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CHUCTEMBI 1 CIOCOBBI HENTPEPBIBHOM IIEJIOYHOM MEPEPABOTKH
CBHHIIOBO-KHCJIOTHBIX AKKYMVYJIATOPOB

[0001] HacTosas 3asiBka Ha MaTeHT UCIpalluBaeT NpUOpUTET Ha ocHoBaHUM 3asiBKu CIIIA Ne

14/957026, monauuoii 2 nexadps 2015 rona.

00J1acTh TEXHUKH

[0002] Ob6nacTh TEeXHUKH HACTOSIIEro W300pETEeHHs] OTHOCHUTCS K BTOPUYHON TmepepadoTke
CBUHI[OBO-KHUCJIOTHBIX aKKyMYJISITOPOB, B YaCTHOCTH, YKa3aHHOE M300pEeTeHHE OTHOCHUTCS K
crocobaM BOIHOH IIENOYHOHN mepepadOTKH U HEMPEPBIBHOMY H3BJIEUEHUIO YHCTOrO CBHHIIA C

IOMOIIBIK) TAKUX CIIOCOOOB.

YpoBeHb TeXHHKH

[0003] Ommcanre ypoBHsSI TEXHHKH BKJIIOYaeT HHGOPMALMIO, KOTOPast MOXKET OBITh MOJIE3HOH ¢
TOYKH 3PEHHsI TOHUMAHUS HACTOSIIEro M300peTeHns. ITO He SIBIISIETCS IPU3HAHUEM, YTO KaKasi-
mbo mHpopMauus, NPUBEIEeHHAsS B HACTOSIIEM JOKYMEHTE, MPEACTaBiIsieT COOOH HM3BECTHBIM
YPOBEHb TEXHUKH WUJIM MMEET OTHOLICHUE K 3asIBJIEHHOMY HACTOSLIEMY H300PETEeHHIO HIIK YTO
Kakas-muOo MyONuKauus, YNOMSHYTas CIEHUAJbHO WM KOCBEHHO, MpPEACTaBIsieT coOOH
W3BECTHBIN YPOBEHb TEXHUKHU.

[0004] XoTss mnouTH BeCh CBHUHEL W3 CBUHLOBO-KUCJIOTHBIX aKKYMYJISITOPOB IOBTOPHO
UCTIONIBb3YIOT, OOJIBIIMHCTBO U3BECTHBIX CIIOCOOOB SIBIISIFOTCS MPOOIEMATUYHBIME C TOYKH 3PEHUS
OXpaHbl OKpyKaroLel cpenpl M SKOHOMUKW. Hampumep, npu mnepepadoTke CBHHLA C
NPUMEHEHNUEM IIPOLIECCOB IUIABKH, 3arpsi3HEHHE BO3AYLIHOM M BOJHOM Cpeabl Hapsay cC
00pa3oBaHHEM CYIIECTBEHHBIX KOJUYECTB TOKCHYHBIX OTXOAOB MPHUBENIO K 3aKPBITHIO MHOTHX
3aBOOB 1O nepepadboTke. Kpome Toro, st COOTBETCTBUS KECTKUM TPEOOBAHUSM B OTHOIIECHUH
BBIOPOCOB U 3((EKTUBHOCTH HCIIONB30BAHHS YHEPTUHU MPHU MepepaboTKe CBUHLIOBO-KHUCIOTHBIX
aKKyMYJIATOPOB ObUIH BBIHYKIEHBI MTOCTOSIHHO YBEJIHMYUBATH MPOU3BOJUTEIBHOCTh IPOLIECCOB,
YTO MPUBOIUT K MPOOJIEMaM C JIOTHCTUKOH.

[0005] [lns mpeomosieHns] HEKOTOPBIX U3 TPYAHOCTEH, CBSI3aHHBIX C MPOLECCAMH IIABKH, ObLIH
pa3paboTaHbI pa3IUYHbIE CUCTEMBI U CIIOCOOBI H3BJICUeHHs CBUHIIA Oe3 miaBku. Hampumep, B US
4460442 omucaH criocod U3BJICYSHHS CBUHILIA, B KOTOPOM CBUHEI] U IMOKCHU CBUHILIA H3METBUYAIOT
U MOJABEPrarOT B3aUMOAEHCTBUIO C CUJIBHBIM ILEJOYHBIM PACTBOPOM C MOJYYEHHEM TBEPIOIO

cBUHIIOBOTO cypuka (Pb304), KOTOpHIH 3aTeM MONBEPTaIOT HOMOJHUTENBHON PeaKIUH ¢ ropsueit



KPeMHe(pTOPUCTOBOAOPOIHOM 1 (PTOPOOOPHOM KUCIOTOM IJisi pACTBOPEHUS] CBUHLIA, KOTOPBIH
Janee OCaKAAT U3 YKA3aHHBIX KUCJIOT Ha TPa(UTOBBINA aHOZ MOCPEACTBOM 3JIEKTPOOCAKIACHHUS.
AmnanoruusbiM o0paszom, B US 4769116 onmcansl peakunu KapOOHU3ALMH CBUHIIOBOH MAacThl U
MOCJIEAYIOIAasl pPeakuuss ¢ KPeMHEe(PTOPUCTOBOAOPOMHOW WK (PTOPOOOPHON KHCIOTOH C
MOJTYYEHUEM BJIEKTPOJINTA, U3 KOTOPOTO 3JIEKTPOIUTHYECKH OCAKIAIOT CBUHeN. Bee myOnukanuu
¥ 3a51BKU Ha [TATEHT, YKa3aHHbIE B HACTOSIIIEM JOKYMEHTE, BKIIFOUEHBI IIOCPEACTBOM CChUIKH B TOM
e oObeMe, Kak eciau Obl Kakmasi OTHeNibHasi MmyOJIMKamusi WM 3asBKa HA MaTEeHT Obuia Obl
CHeUMaJbHO W 10 OTAENBPHOCTH YyKa3aHa A BKJIIOYEHHs] IOCPEACTBOM cchlUiku. Ecmu
OTpeNieIeHue WM TNPUMEHEHHEe TepPMUHA BO BKJIIOYEHHOHM CCBIJIKE HE COOTBETCTBYET WU
NPOTUBOPEYHT ONPEAETICHUIO, TAaHHOTO TEPMHHA, NPUBEACHHOMY B HACTOSINEM IOKYMEHTE,
UCTIONIb3YETCS OIpeeNIeHNe YKa3aHHOTO TEPMUHA, IPUBEACHHOE B HACTOSAIIEM IOKYMEHTE, NpU
5TOM OIpeeNieHHe YKa3aHHOTO TePMHHA B CChUIKE HE NMPUMEHSEeTCs. XOTS B TaKOM crocode
NPEHMYIIECTBEHHO H30€raloT NPUMEHEHUs IUIABKH, TEeM HE MEHee, pa3JIn4Hble TPYIHOCTH
octatoTcsi. B wactHOCTH, mepepaboTka C TOMOIIBIO KPeMHEe()TOPHCTOBOJOPOAHOH HIIH
($TOpOOOPHOI KUCIIOTHI SBIAETCS HEXKENATEIbHOW C HKOJOTMYECKOH TOYKM 3PEHHs], NpHUeM
OCTaTOYHBIE MATEPUAIIbI COZEPIKAT CYLIECTBEHHbIE KOJMUECTBA CyJIb(aTa CBHHLIA.

[0006] CBuHIIOBYIO TACTy MOXKHO TakKK€ MOABEPTHYTh AeCyibQypU3aldud C MOMOIIBIO
kaycruueckoii combl (NaOH) wmmm kampruHMpoBaHHOW combl (NaxCOs) ¢ monydeHueM u3
cynb(aTta CBHHIA COOTBETCTBYIOLIMX THIPOKCHIOB CBUHIA WJIM KapOOHATOB CBHUHIA.
AJNBTEpHATUBHO, MOXHO HCIOJBb30BaTh AMHHOBBIE PACTBOPHUTENM MJIsi Jecyb(ypHuzanuu
CBHHIIOBOW MACTBHI U IOJYYEHHUS OUUIIEHHOTO CyJIb(aTa CBUHLA U PELUPKYIHPYEMOTO AMUHOBOT'O
pacTBOpUTENs, Kak onucaHo B apyroi mybnukammu (Journal of Achievements in Materials and
Manufacturing Engineering 2012, Vol.55(2), pp. 855-859). K cokaneHuro, Takod cnoco0 He
MO3BOJISIET MOJYYHUTh YHCTBIN 3JIEMEHTAPHbIA CBUHELI.

[0007] decynbhypusammsi MOXKET CONMPOBOKIATHCS OOpaOOTKONW OKCHAOB CBUHIIA KUCJIOTOW U
BOCCTAHOBUTEJIEM C TIOJYYEHHEM CBHHLIOBOW COJIM, KOTOPYKO 3aTéM  I[OJBEPraroT
B3aUMOJIEHICTBHIO CO BTOPBIM OCHOBaHHEM B aTMoc(epe, He copepskarueri CO2, mpu NOBBIIIEHHON
Temmieparype ¢ nonydenuem PbO, kak onucano B WO 2015/057189. Xots ykazaHHbIH cIOco0
no3BoJsieT nmony4utbh PbO, TpeOyroTcss MHOrOYHCIIEHHBIE CTaquN 00pa0OTKH PaCTBOPUTENSIMU U
pEareHThl, IPU 3TOM B PE3YJIbTATE TAKOTO MPOLIECCAa HENETKO MOJYYUTh YHCTBIA 3JIEMEHTaPHBIN
cBUHeI. AHajoruuHbIM obpasom, B US 2010/043600 onmcan criocod U3BJI€YEHHS BBICOKOYUCTHIX
COEMHEHUI CBHMHIIA M3 MACThl, COTJIACHO KOTOPOMY OKCHJ CBHHIIA CHAadaja PacTBOPSIOT B
KHCJIOTE, B KOTOPOH BOCCTAHABJIMBAETCS] HEPACTBOPHUMBII IUOKCH]] CBUHIIA, U COTIIACHO KOTOPOMY
NOJIYYEeHHBIH TaKUM 00pa3oM OKCHJA CBHHLA MPEBPAINAIOT B CyJb(paT CBUHIA, KOTOPBIA 3aTeM

MOYKHO TIPEBPATUTh B COOTBETCTBYIOLIMI KapOOHAT, OKCHA WM ruapokcun. K coskanenuro,



YKa3aHHBIA CHoco0 SIBISIETCS CPABHUTENBHO CIIOKHBIM M, TaKHM 00pa3oM, Kak MpaBHIIo,
SKOHOMMUYECKU HENPUBJIEKATEIbHBIM.

[0008] B eme onmnom mpumepe, B WO 2015/084950 omucan cmocod, COTJIACHO KOTOPOMY
CBHUHLIOBYIO MACTY U3 aKKYMYJIITOPA CHa4aja NOABEPrarT B3aUMOAECUCTBUIO C a30THOU KUCJIOTON
C TpeBpalleHNeM IHOKCHIAa CBHHIIA B HUTPAT CBHHLA U COTJIACHO KOTOPOMY CyJb(aT CBHHLA
U3BJIEKAIOT M3 PAcTBOpPA C TMOMOILIBIO CEPHOM KUCIIOTHI IJIi PEreHEPUPOBAHMS TaKMM 00pa3om
a3oTHON kucaoTel. Cynb(ar CBUHIA W3 AKKYMYJSITOPHOH IMacThl MOABEPralOT BO3AECHCTBHUIO
IIEJTOYM Ui OCAXKIEHHMs] OKCHIOB CBHHLIA, KOTOpbIE 3aTeM, IOCie ynajeHus cynbdara,
NPEeBpaLalOT B KapOOKCUIIAT CBUHIA, NPUMEHSEMbIH B Ka4deCTBE CHIPbEBOTO MaTepHajia A
MOHOOKcHa cBUHIA. K cokaeHuro, crnocoObl, OmMcaHHbIe B 3asiBKe ‘950, SBISIFOTCS CIOKHBIMU
U HE BCeraa MOTYT IPHUBECTH K IIOJIHOM mepepaboTKe M MOJYYEHHI0 YHCTOrO CBHUHIA.
3HauuTenbHbIe yiuyuineHus Obitu onrcanbl B WO 2015/077227, B KOTOpOM CBHHIIOBYIO TIACTY U3
CBUHLIOBO-KUCJIOTHBIX aKKyMyJISITOPOB PAaCTBOPSIOT B CUCTEME PACTBOPUTENIECH, YTO MO3BOJISAET
nepepadoTaTh KaKk OKCHIA CBHUHIIA, TaK U CyJb(aTa CBHHLA, U3 KOTOPOH 3JIEMEHTApPHbII CBHHEI
MOJKHO DJIEKTPOJMTUYECKH OCAAUTh B XHUMHYECKH YUCTOH Qopme. XOTsS Takas cUCTeMa
NPEHMYIIECTBEHHO OOEeCIe4YnBaeT BBICOKYIO CTENEHb M3BJIEUEHHS CBHMHIA KOHLENTYaJbHO
pOCTEIM U 3(p(EKTHBHBIM CHOCOOOM, TEM HE MeHee, HAKOIUIeHHWEe CyJb(paTa B JJIEKTPOJIUTE
notpedyeTr 00paboTKy pacTBOPUTENEM.

[0009] Takum oOpa3om, naxke HECMOTPSI Ha TO, YTO CYIIECTBYFOT MHOTOYHCJIEHHbIE CUCTEMbBI U
CHocoObl BTOPHYHOW TepepabdOTKU CBHHLA, M3BECTHBIC B JAHHOW OOJIACTH TEXHUKHU, BCE €Ile
uMeeTcsl MOTPeOHOCTh B YJIYUIICHHBIX CHUCTEMax M Crocobax, KOTOpPbIE MO3BOJSAT MOJYYUTh

BBICOKOYHCTBIN CBHUHEI] MPOCTHIM U SKOHOMHYECKHU 3P (HEKTUBHBIM CIIOCOOOM.

Kparkoe onucanue n3zodperenus

[0010] IIpeamer HacTOsIIErO M300pETEHUs] OTHOCUTCS K PA3JIMYHBIM CHUCTEMAaM U CrHocodam
yJIYYIIEHHOW BTOPUYHOU TepepabOTKH CBUHIIOBO-KUCJIOTHBIX aKKyMYJISITOPOB, B KOTOPBIX
CBUHEIl U3 aKTUBHBIX MATEPUAJIOB B CBUHLIOBOM MAaCTe MOJBEPTrar0T MIEJIOYHOMY IMPOLECCY, YTO
NO3BOJISIET OCYIIECTBUTh MPOCTOE YAAJNEHHe Cyibdara MPH OJHOBPEMEHHOM O0ECIeYeHUun
3JIEKTPOJIUTUYECKOTO U3BJICUSHHS] CBUHIIA B YUCTOM (hOpMe.

[0011] CornacHo OTHOMY M3 aCEKTOB HACTOSIIEro N300peTeH s CrIoco0 U3BJICYEHHsI CBUHILIA U3
AKKyMYJIITOPHOHN TACThI, COIep Kamell OKCUIbl CBUHIA U CYJb(paT CBHHIA, BKIIOYAET CTATHIO
MPUBENIEHUS] AKKYMYJISITOPHOM MAaCThl B KOHTAKT C BOIHBIM OCHOBaHUeM (Hampumep, NaOH wim
Na>COs3) ¢ monyueHreM ocanika, CoaepKalero TrupOKCH I CBHHIIA, U PACTBOPA CyJIb(haTa HATPHSI.

3areM yKa3aHHBIH OCaIOK, COAEPKAIIMN THMAPOKCHI CBHHIIA, OTAENSIOT OT pacTBOpa cyibdara



HaTpus, NpPU OTOM IO MeEHbIIEH Mepe YacTb OCaAKa, COJAep)Kalllero TUAPOKCHUI CBMHIIA,
pPacTBOPSIIOT B KOHLIEHTPUPOBAHHOM BOJHOM OCHOBAHHUH C IOJYYE€HHEM CBHHELICOMEP KAaLero
3JIEKTPOJNTA U HEpPAcTBOPUMOIO AMOKCHAAa cBHMHLA. Ha apyroil craguum NpoUCXOAUT
HeTpepbIBHOE 00pa30BaHME M YIAJEHUE MPUJIUIIIEr0 CBUHIA HA 3JIEKTPOJE, HAXOAALIEMCS B
KOHTAKTe CO CBUHELICOAEPIKAIINM 3JIEKTPOIUTOM.

