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OBIIAS XAPAKTEPUCTUKA PABOTHBI

AKTyaJlbHOCTb TeMbl. B HacTosIee BpeMs: OOJIBIION HHTEPEC MPEACTABIIET
pa3paboTKa TEXHOJIOTUH MPOU3BOACTBA YIBTPAMUKPOJUCIEPCHOTO MOPOIIKA OKCH-
Jla HUKEJIs, KOTOPBIN HCHONb3yeTCsl B KATAIUTUUECKOM CUHTE3€ YIIEpPOAHBIX HAHO-
MmarepuainoB. CymecTBYIOINE METOIBI CHHTE3a IMOPOLIKOB OKCHIA HUKENS Xapak-
TEPU3YIOTCS HEBBICOKOH NMPOM3BOANUTEILHOCTHIO, IPUMEHEHHEM DPA3IMYHBIX TOK-
CHYHBIX XMUMHYECKUX PEAreHTOB U OTIMYAIOTCS OONBIIUM KOJIMIECTBOM BBIOPOCOB
B aTMocdepy MOJIIOTAHTOB, CO3/AIOIINX SKOJOTMIECKHE MPOOIEMBI IPH P OMBIII-
JIEHHOH peanu3anuy. PeleHne TEXHOIOTMYECKUX U 3KOJOIMYECKUX IpobiieM BO3-
MOYKHO ITyTeM 3aMEeHbI TPAJULUOHHBIX XUMUYECKHX TEXHOJOTHI Ha JIEKTPOXUMHU-
YECKYI0. DJIEKTPOXUMUYECKUE CIIOCOOBI OIYUSHHUS BELIECTB, KaK MPaBHIIO, SKOJIO-
TUYECKH YHUCTHI, TaK KaK B NPOILECCEe HE MIPUMEHSIOTCS XUMUUECKUE OKUCIUTENN U
BOCCTaHOBHUTENIM M TOKCHYHBIE BemlecTBa. Kpome TOro, BO3MO)KHA OpraHU3aLys
MAaJIOOTXOJHOM TEXHOJIOTMH C 3aMKHYTBIM LIUKJIOM HUCIIOJIb30BaHUS PEarceHTOB U
BOJBL. JIOMONMHUTENBHBIM MIPEUMYIIECTBOM JIEKTPOXHUMHUUECKHX TEXHOIOTHH SIBIIS-
€TCsl COKpAIlleHUe Yuciia CTaquii IPOU3BOICTBA.

B cBs13u ¢ 9THM pa3paboTKa U COBEPIICHCTBOBAHUE JIEKTPOXUMHUYECKOH TeX-
HOJIOTHH CHHTE3a YIBTPAMHKPOIHMCIIEPCHOTO IMOPOIIKA OKCHIA HUKEIS SBISETCS
aKTyaJbHOU 3a/1a4ei.

Pabora npoBeneHa B paMKkax peann3aiy aHATUTHYECKOH BEJOMCTBEHHOH Iiele-
BOH Iporpammsl «Pa3BuTre Hay4yHOro NOTEHLMANA BhICIIeH mkossl Ha 2006 — 2008 ro-
ey (PHIT 2.1.1 1635) u @I «Hay4Hsle 1 Hay9HO-TIEqArOrUIeCKie Kaaphl HHHOBA-
mroHHOM Poccnm» Ha 2009 — 2013 roger ('K Ne IT 1146, 'K Ne 14.740.11.0376).

Hesab pabdoTbl: yCTaHOBIEHNUE 3aKOHOMEPHOCTEH KMHETHKHM CUHTE3a YJbTpa-
MUKPOIMCIIEPCHOTO MOPOIIKA OKCHIA HHKEIsS Ha MEPEeMEHHOM TOKE pa3IUIHOMN
YJaCTOTHI U pa3pabOoTKe annapaTypHO-TEXHOJIOIHIECKOro 0(OpMIICHHUS MpoLiecca.

3agaun padoTel

1. HccnenoBaTh KMHETHYECKHE 3aKOHOMEPHOCTH IIpollecca MONy4YeHUs I0-
pOIIKa OKCHAA HUKEJNS: BIMSHHE KOHIEHTPALUH, TeMIIepaTyphl pacTBOpa THIpPO-
KCH/1a HATpHs, YACTOTHI IEPEMEHHOTO CHHYCOUAAIBHOTO TOKA U €r0 aCUMMETPHH, a
TaKOKe BO3ACHCTBUS YABTPAa3BYKOBOI'O HM3IY4EHHS Ha CKOPOCTh PAacxXoia HHKEINS.
OnpeznenuTts napamMeTpbl TEXHOJIOTHYECKOro Ipolecca, HeOOXOJUMbIe Ui JOCTH-
KEHHS MaKCHMAaJbHOW CKOPOCTU HOJYyYEHHUS YIbTPAaMUKPOAUCIEPCHOTO MOPOIIKA
U Ha 3TOM OCHOBE BHEJIPUTH TEXHOJIOTHIO €TI0 TTOTYUEHHS.

2. OrmpenenuTh pa3Mepsl YaCTUI] M KAUECTBEHHBIA COCTaB MOJIYYaeMbIX IT0-
POILIKOB IIyTe€M NPOBEICHUS KOMIUIEKCHOTO (DU3MKO-XUMUYECKOTO HCCIICHIOBAHMS;
OTIpeIeNIUTh BIUSHNUE YCIOBUI 3JIEKTPOIM3a HA XapaKTEPUCTHKH MOJyYSHHBIX TIPO-
ITyKTOB.

3. BbIIBUTH OCHOBHBIC 3aKOHOMEPHOCTH 3JICKTPOXHMHYECKOTO IOBEICHHS
HHKEJIEBOTO HIEKTPO/A IPH HAIOKESHHH NEPEMEHHOTO CHHYCOUAAIBLHOTO TOKA pas-
JIMYHOM 4acTOTBHI.

4. PaspaboraTh ammapaTypHO-TEXHOJIOTHYECKYIO CXEMY IOJyIeHUs IOPOLI-
Ka OKCHJIa HUKEJIS Ha IEPEMEHHOM CHHYCOUAAIbHOM TOKE C IPUMEHEHUEM YIbTpa-

3



3BYKOBOT'O M3JIy4EHUs, pa3paboTaTh METOIUKY pacyeTa dJIeKTPOoIn3epa U TEXHOJIO-
THYECKHX ITapaMeTpOB CHHTE3A.

5. VYcraHOBHUTH BO3MOXHOCTb HCIOJB30BAaHHUS YIBTPAMUKPOAUCIEPCHOTO
MIOPOIIKAa OKCUAA HUKEJN, MOJYYEHHOTO IEKTPOXUMHUYECKHM CHHTE30M Ha Iepe-
MEHHOM TOKE B KaTaJIUTHUYECKOM IIPOM3BOJCTBE YIJVIEPOJHOTO HaHOMaTepuaia
(YHM) nuponuzom yriieBoAOPOIOB.

Hayunas HoBu3Ha. Pa3paboTaHa TEXHOJIOTHS MOJYyYESHUS YIbTPAMUKPOIHC-
[IEPCHOT0 TMOPOIIKA OKCHUAA HUKEIS 3JIEKTPOJIM30M Ha NEPEMEHHOM CHHYCOHMIAJIb-
HOM TOKE Pa3IM4YHON YacTOThl U ACHMMETPUHU C HAJIOKEHUEM YIBTPa3BYKOBOTO
W3JTY4eHUs], TIO3BOJISIONIAs TIOJIy4aTh HOPOIIKH OKCH/Ia HUKENS 33JJaHHOTO COCTaBa
u mopdonoruu. (ITomoxurtenpHoe penieHne o Bbimade matenta ot 01.04.2011
«Crioco0 mosy4eHus ylnbTpaMUKPOAUCIIEPCHOTO MOPOLIKA OKCH/IA HUKEND». 3asBKa
Ne 2010108875 (012397) ot 09.03.10).

BrnepBple ycTaHOBIEHO BIMSHHME YaCTOTHl HNEPEMEHHOIO CHHYCOHMJIAJIBHOTO
TOKa Ha KMHETHKY pa3pyIleHHs] HHKEJIEBOIO 3JEKTPOJa; yKa3aHHas 3aBUCHUMOCTD
MPOXOIUT Yepe3 MaKCUMyM, OTBedaron il yactote Toka 20 ['m.

BrusiBneHa 3aKOHOMEPHOCTh BIHMSHHS aCHMMETPUYHOTO IEPEMEHHOTO TOKa B
KOHLICHTPUPOBAHHBIX LIEJOYHBIX PACTBOpaX Ha CKOPOCTh PAa3pYIICHUS HUKEJIEBBIX
ANIEKTPOAOB. MaKkCUMalbHast CKOPOCTh pacxo/ia HUKEJIEBOTO 3JIeKTpo/ia HabmoqaeTcs
B 17 M NaOH 1pu cOOTHOLIIEHUH aHOTHO TUIOTHOCTH TOKa K KaTOJHOW, paBHOH 2,5.

BriepBrie ycraHOBIICHA 3aBUCHMOCTD YacTOThI IEPEMEHHOTO CHHYCOHIAIbHOTO
TOKA Ha IPaHyJOMETPUYECKHI cocTaB oOpasyromuxcst okcunos (20 I'u: 40...100 M,
30 I'a: 20...70 um, 50 I'a: 10...40 aMm, 70 T 10...25 vm).

Ha ocHoBe 3akoHOMEpHOCTEH BOJBTAMIIEPHOTIO MOBEACHUS HUKENS YCTaHOB-
JieHa 00JacTh MOTEHINATIOB, IPU KOTOPBIX BO3MOKHO 00pa30BaHUE YIBTPAMHKPO-
JUCIIEPCHBIX MOPOIIKOB OKCHAA HUKEJIS 33/1aHHOT0 XUMUYECKOTO COCTaBA.

IIpakTHYeckast HeHHOCTH PadoThI

1. Ha ocHoBe NMpoOBENEHHBIX 3IEKTPOXMMHUUECKUX HCCIIENOBAaHUH Ipoliecca
paspylieHHs HUKEIEBOTO 3JIEKTPOJa MOJ ACHCTBHEM MEPEMEHHOTO CHHYCOUIAIb-
HOTO TOKa Pa3JIMYHOW YaCTOThI U aCUMMETPHUH pa3paboTaHbl U alpoOUpOBaHBI HA
MMWIOTHOW YCTAHOBKE TEXHOJOTMYECKHE TNPHEMbI MOJYYCHHUS YIbTPaMHUKPOIUC-
MIEPCHOTO MOPOIIKa OKCHIa HUKEIIS.

