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HNPEIUCJ/IOBHUE

Pa3BuTre HapOIHOTO XO34MCTBA B 3HAYMTEIIBHOW CTEIEHU OIPEC-
JIIETCSl MPOU3BOJICTBOM METAJJIOB M CILJIABOB, KOTOPHIE SIBISIFOTCS OCHOB-
HBIMM KOHCTPYKIIMOHHBIMH MaTepHajIaMM JJISI CO3JIaHus Pa3IndyHOro 00o-
PYJOBaHUsS, MAIlIMH, IPUOOPOB, CTPOUTEIIBHBIX KOHCTPYKIIMHA U T.1. Ypo-
BECHb  NPOM3BOJACTBA  METAUIOB  XAPAKTEPU3YET  MPOMBIILIEHHO-
TEXHUYECKUU MOTEHIIMAN Ka)K/1I0i cTpaHbl. Exxero/iHbie yOBITKH OT KOPPO-
3UW UCUMCIISIOTCS ASCATKAaMU MUJUIMAPJIOB pyOJieil. Y CTaHOBIEHO, 4YTO 3a
rojJ B pe3yJbTaTe KOppO3uu MpuUMepHO 25 % u3Aenud W3 METAUIOB U
CILJIABOB MPUXOJST B HEFOJHOCTh W HAMPABJISAIOTCS HA MEPEIUIABKY.

Pazpyiienue matepraiioB U 000pyIO0BaHUS W3 METAJUIOB W CILIaBOB
MOKHO PE3KO CHU3UTH, IPUMEHSS pa3IMYHbIE METO/IbI 3aIUTHI OT KOPPO-
3UM, a UMEHHO: 3alllUTHbICE METAJJIMYECKUE U HeMeTajuimdeckue (Ioju-
MEpHbIE, JTAKOKPACOYHBIE, PE3NHOBBIE) MOKPHITHSI, HHTHOUTOPHI KOPPO3HU-
OHHOW Cpebl, aHOJHYIO0 U KAaTOAHYIO 3amuTy U T.1. Cpeau MHOXKECTBa
METOJIOB 3alllUThl OT KOPPO3WHU CAMBIM PACIPOCTPAHECHHBIM SIBJISIETCS
HAHECEHUE MOKPBITUN, B YACTHOCTH, TaJIbBAHUYECKUX MTOKPBHITUH.

["anpBaHOTEXHHUKA B CBS3U C OYpPHBIM Pa3BUTHEM Pa3IMYHBIX OTpac-
JIEW MPOMBIIIJICHHOCTH, BOSHUKHOBEHUEM HOBBIX OTPACJIC€l TEXHUKU B MO-
CJIEIHEE BpEeMs MPEBpATWIaCh B BEChbMa PAa3BETBICHHBIM U CICIHAATU3U-
POBaHHBIN CIOCOO Mpou3BoicTBA. Pa3pabaTsiBaroTCsl M MCMOJB3YIOTCS HO-
BbI€ METOJIbl ICKOPATUBHOW OTAEIKM MATEPUAJIOB, 3aIIUTHI UX OT KOPPO-
3UH, CO3JAIOTCS MOKPBITHS C 3apaHee 3aJaHHBIMM CIIEIHAIbHBIMU CBOM-
cTBaMu. MeTO/Ibl TaJIbBAHOTEXHUKHA MPUMEHSIOT HE TOJBKO JJIs1 HaHece-
HUSI TIOKPBITUM, HO U JJIS OJTy4YeHUS MoJy()adpuKaToOB CIOXKHBIX AeTayei
U BJIEMEHTOB KOHCTPYKIHUM. DIEKTPOXUMHUYECKHUE METOJbI BCE Yallle MPH-
MEHSIOT JIJTSl PEIICHUSI MHOTHX CJIOKHBIX 3a]1a4, KOTAa IPYTUe TEXHOJIOTU-
YECKHE MPOIIECChl HE MPUTOaHbI WM ManodpdextuBHbl. [loaTomMy mpen-
CTaBJISICTCS 1I€JECO00pa3HbIM pacCMaTPUBaTh BOMPOCHI TEOPUU KOPPO3UHU

U ITPAKTHKHU T'aJIbBAHOTCXHHUKHW B OJHOM HU3JaHHH.



B cBs3u ¢ 3THM TTOCOOME MOXKHO YCJIOBHO pa3feiuTh Ha JIBE YaCTH.
Teopetnueckas vacth (1. 1-3) MOCBAIIEHA TEPMOJUHAMUKE M KHHETHKE
KOPPO3HOHHBIX ITPOIECCOB, CIIOCO0AaM 3allUThl OT KOPPO3UH MeTaJlInde-
CKHUX KOHCTPYKIMOHHBIX MAaTE€pPHUAIOB, a TAK)KE TCOPUU U MPAKTUKE Tajlb-
BAaHOTEXHUKU. DKCIICPUMEHTaJIbHAs 4acTh (11. 4) COAEPIKUT PYKOBOJCTBO K
JabopaTOpHBIM paboTaM, OTpa)karolee OCHOBHOE COJEpKaHUE Kypca 3a-
IIATHI METAJIJIOB OT KOPPO3UH.