[0012] Yame Bcero BOJHOE OCHOBaHUE AOOABIISIOT B KOJUYECTBE, JOCTATOYHOM JIJIsl TTOJTyYeHUs
U3 OKCHJa CBUHIIA THAPOKCHIA CBUHIA O€3 CYIECTBEHHOro oOpa3oBaHMs IutymOHTa (T.€., B
IyMOUT mpeBpamaroTcst 5 mMon.% wuiu MeHee U Oonee TUNUYHO 2 MONL% WM MEHee BCeX
coenuHeHuil cBuHIa). IlpemnoxkeHHble crocoObl OynyT AOMOJHHUTENIBHO BKJIIOYATH CTAIUIO
OTZEJIeHUs] HEpACTBOPUMOIO AMOKCHIA CBUHIIA OT CBUHELICOAEPIKALIET0 IEKTPOINTA U APYTYIO
CTaJMI0 BOCCTAHOBJIEHUsI JUOKCHIA CBHHIIA A0 OKcuzaa cBuHIA. Hamnbonee mpeamoutuTensHo,
€CJII BOCCTAHOBJIEHHE AMOKCHAA CBHHLIA OCYIIECTBISIIOT C NMPUMEHEHHEM CyJb(puTa HATpus C
HOJTyYeHHEM CyJib(paTa HATPUsI U OKCHIA CBUHLA. B 5TOM ciiy4ae mosy4eHHbIH TakuM 00pasom
cynbhaT HAaTpus M PacTBOp Cyibdara HATPUs NOABEPTaOT 3JIEKTPOJIHM3Y C IOJNYYEHHUEM
T'HAPOKCUAA HATPUS U CEPHOH KHUCIOTHI, NMPH 3TOM OKCHZI CBHHIA OOBEAHMHSIOT C BOIHBIM
OCHOBaHMEM. B pesynbTare Bce peareHTbl MOT'YT OBITh ITOJHOCTHIO IIEpepadOTaHBbl.

[0013] Kpome Toro, B o011eM ciiydae mpeanouTHTEIbHO, YTOObI 0CAI0K, COAEPKAIUN THIPOKCUT
CBHMHIIA, OBII PAaCTBOPEH B KOHIIEHTPUPOBAHHOM BOJHOM OCHOBAHHH C NPEBPAIIEHHEM IO
CYIIECTBY BCEro THAPOKCHMAA CBHHLA B IUIyMOUT W/WIM 4YTOOBI CTaaUIO HEMPEPbIBHOTO
00pa3oBaHMs ¥ yAAJEHHs] TPWIKIIIETO CBUHIA OCYLIECTBISUIA C MPUMEHEHHEM JIBIKYIIEroCs
sNeKkTpona (HampuMep, BPALIAIOINErocsl 3JEKTPOJAA, JEHTOYHOrO 3JIEKTPOAA WJIM BO3BPATHO-
NOCTyNaTeIbHOrO 3JiekTpona). Iloaxoasiue 371eKTpOaHbIE MaTEepHUabl BKIIOYAIOT Pa3IMYHbIE
METaJUIbl M CIUIaBbl, UHEPTHBIE B KAYCTHKE, OJHAKO OCOOCHHO MPEAINOYTUTENIbHBIE 3JIEKTPOIbI
OyayT comep:kaTh HUKEIMPOBAHHYIO CTaib. Korma siaekTpon nmpencTaBiseT OO0 NBIKYIIUNCS
3JIEKTPOA, B OOIIeM ciiydyae MPEAToaraeTcsi, 4YTO NPUJIUMINUANA CBHUHEN, TMOJy4YeHHbIH Ha
JIBMKYIIEMCS SNIEKTPOJIE, UMeeT 00BbEMHYIO TJIOTHOCTL MeHee 11 r/cm® 1 4ucTOTYy Mo MeHbIeit
Mepe 99 aTOMHBIX IPOLIEHTOB.

[0014] CnenoBaTenbHO, W ¢ OPyrod TOYKU 3PEHUs], aBTOPHI M300pETeHMsT TaKKe MPensiararT
croco0 M3BJICYEHUS CBUHIIA U3 aKKYMYJIITOPHOH MAcThl, COAEPIKAIIe OKCHIIbI CBHHLIA U CYJIbdaT
CBUHIIA, BKJIOYAIOIIMHM CTaAMIO NPUBEIEHUS AKKyMYJATOPHONH NAacTbl B KOHTaKT C BOAHBIM
OCHOBAaHHEM C TOJIyY€HHEM CBHHELICOJEpIKAIero ocaaka U pacrtBopa cyibdara Hatpus. Ha
OPYrol CTaAny CBHUHELCOAEPIKALINI OCaJOK OTHEJSIIOT OT pacTBopa CyJybdara HATPHUS U IO
MEHbIIEH Mepe 4YacTb CBHHEIICOAEPIKAINEro OCagKa pacTBOPAIOT B pabodell JKUAKOCTH C
MOJyUEHUEM CBHHELICOEpIKAIero 3JIEKTPOJIUTa M HEepacTBOPUMOrO IMOKcHAa cBUHIA. Ha

JOTIOJHUTENBHON CTagul HEPACTBOPUMBIA ITUOKCHI CBUHIA M PacTBOp cyib(dara HaTpus
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00pabaThIBalOT € TOJYYEHHEM KOMIIOHEHTOB, MOAXOMIINMUX Ul TNPUMEHEHHs Ha CTaJuu
NPUBEACHUS AKKYMYJIITOPHON MACThl B KOHTAKT C BOJHBIM OCHOBAHUEM, IIPU 3TOM Ha €I11e OJHON
JOTIOJHUTENBHON CTaIuU MPOUCXOIUT HENpepblBHOE 00pa3oBaHME U YAAJICHHE MPUIIUIIIIETO
CBHMHIIA Ha 3JIEKTPOJIE, HAXOASALIEMCS B KOHTAKTE CO CBHHELICOJEPIKAIIUM 3JIEKTPOIIUTOM.

[0015] B o0mem ciyyae mpenmnosaraercs, 9TO BOAHOE OCHOBaHHE AOOABISIOT B KOJHYECTBE,
JIOCTaTOYHOM JUISI TIOJYYEHHUSI U3 OKCH/A CBHUHIA KapOOHATa CBUHIIA WU THAPOKCHIA CBUHIIA.
Takum oOpaszom, noxxonsamue pabodnme S>KUAKOCTH, B YAaCTHOCTH, BKIIFOYAIOT PacCTBOPHI
TUAPOKCUIA HATPUsA, PACTBOPBI KapOOHATa HATPUsI U PACTBOPBI METAHCYJIb(POHOBOH KHCIOTHL
COOTBETCTBEHHO, CBUHELICOAEPKAIIUN OCaOK MOXKET COnIepKaThb THAPOKCHI CBUHIA WIH
KapOOHAT CBHHLIA M MOXKET JIOTIOJIHUTENIbHO COAEPIKATh AUOKCH/ CBUHIIA.

[0016] CornacHo ele JOMOJHUTENIbHBIM MPEAIOKEHHBIM aCleKTaM HEePaCTBOPUMBIN TUOKCHUI
CBHHIIA MOKHO OTJIEJIUTh OT CBHHELCOAEPIKAINEro 3JEKTPOJIUTA M IMOABEPTHYTh XMMHUYECKON
peakuuy JJIs1 BOCCTAHOBJIEHMs MAMOKCHAA CBHHLA 1O OKCHJIA CBHMHLA (Hampumep, IyTeM
npeBpalleHNs] HEPACTBOPUMOTO JHOKCHIA CBUHLIA B OKCHUJT CBUHIIA C TIOMOIIBIO CYJIb(UTA HATPHSI
U TyTeM TIpeBpalleHHs pacTBOpa Cyibdara HATPUs B PACTBOP TUAPOKCHIA HATPHS).
ANBTEpPHATUBHO, TAaK)Ke MPEATNONaraeTcs, YTo AJisl BOCCTAHOBJIEHUsI UOKCHAA CBUHIIA IO OKCUA
CBHHIIA MOXXHO HCIOJNb30BaTh U JPyrue€ BOCCTAHOBUTENM, TaKWe KaK IEPOKCHI BOAOPOAA,
cynb(dart ruapasvHa WM TUTHOKAPOOHAT HATPHSL.

[0017] Ecnu pabouasi *KHIKOCTb MPEncTaBiisieT cOOOi pacTBOp METaHCYJIb(HOHOBOH KHCIOTHI,
0COOEHHO MPEeNNMOYTHTEIbHBIE 3JIEKTPOAbl COAEPIKAT ATIOMHHUN, TPU O3TOM DJJIEKTPOA B
IIEJIOYHOM  3JICKTPOJIUTE MPENNOYTUTENbHO TMPEACTaBIAeT COO0OM CTalb C HUKEJIEBBIM
MOKPBITHEM. B 3aBUCHMOCTH OT KOHKPETHOTO PACTBOPHUTENSI MPEAIOIAraeTCs, YTO MO MEHbIIEeH
Mepe HacTh CBHHELICOJEPIKAIIEro 3JIEKTPOJIUTA MOCHe CTaaUuH HEMPEepPhIBHOTO 0Opa3oBaHUs U
ynajeHus: oOpabaThIBAIOT Uil YMEHBIIEHUS] KOHLEHTPALMM MOHOB HATpUsl (HAmpUMep, MyTeM
ocaxxnenust ¢ momomibio cunbHOH HCl B ¢dopme NaCl, mocpenctBom oOpaTHOro ocmoca,
3JIEKTPOAMANIN3A UJIH JPYTOro MOIXOISIIEro Crnocoda).

[0018] PaznuuHbie mpenMeThbl, OCOOEHHOCTH, aCIEKThl U MPEUMYIIECTBA MPEAMETa HACTOSIIETO
uzobpereHust Oyayr Oojee  OYEBHAHBI U3  CIEAYIONIEr0  MONPOOHOTO  OMUCAHUS
NPEANOYTUTENIbHBIX ~BAPHAHTOB peAJM3allid BMECTE C TPWIAraéMbIMH TpaduuecKuMu

MaTepuaiaMiy, Ha KOTOPbIX OAUHAKOBBIC YHCJIA COOTBETCTBYOT OAMHAKOBBIM KOMIIOHCHTAM.

KDaTKOC ONNHCAHHE Fl)ad)l/l‘leCKl/lX MAaTEPHAJIOB

[0019] Durypa 1 npencrasisier coOOH MEPBBIA HILTFOCTPATUBHBIN CIIOCOO COTJIACHO TPEaMETy

HACTOSIIIETO U300pETEHNUSI.



[0020] Durypa 2 nmpencrapnsier coOOW BTOPOM WILTFOCTPATHUBHBIN CIIOCOO COTJIACHO MPEIMETY
HACTOSIIIETO U300pETEHNUSI.
[0021] Durypa 3 mpencraBisieT cOOOW TPETUH HIUTFOCTPATUBHBIN CIOCOO COTJIACHO MPEAMETY
HACTOSILIETO N300pETEHNUSI.
[0022] durypa 4 mnpexncraBisier coOOM WILTFOCTPATHUBHBIN TrpaduK, HA KOTOPOM IOKAa3aHbI

PE3yJIbTaThl CPABHUTENBHON A€CYIb(pYPHU3ALHH.

TloapoOHoOe onucanue H300peTeHus

[0023] ABTOopsl u300peTeHHst OOHAPYXKMIIM, YTO CBHUHEL] W3 CBUHIOBOM MAacTbl MOKHO
3NEKTPOJUTUYECKH H3BJIeYb KOHLENTYAJIbHO MPOCTHIM M 3(P(PEKTHBHBIM CIIOCOOOM, HUCTIONb3Ys
npoLece IEeJOYHON Aecynbdypu3aluy, B KOTOPOM OKCHJ CBHHLA U CyJb(paT CBUHIA U3 MACThI
NOABEPraloT B3aUMOJEHCTBUIO C OCHOBAaHMEM C IIPEBpAIleHHEeM COEAMHEHUI CBUHIA B
COOTBETCTBYIOIIME HEPACTBOPHMBIE COJNM CBHHLQA, OOpa3yloLIMe OCAAOK, M C IMOJyYeHHEM
cynb(aTHOrO pacTBOpa, KOTOPBIM 3aTeM OTHESIIOT OT ocanka. Jlanee ykasaHHBIH OCaIOK
(Hanpumep, OOBIMHO THAPOKCUJ CBUHIIA MM KapOOHAT CBMHIIA) M OCTAJbHBIE JpPYTHE
HepacTBOPHMbIE OKCHJbI CBUHIIA (HAIpUMEp, TUOKCHUI CBHHIIA) MOABEPralOT BO3AEHCTBHIO IO
cymecTBy Oojiee BbicOKOro pH, 4To mpuBOAMT K OOpa3OBaHHMIO PACTBOPUMOrO ILIyMOWTA
(marmpumep, NaPbO2) u HepaCTBOPEHHOrO MUOKCHIA CBUHIIA, KOTOPBIH YOAISIOT M3 PacTBOpa
uiymOuTa. HepacTBOpEeHHBIH HOKCH CBUHIA BOCCTAHABJIMBAIOT 10 OKCHIA CBUHLA (HAIIpUMeEp,
C TPUMEHEHHEM CyJb(uTa HATPUsl WIKM MEPOKCHIA BOAOPOIA) M MOBTOPHO HCHOIB3YIOT MAJIS
nocienyroiieii o0paboTKM, TMpH 3TOM U3 pacTBOpa IUIyMOWTA HAa ABMKYIIMKUCS SJEKTPOJ
BBIZICJIIETCS] YMCThIA CBUHEL C 00pa30BaHMEM MPHIIUITIIETO CBUHIA. AJIbTEPHATHBHO, YKa3aHHBIN
OCaZOK MOXKHO pPAacCTBOPHUTh B 3JIEKTPOXUMHYECKH CTAaOMJIBHON KHUCIOTEe (Hampumep,
METaHCYJIb(OHOBOH KHCJIOT€) M U3BJEYb B BHIE YHUCTOTO CBHHLA IPH OJHOBPEMEHHOM
MIOBTOPHOM HCIIOJIb30BAHUH OCTABIIErOCs HEPACTBOPEHHOI'O THUOKCHIA CBUHIA, KaK yKa3aHO
BBILIIE.