2. VYcraHOoBieHBl d(Q(EKTHBHBIE PEXHUMBI TEXHOJOTHH MONYYSHUS YIbTpa-
MHKPOJHMCIIEPCHOTO Mopotika okcuaa Hukenst: 17 M NaOH; temneparypa pactBopa
70 °C; gacToTa epeMeHHOro cuHycounaansHoro Toka 20 I'i; acumMMeTpuyHbIN riepe-
MEHHBII CHHYCOUIAJIBHBIA TOK IIPH COOTHOIICHUH aHO/IHOM IIOTHOCTH TOKA K KaTOJ-
HOH, paBHOM 2,5, IpH KOTOPBIX IPOU3BOIUTENHLHOCTH MPOLIecca BO3pacTaeT B § pas.

3. VYcraHOBIEHO, YTO HAJIOKEHHWE YJABTPAa3BYKOBOTO Mot yacrtortod 20...
100 x['11 Ha HUKENEBBIC HJIEKTPOJIBI PUBOJUT K YBEIMYCHHUIO CKOPOCTH 00pa3oBa-
HUS nopoika B 2 pasza. Mcnonb3oBaHue 3QQEeKTHBHOIO TEXHOJIOTHYECKOTO PEXKIMa
U HaJO)XKEHHUE YJIbTPa3ByKa IO3BOJIIET IOBBICUTH NMPOU3BOIUTEIBHOCTD IIpoliecca
B 16 pas.

4. TepMorpaBUMETPHYECKHUMHU U PEHTI€HO(A3HBIMU METOaMH YCTaHOBJIEHO
BIIMSIHUE TEMIIEpaTyphl TEpMOOOpabOTKH Ha (ha30BbIil COCTaB MPOAYKTOB JIEKTPO-
XMMHUYECKOro cuHresa. IlokazaHo, 4TO B 3aBUCHMOCTH OT YCJIIOBHH BJIEKTPOJIH3A
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o0Opazyercss THAPATUPOBAHHBIM NPOJIYKT MEPEMEHHOIO COCTaBa, KOTOPBIH IMOJHO-
ctbio nepexoaut B NiO npu temmeparype 300 °C.

5. PazpaboTana WHXEHEpHas METOJWKAa pacdyeTa OCHOBHBIX IapaMeTPOB
Ipoliecca MoJy4yeHUs1 OPOIIKa OKCHJA HUKEJ Ha MEPEMEHHOM CHHYCOUIAIbHOM
TOKE Pa3IMYHON YacTOTHl U AaCUMMETPHUH C IPUMEHEHHUEM YIIbTPa3BYKOBOIO M3IY-
YEeHHUs, MO3BOJIIONIAS OCYLIECTBIATh MACIITAOHBIA IepexoJ]l IpH anmapaTypHO-
TEXHOJIOTHYECKOM O(GOPMIICHUH TPOMBIIIICHHOTO IPOMU3BOJACTBA YIIBTPAMHKPO-
JTUCTIEPCHOTO TIOPOIIKA OKCH/Ia HUKEJIS.

6. PexkoMeHIOBaHO mepe] cTamuell oTAeneHus GUIbTPALHel YIbTPaMHKPO-
JUCTIEPCHOTO TOPOIIKA OKCHJA HHKEJNS MPOM3BOJUTH HEHTpAIM3alMI0 IIEI0Yd
YKCYCHOM KHCJIOTOH, YTO IO3BOJIAET CHHU3UTH KOJIMYECTBO IPOMBIBHBIX BOJ| Ha
50% u yMeHBIIUTH BpeMs IpoBeIeHNus cTaguu Ha 60%.

7. YIbTpaMHKPOAUCIICPCHBIH MOPOIIOK OKCHIA HUKEIS, TOJyIeHHBIH dIIeK-
TPONM30M Ha IMEpPEeMEeHHOM cuHycoumamsHoM Toke, BHenpeH OOO «HamoTex-
Ientp» (r. TaMOOB) [T UCMOJIB30BAHUS B TEXHOJIOTHU MTPOHM3BOJCTBA YIIIEPOI-
HBIX HAHOMaTepHaJIOB.

Anpodauusi pa6oTsl. OCHOBHBIC IMOJIOKEHHSI, PE3YJIBTAThl U BBIBOBI, COJCP-
JKaluecs: B JIMCCEPTAlMK, JIOKIJIA/IBIBAINCh Ha PETHOHANIBHBIX M MEXKIYHAPOIHBIX
HaY4YHO-TIPaKTHYeCKUX KOoH(pepeHuusax: Beepoccuiickoil nikosie ceMHHape MOJIOBIX
YUEHBIX, TPeroaBaTelieil, aClMpaHTOB U MEHEKEPOB Manbix npeanpustaid (Tam-
608, 2007); Beepoccuiickoit HaydHOU 1mIkoie it Mosonexkn «COBpeMeHHBIE acTieK-
ThI TBEPJOTEIbHON AnekTpoxumum» (Mocksa, 2009); MexyHapoaHOW KOH(pEpeH-
K Poccuiickoro xumMuueckoro ooriecrsa umenu J[. M. MenneneeBa (MockBa,
2009); 9" International Frumkin Symposium «Electrochemical Technologies and
Materials for XXI Centure» (Moscow, 2010); MexayHapoaHO#H KOH(EpeHINH «AK-
TyaJbHbIE IPOOJIEMBI AIIEKTPOXUMHYECKON TexHomorumw» (Caparos, 2011).

IMy6auxamuu. ITo Teme nuccepranuu omyOankoBaHo 14 meuyaTHbIX padoT,
IATh U3 KOTOPBIX B XKypHanax, pekomenjgoanubix BAK, 1 narenr.

CrtpykTypa M 00bem padoThl. Jluccepranusi COCTOUT U3 BBEICHMS, ISTH
IJIaB, BBIBOJIOB, CITHCKa JINTEPATYpPhl U MpHiIokeHus. Pabdora coxepxkur 175 crpa-
HHUII, B TOM 4HciIe 67 pUCYHKOB, 15 TabnuL, CIIMCOK MCIIOIB3yEMbIX HCTOUYHUKOB U3
145 nanmeHOBaHUH.

OCHOBHOE COAEPKAHUE PABOTbBI

Bo BBeneHNH NOKa3aHA aKTYyaJbHOCTH pabOTHI, CHOPMYIHPOBAHBI LETH H 3a-
JIAYM MCCIIeIOBAaHMsI, HAyYHas HOBH3HA U MPaKTHUeCKas 3HAaUMMOCTh. [Ipencrasie-
HBI ITOJIO’)KCHU S, BBIHOCUMBIC Ha 3alllUTY.

B mepgoii rinaBe nposeneH 0030p CYIIECTBYIOIIMX METOAOB MOJIyYSHHS TO-
POIIKOB OKCHAA HUKENsA. PaccMOTpeHBl M 00OOLIECHBI JIMTEpAaTypHbIE TAaHHBIC IO
JNEKTPOXUMHYECKOMY ITOBEJCHUIO METAJUIOB NPH HAJIOKCHUH NEPEMEHHOTO CHHY-
COMJIAIHOTO TOKa Pa3IM4YHONH ()OPMBI W 4acTOTHL [IpoaHann3mpoBaHO BIMSHHE
YIABTPAa3BYKOBOTO BO3/ICHCTBHSI Ha DJICKTPOXUMUYECKHIE IPOLIECCHI.

[Toka3ano, 4TO B OMYOJIMKOBaHHBIX pabOTaX OTCYTCTBYIOT HAay4HO-OOOCHO-
BaHHBIC PEKOMEHAAMH N0 3()(HEKTHBHBIM PEKHMaM OCYIIECTBICHHUS TPOLECCOB
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MIOJIy4EeHUsI MOPOIIKOB OKCHIOB METAJIOB 3aJJaHHOTO COCTaBa AJIEKTPOJU30M Ha
nepeMeHHOM Toke. ITocTaBieHbl 3a1a4u JUCCEPTALMOHHON paboThI.

Bo BTOpOI#i r1aBe omucaHel METOABI U OOBEKTHI HCCIeAOBaHUN. J{Js SKcIe-
PUMEHTAJIbHOTO HCCIEIOBAaHUS Ipoliecca IMOJNYyYeHUS YIbTPaMHUKpPOIUCIIEPCHOTO
MOPOIIKA OKCHJIAa HUKENS OblTa CKOHCTPYHPOBAHA YCTAHOBKA, ITO3BOJISIONIAS BAPh-
HPOBATh YaCTOTy MEPEMEHHOT0 CHHYCOHWIanbHOTO Toka B mpenenax 10...500 I'm.
ONeKTpoabl Ul MPENapaTuBHOIO 3JIEKTPOIM3a M3TOTABIMBAIM U3 HUKENId MapKu
H-0 B Buze mpsIMOYTOJIBHBIX IUTACTHH C TUIOIMIAJBI0 TIOBEPXHOCTH 4 oM’ DnexTpo-
JIM3 IPOBOJWIM B TEPMOCTAaTUPOBAHHOU stueiike oObemMoM 200 Mi. DIeKTponsl U
TEPMOMETP 3aKpEeIUIUIUCh BO (TOPOIIAacTOBOH Kpbiiike. [locTosiHHAs TeMiepaTypa
pacTBoOpa B siueiike NOANEP:KUBAIACh IpU MOMOINU TepMocTara. CKOPOCTh PacTBO-
PEHUSI HUKETISI OIIPEesIach BECOBBIM METOJIOM 10 YOBUIH MacChl 31EKTPOJa.

BnusHue ycaoBHii 2JIEKTPOIN3a Ha CKOPOCTh PaspyIIeHUs. HUKEIEBbIX 3JIEKT-
POIIOB M3yYall B PACTBOPE THIPOKCUIA HATPUS «U.7.a.» C KOHIeHTparwei 1...17 M.

Jl1 osmy4eHust aCHMMETPUYHOTO NEPEMEHHOT0 TOKa Obljla CKOHCTPYHPOBaHa
1 U3rOTOBJIEHA YCTaHOBKA, MO3BOJIAIOIIAS [OIY4aTh aCHMMETPUYHBINA MTepEeMEHHBIN
TOK C PAa3JIMYHBIMH 3HAYCHUAMH aMIUTUTYIbl U OJMHAKOBOH IPOIOKUTEILHOCTHIO
IIOJIyNIEPUOJ0B @aHOJAHOTO U KaTOHOTO TOKOB.

