Mpn NoNApM3aLMOHHBLIX U3MEPEHNAX U SKCMEepPUMeHTax Mo HapaboTKe rumno-
X/IOpUTa HATPUSA UCKYCCTBEHHAA KOPPeKTUpPoBKa pH He npon3soanniacs. CXoaHbIi
pactsop NaCl umen pH=6,0-6,5. iameHeHne pH pacTBopa B npouecce nonspmsa-
unmn ¢ 6,5 go 10...11 He BIMANO Ha KMHETUKY aHOAHbIX NMPOLLEeCCOoB.

ccnefoBaHue BAVSAHUA LUTENBHOCTM 3/1EKTPON3A HA KOHLEHTPALMIO U Bbl-
X0f, M0 TOKY rMnoxnoputa B 3aBUCMMOCTW OT KOHLEHTpaL M1 Xnopua-moHa nposo-
AUNACL NPU MakKCUMabHO BO3MOXXHbIX MAIOTHOCTAX TOKa, OMpefeneHHbIX Mo pe-
3ynbTaTam npegblayLmx nccnefoBaHuim.

3aBMCUMOCTb KOHLEHTpaL MM aKTUBHOIO X/iopa B pacTBOpe OT A/INTENbHOCTU
3/1EKTPO/IN3a COCTOUT U3 y4yacTKa YBeNIMYEHUSI KOHLUEHTpauumn, CKOpoCcTb yBesnye-
HUA NOCTOAHHO CHMXXanacb, NOKa He AOoCTUranach npefesnbHas KOHLEHTpaumua ak-
TUBHOrO xnopa. JaHHas KOHLEHTpaLWs cocTaBuna 5 Mr-4M™ Npu KOHLEHTpaLum
xnopuga Hatpus 70 Mr-gm>, 20 Mr-gM> npyM KOHLEHTpauuu Xaopuia HaTpus
350 mr-gM>, 32 mr-aM® npu KOHUeHTpauum xnopuga Hatpus 700 mr-gm>
51 Mr-aM™ npu KOHUEHTpaLmy xnopuga Hatpus 1400 mr-gm™>. Yuutbisas, uto npu
06paboTKe NMUTLEBOI BOAbI PacXof akKTMBHOIO X/1opa coctasnseT oT 5 o 10 mr-gm’
3 nonyyeHHble pesynbTaTbl MOATBEPKAAIOT 3HEKTUBHOCTL U LIeNecoo6pasHOCTb
MPUMEHEHUS 3NEKTPOXMMUYECKOW TeXHONMOrnu. OHU NO3BONAKOT ONpeaenuThb 3i-
(PeKTMBHOE BPEMSA 3MIEKTPO/IN3A, KPUTEPUEM KOTOPOrO ABMAETCA NPEBbILLUEHWE CKO-
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pOCTV 06pa30BaHMs FMMOXIOPUTA B pe3y/ibTaTe aHOAHOW peakuMn Hafg CKOPOCTbIO
ero BOCCTaHOB/IEHWS Ha KaTofe.

BbIXo4 N0 TOKY aKTUBHOIO X/10pa CHUKAETCA C YBENMYEHNEM BPEMEHN 3/leK-
TPONM3a 1 COAEPXKaHMA aKTUBHOIO X/10pa B PacTBOpe.

370 SBNAETCH HEefOCTaTKOM 3/1IEKTPOMM3a C HEMPOTOYHbLIM 3MEKTPONUTOM.
MpoBefeHNe 3MEKTPONN3A B SUeKax NPOTOYHOrO TMNa AO/MKHO MOBbLICUTL NPOU3-
BOAMTENbHOCTL MpoLecca U YNPoCTUTb TEXHOMOMMYECKY0 cxemy. Mo3ToMy mcche-
[0BaHNA KMHETUKM 3M1eKTPOCMHTE3a pacTBOPOB aKTMBHOIO X/iopa MPOAO/HKNAN B
f4eliKax NPOTOYHOro Tuna. Avelika npeacrasnsna coboi NPSMOYrofibHY eMKOCTb
o6vemom 0,8 N1 C HUXHUM MOABOAOM MCXOAHOIO pacTtBopa C OAHOW CTOPOHbI U
BEPXHMM OTBOAOM 06paboTaHHOr0 pacTBopa C NPOTUBOMOMOXKHOW CTOPOHbI. INeK-
TPOAHbIA 670K pacnonaraics Mo AvaroHasn fYeriku, nepneHanKynspHO MOTOKY
XnakocTn. Katog Haxoauncsa co CTOPOHbI NOABOAA pacTBOpa, a aHo4 — CO CTOPOHbI
0TBOAAa. Takoe pacrofoXeHue 3MeKTPOA0B 3aTPYAHANO peakumio KaTogHoro Boc-
CTaHOB/IEHNS aKTMBHOrO X/iopa. MccneaoBann BANSHME CKOPOCTM MOTOKA Ha KOH-
LLEHTPaLMIO 1 BbIXOZ MO TOKY MMNOX10puTa Npu ONTUMa/IbHbIX YCN0BUSAX 3/1EKTPO-
N33, KOTOopble BblfIv NOMTYyYEHbI Ha iYeiiKe NePUOANYECKOro AeNCTBMS.

BbiBoabl. B xoae npoBefeHNs akcnepyrmMeHTa Obln onpeaeneHbl onTuMalb-
Hble CKOPOCTM MOTOKA pacTBopa 3/1IEKTPOMINTA, BbIXOAA MO TOKY M KOHLIEHTpaLumm
runoxnoputa. Vicnonb3oBaHMe MPOTOYHOM CXeMbl 3M1eKTPO/IM3a NO3BONSET MOBbI-
CUTb KOHLIEHTPaUMIO akTUBHOro xsopa Ha 30 %. 3neKTposim3 BOAONPOBOAHOM BO-
Abl C HU3KMM COZep>KaHNEM X/I0pUA-MOHOB B YC/OBUSIX MPOTOKA B fiUeliKax C He-
pa3feneHHbIMM aHOAHbIM M KaTOAHbIM MPOCTPaHCTBaMM NO3BO/SIAET CTabUIM3NPO-
BaTb BbIXO/ MO TOKY Y CHU3UTb YAENbHbIN Pacxof 3/1eKTPO3HEPT K,
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