[0024] CornmacHo OmHOMY OCOOEHHO TMPENMOYTUTEIPHOMY AaCleKTy CBHHIIOBO-KHCJIOTHBIE
AKKyMYJATOPbl Pa3pyLIalOT M COOHMPAOT METAJUIMYEeCKHH CBUHEI], IUIACTMAcCy U CEPHYIO
KHCJIOTY, KaK XOpOLIO M3BECTHO B JaHHOW oOnacTu TeXHWKH. OCTaBLIYIOCS MACTy aKTHBHOTO
MaTepuaia, CoIep Kallyr OKCHUABbI CBUHLA U Cyibdar cBuHIA (Hampumep, oT 12 mo 16 mon.%
PbO, ot 18 no 25 mo1.% PbO», ot 54 no 60 mon.% PbSO4, ot 1 no 3 mo1.% Pb), cobuparT u
NPOMBIBAIOT B 3aBUCHUMOCTH OT KOHKPETHOTO Cilydasl WJIM INPH HEOOXOIUMOCTH (Hampumep,
UCTIONIB3YsT BOXY, OCHOBAHHME WJIM CEPHYIO KHUCIOTY). Ilnmactmaccy, MeTajuimdueckuil CBHHEL U

CEpPHYIO KHCIIOTY MOXKHO 00padaThIBaTh C MPIMEHEHHEM MHOTOUHCIIEHHBIX criocoboB. Hampumep,



MOJIUMEPHBIE ~ MaTepuajibl MOXXHO TOBTOPHO HCIOJNB30BAaTh C  MOJYYEHUEM  HOBBIX
AKKYMYJIITOPHBIX KOMIIOHEHTOB WJIM APYTHX LE€HHBIX MPOAYKTOB, MPH 3TOM METAJTMYECKUN
CBUHEI| (HampuMep, CBUHEI[ PEIIeTKH) MOXHO OYHUCTHUTh U CIPECCOBATh B BHUIE CBUHIIOBBIX
XJIOMBEB WJIM CJIUTKOB C TMOJIyY€HUEM TaKUM 00pa3oM PEelHPKYIHPOBAHHOTO CBHHIIA PEIICTKH,
KOTOPBI MOKHO HEMOCPENCTBEHHO IMOBTOPHO UCIONB30BATh WJIH, MPH HEOOXOIUMOCTH,
TIOJIBEPTHYTh JOTIOJHUTEbHOW OYHCTKE B IMOCJIEAYIOIIEM MpoIecce. AHAJIOIHYHBIM 00pasom,
U3BJICUEHHYK) CEPHYK) KHCJOTY MOXKHO HCIIOJb30BaTh B TMPOU3BOJACTBE HOBBIX CBHHIIOBO-
KHUCJIOTHBIX aKKYMYJIITOPOB, OOBIYHO MOCJe (PUIBTPALIMH HITA IPYTOro MPOIecca OUUCTKH.
[0025] 3aTem macTy akTHBHOTO MaTepuaja MOABEPTalOT CTaIUU NeCyb(ypU3alun, Ha KOTOPOU
00pa3yroTCst paCTBOPUMBIE B OCHOBAHHH CyJb(aTHbIE oMU (0OBIMHO CynbdaT HaTpHst), B OOBIMHO
pa3baBJIeHHOM BOIHOM pacTBope u mpu pH, momxopmsmem st oOnerdeHus oOpa3OBaHUs
HEepPaCTBOPUMOTO MMIPOKCHIA CBUHIIA U3 CyJib()aTa CBUHIIA U OKCHIA CBHHLIA O€3 CYIIeCTBEHHOTO
oOpasoBanusi TymOuTa (Hampumep, B IUIyMOMT mpeBpamarTcs 5 Mon.% wuiu MeHee, Oonee
tunraHO 1 M0i1.% wnu Menee, naxe Oonee thnuuHo 0,1 Mon.% wnu Menee u vaie Bcero 0,01
MOJ1.% HJTH MeHee BCeX COeMHEHHH CBUHLA). Yale BCero necyibQypH3aiiio OCyIECTBISIOT C
NPUMEHEHUEM TUAPOKCHAA HATPHUs B BOAE MPU KOHLEHTpauusx oT npumepHo 2,0 M o 4,0 M,
temneparype ot npumepHo 20 °C go 50 °C u B TeueHHe nepuosia BpeMeHu oT npumMepHo 10 MuH
nmo 60 muH, ik ot 1 g0 2 4yacoB, uiau oT 2 10 6 4acoB, WM oT 6 1o 12 4acoB, Wiu Jake JOJIbIIE.
Ecnu xOHTEKCT He yka3biBaeT Ha OOpaTHOE, BCE MANa3OHbL, TMPHUBEICHHBbIE B HACTOSIIEM
JOKYMEHTE, CJIEyeT TPAKTOBATh KaK BKIIFOYAIOIINE UX KOHEUHbIE TOYKH, PU STOM JIHAMa30HbI C
OTKPBITBIM KOHIIOM CJIEAyeT TPAKTOBaTh KaK BKJIFOYAKOIIUE 3KOHOMHUYECKH TIPAKTUYECKUE
3HaYeHUsl. AHAJIOTUYHBIM O0pa3oM, BCEe MEPEYHM 3HAYCHHH CJeIyeT pacCMaTpUBaTh Kak
BKJTIOYAIOIINE MPOMEKYTOYHbIE 3HAYESHHUSI, €CJTM KOHTEKCT He yKa3biBaeT Ha oOpaTHoe. OqHAKO
clenyeT TOHWUMATh, YTO PA3JIUYHBbIE JPYTH€ TEXHOJOTHYECKHE YCIOBUS TAaKXKE CUUTAKOTCS
MOIXOISIIMME M BKITIOYAKOT OOJiee HU3KHE 3HAYESHHs] MOJIIPHOCTH THIAPOKCHIA HATPHS, B TOM
gucyie or 1,0 M go 2,0 M wmm or 0,1 M nmo 1,0 M. AHanoru4abiM 00pa3oM, TakKike
paccMaTpuBarOTCsl OoJiee BBICOKHE 3HAUYEHUS] MOJIIPHOCTH THAPOKCUAA HATPHSI, B TOM YHCIIE OT
4,0 M o 6,0 M usu ot 6,0 M 0 8,0 M, 00bI4HO npu 60Jiee KOPOTKUX BpEMEHAX Peakiuu W/ iiu
Oonee HM3KMX Temreparypax. Takum oOpasom, pH peakuuu necynbypusanuu OOBIMHO
cocrasysiet ot 8,0 o 9,0, ot 9,0 no 10,0 wim ot 10,0 mo 11,0. AHaIOTHYHBIM 00pa3oM, ClieayeT
OTMETHUTh, YTO TEMIIEPATypa peakunu necybdypusanuu Oyaer cocTaBisTh npumepHo ot 10 °C
1o 30 °C, nnmu npumepso ot 20 °C go 50 °C, unu npumepHo ot 50 °C no 70 °C u B HEKOTOPBIX
CIy4asix Ja’Ke BBIIIE.

[0026] CornacHO ele MAOMOJHUTENbHBIM IMPEAJIaraéMbIM acleKTaM IMPEAMETa HACTOSLIETO

1/1306peTeH1/151 ClIeayer OTMETUTb, UYTO pPAaCTBOP OCHOBAHHUSA HE 00s13aTEIBbHO JOJIKEH



OrPaHUYMBATHCS THAPOKCHIOM HATPUs, HO MOKET TAKKE BKJIOYATH pPa3H4HbIE IpPYyTrHe
ruapokcunabl n/mnn xkapbonarsl (Hanpumep, KOH, NaxCOs u T.11.) B xonudecTBax u npu pH,
NOAXOMAIINX JJIsl PacTBOPEHusl cyib(dara CBHUHIA C TOJNYYEHHEM COOTBETCTBYIOIIEH
pacTBOpuUMON CBUHIOBOI conn. Kak yka3zaHo Bblle, B O0IIEM Cllydae MpearoYTHTEIbHO, YTOOBI
pacTBOpP OCHOBAHUs UCHOJIB30BAJCS B KOJIUYECTBE, JOCTATOUYHOM ISl MOJYYEHHs] THAPOKCHAA
CBHHIIA MJIM KapOOHAaTa CBUHIA (MJTH APYTHX COENMHEHHH) U3 CyJib(aTa CBUHIA U OKCH/IA CBHHLA
0e3 cymecTBeHHOro obpazoBanus rymobuta. C Apyrofl TOUKH 3pEHHs], MOJTYYEHHBbIE BOJHBIE
pacTBOpBI OYAYT COmEPIKATh 3HAUUTENIbHBIE KOJUYECTBA OCAKa, COAEPIKALIEro IMAPOKCUA WU
kKapOOHAaT CBMHIIA, U PAacTBOpPeHHbIN Cyibdar Hartpus. [IoCKONbKY AMOKCHI CBUHIIA OOBIYHO
SIBJISIETCSI HEPACTBOPUMBIM (WJIM TOJIbKO MHUHHMMAJIBHO PACTBOPUMBIM) B BOIHBIX IIEIIOYHBIX
pacTBopax, OCaloK Takke OyleT comepkaTh 3HAYUTENbHbIE KOJHMUECTBA AUOKCHAA CBUHIA (U B
HEKOTOPOH CTemeHW Takke OJJIeMEeHTapHbI cBuHew). Takum oOpasom, aecyib(ypusarus
CBHMHILIOBOI MaCThl U3 CBHHLIOBO-KHCJIOTHBIX aKKYMYJIITOPOB MPUBENET K 00Pa30BAHUIO OCAIKA,
COepIKaIero TUAPOKCH] CBUHLA WM KapOOHAT CBUHIIA, KOTOPBIH HOMOJIHUTEIBHO COAEPKUT
HePacTBOPUMBIH TUOKCH/ CBUHLIA U 3JIEMEHTAPHbIH CBHHEL],

[0027] ITpeamodTuTeNIbHO, €CIAM TOJNYyYEHHBIH TakuM OOpa3oM OOOralleHHbIH Cyib(haToM
pacTBOp OTHENSIOT OT Ocagka U NOABEpraroT janbHeiimed obpaborke. OcobeHHO
NPEANOYTUTENIbHBIE CTagul OOpabOTKH BKJIIOYAIOT 3JIEKTPOJMTHUECKYI0 00paboTKy, eciu
oOorameHHbIH Cynb(aToM pacTBOpP MpeACTaBisieT coOOi BOAHBIN PacTBOp CyJibaTa HATPHUSL.
DnexTponu3 cynbdara HATPHUs MO3BOJUT MOJYYUTb THAPOKCUI HATPUSI U CEPHYIO KHCIIOTY,
npudeM 00a YKa3aHHBIX COCJUHEHHsI MOXKHO MOBTOPHO HCIOJIb30BaTh. Hampumep, THMAPOKCHI
HATPUsi MOXKHO HCIIONIb30BAaTh B KAa4e€CTBE OCHOBAHMUS JJISI JECYJIb(PYpPH3ALMH U B Ka4eCTBE
AJIEKTPOJIUTA B MPOLECCE U3BJICUEHUS] CBHHLIA, TIPU 3TOM CEPHYIO KHCIOTY MOYKHO HCIIOJIb30BaTh
B KayeCTBE AaKKyMYJSITOPHOW KHCJIOTBI B HOBBIX M3TOTOBJIEHHBIX  aKKyMYJIATOPAX.
ANBTepHATUBHBIE BapHUAHTBHl MPUMEHEHHs BBIACJICHHOTO Cyib(aTa BKIIOYAIOT OCAKICHUE C
MIOMOIIB0 HOHOB KaJIBLIMS C MTOJYYEHHEM TUIICa B KAYECTBE LIEGHHOTO MPOIYKTA UM OCAXKIEHHUE C
MIOMOII[BE0 HOHOB aMMOHHSI C TIOJIy4eHHeM cyibdara ammonusi. Kpome Toro, cieayer OTMETHTD,
YTO CyJb(aT HATPUS TAKKE MOXKHO (HETIPEPHIBHO) YAAISATh U3 3JIEKTPOJIUTA MyTEM OXJIAKACHHUS
1o MeHbLIEH Mepe 4acTu (HarmpuMep, OTBOIMMOTrO MOTOKA) 3JIEKTPOJHTA O TEMIIEPATYpHI,
IOCTaTOYHO HU3KOW JUISl BBIKPUCTAIIM3ALMH CyJb(aTa HATPHUs, KOTOPBIA 3aT€M MOXKHO yIaJIHTh
U3 3JIEKTPOJIUTA.

[0028] IIpu >kenaHuMM OCAAOK MOXKHO IPOMBITb, HCIONB3ysl pPa3jIM4YHblE pPACTBOPBI AJIA
YMEHBLICHNsI KOJIMYECTBA OCTATOYHOro cyibdara. Yame Bcero, Takoil MPOMBIBHOH pacTBOp
npeacTaBisieT coOOM BOJHBIN PacTBOP U MOKET COZEPKATh pazdaBieHHOE OCHOBaHHE (HApuMep,

pacTBOp TMAPOKCHUA HATPHS), BOAY WIIH IPYTYIO )KHIKOCTb, KOTOPYIO MOYKHO MPEATIOYTUTENEHO



PEeLMPKYJINPOBAaTh B YKa3aHHBIN mporecc. OcTaTouHbld Ccynb(ar B Ocagke MPEANOYTHTEIHHO
MPUCYTCTBYET B KOHIEHTPAIMSIX, COCTABISIIOMUX 2 MON% WM HIDKe, Oojiee THUIHUYHO
cocraBysiromux Wik 1 Mo % Huke, nasxke Oojiee THIHYHO cocTaBisiromux 0,1 Mo % winm Hioke
u yame Bcero cocrapistroumx 0,01 mon.% wmn Hiwke. OgHAKO ClieqyeT MOHUMATh, YTO, €CIIU
OCaJOK BIOCJENCTBUN PACTBOPSIOT B KHCIOTE (HAmpuUMep, METaHCYJIb(OHOBOH KHCIIOTE),
OCTaTOUHBIA CyJb(aT SIBJISIETCS MEHee KPUTUYHBIM (PaKTOPOM, HO OCTATOYHBIA HATpUil Oyner
MPEIMOYTUTENBHO MTPUCYTCTBOBATh B KOHIIEHTPALHSIX, COCTABIISIOMUX 2 MOJL. % WU HIKE, Ooiee
TUIMHYHO COCTABIIOMMNX 1 MOJ.% wiK Hioke, Aake Oosiee TUMUYHO coctaBisromux 0,1 mMon.%
WM HYDKe U 4aie Bcero cocrapsiromux 0,01 mon. % wnn Huke.

[0029] HezaBucumo ot cmocoba oOpaboTkm ocagka cClieAyeT IMOHUMAaTh, YTO OCTaBIIUECS
COEIMHEHMS CBUHIIA BKJIFOYAIOT TMAPOKCU CBUHLA, JUOKCUJ CBUHIIA U METAJUNIMYECKUI CBUHELL.
XOoTs TMAPOKCU]] CBUHLIA UJTH KapOOHAT CBUHIIA B OCA/IKE MOTYT JIETKO PACTBOPSITHCS B PA3JIMUHBIX
pPacTBOPUTENSIX, KaK JOTOJHUTENBHO OoJiee MOAPOOHO OOCYKAAeTCsl HIKE, CIEAyeT MPU3HATh,
YTO JUOKCHUJl CBHMHI[A U METAJUIMYECKUN CBHUHEL] HE SBJSIOTCS JIETKOPACTBOPUMBIMU B
OonbuIMHCTBE pacTBopUTeNsax. OAHAKO JTUOKCHI CBHMHLA JNEHCTBUTENILHO MPEACTaBJsieT COOOH
3HAYUTEJIbHYIO YaCTh CBUHIIOBOH MAacThl B MepepabOTaHHBIX aKKyMYyJISITOpax (B oOIieM ciyvae,
1o MeHblIed mMepe 5 Mon.%, Oonee TunuyHO Mo MeHbineil Mepe 10 Mon.% W wame Bcero mo
MeHbleli mepe 15 Mon%) m Oymer moTepstH B mpolecce HU3BJICYEHUS NPU OTCYTCTBUH
JOTIOTHUTETbHOU 00paboTku. [IpenrnodTuTebHO, €CIU JUOKCHI CBHHIIA MOXKHO BOCCTaHOBUTH
10 OKCHJIa CBHMHIIA, KaK JOIMOJHUTEIBHO Ooyiee MOAPOOHO OOCYKIAeTCsl HUXKE, W TOJyYeHHBIN
TaKUM 00pa3oM OKCHJ CBHUHIIA MOKHO TTOBTOPHO BBECTHU B MPOLIECC M3BJIeUueHUsT (OOBIMHO MTyTeM
no0aBJIeHNs] B CBHHIIOBYO TIACTy WJIM BOJHOE OCHOBAHHE).