Bospeiicteue ynprpassyka (20...100 k['1) Ha cKOpOCTh pa3pylIeHHUs] HUKEe-
BBIX JIEKTPOAOB U3y4aJoCh C IMOMOIIBIO CIELHANIBLHO COOPaHHOM A 3TUX Lienei
YCTaHOBKH, COCTOSILEH U3 FeHepaTopa, YCHIUTENS MOLTHOCTH U U3/IydaTens.

HpI/IBCZlCHO OIMUCaHUC TCEXHOJIOIMU IOJIYUYCHHUs IIOpOIIKa OKCHIa HHUKEIIA,
BKJIOUAoUled B ce0sl cledyrolye CTaJuu: IPUTroTOBICHHE PAacTBOpa; Iojada pe-
AKIMOHHON MacChl B 3JIEKTPOJIM3Ep; MOIyUYEeHHE IMOPOIIKA OKCHAa HUKENS 10/ JeH-
CTBHEM II€PEMEHHOT0 TOKA; OTCTaWBaHUE, JICKaHTaIMs, HEHTpanu3aus yKCyCHOU
KHCIIOTOH, (DMIBTPOBaHHUE, IPOMBIBKA, CYIIKA [IETIEBOTO IPOIYKTA.

TTopomku okcuga HUKENs MCCIEAOBAINCH METO/aMH CKaHMPYIOUIEH W Tpo-
CBEUMBAIOIIEH 31E€KTPOHHON MUKPOCKONHUH, JUHAMUYECKOTO DPAcCEBAHUs CBETa,
TepMorpaBuMeTpun U auddepeHanbHoN ckaHupyoomei kagopumerpuu, bBOT,
PEHTreHO(a30BbIM aHATM30M. XUMUYECKHH COCTaB MOPOIIKA AHAIU3HPOBAJICS
SHEPrOANCIIEPCHOHHBIM METOJIOM Ha 3JIEKTPOHHOM MHKpockorne Neon-24, ocHa-
LIEHHOT'O COOTBETCTBYIOIIEH NMPUCTaBKOM.

Huknnyeckue Bonbramneporpammsl (LIBA) Ha cTanimoHapHOM JAMCKOBOM HU-
KEJIeBOM MHKPO3JIEKTPOE IMOJY4YeHbl ¢ HcHoib30BaHHEeM ycraHOBKH CBA-1BM,
moaynst ALII-ITAIT 16/16 Sigma USB U TpexaneKTpOAHOH SIIEKTPOXUMHYESCKON
siueiiky. [[BA Ha cHHYcOMIanbHOM TOKE CHSTHI HAa CTAllMOHAPHOM JIMCKOBOM HHKe-
JIEBOM MHKPOD3JIEKTPOJIE C HCIONb30BaHueM reHeparopa ['3-118, morennuocrara
EP 22, monyns AIIT-IIAIT 16/16 Sigma USB. 3amuck BonbTammneporpaMmm Ha o0e-
HX YCTaHOBKaX OCYIIECTBIISUIN C MIOMOIIBIO EPCOHANBFHOTO KOMIIbIOTEpa. B kaue-
CTBE JIEKTPOAA CPAaBHEHHS UCIIOIb30BAIH XJIOPHACEPEOPSHBIN d1eKTpoa. Benomo-
raTelbHbIM 3JIEKTPOJOM CIIYXKMJI IUIaTHHOBBIN 271eKTpoJ. CKOpOCTh CKAHUPOBAHHUS
MoTeHIMaNa ycraHaBnuBanu B npezenax 0,02...500 B/c. Bee norenuuanst B pabore
IIPUBEJEHBl OTHOCUTEIBHO CTaHJAPTHOTO BOAOPOIHOIO IEKTPOJA CPAaBHEHHUS.

B TpeTbeii ri1aBe OmMCaHO aImapaTypHO-TEXHOJOTHYECKOE OdopMIleHHE
CHHTE3a IIOPOLIKA OKCHA HUKEIIS Ha IEPEMEHHOM TOKE U Pe3ylbTaTbl UCCIEN0BaA-
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HUA. VI3ydeHBl OCHOBHbBIE 3aKOHOMEPHOCTEH (OPMHUPOBAHMS YIBTPAMUKPOJIIIC-
MEPCHOTO TOPOIIKA OKCHAA HHUKEIS JIEKTPOJIM30M Ha MEPEMEHHOM CHHYCOHMIANb-
HOM TOKE Pa3IMYHON YacTOThI M aCUMMETPUM IIPU HAJIOKEHHH YIbTPa3BYKOBOI'O
W3JTY4EHUs Ha 3JEKTPOJbl. YCTAaHOBKA JJISl MOJYYEHHUS YIbTPAMHUKPOIUCIEPCHOTO
[OpOLIKa OKCHJA HHKeJs IpeacraBieHa Ha puc. 1. Tok M HanpsbkeHue B LeNu
KOHTPOJIMPOBAIUCH C TIOMOLIbIO HU3MEPUTENILHBIX NprOopoB. Ha ocHoBaHMM npen-
BapUTEJIbHBIX DKCIIEPUMEHTOB JIJIsl [TOJy4eHUs YIbTPAMUKPOAUCIIEPCHOTO ITOPOLIKa
OKCHJIa HUKEJIsI ObLT BBIOpaH pacTBOP THIPOKCHUIA HATPUSI.

/w

Puc. 1. Cxema 3J1eKTpHYeCKOIi YacTH:
1, 7 — reneparopsl; 2, 6 — ycunuteny; 3 — U3IydaTelb, 4 — MarasuH eMKOCTEH;
5 — natp; 8 — TepmocTat; 9 — nEKTPOIH3EP

B cBs3u ¢ nepuoanueckoil cMeHOW MOJSIPHOCTH Ha 3JIEKTPOJAX MpU HaJIOXKe-
HHUH [IEPEMEHHOTO CHHYCOMAAJIBHOTO TOKA MIPOUCXOJUT MIPOTEKAHUE psijia MOCIE0-
BaTeNbHBIX M NapaJUIeIbHBIX OKHUCINTEIbHO-BOCCTAHOBUTEIIBHBIX U MEXaHUUECKUX
MPOLIECCOB. B aHOHBIN MOTYNEpHO 00pa30BaHUE OKCUAHBIX 3apOBIIIEH 10 cXeMe
(1) u BEIDEEHKE KHCITIOpOAA

Ni — Ni(OH), — NiOOH — Ni,04 1)
B KaTOJHBIH TOJIYNIEPHO/ MIPOUCXOIUT YACTUYHOE BOCCTAHOBJICHNUE 00Pa3yrOIIUXCS
OKCHUJIOB U BBIJETIEHHE BOJIOPO/A, KOTOPBIN CIIOCOOCTBYET MEXAHUUECKOMY OTPBIBY
YJaCTHUI] OT IIOBEPXHOCTHU INIEKTPOJA.

Kaxk noxasanu uccinenoBaHus, ¢ pOCTOM KOHLEHTPAIMH IEI0YH CKOPOCTh pac-
XOoia HUKens yBenunuuBaercs. [Ipum 3ToOM yMeHbIIaeTcss HanpspDKeHHE Ha KIeMMax
3JIEKTPOJIM3EPa M 3aTPaThl AJIEKTPOIHEPrHH. MaKkcuMallbHasi CKOPOCTh 00pa3oBaHuUs
nopoika Habmoaercs B 17 M pactBope NaOH, npu minoTHocTH TOKA 2,5 AleM’.

JlanLHeﬁmee TIOBBILICHUE TINIOTHOCTHU TOKA MPUBOAUT K HHTCHCUBHOMY BbIJIC-
JICHUIO T'a3a M PE3KUM KOJICOAHHSAM TOKa B SJIEKTPUUECKOM IIETTH YCTAaHOBKH, BMECTE
C 3TUM IPOMCXOANUT MHTEHCUBHBII pa30rpeB JIEKTPOJIUTA U €T0 BBIKHITAHUE, KOTO-
poe TpeOyeT KOPPEKTUPOBKH KOHIEHTPALMH 3JIeKTposuTa. [103TOMy HOBBIIIEHHE
IUTOTHOCTH TOKa 6oliee 2,5 A/cM® TEXHONOTHYCCKH HELeIecoo0pasHo. Y CTaHOBIC-
HO, YTO MaKCHUMaJbHasi CKOPOCTb 00pa30BaHMs MOPOILIKA HAOIIOJAeTCs IIPU TeMIle-
parype 70 °C (moBbIlLICHHE ¥ TOHW)XEHHE TEMIIEPATYpbl MPUBOIUT K CHUKCHHUIO
CKOPOCTH Pacxo0jla HUKEJIEBOI0 IEKTPOA).

UccnenoBanue BIMAHUS 4acTOThI NEPEMEHHOIO0 CHHYCOMJAJIBHOTO TOKa Ha
CKOPOCTh pacxojia HUKEJIEBOIO 3JIEKTPOoJa MoKa3ajio, YTO C MaKCUMaJIbHOW CKOpO-
CTbIO 00pa30BaHUE MOPOIIKA OKCHJIA HUKENS BO BCEX MCCIIEAOBAHHBIX PacTBOpax

7



THIPOKCH]IA HATPpHS HAOIoaeTCs pu yactote nepemernoro toka 20 I'u (B 3 pasa
Ooiblle, 4eM MpH UCIOIb30BAHUM 4acTOThI Toka 50 I'I), 4TO MO3BOJIAET CHU3UTD
pacxo[; 3JeKTpoIHepruu Ha 74% U NMOBBICUTH MPOM3BOJUTENBHOCTS anmnapara. [Ipu
yacToTax Oonee 100 't ckopocTh pa3pylLIeHUs] HUKENEBBIX IEKTPOJOB IIPaKTHYe-
CKH HE 3aBHCHUT OT 4acTOTHI HaKJaapIBaeMoro Toka (puc. 2). [lpu gacrore nepemen-
Horo Toka MeHee 20 I'l, ckopocTbh pacxojla HUKEJIEBOIO JIEKTPOJIa HECKOIBKO CHHU-
»kaercsi. Buaumo, 310 cBsi3aHo ¢ Tem, uto mpu yactorax menee 20 I'm moBepxHOCTH
HUKEJIEBOIO 3JIEKTPOJia YCIEeBAaeT CUIbHEE 3allaCCUBUPOBATLCS, HA IIOBEPXHOCTU 00-
pasyercs IJIOTHAs OKCHJIHAS IUICHKA, KOTOPYIO BBIJCISAIOICHCS B KaTOJHBIN MOyTie-
PHOJ BOJOPOJ YK€ HE CIIOCOOEH COpBaTh.