[0030] CornacHo erne OMHOMY IOTOJHHUTENBHOMY AaCHEKTy HACTOSIEro M300peTEeHUs OCaIOK
OOBENUHSIFOT ¢ MPENMOYTUTEBHO BOIHON paboUeii sKUIKOCThIO, KOTOPast paCTBOPSIET TUAPOKCUT
CBUHIIA W/WiM KapOOHAT CBHUHIIA C TOJYYEeHHEM TakuM OOpa3oM CBUHEICOIEPIKAIIETO
3JIEKTPOJIUTA U HEPACTBOPHUMOIO NHOKCHAA CBHHIIA. XOTS 3TO M HE OTPAHUYUBAET MPEAMET
HACTOSIIIETO W300peTeHusi, OCOOEHHO MPEeANOoYTHTEIbHBIE pabodre SKUIKOCTH CONEpPIKaT
METaHCYJIb(OHOBYIO KUCJIOTY U TUAPOKCUI] HATPUS TTPH CPABHUTEJIHBHO BHICOKOW KOHLIEHTPALIUH.
IIpu mpumenennn MetancysibHOHOBOU KUCIOTBI (MSA) nmisi Mo MeHbIIel Mepe 4acTUYHOTrO
PacCTBOPEHHSI CBHUHELICOAEPIKALIErO OCAAKa, MPEATONAraeTCsi, UYTO 3JIEKTPOJIUT TAKXKE MOKET
BKJIFOUATh areHT, 00pa3yIoNIuii XelaTHbIe KOMIUIEKCHI ¢ MFOHAMH CBUHIIA, U B yacTHOoCcTH, EDTA
(3TUIIEHIUAMUHTETPAYKCYCHYIO KUCIOTY). C Ipyroi CTOPOHBI, KOTTIA JIEKTPOJIHT MPEACTABIISET
co0O0i BOIHBIN PacTBOP TMAPOKCHAA HATpPHs, B OOIIEM Cllydae MPEATIOYTHTENIbHO, YTOOBI TaKOH
pacTtBOp uMen KoHneHTpauuio U pH, adpexTuBHbIC ¢ TOUKHU 3peHUs MTPEBPALICHHSI TIO CYIIECTBY

BCero (Hampumep, 1o MeHbiued mepe 95 mon.%, Oonee THMUYHO MO MeHbIIeH Mepe 98 Mo %,



yalre BCero 1o MeHblIe mepe 99 Mon.%) ruapoKcuaa CBUHIA B TUTYMOUT, JIETKOPACTBOPUMBIN B
BOJHBIX IEJIOYHBIX pacTBOpax. B pesyibrare, cieayer mpU3HATH, YTO TAKOW 3JIEKTPOIHUT OyneT
Tenepb COMAEpPKAaTh PACTBOPEHHBIE MOHHBIE COCIUHEHMs CBUHIA, TOTAA KAaK APYTHE TSKEIble
METaJUIbl, KOTOPbI€ MOTEHIHAJIbHO MPHCYTCTBYIOT B AKKYMYJSITOPHOM MacTe W 3JIEKTPOJINTE
(mampumep, Sb, Ca, Sn, Cu, As), He OynyT pacTBOPSTHCS B 3JEKTPOJHUTE U TAaKHUM 00pasoM He
OyAyT HEraTMBHO BJIMATb W/WIM 3JEKTPOJUTHUYECKH OCAXKAATBCS TMPH  IOCIENYIOIIEM
3JIEKTPOJIMTUIECKOM H3BJICYEHNH CBHHLA, KaK JOMOJIHUTENBHO OoJiee MoapoOHO OMICAHO HUXKE.
[0031] HepacTBOpeHHBIM OHOKCHUI CBHHLA MOYHO JIETKO BBIICJIUTh U3 CBUHELICOAEPIKALIErO
3JIEKTPOJIUTA MTOCPEACTBOM (PHIIBTPALINH, CEAMMEHTALNH, LEHTPUPYTHPOBAHUS U T.I1., IPH 3TOM
yKa3aHHBIN JUOKCHU]] CBUHIIA MPEANIOYTUTENILHO TIOABEPTaIOT JabHelel oopadoTke B mpouecce
BOCCTAHOBJIEHHS, B KOTOPOM JHOKCHJ CBHHIIA IPEBpAIlAlOT B OKCUA cBHHLIA. Haumbonee
NPEANOYTUTENIBHO, €CJIM BOCCTAHOBUTEIb COBMECTHM C CUCTEMAaMU U CHOCOOAMHU W3BJICYEHUS,
ONMCAHHBIMH B HACTOSILIEM IOKYMEHTE, BKIIFOUasl pa3JIMUHbIe OpraHUYeCKHe KHCIOThI (Hanpumep,
OKcayiaT), MepOKCUA BOAOpOAa, Cyiabdar ruapasuHa u cyiabur Harpus. Hampumep, korma
BOCCTAHOBUTEJIb IPECTABISIET COOOH Cynb(UT HATPHUS, pPeaklys BOCCTAHOBJICHUs NPHUBENET K
HOJIYYEHHIO OKCHJA CBHHIA U cyib(ara HaTpus. [loayueHHbIH TakuM 00pa3oM cyib(ar HaTpus
MOKHO OOBEIMHHUTD C CyJb(paTOM HATPUs, MOJYYEHHBIM IPH PEaKIHu AeCyab(ypusarmu, I
pPELMKJIMHIa B OINHMCAHHOM IMPOLECCe, MPH 5TOM OKCHUJA CBHHIIA MOXKHO OOBEIUHHTH C
AKKyMYJIATOPHOHM TACTOW WJIM BOJHBIM OCHOBAaHHEM JUJIsl TOJYYEHUS B YKAa3aHHOM Mpolecce
OONBLIET0 KOMMYECTBA THAPOKCUIA CBIHLIA.

[0032] besycnoBHO, ciueqyer MOHMMATh, 4YTO MJUOKCHZ CBUHLA, NPUCYTCTBYKOIIUNA B
AKKyMYJIATOPHOHM MacTe, MOYKHO TAaK)XK€ BOCCTAHOBHTH 1O AECYJb(PYpPHU3ALHH C MOJYYCHHUEM
npeaBapUTENIbHO 00pabOTAHHOW AKKyMYJISITOPHOM TACThl, MMEIOMIEH 3HAYUTEIPHO MEHBIIYIO
KOHLIEHTPALIUIO JHOKCHIA CBUHIIA (HATPUMEp, OCTATOYHBINA TUOKCH]] CBUHIIA COCTABIISIET 5 MOJL. %0
nin MeHee, Wi 2 Moi.% unu menee, win 0,5 mMon.% wim menee, unu 0,1 mon.% unu mMeHee
OTHOCUTEJIbHO BCEX COEIWHEHWN CBUHLA B MpeIBapUTENIbHO 00paboTaHHOW macTe).
IMpenBaputenbHyr0 00pabOTKy OOBIYHO MPOBOASAT ¢ MPUMEHEHHEM BOCCTAHOBUTES,
NOAXONAIIEro JJsl MOJY4YeHHsI OKCHAA CBHHIA M3 AMOKCHUAA CBHHLA, NMPHU 5TOM OCOOEHHO
MOAXOAIINE BOCCTAHOBHTENIH BKIFOYAIOT MEPOKCH BOAOPONA, Ta3000pa3HbI JHOKCHUI CEPbI
(momaBaeMbIii B BOOHBIN pacTBOp), CyabdaT ruapasuHa u cyasput HaTpus. Hanpumep, nepokcun
BOJOpOaa Oy/IeT BOCCTAaHABINBATH AUOKCH CBHHLA C MOJYYEHHUEM OKCHIA CBHUHIIA W BOIBI, TIPU
3TOM, KOT/Ia BOCCTAHOBHTEJNIEM SIBJIIETCS CYJIb(UT HATPHs, PEaKLHsI BOCCTAHOBIICHHS ITPUBEIET K
NOJIYYEHUIO OKCHAA CBUHLA M Cyibdarta Hatpus. Kak yka3aHO BbIlIE, 3aT€M NPENBAPUTEIBHO
00paboTaHHYI0 TakKUM OOpa30M AaKKyMYJIAITOPHYKO TMAacTy MOXKHO TIIOIBEPTHYTh pEeaKIuu

necyiabpypuszauuu. AJBTEPHATHBHO, TUOKCUJA CBHHIIA MOJKHO TaK)K€ BOCCTAHOBUTH B KHCJIOM
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3JIEKTPOJIUTE, UCIIONB3ysl MEPOKCHJA WM JPYroil BOCCTAHOBUTENb, B TO BpeMsl KaK OCaIKU
necyb(yprU30BaHHOTO CBUHLIA PACTBOPSIIOT B KUCIIOTHOM 3JIEKTPOIIUTE.

[0033] YUto kacaeTcsi CBHHELICOAEPIKAIIETO 3JIEKTPOJIUTA, B OOIIEM cliydae MPeArOYTUTENBHO,
9YTOObl YKA3aHHBIA JJIEKTPOJHUT TMOABEPrajiCs 3JIEKTPOJUTUYECKOMY H3BJICYCHUIO CBUHIA
NPEANOYTUTENBHO C NPUMEHEHUEM JBIDKYLIErocs 3JIEKTPoJa B HENPEPHIBHOM pEXKHUME C
MOJyUeHHEM MPUJIMIIIEro CBUHLA. B HacTosmeM NOKYMEHTEe TEepMHUH KIPUIIHUMIIIUN» TpU
NPUMEHEHUU B COYETAHUU C METAJUIMYECKUM CBUHIIOM, MOJYYEHHBIM NMYT€M BOCCTAHOBJIEHMS
HMOHHOI'O CBHMHLIA, OTHOCHUTCSI K ()OpMe CBHHIIA, KOTOpasi HE SIBJISETCS AATE3UBHOW IUICHKOW,
CBSI3aHHOM C IOBEPXHOCTBIO KaTO/a, HO KOTOpast ABJSIETCS aMOP(HOM U KOTOPYIO MOXKHO CTE€PETh
WM CMBITh € KaToaa. JIpyrumu cjaoBamMu, MPOAYKT B BUJ€ NPMIIMIILIETO CBUHIIA HE 00pa3yeT npu
MaKpOCKOIIUYECKOM pa3Mepe HHTEPMETANINYECKUE CBSI3U MEXKIY KaTOAOM M CBHHIIOBBIM
NPOAYKTOM H, CIEJOBATENIbHO, He OymeT oOpa3oBBIBATH AATE3WBHYI0O CBHHLIOBYIO IUICHKY Ha
karome. Hampumep, cormacHo HaOMOAEHUSIM B OONBIIMHCTBE HKCHEPHUMEHTOB CBUHELL,
HIOJTyYeHHBIH B MUKPO- MM HAHOKPUCTAJUTNYECKOM HH3KOIUIOTHOM CJIO€, KOTOPBIH ObLT HEPOYHO
NPUCOEINHEH K KaTONy, BCIUIBIBAJ C HETIOABIKHOTO TUIOCKOTO KaTO/Aa U KOTOPBIH MOXKHO OBLIO
CMBITh C MOBEPXHOCTH BPALIAIOIIETOCS KATOAA MPHU LUPKYJSILUU 3JIEKTPOIUTA, ObUT CIMIIKOM
arpeccuBHbIM. OOpa3oBaHMe NPWIMMIIIETO CBUHIIA HA 3JIEKTPOAE SBISAETCS OCOOEHHO
NPEANOYTUTENIbHBIM, KOTZIa 3JIEKTPOA HMMEET IBIKYLIYIOCS TOBEPXHOCTh. B OoNbLIMHCTBE
cllydaeB aBTOPBI M300peTeHusi oOHapyxuiu, 94To MeHee 10% (Hampumep, ot 5 10 9%), Gonee
TUNIUYHO MeHee 7% (Hampumep, oT 2 o 6%), naxe Oonee THNMUHO MeHee 5% (Hampumep, oT 1
10 4%) u 4daire Bcero MeHee 3% (aanpumep, ot 0,01 10 2%) ot 001iero cBUHIA, 0OPA3YIOLIETOCs
Ha KaTojie, MPUCYTCTBOBAJIO HAa KAaTOJe B BUJE BJIEKTPOJIUTHUYECKU OCAXKACHHOIO U CHIIBHO
CBI3aHHOTO CBHHLIA, IPU 3TOM OCTaBINAsACA 4YacThb CBUHL@A OCTaBajlaCh B MPUJIMIMILIEH
HU3KOIUIOTHOU popme. Cpenu qpyrux MpeuMyIiecT U, He JKenasi ObITb CBSI3aHHBIMHU KaKOH-JIN00
TEOPUEH WM THIOTE30H, aBTOPbl HM300pPETEHMs MOJATar0T, YTO OTHOCHUTENIbHOE IBH)KEHUE
3JIEKTPOJNTA U BJIEKTPOAa IMpHUBENET K POCTY MHUKPO- WJIM HAHOKPUCTAJJIOB 3JIEMEHTApPHOIO
CBHHIIA HAa TOBEPXHOCTH 3JIEKTPOAA, YTO, B CBOK O4YEPeIb, IMO-BHIUMOMY, CIIOCOOCTBYET
00pa3oBaHMI0 W/WJIHM YJAaBIMBAHUIO Bojopozaa. IIpumeuaTenbHO, YTO BONOPON, CBS3aHHBIN C
NPWINIIIAM CBUHIIOM, OK&)XET 1O MEHbIIEH Mepe IBa JKelaTesbHbIX 3((eKkTa B OTHOLICHUH
XUMHUHU CBUHLA. BO-TIEPBBIX, CBUHEL[ SIBJIIETCS] MPUIUIIINM U JIETKO YAANAETCS ¢ MOBEPXHOCTU
3JNIEKTPOJA, YTO OOBIYHO HE MPOUCXOOUT TPU NPUMEHEHHH HETIOABIIKHBIX 3JIEKTPOIOB H
aNbTEPHATUBHBIX COJIEH CBUHIA. BO-BTOPBIX, MONY4EHHBIH TAKUM 00pa30M MPUIIHITLIHA CBUHEL]
COIEPIKUT MHUKPO- WM HAHOKPUCTAJUIMYECKHE CTPYKTYPBI POCTa CO CPABHUTENBHO OOJBIION
IUIOIIA/IBI0 TTOBEPXHOCTH, 3AIMUINEHHOH OT OKHCJIeHHWs (WM TAacCHBHPOBAHHUS) 3a CUET

BOCCTaHOBUTEJIbHOI MI/IKpoaTMOC(I)epr BOAOpOAa B MNPUIMIIIIEM CBUHLIE. COOTBGTCTBGHHO,
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NOJTYYEHHBIH TAKUM 00pa30M MPHJIHIIINI CBUHEI] JIETKO (OpPMyeTCs Ha XOJIONE TMPU CIKATHH C
nojy4deHueM Ooyiee KpPYMHBIX MAaKPOCKOMHMYECKHX CTPYKTYp 0Oe3 00pa3oBaHHs TI'paHHUI]
KpucTauToB. KOHKpEeTHBIE YCTPONUCTBA U CITOCOOBI, MOIXOSIIUE IS TOJTYYEHHs! PYIIUIIIErO
CBHMHIA, OMHCaHbl B coBMecTHOM mnareHre WO 2015/077227, BKIIOUYEHHOM B HACTOSIIUM
JOKYMEHT IIOCPECTBOM CCBLIKH.

[0034] IlepBblii WILTFOCTPATHBHBIN CHOCOO COTJIACHO TPEAMETY HACTOSLIEr0o H300peTeHus
nokasan Ha ¢urype 1, rme B Tmpolecce PELUKIMHIA AKKYMYJSITOPOB  HCIIONB3YIOT
NOATOTOBUTENBHYIO CTAANIO eCYIb(pypH3alMy, HA KOTOPOIH CBHHIIOBYIO MAacTy (COAEpIKaIlyIo
cyabaT CBUHLIA M OKCHIIbI CBUHIIA) OOBEIHHSIOT C KapOOHATOM HATPHS U IIEPOKCUIOM BOAOPOIA.
Kak yxaszaHo Bbimle, cynb(paT CBUHIA W3 aKKyMYJISITOPHOW MAacThl MPEBPAIIAOT B KapOOHAT
CBHHIIA, TIPU 3TOM O0pasyercs JIerKOpacTBOPUMBIN Cyib(aT HATpus, KOTOPBIH MOXKHO JIETKO
yIOanuTh U3 ocagka kapOoHaTa cBHHLA. J{JIs1 yMEHbIIEHUs KOHLEHTpaluu KapOOHATa HATPHs-
ceuHLa pH cmecu st necynb(ypuzalii MOXKHO YMEHBIINTh 10 npumepHo pH 6,0 (Hanpumep,
UCTIONB3Ysl CEPHYI0 KUCnoTy). Ha 3Tol cTamum AMOKCHA CBHHIIA BOCCTAHABJIMBAIOT A0 OKCHIA
CBUHIIA C NMOMOLIIBI0 MEPOKCHAA BOJOPOAA, IPU 3TOM CJENyeT MOHUMATh, YTO JUOKCUJA CBUHLA
MO>KHO TTOJIYYHTh U3 IaCThI CaM 110 cede WM B KOMOMHALMH C AUOKCHAOM CBHHIA, TIOITY4YE€HHOM
Ha OoJjiee MO3[HeH CTaauy pacTBOPEeHUs kapOoHaTa/OKcuaa CBUHIA B anekTposure. Ilocne Toro,
KaKk peakuus pecyibdypusammu ObLia 3aBeplieHAa WIM AOCTUINIA TPUEMIIEMON CTeleHH
necyiabdpypusanuu (Hanpumep, o MeHbineit mepe 90 %, umu no mMenbineii Mepe 95 %, wiu Mo
MeHbIei Mepe 99 % Bcero cynbdarta CBHHIA MPEBPATHIOCH B KapOOHAT CBMHIA), KapOOHAT
CBHHIIA ¥ OKCHJ] CBUHIIA 00pabaThIBAIOT AJIs yAAIEHHUs pacTBOpa necyibdypuzanmu. besycnosHo,
CJIeyeT MOHUMATh, YTO nepen 00paboTKONH MOKHO OCYINECTBUTh CTaUI0 IIPOMBIBKH (HAIIpUMep,
C TPUMEHEHHWEM BOAbl WM Jyekrposmra). Yame Bcero, 0OpabOTKY BBIMOJHSOT MyTEM
¢bunbTpoBaHMs Ha pecc-QUIBTPax, HO TAKXKE PACCMATPUBAIOTCS U APYTHE CIIOCOOBI 00pabOTKH,
B TOM YHCJIe HarpeBaHue, [eHTpu(yrupoBaHue u T.1. 3aTeM PaCTBOP AECYJIb(YpPU3ALITH MOXKHO
NOABEPTHYTh ONHON MM Oojiee CTaAMsAM M3BJICYCHHUS Cephbl (HANpuUMep, MyTeM OCAKACHUS C
NOAXONAIIMMH KATHOHAMH WJIM TOCPEICTBOM KPHUCTAJUIM3ALMK CyJbdara HaTpus TpU
NOHW)KEHHOU Temneparype (Harmpumep, ot 15 no 25 °C, umm ot 10 no 15 °C, wmm ot S o 15 °C,
win ot 0 1o 15 °C u T.1.) WM MyTeM NMPUMEHEHUs] HOHHOro oOMeHa Wi 00paTHOro 0OcMoca U
T.11.), TIPH 3TOM HM3BJICYEHHYIO BOAY MOKHO 00pa0OoTaTh MM HANPABUTh HA CTAHLIUIO N0 OUUCTKE
CTOYHBIX BOJI.

[0035] 3aTtem monydeHHBIE TakuM 00pa3oM KapOOHAT CBUHIA/OKCHI CBUHIA (BO3MOXKHO C
HE3HAUNTEJIbHBIMU KOJHYECTBAMU JHOKCHIA CBHMHLA) PACTBOPSIFOT B KHUCJIOM 3JIEKTPOJIHTE,
KOTOPBII CTaOMJIEH B YCIOBHUAX 3JIEKTPOJUTHYECKOTO OCAKIACHUS M PACTBOPSET CBUHEN MPHU

BBICOKUX KOHLCHTpPALUAX. HaubGonee MpEANIOYTUTEIIbHO, €CJIN TaKOH SJICKTPOJIUT NMPECACTABIACT
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co0oi MeTaHCYIb(POHOBYIO KHCIIOTY, KaK yk€ 00CY)KIaloCh BBILIE, IPU 3TOM aJIbTEPHATUBHBIE
3NEKTPOJIMTHI BKIIFOYAIOT TaJOMAUPOBAHHBIE aJKAHCYJIb()OHOBbIE KHCIOTBI M T.. Ilocne
3aBEPIIEHUs MPOLEcca PACTBOPEHHsI KapOOHAaTa CBHMHIIA/OKCHIA CBUHLIA B KHCJIIOM 3JIEKTPOJIUTE
moOble OCTaBIIMECS HEPACTBOPEHHBbIE COEAMHEHHUS CBUHIA (M, B YaCTHOCTH, OCTaBLIMHCS
OUOKCHUJ CBUHIIA) YAAISIOT B CermapaTope U HeoOs3aTeabHO BO3BPAINAIOT OOPAaTHO HA CTAIUIO
necynbypu3aluy, TOrJa KaK PACTBOPEHHbIE COCOMHEHHUS CBHMHIA MMOJAIOT B PACXOAHBIN
pe3epByap IS SIEKTPOJIUTA. DJIeMEHTAPHBIN CBUHEL (ITPEANOYTHTEIBHO HEIIPEPBIBHO) YAANSIOT
B BHJE MPIJIMIIIErO CBUHIA HA 3JIEKTPOJE, KaK JOMOJIHUTENBHO O0CYKIAETCsl HUXKE, TIPH 3TOM
OO€eHEeHHBIN SJEKTPOJNUT PELUPKYJIUPYIOT OOpaTHO sl PACTBOPEHUST HOBOTO KOJUYECTBA
kapOoHaTa/OKCcHa CBUHIIA.

[0036] AnbTepHAaTUBHO, COMIACHO  BTOPOMY  HJUTFOCTPAaTMBHOMY  CIOCOOY  CTaguro
necynb(ypu3aluil MOXXHO TaKXe OCYIIECTBUTb C NPUMEHEHHEM T'MIPOKCHAA HATPUS BMECTO
kapOoHaTa HaTpWsl, KaKk MOKa3aHo Ha (urype 2. 31ech B mpoLecce PeUUKINHIA aKKYMYJIITOPOB
UCTIONB3YIOT MOATOTOBHUTENBHYIO CTaJMI0 NeCyJb(ypU3aLUK, Ha KOTOPOH CBHHLIOBYIO IACTy
(comepxxamyro Cyiab(aT CBUHIA M OKCHABI CBHUHLA) OOBEAMHSIOT C TMAPOKCHAOM HATPHS H
nepokcuoM Bopopona. Kak Oputo ykasaHo paHee, Cyiab(ar CBUHIA M3 aKKYMYJISITOPHOW MACThI
NPEeBPAINAIOT B THAPOKCHI CBHHLA, IIPU 3TOM 00pa3yercs JerkopacTBOPUMBIH Cynbdar HaTpus,
KOTOPBIH MOXKHO JIETKO YAAJNUTh W3 OCaJka T'MAPOKCHAA CBUHLA. [l yMeHbLIEHHS B TaKOM
nporecce KOHLEHTPALUH PACTBOPEHHOTO CBUHIIA B pacTBope cyibdara Hatpus pH cmecu mmst
necyb(ypU3alui MOXKHO YBENTUYHTh 10 npumMepHo pH 9,0 (Hampumep, UCTIONB3YST TUAPOKCHI
Hatpus). Kak ykasaHo BbIle, TUOKCH] CBUHLIA BOCCTAHABIIMBAIOT 0 OKCHIA CBUHIIA C TIOMOLIBIO
NEPOKCHIA BOAOPOAA, MPHU 3TOM CJIeyeT MOHUMATh, YTO JUOKCH]I CBHHLIA MOKHO MOJIYYHTh U3
NacThl caM 1o cede Win B KOMOMHAIIMK C TUOKCHIOM CBHUHIIA, TIOJYYEHHOM Ha Oojiee mo3aHen
CTaauM PACTBOPEHUs THMAPOKCHAA/OKCHAA CBHHLA B 3jekrposure. Ilocnme TOro, kak peakius
necynbpypusanuu OblIa 3aBeplIeHa I AOCTHUIJIA MPUEMIIEMON CTENeHU AeCyb(ypHu3anuu
(Harmpumep, 1o MeHbIuel mepe 90 %, umm o MeHblel Mepe 95 %, wiu o MeHbluel Mepe 99 %
BCEro CyJsib(aTa CBHHLA NPEBPATWIOCH B TUAPOKCH] CBUHIIA), THAPOKCH]] CBHHIIA U OCTaBIIUNCS
OKCHJ CBHHIIA 00palaThIBAIOT IJIs YAAJIEHHs pacTBopa aecynbdypusanuu. besycinosHo, cienyer
NOHUMATh, YTO Tepen 00padOTKOW MOMKHO OCYIIECTBUTH CTaJHMI0 NPOMBIBKH (Hampumep, ¢
NPUMEHEHHEM BOABl MM 3JIekTpojuTa). Yame Bcero, oOpabOTKY BBINOJHSIOT MyTEM
(buIBTPOBaHUS Ha Mpecc-PUIIbTPax, HO TAKIKE PACCMATPHUBAIOTCS U IPyTHe CriocoObl 00padoTKHy,
B TOM YHCJIe HarpeBaHue, [eHTpU(yrupoBaHue  T.I1. 3aTeM PACTBOP AECYJIb(YpPU3ALIH MOXKHO
NOABEPTHYTh ONHON mMiM Ooliee CTaAMsM M3BJICYCHUS Cephbl (HAmpuMep, MyTeM OCAKACHUS C

NOAXOAAIMMHA KaTUOHAMHU WJIK MOCPEACTBOM KPUCTAJLIIU3AILUU cynb(baTa HaTpudad WJIHW NOYyTEM
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NPUMEHEHNs] HOHHOTO OOMeHa Wi OOpaTHOTrO OCMOCa W T.II.), TMPH 3TOM HM3BJICYEHHYIO BOAY
MOYKHO 00paboTaTh WM HANPaBUTh HA CTAHLIMIO IO OYHUCTKE CTOYHBIX BOJI.

[0037] 3aTem mody4YeHHBIH TaKUM OOpa3OM THAPOKCHI CBUHLA/OKCUA CBHHLA (BO3MOXHO C
HE3HAYUTEJIbHBIMU KOJMYECTBAMH TMOKCH/IA CBUHIIA) PACTBOPSIIOT, KAK YKAa3aHO BBIIIE, B KUCIOM
3JIEKTPOJINTE, KOTOPBIA CTAOWMJIEH B YCIOBHUSX BJIEKTPOJUTHUECKOTO OCAXKIEHHUS M PACTBOPSIET
CBHHELl IPH BBICOKMX KOHIeHTpauusix. Hanbonee mpeanodTUTENbHO, €CU TAaKOH 3JIEKTPOJIUT
npeacTaBisieT coO0M MeTaHCYJNb()OHOBYIO KHCIIOTY, Kak y)ke O0OCY’KAajoCh BBIIME, TIPU 3TOM
aNbTEPHATUBHBIE 3JIEKTPOJIUTHI BKIIIOYAIOT TaJIOMIUPOBAHHBIE AKAHCYJIb(OHOBBIE KHCIOTHI U
T.1. ITocne 3aBepineHus mporecca pacTBOPEHUs THMIPOKCHAA CBUHIA/OKCHUIA CBUHLA B KHUCIOM
3JNIEKTPOJUTE JIOOBIE OCTABIIMECS HEPAaCTBOPEHHbIE COENMHEHHS CBUHLA (M, B YaCTHOCTH,
OCTaBIIUICS AMOKCUA CBHHLIA) YAAJSIOT B CENapaTope U HeoOsA3aTeNbHO BO3BPALIAOT OOpAaTHO Ha
CTaJHIO eCyIb(PYypHU3aLMU, TOTJIAa KaK PACTBOPEHHbIE COSTUHEHNs] CBUHIIA IOJAI0T B PACXOHBIN
pesepByap IUIsl SJEKTPOJIUTA. DJIEMEHTAPHBIM CBUHEL CHOBA (MPEANOYTUTENIbHO HETPEPBIBHO)
YOQIAIOT B BHAE MNPWIHMIILIETO CBUHLA HAa 3JIEKTPOAE, Kak OOCYKHAeTCsl HHXKE, NMPH STOM
O0EHEHHBIH S3JEKTPOJIUT PELUPKYJIUPYIOT OOpaTHO Ui PACTBOPEHHUs] HOBOTO KOJIMYECTBA
kapOoHata/okcuna cBuHHA. B Tabnuue 1 npuBeneHO CpaBHEHHE MAapaMETPOB PA3JIUYHBIX

WUTIOCTPATHBHBIX ITPOLIECCOB JIJIs BAPUAHTOB AeCyIb(ypU3aliy, MOKa3aHHbIX Ha purypax 1 n 2.

Ta6auna 1
Texuuueckuii napamerp COs* OH-
PaGounii napamerp  IlpeBbimenue Haj 10% 10%
CTEXHOMETPUYECKUM
COOTHOLIEHHEM
CooTHoleHue 1: (ot 2 no 2,5) 1.2

TBEPAOTO/’KUIKOTO BELIECTBA

Temneparypa, °C 55-35 55-35

Bpewmst mpeObiBaHMsI, MUH. 15-30 15-30
CsoiicTBa Hecynbdypuzanms, %o 92.4-94 4 93,6-97.0

Cynb(art, ocraBmuiicss B macre, 0,4 0,3

%

[0038] B eme omHOM mpemIoKeHHOM criocode, MOKa3aHHOM sl mpumepa Ha ¢urype 3,
CBHHIIOBYIO TACTYy, COAEPIKAILIYIO CYJb(aT CBUHIA U OKCHIbI CBUHIA, ITOCIE CTAANU YIAJICHUS
CEepHOW KHUCJIOTBl WJIM IPOMBIBOYHON Cpenbl (Hampumep, € TOMOINBIO (QHIIBTpP-Ipecca),

OOBEIUHSIOT C THAPOKCUIOM HATPHs B YCIOBHAX, 3P PEKTHBHBIX C TOUKH 3PEHUS MPEBPALLICHUS
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cynb(ata CBMHIIA W OKCHAA CBUHIA B COOTBETCTBYIOIIMH OCAJOK THAPOKCHIA CBUHIA, NPHU
OJHOBPEMEHHOM OOpa30BaHHUH JIETKOPACTBOPUMOTO Cyib(daTa HATPUs, KOTOPBI MOXHO JIETKO
yIaJUTh U3 OCAJKa THAPOKCHAA CBHHIA. 3aT€M OCTATOYHBIA HEPACTBOPEHHBIN AHOKCHI CBUHIIA
BOCCTAHABIIMBAIOT (HANpHUMep, ¢ NMPUMEHEHUEM CyJib(pHuTa HATPHs WIM JIPYroro areHra, Kak
00Cy»IaJIOCh BBIIIE) 1O OKCHAA CBUHIIA, KOTOPBIM JIETKO NMPEBPATUTCS B TMAPOKCHJ CBUHIA.
Kpowme Toro, kak yka3aHoO BbIIIE, AUOKCUI CBUHLIA MOYKHO TaKXK€ BOCCTAHOBUTH 10 OKCHJIA CBUHIIA
C MOMOIIBI0 MEPOKCHAa Bojgopona (mimm cynbdura), IpU 3TOM CJIEAyeT MOHHUMATh, YTO TaKOe
BOCCTAHOBJIEHHE MOXKHO OCYIIECTBUTH C NMPUMEHEHHEM aKKyMYJSITOPHOH macThl WM Ha Oonee
NO37IHEeH CTaguM PacTBOPEHUs TMAPOKCHIA/OKCHUIA CBHHLA B JIEKTPOJIUTE. AJIBTEPHATHBHO, B
TaKOM IIpOLIecCe B KaUeCTBE MCXOIHOTO MaTepHajia MOJKHO HCIOJIb30BATh HE MOABEPIraBLIYIOCS
necynbypusaluyl CBUHIOBYIO macTy. B mnpumepe, mnokasanHoM Ha ¢urype 3, He
HIO/IBEPraBINYIOCS NeCyJNb(ypH3aLUy CBHHLOBYIO IaCTy IPEBPAIIalOT B IUIyMOWT CBUHIA
(Na,Pb(OH)4), wucmonbe3yst TUApOKCHA HaTpusi misi obecneuenust pH, mnomxopsimero masst
oOpasoBanusi miymbura cBuHUa (Hampumep, pH > 11,5). 3atem mnro0oii HepacTBOpEHHbIMH
MaTepuall yIaIsioT U3 [IEJTOYHOTO 3JIEKTPOJINTA B OJHOM WK OOJIee CenapaTopoB U MOJydeHHbIH
TaKUM 00pa3oM IIEIOYHOH 3JIEKTPOJIUT HAMPABISIIOT B PACXOIHBIA pe3epByap Ul SJIEKTPOIUTA.
Cnenyer OTMETUTh, YTO CyJb(paT MOXKHO M3BJEUYb U3 3JIEKTPOIUTA (IPEONOYTUTENBHO ITOCIe
3JIEKTPOIIN3A) C IPUMEHEHHEM PA3JINYHBIX CIOCOOOB, IIPH 3TOM MOAXOSIINE CITIOCOOBI BKIIFOYAIOT
OXJIAXKIEHUEe M OCaXAEeHUEe Cyjb(ara HATPUS M3 O MEHbIIEH Mepe YacTH 3JIEKTPOJIHTA,
ceunpuIecKoe OCAKACHHE, SJEKTPOIUANIN3 WM HOHHBIA OOMEH. DJIeMEHTapHbIN CBHHEL! CHOBA
(MPennoYTHTENPHO HEMPEPBIBHO) YAAJSIOT B BHIE MPHJIUIIIErO CBUHIA HA 3JIEKTPOJE, Kak
oOCyXImaeTcss HIKE, NPU 3TOM OOEIHEHHBIH SJIEKTPOIUT PELUPKYJIHPYIOT OOpaTHO mauist
PacTBOPEHMSI JOTIOJIHUTEIBHOTO KOJIMYECTBA CBUHIIOBOM MACTHL