[MpumeHeHHe aCHMMETPUYHOTO MEPEMEHHOTO TOKa IO3BOJMIO MHTEHCH(U-
LUPOBATh MPOIECC pacxoja HUKeNIsA. Tak CKOpOCTh pacxoia HUKENIEBBIX 3JIEKTPO-
JIOB TIPOXOJUT Yepe3 MaKCUMyM IpH i, = 1 AleM® m iy = 2,5 Alem’. IIpu ymensbue-
HUH TUIOTHOCTH TOKA B KATOIHBIA MOJIymepHox MeHee | A/cM® He IOCTHTAlOTCA
MOTEHIMAIbl MHTEHCUBHOIO BBIJICNICHUS BOJOPOJAA U yOBUIb MAacChl BJIEKTPOAOB
camxkaercst. [pu i, Gomee 1 A/cM® POMCXOTUT HHTEHCHBHOE BBIICNICHHE BOIOPOJIA,
Ha OKHCJIEHHE KOTOPOTO B @aHOAHBIN MOyNepuos pacxoryercs Tok. COOTBETCTBEH-
HO JOJI TOKa, HIYINEro Ha oOpa3oBaHHE OKCHJOB, yMEHbIIAeTCs. MakcuMalbHas
CKOPOCTh pacxoja 64 Mr/(cM>4) HUKeNsh HAGIIONACTCS PH OTHOLICHHH AHOIHOI
IUIOTHOCTH TOKA K KaTOJHOW paBHOH 2,5 (Tadu. 1).

K. r/(en) 1. 3aBHCHMOCTE CKOPOCTH

80 pacxoa HUKeJIEeBbIX 2JIeKTPOI0B

OT COOTHOIIEHHS TOKOB B KATOAHBIC H
AHOHbIE TOJTYTePHOIbI

..
~

[PT Y

60

40 F T j [lnoTHOCTH TOKa, A/cM? K, wr/(cva)
i ix
20 H
2,5 2,5 20
0 - 25 2 35
0 50 100
5 Tn 2,5 15 42
Puc. 2. 3aBUCHMOCTB CKOPOCTH 25 1 64
pacxoa HUKeJISl OT YaCTOTHI
NepPeMEHHOr0 TOKA MPH Pa3InYHbIX 2,5 0,5 35
KOHIIEHTPALMSIX THAPOKCHIA HATpHs1, M: o5 01 5
1-1;2-5;3-10;4-13;5-17 i !

Hanoxenne ynprpazBykoBoro monst yactoroil 20...100 I’y Ha HHUKeneBbie
AJIEKTPO/bI IPUBOJUT K YBEIHMYEHHIO CKOPOCTH OOpa30BaHUs IMOpOLIKAa B 2 pasa.
[To-BupMoMy, ynbTpa3ByKOBOE BO3/IEHICTBHE CIIOCOOCTBYET CHATHIO C 3JIEKTPOJIOB
MIPOAYKTOB OKHCJICHHUS, IIPH ATOM IPOUCXOIUT OOHOBIICHHE ITOBEPXHOCTH 3JIEKTPO-
na. IlpumeHeHue ynbTPa3BYKOBOIO TIIOJI II03BOJISIET YBEIMYMTH IPENENIBHO-
JOIYCTHMYIO TUIOTHOCTB TOKa 10 3,5 Alem?,

TexHOJIOrn4ecKux napamMeTpsl Mpolecca CUHTE3a MOpOLIKAa OKCHAA HHUKEIs
IIPU PA3IMYHBIX PEXKUMaX IIPUBEICHBI B Ta0IMI. 2.
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2. TexHos0Orn4ecKue XapaKTePUCTUKHU Mpouecca nmoryuyeHus
MOpoUIKa OKCH/Ia HUKEJIA

. W,
Cc,M f, T leiu i, Alem? U,B t,°C ur /(|c<1\’/[2~'1) -
17 50 — h=1k=25 4 70 24 96
17 20 - ,=i,=25 4 70 75 38
17 50 - i,=2,5; i=1 4 70 64 36
17 50 35 ,=0k=25 3,3 70 48 39
17 20 35 ,=ik=25 3,3 70 150 12,7

* PacxoJt 3JICKTPOIHEPIHH NIPUBEJICH B IEPECUETE HA COOTBETCTBYIOIIHIT OKCUJ{ HUKEJIS.

Hccneoosanue cocmasa u ceoiicme npoodykmoe snekmponusa. 1o naHHbIM
JNEKTPOHHOH MHUKPOCKOIUHM TONy4YEHHBIE IMOPOIIKK IMOJMAMCIEPCHBI. YacTHIbl
UMEIOT IUIOCKYIO CTPYKTYPY C «pBaHBIMH» KpasMmu. [IpoBeieHHBIE HCCIeIOBaHUS
METOJIaMH CKaHUPYIOIIEH MHUKPOCKOMHMY MOKA3aJlk, YTO pa3Mep YacTHI] Moyrydae-
MOTO OKCHJa HUKEISl 3aBHCUT OT MPUMEHIEMOW YacTOTHI TIEPEMEHHOTO CHHYCOH-
JIATbHOTO TOKA. [TOPOIIKK OKCH/Ia HHUKEJNs, MOJy4YeHHbIe MpH dactote Toka 20 T,
MPEJICTAaBISIIOT CO00# arjomepaTsl OJMHOYHBIX YAacTHIl C pa3MepaMy, NPHBEACH-
HeIMU K chepudeckomy: 40...100 um. IIpu gactore Toka 50 T’y pasmep yactuig
Haxomutcs B auanasone 10...40 um (puc. 3). JlanpHeliliee yBeIUUYCHHE YaCTOTHI
TOKa MPHUBOIUT K (HOPMHUPOBAHHIO MOPOIIKOB OKCHAA HHUKEIsl C pasMepaMH 0
25 HMm. Bo3zneiicTBue ynbpTpa3Byka Ha IMOBEPXHOCTb 3JIEKTPOJOB IIOMUMO YBEIHYe-
HUS BBIXOJA MPOJYKTa MO3BOJSIET NOOHTHCS IONYYEeHHs IOpPONIKa ¢ HeOOJIbIINM
pazbpocom pa3zmepoB dactull 12 + 3 HM.

C poCTOM YacTOTHI MEPEMEHHOTO TOKa MPOMCXOIUT YMEHBIICHHE pa3MepoB
qacCTul, 4TO CBsA3aHO, IO-BUAUMOMY, C YMCHBIICHUEM BPEMCHU O6p3.30BaHI/I$I OK-
CHOHBIX 3apo;u;1ulef/'1 B aHOZ[HbIﬁ ToJIynepuoa Toka ¢ poCToOM 4aCTOThI U3MCHCHUS
HOJISIPHOCTH 3JICKTPOJIA.

20

NNG-100%
N/NG-100%

10

v %% Yo ‘g, %, s Yo Yo o b
Pﬂ']l\'l(‘l) JepeH, HM Pa 3Mep 3epeH, HM

Puc. 3. Mukpodotorpadus u pacnpeaejeHne YacCTUI MOPOIIKA OKCHIA HUKEJIsI
1o pa3Mepam, MOJYy4eHHOT0 PH YacToTe ToKa, I'n: a — 20; 6 — 50



CocTaB moly4aeMbIX HOPOLIKOB 3aBUCUT OT NPUMEHSIEMON YacTOTHI TOKA M
ero acumMmerpuu. Tak B 17 M NaOH npu gactore Toka 20 I'l Toka HOJIydaroTcs
MIOPOIIKH YEPHOTO [BETA, XapaKTepHBIE JJISI TPEXBAJICHTHBIX COCIMHEHUH HHUKEIs,
YTO MOATBEPKAAECTCS UCCIIEIOBAHUAMU 3JIEMEHTHOIO COCTaBa MOPOIIKOB (Tabi. 3).
[Ipu yacrorax nepemenHoro Toka 70 'y u BeImie, mpu TOW K€ IUIOTHOCTH TOKAa,
oOpasyeTcs NPEUMYLIECTBEHHO CMECh OKCHJIOB JIByXBaJEHTHOIO HUKEIS HeCTe-
XMOMETPUYECKOTO COCTaBa 3eyeHoro nsera. Ilpu i, 6omee 0,25 Alem? Bo Beex CiIy-
YasgxX MOJy4aloTCS HMOPOIIKH OKCHJIOB TPEXBAJEHTHOI'O HHUKENS YepPHOTO LBETa, a
npw i, 0,25 AJem’ — oxenbl JBYXBAJICHTHOTO HUKeNs (Tabum. 3).

3. D1eMeHTHBIIi cocTaB MOPOUIKOB OKCH/1a HUKeEJIS,
MOJTYYEHHOI'0 NPH Pa3s/IMYHbIX PeKUMaAX

f, g 20 50 70 50
i, Alem’ i,=i,=25 | i,=i,=25 | i,=i,=25 | i,=0,25,i,=25
Ni 39,79 39,93 46,20 48,08
O ATOMHBII, 58,90 58,30 52,82 49,82
Ipumecu % 1,31 1,77 0,98 2,08
Cootnotenne O/Ni 1,48 1,46 1,14 1,01

3HavYeHHs yHeNbHONW MOBEPXHOCTH M Ka)XYIIHHCA 00bEM MHKPO- M ME30IOp
MOPOMIKOB, IONYYEHHBIX IPH MAaKCHMANbHBIX MO BBIXOY HPOAYKTa PEXKHUMAX
(17 M NaOH, f=20Tu, T =70 °C), l/I3MC€CHHble MHOTOTOYeUHbIM MeToaoM BOT,
paBHbI cooTBeTCTBEHHO 90 M/ 1 0,053 CMY/T.

IIpoBenennslii audepeHanbHO-TEPMUUECKUN aHAIN3 1I0Ka3aj, 4To JaH-
HBII IPOMYKT TIPEACTABIACT COO0I CIOKHYIO THAPATHPOBAHHYIO CHCTEMY OKCHIIOB
HHKeJs, KOTOpBIe IeTHAPATHPYIOT CTyNeHdaTo. [IepBhlii n3 SHAOTEpMHIECKHX 3 (-
¢exroB B unTepBane 5...150 °C cBupeTenbcTByeT 00 yaadeHUH cBOOOJHON Biiaru
13 MPOAYKTa, MOTEPsl Macchl pu 3ToM cocTasisieT 2,41 %. Bropoil u nocienyro-
mue sHxoTepMudeckue 3¢ dextsl B uuTepBane 150...290 °C, no-suaumMomy, cBsiza-
HBI C yAajeHueM rupatHoid Bousl. [Ipu Temnepatype 300 °C npoucxoaur nepexon
U3 TPEXBAJICHTHOTO COCTOSIHUS HMKENS B JABYXBAJCHTHOE, YTO IOATBEPIKAACTCS
TaKKe JaHHBIMU PEHTTeHO(A30BOTO aHAIH3A.