[0039] Hampumep, B oOmem ciy4dae Tmocjie TmpoLecca, IOKa3aHHOro Ha ¢durype 3,
necynb(ypU3au U nepepadoTKy MacTbl CBHHLIOBO-KHUCIIOTHOTO aKKyMYJIATOpa € MOMOIIBIO
THIPOKCHIA HATPHs OCYINECTBJSUTH HAa OMHOU cTamuu (31ech. Oe3 ynaneHus: cysbdata HATPUs
MEXKAY CTaIusIMU OCAKICHHS THAPOKCHIA HATPUS U 0Opa3OBaHUs IUTyMOUTA, KOTOPBIE MOXHO
JIETKO OCYLIECTBUTD, Kak 00Cyskaanock Boime). 100 r npuMeHsieMOi MacTbl CBUHL[OBO-KHCIOTHOTO
aKkymyJsitopa oOpadaTeiBajM C TOMOLIBIO 2 JIMTPOB pacTBopa, copepkamero 960 r 50%
pacTBOpa THIPOKCHAA HATPUsl TEXHUYECKOrO KayecTBa M AEHOHU3WPOBAHHYIO BOAY. Peakuuio
NPOBOAWIIM B TEUEHHE OJHOrO 4Yaca B 4-JIUTPOBOM CTAaKaHE C MEPEropoAKaMH s JIydinei
TypOyneHTHOCTH. 3aTeM oTOMpanu npoOs! pactBopa Ha 1, 5, 30 1 60 MUHYTaX BpEMEHH PEAKLIUH.
VYkazaHHble 1poObl  OTQUIBTPOBBIBAIM W BIOCJIEACTBUH  OT(QHIBTPOBAHHBIE  MPOOBI
aHAJIM3UPOBAJIN HA KOHLIEHTPALIUIO PACTBOPEHHOTO CBHHLA. D) (HEKTUBHOCTD SKCTPAKIIMH CBHHLIA

B PaCTBOPE PaCCHUTHIBAIN IMMyTEM ACJICHUA MMEPBOHAYAJIBHOI'O KOJIMYECTBA MACThl HA KOJIMYECTBO
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CBUHIIA, PAaCTBOPEHHOTO B pacTBope. ClenyeT OTMETUTh, YTO B TAKOM IPOLIECCE IMOJYyUYEeHHbIN
cynb(dar ocTaercs B INEJOYHOM 3JIEKTPOJUTE M YTO YKA3aHHBIA CyJIb(paT MOXKHO yIAIUTh U3
IIEJIOYHOTO 3JIEKTPOJIUTA, UCIOJB3Ysl Pa3IMYHbIE CIOCOOBI, MPU 3TOM MOIXOMASIINE CIIOCOOBI
BKJIFOYAIOT OXJIAXKIACHWE U OCAXKACHHE Cylb(ara HATpUi M3 IO MeHbIIEH Mepe dYacTu
3JIEKTPOJINTA, Crel(PUIECKOe OCAXKACHUE, STEKTPOINAIN3 WIIK HOHHBIH OOMeH (Hampumep, Kak
NoKa3aHo Ha ¢urype 3).

[0040] Takum oOpa3om, ciieayeT MOHNUMATD, YTO aBTOPBI H300PETEHHUS TAKXKE MPENJIararoT CIioco0
U3BJICUEHHSI CBUHLA U3 AKKYMYJISITOPHOMH MaCThI, COAep Kaleil OKCHUIbI CBUHIIA U CYJIb(haT CBUHIIA.
Takoii cocob Oyaet 0OBIMHO BKIIIOYATh CTAAMIO MPUBEACHUS AKKYMYJIATOPHON NACThl B KOHTAKT
C BOIHBIM OCHOBaHHEM C TOJy4YeHHEeM INeJOYHOW pabodeil >KUAKOCTH, conep:kaeit
pacTBOpeHHbIN Cynb(aT HATpuUs U IUTYMOHUT, JOMOJIHUTENbHYK CTaJUI0 HEMpPEPBIBHOTO
o0pa3oBaHus M yIaJeHus] MPUIMIILIEro CBUHLA M3 IUIyMOWTa Ha 3JIEKTPOAE, HAXOASALIEMCS B
KOHTAKTe C INEJOYHON pabodel KUIKOCTBIO, U €Ile OHY CTaJUI0 yIAJIEHUs M0 MEHbIIEeH Mepe
YacTu CyJb(ara HATPUs U3 IIEJOYHOIN pabodeli KuAKOCTH. Bce mepeuncieHHbie CTaquu MOKHO
OCYILIECTBUTb B COOTBETCTBUU C TEXHOJIOIMYECKOH CXEMOM, MO CYyLIeCTBY aHAJOTMYHOHN CXeMe,
NOKa3aHHOM Ha (urype 3.

[0041] CpaBHuTenpHOE HCCIENOBaHUE MPOBOMMIN C MPUMEHEHHEM IBYXCTaJUHHOrO criocoda
necyiab(ypusanyy, B KOTOPOM HCIIONB30BAJIM THAPOKCHI HATPUS AN TOJNY4YeHHS OCAaKa
TUAPOKCHUIA CBUHIA, C TIOCIIEAYIOLIEH nepepaboTKON ¢ MOMOIIBI0 METAHCYJIB(OHOBOM KHCIIOTHI,
KaK IO CYIIECTBY MOKa3aHo Ha ¢urype 2. bruio oOHapyKeHO, 4TO 3PPEKTHBHOCTD SKCTPAKLIUI
CBUHLIA cocTaBiisia 25,6% 1o cpaBHeHUto ¢ 24,8% mist OgHON CTaaWH, KaK HILTIOCTPATUBHO
nokasano Ha ¢urype 4. Kak MOXHO BuaeTh u3 rpaduka, pasHHLA B CTENEHH W3BJICYCHUS
HAXOIUTCS B MpeJesiaX SKCIEPUMEHTATBHON OIUOKHU U HE SIBJISIETCS] 3SHAYMMOIA.

[0042] [lnst neMOHCTpay BO3MOXKHOCTH MepepadoTKH AecyibhyprU30BaHHON aKKyMYJIITOPHOU
nactel ¢ nomomprdo NaOH u monmydeHust TakuM oOpa3oM IuTyMOWTa aBTOPBI HM300pETEeHUs
OOBEIMHIIIN B CTakaHe eMKOCThI0 2000 mu1, 000pyTOBAHHOM MEPEropOAKaMH U MEIIAJIKOH, 498 r
JNEUOHU3UPOBAaHHON BOAbI U 101 r mpuMeHsieMOil MacThl CBUHLIOBO-KUCJOTHOTO aKKyMYJISITOPA,
KOTOpasi paHee ObUla MOJABEPTHYTA NECYIb(PYpH3aLMH C MOMOIIBI KaJbIIHHUPOBAHHOW COIBI
(xapOonara Hatpusi). CKOpOCTh Memiajnku ycranasausamu npu 600 o6/muH. K monydeHHo# cmecu
nobasnsm 60 r rpanyn NaOH. Koneunas macca cycneHsnm, mosiydeHHOH 4epe3 150 MuHYT,
coctaBisia 594 r. YKa3aHHYIO CYCHEH3HMIO OT(HIBTPOBBIBAIN Yepe3 BOPOHKY broxHepa mus
OTIENIeHHUsT TBEPIAbIX BEINeCTB OT JKUAKOCTH. TBepaple BemecTBa MpoMbBaiu 68 T
IeMOHU3UPOBAHHOM BOIBL. PuibTpat coneprkan 25,0 r/n cBuHIa. PacTBOpeHHBIH Cyab(aT MOXKHO
CHOBa YIAJUTh W3 LIEJOYHOTO 3JIEKTPOJIHTA, HCIONb3Ysl pPAa3UYHbIE CIIOCOOBI, TPH 3TOM

NOAXOIAIINE CITOCOOBI BKIIFOYAIOT OXJIAXKIEHHE W OCAKICHHE Cyib(daTa HATPUS U3 O MEHbIIEH
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Mepe YacTU 3JIEKTPOJINTA, CHenu(uyecKkoe OCAKIACHHE, SJEKTPONUANN3 HJIM HOHHBIA OOMEH
(HampuMep, Kak Moka3aHo Ha ¢urype 3). Ynanenue cynbdata MOKHO OCYIECTBHUTD JI0 WU TTOCIIE
3JIEKTPOJIUTUYECKOTO OCAXKIEHUs CBUHLIA U3 II€JIOUYHOTO 3JIEKTPOJINTA.

[0043] DnekTponUTHYECKOE OCaXKIEeHHE BBICOKOYHCTOIO CBHHIIA W3 pacTBOpa IuTymMOWTa
OCYIIECTBIISUTH ClienyromuM odpa3om: 380 r ¢puabTpaTa MOMEINAIH B JIEKTPOIUTHIECKYIO BAHHY
naboparopHoro osnekrponmzepa Aqua (cm., Hampumep, WO 2016/183429). VkazaHHbIH
anekTposm3ep Obul 0OOPYAOBAaH ATFOMHUHHEBBIM JUCKOBBIM KaTOIOM AHaMeTpoM 4~ (IpuMepHO
10,2 cM), pacroNOKEHHBIM B LIEHTPE MEXY ABYX TUTAHOBBIX CETYATHIX AHOAOB C IMOKPBITHEM U3
okcuna upunusi. Karon Bpamacs Co CKOpOCTBIO MPUOTU3UTENBHO 5 00/MHH, TIPU 5TOM B T€UEHHUE
1 yaca mpuxnanpBanu Tok 2,12 A, mocne 4ero KOHLEHTpaLus CBUHLA B 3JIEKTPOJUTHYECKON
BaHHEe cocraBisuia 1,2 r/n. Ha moBepxXHOCTH Karoma HaKaruIMBalach MsITKash HU3KOIJIOTHAs
KOMITO3ULIMSI CBUHIA, cojepxamas npuMepHo 85 % Macc. 3axXxBau€HHOIO 3JIEKTPOJIHUTA.
IIpuMedarenbHO, YTO CBUHLIOBAas KOMIIO3MLUS OCaXKAajJach B BHUAE MPUIMIILIETO, HO He
oOpasyromero ImieHKy cBuHOA. Kpome Toro, oObeMHasl IUIOTHOCTb KOMIIO3UIIMH CBHHIIA
coctapyisna menee 11 r/cm’® u 6osee TunuuHo Menee 9 r/cM® u yarne Beero menee 7 r/em’. Ilocre
PazKIDKeHHUs MOJydand 8,5 T BIAKHOTO CBHUHI@A (OOBIMHO C YHCTOTOH, COCTABJISIOLIEH IO
MeHbIel Mepe 98 Moi.%, nim no Menbluei Mepe 99 mMon.%, niu no Menblueit mepe 99,9 moin.%).
dapaneesckas 3¢ pexruBHOCTD ObLIa Osn3ka K 100%.

[0044] XoTst OTCYTCTBUE 3JIEKTPOJIUTUIECKOTO OCAXKACHUS] OOBIYHO SIBJISIETCS HEXKEATENbHBIM BO
BCEX WM B OOJBIIMHCTBE CMOCOOAX 3JIEKTPOIKCTPAKLMHK, aBTOPbI H300pETEeHHUs Temnepb
OOHAPY’KUIIN, YTO TAKOE OTCYTCTBHE 3JIEKTPOJUTHIECKOTO OCAKACHUS 00ECTIEYUT HEnpPePbIBHBIN
npouecc nepepadoTKH CBUHIA, B KOTOPOM CBHHEL MOJKHO HEMPEPBIBHO YAASTh M3 KaToAa Ha
OJTHOM Y4YaCTKe€ MPH OIHOBPEMEHHOM OOpa30BaHUU IOMOJHHUTEIBHOIO KOJIMYECTBA CBHHLA HA
APYroM y4acTKe KaToAa. Y JajeHue MPIUMIIEero/ciado CBI3aHHOTO CBUHIIA OOBIYHO BBITIOTHSIOT
C TIPUMEHEHHEM MEXaHHYECKOro opyaus (Hampumep, 3aTHPOYHOW MOBEPXHOCTH, JIE3BHS MU
APYroro MHCTPYMEHTA, PACIOJOKEHHOTO B HEMOCPENCTBEHHOH OJIM30CTH K KaToAy, U T.IL),
OJTHAKO, YAaJIeHHEe MOJKHO TaKKe OCYIIECTBUTH C MOMOILIBI) HEMEXAaHHMYECKHX HHCTPYMEHTOB
(HampuMep, TyTeM CTPYHHOHW 3JEeKTpooOpadOTKM pacTBOpUTENss BOJM3M KaToha HIIK
OapboTHupoBaHus ra3a BOJMU3M KaToaa u T.11.). Kpome Toro, ciienyer OTMETHTD, 4TO MPHU YAAJTEHUU
MOKHO BOOOINE HE HCIONb30BaTh OpPYIHE, a MPOCTO OCYLIECTBUTH €ro MyTeM MacCHBHOI'O
OTAENIEHUs] HU3KOIUIOTHOTO CBHHIIOBOTO MaTepuaia OT Karoja M (JoTauuu K MOBEPXHOCTH
3NEKTPOXUMHYECKON sTUelKH (r1e CBUHLIOBBIE MaTepHasbl OYAYT MOCTYNATh B CIMBHON KapMaH
i cOOPHBIN pe3epByap).

[0045] C ngpyroii CTOpPOHBI, CIEAYeT TaKXKe MPU3HATh, YTO B OTJIMYHE OT HEMOJABUKHBIX

SJICKTPOAOB I[BI/DKYH_II/II\/'ICﬂ SJIEKTPOA, HpHMeHHeMbIﬁ JJIA OCAXKACHUA HpI/IJ'II/IHLHeFO/MI/IKpO- 50)050
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HAHOKPHCTAJUTMYECKOTO CBUHIA, YCHEIIHO OOECIeYMBAET HENPEPBIBHOE H3BJIEUEHHE CBUHIA.
Hapsiny ¢ npounm, MacitaOHbIe Onepalyy Mo 3JIEKTPOIUTUISCKOMY U3BJICYSHHUIO CBHHIIA YaCTO
CTAJIKMBAIOTCST ¢ mepebosMu Tpu moxade Toka. I[ToCKoNbKY OONBIIMHCTBO HEMOJBUIKHBIX
YCTAHOBOK IS 3JIEKTPOJIMTHYECKOTO U3BJICYCHHsT OOBIYHO paboTaloT C  KHUCJIOTHBIM
3JEKTPOIUTOM (Hampumep, GTopoOOPHONM KUCIOTOMN), SIEKTPOJUTHUECKA OCAKIEHHBIA CBUHEL]
Oyzer TOBTOPHO PACTBOPSITBCS B SJIEKTPOJUTE NPU MANECHUH 3JIGKTPUYECKOTO IMOTEHIIHAJA.
HemnpepoiBHOE u3BiieueHNe HEe OyneT WMETh TaKOW HEIOCTATOK, MOCKOJBbKY TMOTEPH CBHHIA
OTPaHUYEHBbI TOJBKO CPABHUTEIHHO HEOOJNBIIMM YYaCTKOM Ha ABIIKYIIEMCs 3JiekTpone (T.e.,
y4aCTKOM, KOTOPBII HAXOQUTCS B KOHTAKTE ¢ 3JieKTposiuToM). Haubosee nmpennoutuTesbHo, eciu
paccMaTpuBaeMble SJIEKTPOABI MPEICTABISIIOT CO00M Takre (POpPMBL, KaK ITUCKOBBIE 3JIEKTPOIBI,
LIIMHAPUYECKHUE OJICKTPOABL, JICHTOYHBIE 3JIEKTPOABI WJIM  BO3BPATHO-TIOCTYIATEIbHbBIE
3JIEKTPOBL, U CBUHEL MPEANOYTUTEIFHO HETIPEPHIBHO YAAISIOT C IOBEPXHOCTHU TAKOT'O AJIEKTPOIA
C IPUMEHEHHEM OOTHPOYHOIO HHCTPYMEHTA, PACIIONIOKEHHOT0 Y OBEPXHOCTH dsekTpona. [Tocne
OCaXKIEHUSI Ha TIOBEPXHOCTH 3JIEKTPOJa JOCTATOYHOTO KOJUYECTBA MPUJIUITIIETO CBUHIA CBUHEL]
LETUISieTCsT 32 OOTHPOYHBIM HWHCTPYMEHT (HampuMep, TMOJUMEpPHbIA 3Kenod WM MSrKoe
OOTHpOYHOE JIe3BHE), MPH 3TOM JABIDKEHHE BJIEKTPOAA BIOJb OOTHPOYHOTO HHCTPYMEHTA
MPUBOAUT K OTAEJICHUIO MPUJIMIIILIEro CBUHIIA OT 3JIEKTPOAa U ero oTpeiBy. [IpennoururenbHbie
SNIEKTPOIHBIE  MaTepHajbl  MOTYT  3HAUUTEJNbBHO  BAapbUpPOBAaTh, OJHAKO  OCOOEHHO
MPENOYTUTENbHbIE 3JIEKTPOJHbIE MAaTEpHalibl BKJIIOYAT CTaJbHBIE 3JIEKTPOIbI ¢ HHUKEJIEBBIM
MOKPBITHEM, HEPIKABEIOUIYIO CTajb, TpaduT, MeIb, TUTAH, TUOKCHI MapraHia U Jaxe
MPOBOSIIINE KEPAMUUECKUE MATEPUATIBL.

[0046] B yacTHOCTH, YTO KacaeTCs MPUJIUIILIETO CBUHLA, CIEAYET OTMETUTD, YTO METAJUTMYECKHIT
CBHHELl M3BJIEKAJIU U3 MPOLECCOB COMIACHO KOHLEMIMHM HACTOSIIEro u3o0pereHus B (opme
MHUKPO- WJIH HAHOTIOPUCTON CMEIIaHHOW MATPHIIbI, B KOTOPOU CBUHELl OOPa30BBIBAJ CTPYKTYPbI
MHKPO- WJIH HAHOMETPOBOTO pa3Mepa (OOBIYHO HMIJIbI/TIPOBOJIOKH), KOTOPBIE 3aXBATHIBAIHN YaCTh
pPacTBOpUTENIS, MPUMEHIEMOTO ISl 3JIEKTPOOOPaOOTKU/3JIEKTPOOCAKACHUS, U CYLIECTBEHHOE
KOJIMYECTBO MOJIEKYJISIpHOTO Bonmopoaa (T.e., Hz). B wacTHOCTH, Takasi MaTpuIla UMejia YepHbIN
BET W YIUBHUTEJIBHO HU3KYKD OOBEMHYIO IUIOTHOCTh. JleWCTBUTEIBHO, B OOJBIIUHCTBE
SKCTMEePUMEHTANIbHBIX UCTIBITAHUI HAOIOIaJIH, YTO YKA3aHHASI MATPHIIA TJIaBaJia Ha MOBEPXHOCTU
PACTBOPHTENS M UMeNa MIOTHOCTL MeHee 1 r/cm’. TIpu cokaTuy MaTPHLBI UK TPU MIPHIOKEHHH
apyroii cwibl (M naxke TON IEHCTBHEM CBOero COOCTBEHHOro Beca) oOmas MJIOTHOCTb
yBenIuuKBajach (HampuMep, cocTasisna ot 1 no 3 r/em’® mnum ot 3 10 5 r/cM’, B HampaBaeHUM
TUIOTHOCTH CJIUTKA YHCTOTO CBHHIIA) U MOSBILSUICS MeTajuTndeckuii cepeOpuctoiii Oneck. Kpome

TOTO, HU3BJICUCHHBIN CBUHECL MMEJI CPABHUTCIIBHO BBICOKYHO YHUCTOTY, IIPU 5TOM B OOJIbIINHCTBE
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CJlydyaeB YMCTOTA CBHHIA COCTaBJsUIa O MeHbluel mepe 95 Mon.%, unu no MeHslieil mepe 97
MoJ1.%, UK IO MeHbIIer Mepe 99 Mo1.% OTHOCUTENBPHO BCEX METAINTUYECKUX COSTUHEHUM.
[0047] ITpu onucanuyn HacTosIero u300peTeHus u Gopmyibl H300pETeHNs, TPUBEASCHHON HIXKE,
CYLIECTBUTENIbHOE B €UHCTBEHHOM YHCJI€ BKJIIOYAET CChUIKY HAa MHOXXECTBEHHOE YHCIIO, €CIIU
KOHTEKCT SIBHO HE yKa3blBaeT Ha MHOe. Kpome Toro, mpu ONMMCaHWM HACTOSIIErO M300pEeTeHus
3HAUEHHUE «BY» BKJIIOYAET B» U «Ha», €CIM KOHTEKCT sIBHO HE yKa3blBaeT Ha MHOe. B HacTosmem
JOKYMEHTE U €ClIM KOHTEKCT He YKa3blBaeT Ha HHOE, IOAPa3yMEBAKOT, YTO TEPMUH
«TPUCOENNHEHHBIN K» BKJIIOYAET KaK HENOCPEICTBEHHOE COeANHEHue (MpH KOTOPOM JBa
3JIEMEHTA, COeIMHEHHBIE APYT C IPYTOM, HAXOJATCS B KOHTAKTE APYT C IPYTOM), TAaK U KOCBEHHOE
coeanHeHue (IpU KOTOPOM MEKAY IBYMsI 3JIEMEHTAMU PACIOJIOXKEH IO MEHbIIeH Mepe OIUH
JOTOJHUTENbHBIHN 351eMeHT). COOTBETCTBEHHO, TEPMUHBI KIIPUCOESTUHEHHBIN K» U «COSTUHEHHbIN
C» UCHOJB3YIOT KAK CHHOHUMBL

[0048] CrnienmanucrtaM B AaHHON 0OJAaCTH TEXHUKH JOJDKHO OBITH OYEBHIHO, YTO IMMOMHMO
MoAM(pUKALMH, KOTOpbIE V)K€ OIMUCAHbl B HACTOSIIEM JOKYMEHTE, BO3MOXKHBI MHOTHE
JONOJIHUTENbHbIE MoAupUKay 0e3 OTCTYIUIEHHs OT WAEH, NMPEJIOKEHHBIX B M300pETeHHH.
CoOTBETCTBEHHO, IPEAMET HACTOALIETO H300PETEHHsI He IOJIKEH OrPaHUYNBATBCS HUYEM, KPOMe
oObema npuaraemoi hopmyJiel u3oOperenusi. Kpome Toro, npu MHTEpHpeTaLiK, KaK ONMUCAHMS,
Tak ¥ (HOPMYJIbl M300pETEHHs, BCE TEPMHUHBI CIENyeT TOJKOBATh MAaKCHMAJbHO LIMPOKHM
BO3MOXKHBIM CITOCOOOM, HE IPOTUBOPEYALITNM KOHTEKCTY. B 4aCTHOCTH, TEPMHUHBI KCOREPIKUTY U
«copeprKaliuii» cleayeT TOJIKOBaTh KaK OTHOCSIIIMECS K 3JIEMEHTaM, KOMIIOHEHTaM WJIH CTausiM
HESKCKJIIO3UBHBIM 00Pa30M, YTO YKa3bIBAET HA TO, YTO YIIOMSIHYThIE 3JIEMEHTbI, KOMIIOHEHThI WIIH
CTaauH MOTYT MPUCYTCTBOBATH WJIM UCIIOJIBb30BATHCS WM MOTYT ObITh OOBEIMHEHBI C IPYTUMHU
3JI€MEHTaM{, KOMIIOHEHTAMU WUJIM CTaIusIMHU, KOTOpPble HE YIIOMUHAIOTCS B SIBHOM Buzae. B Tex
cily4asix, Korja onucanue u gpopmyna u3o0peTeHne OTHOCUTCS K 10 MEHbIIEH Mepe OTHOMY H3
3JIEMEHTOB, BBIOPAHHBIX U3 TPpymmbl, cocrositmeid u3 A, B, C .... u N, HaCTOSIIIUIA TEKCT CIeqyeT
UHTEPIPETHPOBATh KaK TPEOYIOMMHA TOJBKO OMH 3JIEMEHT M3 rpynmsl, a He A mnoc N wim B

witoc N 4 T.10.
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1.

POPMYVYIJIA U3OBPETEHUA

Crioco® m3BneUeHHsI CBUHIA U3 aKKYMYJSITOPHOM IMAcThl, COneprKalleld OKCHUIbl CBHHLA H
cynb(aT CBUHLA, BKIFOYAOLINHA CTaIUN:

MNPUBCACHUSA aKKYMYHﬂTOpHOﬁ nacTtbl B KOHTAKT C BOAHBIM OCHOBAHUEM C MOJTYUCHUEM

ocazika, CofepaKallero TiAPOKCUA CBIHLA, U pacTBOpa CyibdaTa HATPHS;

OTAEJIeHUs 0CaKa, COAEPIKAILEro F’HAPOKCH] CBUHIIA, OT pacTBOpa Cyjb(daTa HATPHS,

paCTBOPEHUA 11O MEHBIIEeH MEpPE 4YaCTHU OCaakKa, COACPNKALICro TUAPOKCHUA CBUHIA, B

KOHUCHTPUPOBAHHOM BOAHOM OCHOBAHHU C MOJYYCHHUEM CBUHCLCOACPIKAILICTO SJICKTPOJIUTA U

HEPACTBOPUMOI'O JMOKCHAA CBUHLIA, U

HENpepbIBHOrO 00pa30BaHUsl MW YHAJEHUs NPWIMIILIET0O CBUHLA HAa JJEKTPOIE,

HaXOoasAeEMCs: B KOHTAKTE CO CBUHELICOACPKAIIUM SJICKTPOJINTOM.

2.

10.

Criocob 1o n. 1 OTIMYAKOIMMICS TeM, YTO BOIHOE OCHOBaHHE J00AaBJIEHO B KOJHUYECTBE,
JAOCTATOYHOM JUIS TOJIYYEHUS] U3 OKCHJA CBUHIA TMIPOKCHAA CBHHLA 0€3 CYIIEeCTBEHHOIO
o0pa3oBaHus ITyMOHTA.

Cnoco6 mo m. 1, AOMONHUTENBHO BKJIIOYAKOINUN CTAAMIO OTAENEHUS HEePacTBOPHMOIO
JUOKCHA CBUHLIA OT CBUHELICOAEPIKALIETO 3JIEKTPOJINTA U BOCCTAHOBJIEHUS] TUOKCU/A CBUHLIA
70 OKCHUJa CBUHLIA.

Crocod® mo 1. 3 OTIMYAKOIUIACS TeM, YTO CTaJHMI0 BOCCTAHOBJIEHMS JUOKCHIA CBHHLA JIO
OKCHJIa CBHHIIA OCYINECTBIIIIOT C MPUMEHEHUEM CyJib(UTa HATPUS C TIOJIyUYEHUEM CyJibdara
HATpUsl U OKCHJIa CBUHLIA.

Crioco0 1o 1. 4 OTIMYArOIIUICS T€M, YTO MOJYYESHHBIH CyIb(aT HaTPUs U pacTBOp CyJibdara
HATpUs MOABEPTa0T SJEKTPOIHU3Y C MOJyUEeHHEM FHAPOKCUAA HATPUS U CEPHOM KUCIIOTBI, IIPU
5TOM OKCHJ] CBHHLIA OOBEAMHSIOT C BOJHBIM OCHOBAHHEM.

Croco® mo m. 1, OTIMYAIOLIMICA TeM, YTO OCAJOK, COAEPKAIUMH THUAPOKCHI CBHHI,
pPacTBOPSIIOT B KOHLIEHTPUPOBAHHOM BOJJHOM OCHOBaHHH C ITPEBPALIEHHEM 10 CyIIeCTBY BCErO
T'UAPOKCHUIA CBUHLIA B TUTYMOMT.

Crioco mo 1. 1, OTIAMYAOIIUICS TEM, YTO CTAIHIO0 HETPEPBIBHOTO OOPA30BAHMS M YAAJIEHHS
NPUIUIIIETO CBUHLIA OCYIIECTBISIOT C IPUMEHEHUEM JIBUKYILErOCs 3JIeKTPOa.

Crioco® mo m. 7, OTIMYAOLIMICS TEM, YTO JBIKYIIHUKCS 3JIEKTPOA MPEACTaBIsIeT COOOi
BPALLAIOLIUIICS WJIM BO3BPATHO-IIOCTYNATENbHBIH 3JIEKTPOLI.

Crioco0 o 1. 7, OTIUYAOIIMIACS TEM, YTO 3JIEKTPOJ COEPKUT HUKEIHMPOBAHHYIO CTaJb.
Crocob mo n. 1, oTnu4aromuiics TeM, 4TO0 OOBbEeMHAas IUJIOTHOCTh MPHJIUIIIErO CBHHIIA
coctapiser MeHee 11 r/cM’, Ipy 5TOM YKCTOTa CBUHIIA B MPUIIMIIIIEM CBUHIIE COCTABIAET IO

MeHbLIel Mepe 99%.
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11. Crioco® w3BeUeHus CBUHIA M3 aKKyMYJISITOPHOM IMACTBI, CONEpIKalleil OKCHIbI CBHHIIA U
cyabdaT CBUHIIA, BKIFOYAIOIINN CTaIUU:

MPUBENEHUS aKKYMYJISITOPHOW MACThl B KOHTAKT C BOIHBIM OCHOBAHUEM C IMOJIyYEeHHEM

CBHHELICOJIEPIKAILETr0 OCa/IKa U pacTBOpa CysbdaTa HATPUS,

OTZEJICHHs] CBUHELICOAEPIKALIEero OCaKa OT pacTBOpa CybdaTa HATPus,
pPacTBOPEHMsI [0 MEHbIIECH Mepe YaCTH CBUHELICOEPIKAIIero Ocaaka B pabouel JKuIKOCTH

C MOJIyuYeHHEM CBUHEILICOIEPIKAIIETO SJIEKTPOIUTa U HEPACTBOPUMOTO JUOKCH/A CBUHIIA,

00pa0oTKM HEpacTBOPMMOrO MAHOKCHAA CBUHIIA M pacTBopa cyibdara HaTpus ¢

MOJlyYeHUEM KOMIIOHEHTOB, TMOAXOAAIIMX JUIi TPUMEHEHUS Ha CTaJud TMPUBEICHUS

AKKyMYJIITOPHOH MacThl B KOHTAKT C BOJAHBIM OCHOBaHHEM;, U

HENpPepBhIBHOTO 00pa3oBaHUs © YHOAJICHHWS NPUIHIIIEr0o CBUHIA HAa 3JIEKTPOJE,

HAXOJIAIIEMCS] B KOHTAKTE CO CBUHELICOAEPIKALIIM 3JIEKTPOJIUTOM.

12. Crioco6 mo m. 11, OTIMYaroIIUicss TeM, YTO BOJHOE OCHOBaHHE NOOABIEHO B KOJUYECTBE,
JAOCTaTOYHOM JIJIsl TOJTyUEHHs U3 OKCHIAa CBUHIA KapOOHATa CBUHLIA UJIM THAPOKCUIA CBHHLIA.

13. Cnoco6 mo m. 11, ornuuarommiics Tem, 4to pabodast >KUAKOCTb BbIOpaHAa W3 TPYIIIBL
COCTOSIIIEH M3 pacTBOpa THAPOKCHIAA HATPUs, pacTBOpa kKapOOHaTa HATPUsi M PacTBOpA
METaHCYJIb(OHOBOW KUCIIOTHI.

14. Cnoco6 no . 11, OTIMYaroIUics TeM, YTO CBHHELICOEPIKAIUN OCATOK CONEPIKUT THAPOKCUTT
CBUHIIA WJIK KapOOHAT CBUHIIA U JIOTIOJHUTEIBHO COIEPIKUT TUOKCU CBUHIIA.

15. Cnoco6 mo n. 11, HONMOJHHUTEIBHO BKIFOYAIOIIUI CTaIUI0 OTAEICHUS HEPACTBOPUMOIO
JMOKCHA CBHHLIA OT CBHHELICOAEPIKALIETO SJIEKTPOJINTA M BOCCTAHOBJICHHUST TUOKCHIA CBIHLIA
710 OKCHJA CBUHIIA.

16. Cmoco6 mo m. 11, orTnuyaromuics TeM, 4YTO cTamus OOpabOTKH BKJIFOYAET CTAIMIO
npeBpalleHuss HePaCTBOPUMOTO JUOKCHIA CBUHIIA B OKCHI] CBUHIIA W MTPEBPALICHHS PACTBOPA
cyabhaTa HATPUSI B PACTBOP THAPOKCUIA HATPHSI.

17. Ciocob no m. 16, OTIUYAOIUICS TeM, YTO OKCHJ CBUHIIA MPUBOISAT B KOHTAKT C BOIHBIM
OCHOBAHUEM, MPHU 3TOM YaCTh BOJHOTO OCHOBAHUS MPENCTABJIsIET COOOH pacTBOpP THIPOKCHIA
HATPUSI.

18. Crioco6 no 1. 11, oTnuyaromuiicst TeM, 4To padodasi SKHIKOCTh MPEACTABIISET COO0H pacTBOP
METaHCYIb(OHOBOH KUCIIOTHI, TIPU 3TOM 3JIEKTPOJ] COAEPKUT ATFOMUHHUMN.