Pentrenoha3oBbli aHAIN3 TOPOIIKOB OKCHJ] HHKEIS, BEICYIICHHEIX TIPH TEM-
neparype 100 °C, mokasain, 4TO MOPOIIOK OKCHIAa HUKENS PEHTIeHOAMOPQHBIMH.
Pesynbratel POA ananusa no3BojsitoT KOHCTATHPOBaTh, uyTo Tipu 300 °C Habmona-
eTcsl Hayajlo KpUCTAJUIM3alluU peHTreHoaMopdHBIX oOpasnoB. Ha peHTrenorpam-
Max OOHapyxeHbI pedIeKChl, COOTBETCTBYIONMINE MEKIIIOCKOCTHBIM PacCTOSHHAM
0,242, 0,207, 0,1474, 0,1259 HM IO COBOKYITHOCTH KOTOPBIX MpPOKaJICHHbIE 00pa3-
6 MOXHO UIeHTHOHUIHPOBATh Kak okcua Hukens (II). IIpn moseimenny temMnepa-
Typsl 00pa6oTku g0 600 °C yacTuIpl TPUOOPETAIOT MpPaBUIIbHBIC (OPMBI, TIPOUC-
XOJUT KPUCTAIIM3AIMS IOPOLIKOB U YBEIHMUCHUE UX Pa3MEPOB.

INoy4eHHBIC MOPOIIKH OKCHIA HUKENs, IPEABAPUTEILHO BOCCTAHOBIICHHEIC
TOKOM BOZOPO/Ia, UCIIBITHIBAIIICH TP CHHTE3€ YTIIEPOAHBIX HAHOCTPYKTYPUPOBAH-
HBIX MaTEpHAaJIOB B JJaAOOPATOPHOM peaKTope ¢ MHAYKIMOHHEIM HarpeBoM. Vcnbita-
HHS TTOKa3aJIi TIEPCIIEKTHBHOCTH HCTIONB30BAHNMS OMYYEHHBIX TIOPOIIKOB B KAUeCTBE
KaTanmu3aTtopoB cuHTe3a YHM, Kkak aibTepHATHBA NPUMEHSIOMIMCS B HACTOSIIEE
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BpeMsl KaTaJlu3aTopaM, CHHTE3MPOBAHHBIX TPAIULHOHHBIM METOAOM «MOKPOTO»
C)KUTaHUS, OTJIMYAIOMIMXCS OOJNBIIMMHU BBIOpOCaMH B aTMoc(epy 3arps3HSIONIMX
BemecTB. [Ipy 3TOM MmoiydaroTcsi yriaepoxHble BOJOKHa MOP(OIOTHH «CTOIKA Ya-
HIeK» ¢ yrJIoM KoHycHOCTH 20...46°, BHEIIHUM auameTpoM 21...30 HM U BHYTpEH-
HUM JuaMeTpoM 7...12 HM, miauHOM 10 3 MKM (puc. 4). Beixoa npoaykra Ha eau-
HUILY MacChl BOCCTaHOBJICHHOT'O KaTaju3aropa cocTaBisieT 11 r/ry,.

Puc. 4. U3o00paxenne YHM, noxydeHHbIe MeTOAaAMH MPOCBeYHBAIOIIEH (a) 1
CKaHUpYIouiei () 3J1eKTPOHHOIl MUKPOCKOINH:
a — OIMHOYHAsi MHOT'OCJIOIHAst HAHOTPYOKa; 6 — o0Luit BUJ

B 4deTBepTOii r1aBe mpeacTaBICHBI pe- I, MRA
3yJAbTaThl DJICKTPOXUMHUYECKUX HCCIIEI0BA- 250 1
HHI, HE0OXO0IUMBIE JIJIT 00BICHEHUS 3aKOHO- 200
MEpPHOCTEH pa3pymieHus: HUKENeBBIX JJeK- . 7 )
TPOJIOB TI0JI ICHCTBHEM MEPEMEHHOTO TOKA B — 150
npenapaTUBHOM CHHTE3¢ W pa3pabOTKU TeX- —3 100

HOJIOTHYECKON CXEMBI.

Ha pucyHke 5 mpejicTaBiieHbI [UKIIHYC-
ckue Boabrammneporpammsl (IIBA), cusatbie B ,_?mt_-
pacTBOpax THIPOKCHAA HATPHUA PasIMIHOM  -1.5 ]
KOHIICHTPAIIMU MIPU CKOPOCTH Pa3BEPTKH I10-
teHnuana 20 mMB/c. Tlpu aHomHO# momnsipuza- -100 4
uuu B obnactu noreHmuanos —0,85...-0,37;
-0,82...-0,4;-0,75...-0,45B mua 1, 10, 17 M
pacTBOpa MIEJI0YH COOTBETCTBEHHO, BO3MOYKHBI 20 MB/C B pactBopax NaOH,
HOHM3AIHs aJICOPOMPOBAHHOTO HA TIOBEPXHO- ¢ KoHmeHTpanmeii, M:

CTH BOJIOPOZIa ¥ 00pa30BaHUE JIBYXBAJICHTHBIX 1-1:2-10:3-17
COEMHEHU HUKEIS.

ITo Mepe caBura MOTEHIMANA B MMOJOKUTENbHYIO CTOPOHY B 00JaCTH MOTEH-
muanoB 0,3...0,65 B na 1IBA nabmaromaroTcss muku. B 00JIacTH IIOTEHLMAJIOB
0,44...0,55 B, 0,35...0,44 B, 0,3...0,37 B mns 1, 10, 17 M pactBopa 111e04u cooT-
BETCTBEHHO, BO3MOXKHO NpOTeKaHue peakuuu obpasoBanus NiOOH. YcraHoBie-
Ho, uto npousBoxHas (dE/AIgi),y He 3aBucuT ot pH u pasna 0,12 B, a npons-
BoaHas (dlgi/dlgaon ), = 0, COOTBETCTBEHHO cXeMy 00pa30BaHHs TPEXBAJCHT-
HOT'O COCAWHEHHS HUKEJIS MOXKHO 3aITHCaTh:

Ni(OH), - NiOOH + H" + e (Mex1eHH0),
H" + OH =H,0.

et
.
=
'

Puc. 5. I1BA, cHsATbIe IpH
CKOPOCTH Pa3BePTKH NOTEHIHAIA
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[Ipn manpHeMme monsIpu3anuy MO0 Mepe YBEIMUYEHHS TOJIIMHBI OKCHIHOTO
cI10s1, MO-BUAMMOMY, npoucxoaut nepexox NiOOH B Ni,O3 conpoBoxIaromuics
YMEHBIICHHEM TOKa 3a CYeT 0Opa30BaHUs OKCHIHOTO CIIOS ¢ MEHBIIEH DIIeKTPO-
IIPOBOHOCTBIO.

B cBs3u ¢ TeM, 4TO B mpenapaTuBHOM CHHTE3€¢ HAMU YCTAHOBJIEHA BO3MOJXX-
HOCTb 00pa30BaHMs IOPOIIKA OKCHIA HUKeIs B Auana3oHe 4actor 10...100 I'ng
MIPOBEZCHO HCCIIEAOBAHNE MOBEACHHS HHUKENS IMPU CKOPOCTSIX PA3BEPTKH IOTEH-
pana OJM3KuM K 3TuM yactotaM (2...500 B/c). Ha [IBA, nosy4eHHBIX TIPH BBICOKHAX
CKOPOCTAX Pa3BEPTKU IOTEHIMANA, YYaCTKU KPUBBIX, COOTBETCTBYIOLIUE TOH HIM
WHOW pEaKINH, BBIPAKEHBI MEHee YETKO, YeM IPH HU3KHX CKOPOCTSAX Pa3BEPTKH.
Crenyer OTMETUTh, YTO IIPU CKOPOCTSX pa3BepTKH moTeHuumana (2...200 B/c) npu
CKaHMPOBAaHUH OT MOTEHIMAaTa BO3IYIIHOOKHCIEHHOTO HHKEJIEBOTO JJIEKTPOAA JIO
0,6 B B KOHIIEHTPUPOBAHHBIX PACTBOPAX TUAPOKCHUAA HATPHUS MOCIE UKIMPOBAHUSL
B T€UECHHE 5 MUHYT Ha MOBEPXHOCTH HUKEIIEBOTO AJIEKTPOAA HAOIIOJAIOTCS CIIEIBI
paspymeHus. DIEeKTPOo,] HOKPEIBAETCS CII0EM YIbTPAMHUKPOIUCIEPCHOTO MOPOIIKA.
IToBepXHOCTb XKe HUKEIEBOTO 3JIEKTPOAa, LIUKIUPOBaHUE KOTOPOTO IIPOBOAMIOCH B
pacTBOpax THAPOKCHIA HAaTpus ¢ KOHIeHTpamuei 1...5 M, ocraercs Onectsiuei.
ITpoBeneHHbIE pacyeThl, ¢ Y4E€TOM HPONOPLUOHAIBHOCTH IUIOMIAAU IOJ MUKOM
KpuBOH E — [ KONMYECTBY MPOTEKILIETO Yepe3 CUCTEMY IJIEKTPUUYECTBA, ITOKa3alH,
YTO IPHU MaJbIX KOHLEHTPALMAX LIEJOYM KOJIMYECTBO 3JIEKTPUUECTBA IOLIEALIee
Ha aHOJHBIM Tporecc 00pa3oBaHHsI OKCHIOB, COU3MEPHMO C KOJIHMYECTBOM JIIEK-
TPUYECTBA, MOIIEANINM Ha BOCCTAHOBUTEIbHBIE Mpouecchl. CIeICcTBHEM 3TOro
SBJISETCS OTCYTCTBHUE HAKOIUICHUS OKCHIOB M PAcXoia HUKEJIEBOTO NIEKTPOAA.
[ToBbIIeHHE KOHLEHTPAIMY THAPOKCHIA HATPHUS NPHBOIHUT K YBEIHYCHUIO 3TOTO
COOTHOIIEHHSI U KOJIMYECTBA OCHIIABLIETOCS OKCHJA HUKeNs. IIpy KOHLEHTpaluu
ienoyu, pasHoit 17 M, oHo nocruraet 4,94 (tadi. 4).

4. Biusinne konnenTpanuu NaOH Ha cooTHOIIEHHe KOJINYeCTBa
3J1eKTPHYeCcTBA, MIOLIEANIero Ha aHOJHbIE MPolecchl 00Pa30BAHUS OKCHIOB (,
M KATOJHbIE NMPOLECChI HX BOCCTAHOBJICHHSA (f;

C, Mo/ M’ 1 2 5 7 10 13 15 17
0a/ O 104 | 1,39 | 157 | 1,75 | 2 29 | 38 | 494

IIpu cMeleHuy HauaIbHOIO KaTOAHOIO MOTEHIUANa IOJIIPU3alli IEKTPoa
(E1) B OTpHIIATEIBHYIO CTOPOHY Pa3pyLICHUE HUKEICBBIX 3JIEKTPOIOB 3HAYUTEIBHO
YCHUJIMBAETCsl BO BCEX UCCIEAYEMBIX PacTBOPAaX TUAPOKCHAA HATpHA. DTOMY CIIO-
coOCTBYeT BOJOPOJ, BhIAEIAIONIEICS B KATOAHBIN MOIYIEPUO], KOTOPBIA CPBHIBAET
HEBOCCTAHOBUBILIYIOCS 4acTh OKCHJIOB C IIOBEPXHOCTH 3JeKTpoza. IIpuuem, uem
HIDKE KOHLCHTpaUUsA r’uApOoKCUuaa HaTpUusd, TEM OTPHULATCIBHEC NOJDKCH OBITH CMe-
ICH HavaJbHBIH KaTO}IHbIﬁ NOTCHIHAJ, AJId TOTO 4TOOBI HAYAJIOCh OCKHITIAHHE YIbT-
PaMUKpPOJUCIEPCHOTO IOPOLIKA.

BnusiHue MakcuManbHOrO 3aJaBaeMOro 3HAYEHUs AHOJHOW MOJSIpU3aLMU
(E,), Ha mpolecchl OKHCICHHSI ¥ BOCCTAHOBIICHHSI, IPOMCXO/SIIINE HAa HUKEIEBBIX
anekrpoaax B 17 M NaOH npu GoJbIIMX CKOPOCTSX CKaHHMPOBAHUS MOTCHIMANIA,
[I0Ka3aHO Ha puc. 6. LIBeT U cocTaB OKCHIOB 3aBUCHUT OT 337aBa€MOI0 B aHOAHOH
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nonyniepuo norennmana. Tak B 17 M NaOH npu E;, 1o 0,4 B npogykTs! pa3pymie-
HUSI HUKEJIEBOTO 3JIEKTPOJia MMEIOT 3€JICHbIH IBET, XapaKTepHbIH 1JIs TByXBaJICHT-
HBIX COeIMHEHHH HMKens. [Ipy 3ajaHMM aHOJHOTO MOTEHIHaNa MoJsIpH3anuu 00-
nee 0,4 B Bu3yanpHO HaOI01aeTCA YBEIUYEHUE CKOPOCTH OCBHITaHUS OKCHJIOB HU-
KeJIsl, a Tak)Ke N3MEHEHHE I[BeTa 00pa3yIoIMXCs MOPOIIKOB Ha YEPHBIN, XapaKTep-
HBII ISl TPEXBAJICHTHBIX COSIMHEHNH HUKEJIs, 4YTO TIOATBEPKAAeTCS TaKKe HCCIle-
JIOBaHHEM DJIEMEHTHOT'O COCTaBa ITOPOIIIKA.

Taxum 00pa3oM, YCTaHOBIICHBI ONpe/iesieHHbIe 3HaueHust £y u E,, HUHIUBUILY-
IBHBIE ISl KaXXIOH KOHIIEHTPAIWH LIETOYH, OTPUIATeNbHEe M MOJNOKHUTEIbHEe
KOTOPBIX COOTBETCTBEHHO BO3MOXHO paspylleHHe 3ieKkTpoaa. MHTeHCHBHOCTH
pa3pylIeHHs] TeM BBIIIE, YeM OOJIbIIe Pa3sHOCTh MEXKIYy MaKCHMAIBHO TOIYCTUMBI-
MM 3HaUYeHUSIMH E; 1 E,.

I10% A
30

—_—

Puc. 6. IIBA, cusitbie Ha HuKese B 17 M Puc. 7. IIBA, cusitble HA HuKede B 17 M
pactBope NaOH nipu ckopoctn pactBope NaOH npu pa3au4uHbIX
CKAHMPOBAHUS MOTEHIHAJIA, 4acTOTaxX MepeMeHHOr0
coorBeTcTBYIOmei 50 'y mpu CHHYCOMJAJIBHOIO TOKa, I'l:
nuksmpoBanuu ot E1=-1,8 B no E, (B): 1-20;2-30;3-50;4-70;
1-06;2-08;3-1 5-100; 6 — 200

H3y4yeHO mOBeJEHUE HMKENIEBOIO 3JIEKTPOJA IPU HAJIOXKEHHU IEPEMEHHOIO
CHHYCOUJAJIBHOTO TOKa pa3nn4Hoi yactoTel. Ha pucynke 7 npusenensl LIBA, cHs-
Teie B 17 M pactBope NaOH npu wactoTe cunycoumaibHoro toka 20...200 I'm.
XapaxTep NPOTEKAIOIIUX MIPOLIECCOB 3aBUCUT OT 4acTOThI ToKa. IIpu uacrorax me-
peMenHoro Toka 70 'y 1 BhIIe HE JOCTUIAIOTCS MOTEHIUAIBI 00pa30BaHUS TPEX-
BaJICHTHBIX coeanHeHHi HuKens. IIpm wacrorax Himke 70 I'm mocturarorcs moTeH-
[uajel 00pa3oBaHKs TPEXBAICHTHBIX COSIUHEHMH HuKens (puc. 7, kpusbie 1 — 3).
COOTBETCTBEHHO B 3aBUCHMOCTH OT YacTOTHI IEPEMEHHOTO TOKA M3MEHSETCS LIBET U
COCTaB IOJIy4aeMbIX IOPOLIKOB, YTO COIIACYETCSI ¢ JAaHHBIMU 3JIEMEHTHOI'O aHAJIU3a.
TTonoGHyI0 3aKOHOMEPHOCTH MbI HAOMIOJAIN MPH MOTYYESHHH TOPOIIKA OKCHIA HU-
KeJlsl B [IpeapaTUBHOM CHHTe3€ U Ipu cbeMke [[BA.

B nsToli rinape npuBeieHbl PEKOMEHIALUY 110 MAacITA0UPOBAaHUIO U amlIapa-
TYPHO-TEXHOJIOTHIECKOMY O(OpMIIEHHIO Tpolecca CHHTE3a MOpPOIIKA OKCHAA HH-
KeJlsl, METOJIUKA pacueTa OCHOBHBIX Pa3MeEpOB allllapaTa, a TAKKE SHEPreTHYECKUX
IapaMeTPOB HPOLECCa 3IEKTPOXMMHUUYECKOTO cuHTe3a. IIpeioxkeHa KOHCTpYKLUs
JJIEKTPOIN3EPA C NapajieIbHbIM BKIIOUEHHEM JJIEKTPOJOB M HAJIOKEHHEM YIbTpa-
3BYKOBOTO M3Iy4€HHs IPou3BoAuTeNbHOCTbI0 200 Kr/rox (puc. 8).
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3 Puc. 8. Cxema s1ekTposin3epa 1
M MOJTyYeHHsI TIOPOINKOB OKCH/IA HHKeJIsI

NPH HAJI0’KEHUH TIePEMEHHOro
CHHYCOMJAJbHOI0 TOKA
B YJbTPa3BYKOBOM HoJle:
1 — snexrponusep ¢ pyOarkoi;
2 — ynbpTpa3ByKOBasi BAHHA

Y
T M
Y

1
>

JlaHHbIe NpenapaTUBHOIO CUHTE3a U JIEKTPOXUMHYECKUX UCCIEeJOBaHU mo-
3BOMIN Pa3paboTaTh TEXHOIOTHUYECKYIO CXEMy IPOHM3BOJICTBA YIbTPaMHUKPOIHC-
IIEPCHOTO MOPOLIKA OKCUa HUKeNs (puc. 9).

Puc. 9. TexHo10orn4eckoro cxema
npoiecca CHHTE3a MOPOUIKA OKCH-
o Ja HUKeJIsI DJIEKTPOIH30M Ha
nepeMeHHOM CHHYCOUIAIbLHOM
TOKe NPH HAJIOKEHHH
YJAbBTPa3BYKOBOI'O M3JIy4€HHUsI:
1 — peakTop /s IPUTOTOBIICHUS
pacTBopa IIenouH; 2 — KOHIEHCATOP;
3 — anekrponusep; 4 — OTCTONHHUK;
5 — ¢unbTp; 6 — HO3aTOp YKCYCHOM
KHCJIOTHI; 7 — CyIIUIKa; A — Bojia
JUCTHTAPOBaHHast; b — xiagoareur;
B b A B — pacTBop anerara HaTpus
‘ Ha BTOPUYHOH MUCIIONb30BaHHUE,;
I' — muHEs OTBOAA XJTaJoareHTa

[prroToBneHrne pacTBOpa THAPOKCHIA HATPHS OCYIIECTBIIETCS B ammapare 1.
Beigensronasicss mpd pacTBOPEHHH H3JUINHSSA TEIUIOTa (C IENBI0 IIOICPIKAHUs
3a/IaHHOM TEMIIEpaTypbl PacTBOPa) OTBOAMTCS XJIAJ0arcHTOM, MOCTYIAOIIMM H3
TEIUI00OMEHHHKA 3JIeKTponu3epa. PactBop mmenoun ¢ remmeparypoit 70 °C momaeTt-
cst B arexrponusep 3. Ilocne 3amonHeHust paboyeil 30HBI HISKTPOIN3Epa Ha JJIeK-
TPOIBI MOJACTCS HANPSDKCHHE MMEPEMEHHOrO TOKAa. BbIIesstomieecst B X04¢ 3JIeK-
TPOJIM3a «IKOYJICBO» TEIJIO C IMOMOIIBIO XJIaJ0arcHTa HAIpaBIseTCsl B TEII000-
MCHHHUK peakropa 1 miist mojepskanus HeoOXO0IMMOl TeMIIepaTypsl pacTBopa Iie-
JIOYH, TaK Kak IOCJIE 3aBEepIICHHs MPOLECCa PACTBOPCHHS THIPOKCHA HATPHS B
BOJI€ TIPEKPAI[AETCs BBIJICIICHUE TEIUIOTH B armapare 1.