19. Crioco6 mo m. 11, oTiHyaromuiicss TeM, 4TO N0 MEHbIIEH Mepe 4acTh CBHHELICONEPIKAIIEro
3JIEKTPOJIUTA TOCNIE CTAaauU HEMPEPBIBHOTO OOpa3oBaHUs W yaaneHus oOpaboTaHa yist

YMEHbIICHNA KOHUCHTPALUH NOHOB HATPUA.
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20. Criocob mo m. 11, oTnuyarommiics TeM, 4TO O0BEMHAasl MJIOTHOCTh MPHJIUIIIEr0 CBUHLA
cocTapiser MeHee 11 r/cM’, Ipy 5TOM YKCTOTa CBUHIA B MPUIIMIIIIEM CBUHIIE COCTABISAET IO
MeHbLIel Mepe 99%.

21. Cnoco0 w3BJI€UYeHNS] CBHHLA M3 aKKYMYJIITOPHOW MACThbI, COAep Kallell OKCUAbI CBUHLA U
cynb(}at CBUHLA, BKIIOYAKOLINHA CTaIUN:

NPUBEECHUS AKKYMYJISITOPHON NMAcCThl B KOHTAKT C BOJHBIM OCHOBAHUEM C IOJyUYE€HUEM

IIEJIOYHOM padoueil JKUAKOCTH, coaepIKaleil pacTBOPEHHBIN Cyb(aT HATPHS U TUTyMOUT;

HETpepbIBHOrO OOpa30BaHUS W yJAJeHUs NPUJIMIILIEr0o CBUHLA W3 IIyMOWTa Ha

3JIEKTPOJIE, HAXOAALIEMCs] B KOHTAKTE C LIeJIOYHON pabodel UIKOCTbIO; U

ylaJeHus o MeHbIlIel Mepe 4acTH cysibhaTa HaTpUs U3 MEJOYHOH padouell JKUAKOCTH.

22. Crioco6 mo m. 21, JONOJHUTEIBHO BKJIFOYAOIIMI CTaAHUI BOCCTAHOBJICHHS TUOKCHU/Ia CBUHIIA
B aKKyMYJIATOPHOH MacTe A0 OKCHAA CBUHLA C IIOMOIIBIO BOCCTAHOBUTEJIS.

23. Criocob 1o m. 22, OTIUYAIOLIMNACS TE€M, YTO BOCCTAHOBUTEJb MPEACTABISIET COOOH MEPOKCUN
BOJIOPOJIA WJIH CYJIb(UT HATPUSI.

24. Crioco® mo 1. 21, ITOMOJHUTENBPHO BKIFOYAIOIINI CTAAUI0 MPUMEHEHUs 110 MEHbIIeH Mepe
YaCTH IIEJIOYHON paboueil KUIKOCTH mocie 00pa30BaHUs MPIJIMUIILIETO CBHHIA B KAYeCTBE
BOJHOTO OCHOBAHUSl HA CTaJAMU MPUBEACHUs aKKyMYyJSTOPHOM MAaCThl B KOHTAKT C BOJHBIM
OCHOBAHHUEM.

25. Cnocob mo m. 21, OTIMYarOIUiCS TeM, YTO CTaausl yOAJeHUs MO MEHbIIeH Mepe 4acTh
cynb(ata HATPUs BKIIIOYAET OCAKIEHHE CYJb(aTa ¢ MOMOLIBI KATHOHOB, KPUCTAUTU3ALHIO
cynb(dara HaTpHs MPH MOHWKEHHOHW TeMIeparype, yAaJeHHe C MOMOIIbI0 MOHOOOMEHHOM

CMOJTBI MJTH OOpaTHBII OCMOC.
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DPOPMYJIA U3OBPETEHMUS (u3meHeHHast o cTaTtbe 34)

I. Criocob u3BedeHns CBUHLA U3 aKKYMYJISITOPHOM TacThl, COAEpIKalel OKCHUABI CBUHIIA U
cynb(daT CBUHLA, BKIFOYAKOLINHA CTaIUN:
MPUBEIEHUS aKKYMYJISITOPHON NMACThl B KOHTAKT C BOJHBIM OCHOBAHUEM C IOJyYE€HUEM
0cazKa, CoAep KaIero ruAPOKCH] CBHHLA, M PACTBOpA CyJibdaTa HATPUs;
OTAEJIEHHsI 0CaJIKa, COEPIKAIIEero THAPOKCH CBUHIIA, OT PaCcTBOpa CysbdaTa HATPus,
pacTBOpeHMsI 1O MEHbIIEH Mepe 4acTU OCaJKa, COMEp Kallero TUAPOKCHUI CBHUHIA, B
KOHLIEHTPUPOBAHHOM BOJHOM OCHOBAHMM C IMOJIyYEHHEM CBHHELICOAEPIKALLEro 3JIEKTPOJIUTA U
HEPacTBOPUMOIO IMOKCHIA CBUHIA, U
HENpepbIBHOrO 00pa30BaHUsl MW YHAJEHUs NPWIMIILIET0O CBUHLA HAa JJEKTPOIE,
HAXOASIIEMCSl B KOHTAKTE CO CBUHELICOAEPKALINM 3JIEKTPOIUTOM.
2. Cnoco0 mo m. 1, oTnyaromuiicst TeM, 4TO BOAHOE OCHOBaHME NOOABJIEHO B KOJIUYECTBE,
AOCTATOYHOM ISl TOJIYYeHHUS] M3 OKCHIAa CBUHLA THMIPOKCHIA CBUHIA 0€3 CYIIeCTBEHHOIO
o0pa3oBaHus IUTyMOHTA.
3. Cnoco6 mo m. 1, DOMONHUTENBHO BKIIOYANOLIMN CTAIMIO OTHENEHHs HEpacTBOPUMOIO
AMOKCHJA CBUHLA OT CBUHELICOAEPKAILErO 3JIEKTPOJIUTA U BOCCTAHOBJIEHHUsI TUOKCUAA CBUHLIA
710 OKCHUJIa CBUHLIA.
4. Cnoco0 no 1. 3, OTIMYaroLIHUNACS TEM, YTO CTAJUI0 BOCCTAHOBJIEHUSI NTHOKCHIA CBHUHIIA 0
OKCHJa CBHHLIA OCYLIECTBIISIIOT C MPUMEHEHHEM CyJb(UTa HATPHS C MOJyYeHUEM CyJjbdara
HAaTpUs U OKCHJIa CBUHLIA.
5. Cmnocob mo m. 4, OTIUYAIOMIMNCSA TEM, YTO TMOJYyYEHHBIH CyJb(paT HATPUS U PACTBOP
cynb(ata HaTPHUs MOABEPTAIOT SJEKTPOJIU3Y C MOJYYCHHEM TUAPOKCUIA HATPHUS U CEPHOU
KUCJIOTBI, MPH 3TOM OKCHJ] CBHHIA OOBEAMHSIOT C BOAHBIM OCHOBAHHEM.
6. Cnocob mo m. 1, OTIIMYAIIMICS TeM, YTO OCAIOK, CONEPKALINi TUAPOKCUI CBUHIIA,
PacTBOPSIIOT B KOHLIEHTPUPOBAHHOM BOJIHOM OCHOBAHMH C MPEBPAILEHUEM I10 CYIIECTBY BCErO
T'UAPOKCHIA CBUHLIA B TUTYMOHT.
7. Cnocob mo m. 1, OTIMYAIOLIUICS TEM, YTO CTaJUI0 HENPEpBIBHOIO O0pa3oOBaHUS U
yAaJieHus] IPUINIILEro CBUHIA OCYLIECTBIISIIOT C IPUMEHEHNEM JIBUKYLIErOCs 3JIEKTPOa.
8. Cmocob mo n. 7, OTAMYAOIIUICS TE€M, YTO JBHKYIIUNCS 3JIEKTPOJ MPEACTABIACT COOOH
BpALLAIOLIUIICS U1K BO3BPATHO-IIOCTYNATENbHBIH 3JIEKTPOLI.
9. Cnocob mo 1. 7, OTIINYAIOLINICS TEM, YTO 3JEKTPOJ COAEPIKUT HUKEITUPOBAHHYIO CTaJb.
10. Crocob mo m. 1, oTnHYaromuiicss TeM, YTO OOBbEMHAsl TJIOTHOCTh MPHJTHIIIIETO CBUHIA
cocrapiser MeHee 11 r/cM’, IpH 3TOM YMCTOTA CBHHIA B MPUIMIIIIEM CBUHIIE COCTaBJISET MO

MeHbLIel Mepe 99%.
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11. Crioco0 u3BnedeHus CBUHLIA U3 AKKYMYJISITOPHOU MACThI, COAepIKameld OKCUABI CBUHLIA U
cyab(aT CBUHIIA, BKIIIOYAIOIINN CTaIUU:
MPUBENEHUS aKKYMYJISITOPHOW MACThl B KOHTAKT C BOIHBIM OCHOBAHUEM C IMOJIyYEeHHEM
CBHHELICOJIEPIKAILETr0 OCa/IKa U pacTBOpa CysbdaTa HATPUS,
OTZEJICHHs] CBUHELICOAEPIKALIEero OCaKa OT pacTBOpa CybdaTa HATPus,
pPacTBOPEHMsI [0 MEHbIIECH Mepe YaCTH CBUHELICOEPIKAIIero Ocaaka B pabouel JKuIKOCTH
C MOJIyuYeHHEM CBUHEILICOIEPIKAIIETO SJIEKTPOIUTa U HEPACTBOPUMOTO JUOKCH/A CBUHIIA,
00pa0oTKM HEpacTBOPMMOrO MAHOKCHAA CBUHIIA M pacTBopa cyibdara HaTpus ¢
MOJlyYeHUEM KOMIIOHEHTOB, TMOAXOAAIIMX JUIi TPUMEHEHUS Ha CTaJud TMPUBEICHUS
AKKyMYJIITOPHOH MacThl B KOHTAKT C BOJAHBIM OCHOBaHHEM;, U
HENpPepBhIBHOTO 00pa3oBaHUs © YHOAJICHHWS NPUIHIIIEr0o CBUHIA HAa 3JIEKTPOJE,
HAXOMSIIEMCSI B KOHTAKTE CO CBUHEIICOAEPIKALIIM 3JIEKTPOIHTOM.
12. Criocob no 1. 11, oTaMyaromuiics: TeM, 4TO BOAHOE OCHOBaHUE N00aBJIEHO B KOJHYECTBE,
JAOCTaTOYHOM JJIsl IOJYYEeHHUsT U3 OKCHUZA CBUHIIA KapOOHAaTa CBUHIIA WJIM TUAPOKCHIA CBHHLIA.
13. Cnocob mo n. 11, oTnuuaromuiics TeM, 4To padouast KHIKOCTh BbIOpaHA M3 TPYIIIIBL
COCTOSIIIEH M3 PacTBOpa THIPOKCHIAA HATpHs, pacTBOpa kapOOHaTa HATpHUs M PacTBOpa
METaHCYJIb(OHOBOI KHCIIOTBI.
14. Cnoco6 no m. 11, OTIMYAOIIMICSA TEM, YTO CBHHELCOIAEPKAIUN OCAJOK CONEPIKUT
THIPOKCH]T CBUHIIA WJTH KapOOHAT CBUHIIA U JIOTIOJHUTEIBHO COIEPIKUT TUOKCH]T CBUHIIA.
15. Cnoco6 mo n. 11, AONONHUTENBHO BKJFOYAIOLIUI CTaIUI0 OTIEICHUS HEPACTBOPHUMOIO
JMOKCHA CBUHIIA OT CBUHELICOJEPIKAIIETO SJIEKTPOJIMTA U BOCCTAHOBJIEHHS AMOKCHAA CBUHIIA
710 OKCHJA CBUHIIA.
16. Crnocob6 mo m. 11, oTnMyaroIuiicss TeM, 4TO CTagusi OOpabOTKH BKIIIOYAET CTaJIHIO
npeBpalleHss HePaCTBOPUMOTO JHOKCH/IA CBUHIIA B OKCHJ] CBUHILIA U MPEBPAIIEHUS] pacTBOpa
cyabhaTa HATPUSI B pACTBOP THAPOKCUIA HATPHSI.
17. Cnocob o 1. 16, OTIUYAIOIIUIACS TEM, YTO OKCUJI CBUHILIA TIPUBOISAT B KOHTAKT C BOIHBIM
OCHOBaHUEM, TIPU STOM HaCTh BOJHOI'O OCHOBAHUS MPEACTABIISIET COOOI pacTBOP rUAPOKCUIA
HATPUSI.
18. Cnmoco6 mo m. 11, ommyaromuiics TeM, 4to pabodas KUIKOCTh MPEACTAaBIAET COOOH
pPacTBOP METaHCYJIb(OHOBOW KHCIIOTHI, MPU 3TOM 3JIEKTPOA COACPIKUT aTFOMUHUH.
19. Crnocob mo 1. 11, oTiHyarouiicst TeM, 9TO MO MEHbIIEH Mepe YacTh CBUHEICOEPIKAIIETO
3JIEKTPOJIMTA TOCJEe CTaAul HENpPepbhiBHOrO oOpa3oBaHusi W ynajeHust obpaboraHa muis
YMEHBIIICHUST KOHIIEHTPALIUU HOHOB HATPHSI.
20. Crocob no m. 11, oTnuyaromuiicss TeM, 4To 00beMHasI MJIOTHOCTh MPUJIMIIIErO CBUHIA

cocTapisieT MeHee 11 F/CM3, IpHu 5TOM HYUCTOTAa CBUHILIA B MPUJIIHIIIIEM CBUHIEC COCTABJIACT IO
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MeHbLIel Mepe 99%.
21. Cnoco0 u3BJI€UeHHs CBUHIIA M3 aKKYMYJIITOPHON MACThI, CONeprKameil OKCHIbI CBUHIIA U
cynb(aT CBUHLA, BKIFOYAKOLINHA CTaIUN:

NPUBENIEHUS AKKYMYJIATOPHON NAacThbl B KOHTAKT C BOJHBIM OCHOBaHHEM C MOJy4YeHHEM
IIEJIOYHON pabouell >KUAKOCTH, COAeprKalledl pacTBOPEHHBIM Cyib(aT HaTpus W IUTyMOWT;
HETIPEPhIBHOTO OOpa30BaHUs W YOAJEHHUs] NPUJIMIILIET0 CBHHLA W3 IIyMOHWTa Ha 3JIEKTPOIE,
HAXOMSIIEMCs B KOHTAKTe C INEJIOYHON pabouell KUIKOCThIO, U yHaJIEHUs] [0 MEHbIIeH Mepe
4yacTu CyJib(haTa HATPUS U3 LIEJOYHON paboueit JKUAKOCTH.

22. Crnocob mo m. 21, MONMONMHUTEIbHO BKJIIOYAKINMK CTAJMI0 BOCCTAHOBJIEHHUSI THOKCHIA
CBUHIIA B aKKyMYJIITOPHOM MacTe 10 OKCHJIA CBUHLA C IOMOLIBIO BOCCTAHOBUTEJIS.

23. Cnoco0 mo m. 22, OTIMYAIOIIUIiCS TeM, YTO BOCCTAHOBHTEJb IPEICTABISET COOON
NEPOKCH]] BOJOPOA UITH CYJIb(UT HATPHUS.

24. Cnoco0 mo 1. 21, JONONHUTENBHO BKIFOUAOINI CTaIUIO IPUMEHEHUs [0 MEHbIIEH Mepe
YaCTH LIENIOYHOHN padoueil KUIKOCTH Mocie 00pa30oBaHUS MPWIMIIIETO CBUHIIA B KaueCTBE
BOJHOTO OCHOBAHMs Ha CTaAUM NPUBEIEHUS AKKYMYJSTOPHOW NAacTbl B KOHTAKT C BOAHBIM
OCHOBaHUEM.

25. Cnoco0 mo m. 21, OTINYaromuics TeM, YTO CTaaus YOAJeHUs MO MEHbIIel Mepe 4acTu
cynb(data HaTPHs BKJIIOYAET OCAXKIEHHE CyJb(daTa ¢ MOMOIIBIO KATHOHOB, KPUCTAJUIU3ALIHIO
cynb(ara HATPUSl MpH MOHIKEHHOH TeMIepaTrype, YAaleHHe C MOMOIIBI0 HOHOOOMEHHOMH

CMOJTBI MJTH OOpaTHBII OCMOC.
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