O6mass pabouasi MOBEPXHOCTb 3JIEKTPOAOB OIPENCIIETCS BBIPAKECHACM
Sos=Sr (n—1).

ToxkoBast Harpy3ka paccunuTbiBaeTcst 1o hopmyne l,s= iS5/ 2.

TIpousBonurenpHoCTh ammapara P = CKSg.

CkopocTtb pacxozaa aukenst K paccuutsiBaercs mo ¢popmyine K =Am/ (St).

Iepemerienne Bcell KOHCTPYKIIMU BIICKTPOJHON PaMbl IO MEpe pacxojia Hu-
KEJICBBIX DJICKTPOJIOB IPOM3BOJIUTCS OIMYCKAIOIIMM MEXaHHU3MOM C OIPEACIICHHOM
ckopocTeio:  Z = Am /(pS; 7).

KosnunuecTBO TEIUOTh, BBIACISIOMICECS IPH PACTBOPCHHH LICIOYH B BOJE
Epacrs = Con My At.
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OCHOBHBIMH COCTABIISIIOIIMMU Pacxoa dJIeKTPUIeCKOH SHEPruH, MoTpedise-
MOH yCTaHOBKOW B CTallMOHAPHOM PEXHME PabOTHI, SABJIAIOTCS 3aTpaThl Ha dJIEK-
TPOXHUMHUYECKHE PEAKLIH 1 BHYTPEHHHUE DIIEKTPUIECKHE COMPOTHBICHHS:

Es= Ex + Ep.

DHeprusl, 3aTpauuBaeMas Ha JJIEKTPOXMMHUYECKUE PEAKIUH, HEMOCPEACTBEH-
HO CBSI3aHA C BBIXOJIOM II0 TOKY BeIpakeHueM E,, = nEgq.

Brienstonieecss «KOyJIeBO» TEIJIO PacXoIyeTcs Ha HarpeB AJIEKTPOJIUTA,
MOTEPHU TEIUIa C OTXOMSAIIMM BOAOPOJIOM U Yepe3 KOPITyC 3JIeKTpojm3epa. 3aTpaTsl
SHEPTruH Ha HAarpeB 3JIEKTPOJIUTA COCTABIIAIOT

Esn = My, (tad) - tu3n)'
Pacxo/ SHEpruy Ha IOTEPH TEIUIA C OTXOSAIIUM M3 3JIEKTPOJIMU3EpPa BOAOPO-
JOM paCCHHUTBIBACTCSA 110 YPABHEHUIO

H
B, =Gh,Cpty:

C y4eToM TeIUIOM30JISILIKMHU anmapara NIPUHUMAaeM MOTePH SHEPTHH B BUAC Te-
U1a B OKpY)XKarouyro cpeny, paBueiMu 5%: E,o, = 0,05, .

Jnst mopnepkaHus ONTHMANbHOW TEMIIEpaTyphl PacTBOpa JIIEKTPOJIUTA B
mporecce TMOyIeHHsI IOPOIIKa OKCHIA HUKENIS, IPOBOIUMOTO MPU BBICOKUX ILIOT-
HOCTSIX TOKa, HEOOXOJIUMO OTBOJAWUTH BTOPUYHOE TEIUIO, C IOMOILIBIO BOJSHON
OXJIXKJIAIOIIEH pyOalIku U 3MEEBUKOB. PaccyuTaTh 3Ty 3HEPrHIO, OTBOJAUMYIO B
BUJIE TEIJIa, TIO3BOJISIET YPaBHCHUE

Em(') = Em - Ean - EH - En0'r .
M36sITOUHOE «IPKOYJIE€BO» TEIUIO OTBOAUTCS C IIOMOIIBIO OXJIAKIAIOIICH BO-

Abl, €€ pacxod paCCUUTHIBAIOT 10 YPABHCHUIO
_ 0195E06 (1—T]) - Ean - EH2 i

N cp20(te—t,)

Cranus OTMBIBKH sBJsIeTCS HauOojiee TPYJAOEMKOHW B CXeMe MOJIy4eHHs Io-
pomika okcuia Hukens. Hedrpanusauus miesoud Ha MEpBOM 3Tare OTMBIBKH YK-
CYCHOM KUCIIOTOH NPHUBOJUT K CHW)KEHMIO 3aTpaT MPOMBIBHBIX BoJ Ha 50% , mpu
3TOM TaK)K€ YMEHBIIIAeTCsl BpeMsI Ha 3Ty omnepanuio Ha 60%.

Pacxon ykCycHOW KHCIOTBI, HCOOXOIMMBIN IS HEUTpaIM3alluK IEJIOYH Ha
TIEPBOM 3Tarle MPOMBIBKH, PACCUMTBIBACTCS MO (hopMyIie

2

mCH3COOH = (Vp-pa Pp-pa MCH3COOH IMnaor)- 100/W, CH4COOH -

DJIeKTpUYEeCKOe MHUTAaHHE DIICKTPOJIM3Epa B 3aBUCHMOCTH OT JKEJIAaeMbIX Xa-
PaKTEPUCTUK TOJy4aeMOro MPOJIYKTa MOXET OBITh OCYIIECTBICHO pPa3MYHBIM
00pa3oM, KaKk Ha CHMMETPHUYHOM, TaK ¥ Ha aCHMMETPUYHOM TOKE Pa3IMYHON dac-
TOTBI, a TAKXKEe C IPUMEHeHHeM yIbTpasByka (fys).

IIpuBezieH pacueT 3KOHOMHUYECKON 3((HEKTHBHOCTH Pa3pabOTaHHOTO MPOIIEeC-
ca B nienax 2010 roxa.

BbIBO/bI

1. VYcraHoBiE€HO, YTO CKOpPOCTH 3JEKTPOXMMUYECKOTO pacxolla HUKENs B
1...17 M pacTBOpe THAPOKCHAA HATPHS PACTET C YBEIMICHNEM KOHIICHTPAIMHU IIEI0-
yn. Iloka3aHo, 4YTO ¢ POCTOM KOHLEHTpALWKM MAPOKCHIA HATPUs, COOTHOLIEHHE KO-
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JIMYECTBA HJIEKTPHIECTBA, MOIISIEro Ha aHOJHBIH Iporiece 00pa30BaHus OKCHAOB, K
KOJIMYECTBY AJIEKTPUYECTBA, ITOLIE/IIIETO HAa UX BOCCTAHOBJICHUE, YBEIUYUBACTCA.

2. Tloka3aHo, YTO MakcHMajJbHas CKOPOCTh 00pa30BaHMS IOPOIIKA OKCHIA
HUKEJIS JOCTUTAeTCsl PH YacToTe Toka, paBHo# 20 ['u, npu vacroTtax 6onee 100 '
paspylieHrne 3JIeKTPOJ0B MpakTHuecku mpekpamaercs. [Ipu gacrorax 10...50 I'a
oOpasyercs uepHblii nopomok cocraBa NiO; 4, @ Ipu yacToTax O6osee 70 I'y — 3ene-
HOBAaTasi CMECh JBYXBAJCHTHBIX COEAMHCHMH HMKEIS HECTEXMOMETPUYECKOIo CO-
ctaBa NiOj 14. YCTaHOBIEHO: CBSI3aHO 3TO C T€M, YTO NpH YacTtoTrax Oomee 70 I'm
ITOTEHIIMAJl HUKEJIEBOTO 3JIEKTPO/ia HEe JOCTUraeT 3Ha4eHUs, P KOTOPOM BO3MOXK-
HO 00pa30BaHUE TPEXBAJICHTHBIX COSANHEHUIH HUKEIS.

3. BrepBble yCTaHOBJICHO, YTO BapbUPOBAHHE YACTOTHI IIEPEMEHHOTO CHHY-
COMJATIbHOTO TOKAa IMO3BOJISIET, HMOIydYaTh IMOPOIIKHM OKCHJA HHUKENS C 3aJaHHBIM
rpanyiaomerpudeckuM coctaBoM (20 I'm: 40...100 uM, 30 I'm: 20...70 uM, 50 I'm:
10...40 M, 70 ' 10...25 am).

4. OGHapyXeHa UHTCHCH(HUKAIUS pacxolia HUKENS TPHU JICKTPOJIH3E mepe-
MEHHBIM aCUMMETPUYHBIM TOKOM B 17 M NaOH. YcraHoBieHo, 4T0 MakCUMaJIbHAS
CKOpPOCTh TMOJIYYEHHS Mopolnka okcuaa Hukens B 17 M NaOH wnaGmromaercs npu
COOTHOIIIEHHH aHOAHOW INIOTHOCTH K KaTOJTHOM, paBHOM 2,5.

5. Haiineno, uro mpu HamoxxeHuu ynbrpasByka (20...100 x['m) cxopocTh
pacxoja HHUKeENs yBEIM4YMBAaeTCs B 2 pasza. [Ipu 3TOM 3aTpaThl AJIEKTPOIHEPTHU
cHwkatoted Ha 50%. HarnoxeHnue ynpTpa3ByKOBOTO BO3JAEHCTBUS MO3BOJISIET MOJY-
4aTh MOPOLIKH OKCUJIA HUKEJIS € pa3MepaMu yacTull oT 12 + 3 Hm.

6. Haiinensl yciaoBus, npu KOTOPBIX CKOPOCTD MOJYYEHUS yIbTPAMUKPOIHC-
MEPCHOTO TOPOIIKa OKcraa Hukenss mMakcumanbeHa: 17 M NaOH, 70 °C, wacroTa
NEPEMEHHOr0 CUHycouanbHoro toka 20 I'u, miaotHocTh TOKa 2,5 A/CMZ, 4acTtoTa
ynbTpa3BykoBoro m3nydenus 20...100 k['n. [Ipu s3ToM mocTuraroTces 3aTpaThl dIeK-
TposHepruu 12,7 kBr-u/kr.

7. Ha ocHOBe wHccneqoBaHHS OCOOEHHOCTEH TEXHOJIOTHYECKOro Ipolecca
pa3paboTaHbl HKOJOTMYECKH YUCThIE Ja0OpaTOpHBIN croco0 M MalloOTXOJHAs TEX-
HOJIOTHYECKas CXeMa IMOJIyYeHHs yIbTPAMUKPOIUCIIEPCHOTO MOPOIIKA OKCHIa HU-
Kesl Ha IMEpEeMEHHOM aCCHMETPUYHOM CHHYCOUIAJIbHOM TOKE C TPHUMEHEHHEM
YIBTPA3BYKOBOTO U3JIYUEHHS, MIO3BOJISIONIAS TOBBICHTH MPOU3BOAUTEIBLHOCTD IPO-
necca B 16 pa3 1 HCKIIIOUHUTH 00pa30BaHUE TBEPIBIX OTXOI0B.

8. TlpuBeneHa MHXECHEpHAas METOJMKA pacueTa JIEKTPOJHOTO OJIOKa DIIeK-
TpoJaM3epa U TOJIy4eHHs IOPOIIKAa OKCHIAa HHKEJs Ha IePEeMEHHOM CHHYCOHU-
JATbHOM TOKE C MPUMEHEHHEM YJIBTPa3BYKOBOTO H3JIyU€HHs, MO3BOJISIOLIAs TPO-
M3BOJINTHh MACIITaOHBIN MEPEX0] K OMBITHO-ITPOMBIIIJICHHOW YCTaHOBKE.

9. VYIbTpaMHUKPOAMCIIEPCHBIA MOPOIIOK OKCHUIA HUKEIS, TOIyYSHHBIH dIIeK-
TPOXMMHYECKUM CIIOCOOOM, BHEJIPEH IS UCTIONBb30BaHMS B KAYECTBE KaTaln3aTopa
B TEXHOJIOTHIO TPOW3BOJCTBA YriieponHbIx HaHomarepuanoB B OOO «HanoTex-
entp» (r. Tam60B). IIpu 3TOM 3KOHOMEYECKass 3PPEKTUBHOCTh pa3pabOTAaHHOTO
Ipolecca CUHTE3a MOPOIIKa OKCHAA HUKENs 00eCIeuMBaeTCsl yMEHbIIeHHeM cebe-
cronmocTH npoaykra Ha 30%, uto coctasnser 195,2 toic. p. rox (B neHax 2010 roxa)
1 3HAYUTEIbHBIM CHIDKCHHMEM 3aTpaT Ha YTWIM3ALUI0 OTXOJO0B IO CPaBHEHHIO C
CYLIECTBYIOIUM TPAJUIMOHHBIM CIIOCOOOM IOJyYEHHsl KaTalu3aTopa METOJOM
«MOKPOT'0» CIKUTaHUSL.
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Ycii0BHBIE 0003HAYEHHS

S, — pa6ozqa$1 IIOBEPXHOCTH OIHOTO SIEKTPOJa, CM2; Syg — OBIIas HOBEPXHOCTH
3JIEKTPOAOB, CM*; N — YHCIIO 3JIEKTPOAOB; AM — yObUIb Macchl 31eKTpoaa, Mr; K — cko-
POCTB Pacxoja 3MeKTPOIoB, Mr/(cM>u); Z — CKOPOCTb OICKAHUS SIEKTPOOB, CM/I; p —
IIOTHOCTB HHKEINS, MI/cM?, P — IPOM3BOAMTENBHOCTS ammaparta, Kr/a; C — koshuim-
€HT, YYUTHIBAIOLIMI 00pa30BaHUE THIPATHPOBAHHOIO OKCHZAA HHKENS M3 MeTalnye-
ckoro Hukems; E,, — sHeprms, pacxomyemas Ha SJIEKTPOXHMHYECKHE peakiud, JIx;
Epacrs — JHEprus, BhAENsAEMas NPU PACTBOPEHMH TMAPOKCHIA HATpus B Boxe, JIk;
En — 9Heprus, BbIIEIAIONIAsACSA B BUIE «KOYJIEBay Tema, JK; m,,— Macca IeKTPOIH-
Ta B DJJIEKTPOJHM3EpE, KT; C,— YIENbHas TEIUIOEMKOCTh »iekTponuta, JLx/(kr-K);
t,y — ddexTuBnas Temneparypa mpouecca, °C; t,, — HadalbHasg TEMIEPATYpa JJIeK-

tponuta, °C; Gy, — pacxont Boziopona, KI/4; CH2 — yJleNbHAas TEIIOeMKOCTb BOIOPO-

na, JIx/(xrK); Gy, — pacxoJ oXJaXIaromel BOJbI, Kr/d; c'F;'ZOf yIeNbHas TeII0eM-

KocTh oxnaxkpatomedt Boawl, [Ix/(xr-K); t,,t,— HadanmpHas W KOHEYHAs TeMIIEparypa
oxnaxnaromieii Bogpl, °C; Mc,coon — MAcca KHCIOTE, HeoOxoauMasi JUisl HelUTpasn3a-

i, Mi; V., — 00bEM pacTBOpa THAPOKCHIA HATPHS, MIT; Pp.py — TNIOTHOCTH PacTBOpa
TUIPOKCHIA HATPHSL, T/MIT; WCH3COOH — MaccoBasi 0l YKCYCHOM KUCIOTHL, %.

OcCHOBHOE CO/IepiKaHHe TUCCEPTALUM MPEACTABJIEHO B CJASAYIOIUX padoTax
B nepuoouueckux uzoanusx, pexomendyemvix BAK PD:

1. OctpoxkoBa (Hukudopora), E.JO. DrnextpoxuMuueckoe MOBeICHHE BO3YIII-
HOOKHCIICHHOTO HHUKEIs B KOHIEHTPHUPOBAaHHBIX PACTBOpaxX THUAPOKCHAA HATpUs /
E.IO. Octpoxkosa (Hukudopora), A.b. Kumimuank // BectHuk TamO0oBcKoro rocynap-
CTBEHHOT0 TexHu4eckoro ynusepcurera. — 2009. — T. 15, Ne 1. — C. 147 — 153.

2. OctpoxkoBa (Huxudopona), E.FO. 3axoHOMEpHOCTH 3JIEKTPOXMMHYECKOTO
MOBEACHUS METAJIOB TIPH HaoKeHHU repeMerHoro Toka / E.}O. OcrpoxkoBa (Huku-
¢doposa), A.b. Kumumunk // BectHuk TaMOOBCKOTO TOCYIapCTBEHHOTO TEXHHYECKOTO
yauBepcuteta. — 2009 — T. 15, Ne 3. — C. 604 — 615.

3. Kunumuuk, A.B. YcraHoBKa AJs1 U3YyYCHHUS DIICKTPOTHBIX MPOIECCOB HA Ie-
pemenHoM Toke // A.b. Kunumnuk, E.}O. Octposxkosa (Huxkudoposa) / Bectauk Tam-
0GOBCKOr0 TOCYZApCTBEHHOro TexHmdeckoro yHuBepcutera. — 2010. — T. 16, Ne 1. —
C.74-179.

4. OctpoxkoBa (Hukudoposa), E.}O. Diaektpoxumudeckoe paspyrieHre HUKEs
B IIEJIOYHBIX pacTBOpax moj aeictBueM nepemenHoro Toka / E.}FO. OctpoxkoBa
(Huxudoposa), A.b. Kmmmmauxk // Kopposus: marepuansl, 3ammura. — 2011, — Ne 3. —
C.27-31.

5. Octpoxkosa (Hukupoposa), E.JO. BrnusHue 4acTOThl MEPEeMEHHOIO CHHY-
COMJIAJILHOTO TOKA Ha CKOPOCTh pa3pylleHus: HukeneBoro snekrpona / E.JO. Octpoxko-
Ba (Hukudoposa), A.b. Kunmnmuuk // V3BecTrst BRICHIMX y4eOHBIX 3aBeIleHUI. XUMHS U
xuMuaeckas texHonorus. — 2011. — Ne 5. — C. 109 — 113.
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B opyeux uzoanusx:

6. Octpoxkosa (Hukugoposa), E.JFO. Diaekrpoxumudeckue criocoObl MOIyueHHUs
nopomrkoB MetaiuioB / E.FO. OctpoxkoBa (Hukudoposa) // @yHaaMeHTaNbHbIE U TIPU-
KJIaJHbIE HCCIIEIOBAaHMS, MHHOBAILOHHBIE TEXHOJIOTHH, NMpodeccuoHaabHoe 00pa3oBa-
Hue : ¢0. Tp. — Tam6oB : M3a-Bo Tam6. roc. TexH. yH-ta, 2007. — C. 132 — 136.

7. DIEKTPOXMMHYECKOE TIOyIeHHE YIbTPaMUKPOUCIIEPCHOTO MOPOIIKA OKCHIA
HUKEIs W ero IpHMEHEHHe B Ipoliecce ra3odasHoro oOpa3oBaHUs HAHOTPYOOK HpH
nponu3e yriaesogopoxHoro ceipbs / A.b. Kmmmvank, E.JO. Octpoxkosa (Huxndopo-
Ba), E.C. bakynun, A.B. PyxoB // Mexnynap. xoH}. Poc. xummaeckoro ooOrmectsa
um. JI.U. MenneneeBa «Pecypco- u sHeprocdeperaromniie TeXHOJIOTHH B XUMUYECKOH 1
Hedrexumuyeckol nmpombinuieHHocTH». — M. : M3a-Bo PXTY um. 1. Y. Menzeneesa,
2009. - C. 127.

8. Octpoxkosa (Hukudoposa), E.JO. K Bompocy 06 HCIOIb30BaHIH dIEKTPOIIH-
THYECKOTO IIOpOIIKAa OKCHIa HHKeNs JUIS CHHTE3a YIJIepPOXHBIX HAHOTPYyOOK /
E.1O. Octpoxkoa (Hukudoposa), A.B. Pyxos, A.b. Kunumunk // HanoTexHomoruu. —
2008. - Ne 4. — C. 47 - 53.

9. Octpoxkosa (Huxugopona), E.FO. BiusHre 4acToThl IEpeMEHHOTO TOKa Ha
9IEKTPOXUMHUYECKOEe ITOBeACHHE HuKenst B 17 M pacTBope ruapokcupa Hatpus /
E.1O. OctpoxkoBa (Huxudoposa), A.b. Kumnmunk, E.C. bakynun / Beepoc. Hayd. mk.
11t MontoiexkH «COBpPEMEHHBIE aCTIeKThI TBEPIOTEIbHOH eKTpoxuMum».— M. : U3x-Bo
00O HOII «PocunTany, 2009. — C. 154.

10. CuHTEe3 MENKOAUCIIEPCHOTO MOPOIIKA OKCHIA HHKEJS JIEKTPOJIU30M Ha Iie-
PEMEHHOM TOKE M €ro IPHMEHEHHE B KaueCTBE KaTall3aTopa MpH IHPOJIH3e YIIIeBOIO0-
pomos / E.YO. Octpoxkosa (Hukudoposa), /1.B. O6pasnos, A.b. Kunumuuk, B.I1. Ille-
noxsoctoB // XI1I MexnyHap. Hay4.-TexH. KoH}. «HaykoeMKkre XMMUUECKHE TEXHOJIO-
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