B konlle mocoOusi MpUBEAEH CHUCOK JIMTEPATYpPhl, MOJb3YSICh KOTO-
pPBIM, CTYISHTBI CMOTYT OoJjiee TOAPOOHO O3HAKOMHUTHCS C OTACIHHBIMU

BOIIpOCaMH aHTI/IKoppOBI/IOHHOf/'I 3alllUThI MCTAaJIJIOB.



1. KOPPO3UA METAJIJIOB U CIIJTABOB

Metamnbl 1 METaUIMYECKHE CIUIaBbl — OJHU W3 OCHOBHBIX KOH-
CTPYKIMOHHBIX MATEPUAIIOB, MPHUMEHSIEMBIX B PA3JIUYHBIX OTPACIAX
HapOJHOTO Xx03siicTBa. OJIHAKO MAIWHBI U amMaparthbl, TPYObl, TPUOOPHI U
JIpyrue W3JENUsl TOJi BO3JACUCTBUEM Pa3IUYHBIX (PUIMKO-XUMHUYECKUX,
Ouonornueckux (pakTOpoOB pa3pylIAIOTCA WU TEPSIOT (CHUXKAIOT) CBOM
MOTPEOUTETHCKHE KaueCTRa.

Pazpymienne usznenuid w3 METALIOB IOJ BO3JCWCTBUEM BHENIHEN
Cpelbl MOJIYYHJIO Ha3BaHUE kopposuu. CI0BO «KOPPO3US MPOUCXOIUT OT
JATHHCKOTO COrrodo (oOrpeI3aTh, M3rpHI3aTh), IJie KOPEHb -I0do- o3HaYaeT
«pa3benaThy.

O xoppo3uu (p>KaBJICHUN) METAJIJIOB U3BECTHO C JPEBHEHUIINX Bpe-
MEH, OJJHAKO B COBPEMEHHOM MOHMMAHWMU TEPMUH NOsBUWICA B 1667 r. B
anrmiickom xyprane «Philosophical Transactions» B cBsi3u ¢ omucaHu-
€M JIOKAJIbHOW KOPPO3UK OPOH30BBIX MYIIEK B KPEMOCTH Ha 0. SImalike.
B Poccuu sgBiieHHE KOPPO3UU METAIIOB B Ta30BBIX CpEJax M pacTBOpaX
kucyor uccienosan M.B. JIomoHOCOB. TepMUH «KOPPO3Us» B PYCCKOM
a3bIKe MOsiBWIICSA B Hawvase XX B. Jlo 3TOoro BpeMeHU YHNOTPEOJISINCH
OJIM3KHE MO CMBICITY CJIOBA CIIABIHCKOTO MPOUCXOXKIECHUS — «piKay,
«PKABIICHUEY.

Koppo3usi — npouecc camonporu3BOJIbHBIN, BCErla HETATUBHBIA C
TOYKH 3PEHUS MPOMBIIUICHHON NpakTUKu. B MexayHapogHom cranaap-
te UCO 8044-1986 nmoa TepMUHOM «KOPPO3Us» MOJApa3yMeBatoT HU3U-
KO-XMMHUYECKOE B3aMMOJCUCTBUE MEXKIY METAIIIOM U CPENOM, B PE3YIIb-
TaTe€ KOTOPOr0 MPOUCXOJIUT U3MEHEHUE U YaCTO YXYAUIEHUE (YHKIIMO-
HAJIBHBIX XapaKTEPUCTUK METaJa, CPEAbl WM BKIIOYAIOMIEH UX TEXHHU-
YECKOM CUCTEMBI.

Cpena, B KOTOpOH MPOUCXOAUT pa3pylI€HHWE METajjla Wid CIUIaBa,
Ha3bIBACTCS KOPPOIUOHHOU WIN a2pecCusHoll, a 00pa3yrolIuecs B pe3yib-

TaTe€ KOPPO3UU XUMHUUYECKUE COCAUHEHUS — NPOOYKMAMU KOPPOIUU.



1.1. Knaccupukanuss KOPPO3HOHHBIX MPOIECCOB

Mertamibpl U CIUIaBbl MOTYT pa3pylIaThCsl MOJ ACHCTBUEM XHMUYE-
CKOro (xumuueckas rkoppo3sus), SACKTPOXUMUYCCKOro (anekmpoxumuye-
CKasi Koppo3usi), OMOJIOTUYECKOTO (MUKpobuonocuueckas Niu MuKpoOHas
KOppo3ust), PATAAMOHHOTO (paduayuonuas Kopposus) U MEXaHUIECKOTO
(3po3us) BO3JNEUCTBUN BHEIIHEW cpenbl. [IprueM mpoleccsl KOppo3uu U
9po3uu (M3HAIUBAHWE, UCTUPAHUE U T.11.) MPHU SKCIUTyaTaIMH anmnapaTypbl
MOTYT IPOTEKaTh OJHOBPEMEHHO, HAMpUMep, Mpu paboTe HACOCOB, Me-
1aJIOK, BUHTOB U T.]I.

CrocoOHOCTh MeTajlla CONPOTHUBIISITECS KOPPO3HMOHHOMY BO3JCH-
CTBHUIO CPEJIbl HA3BIBAIOT KOPPO3UOHHOU CIMOUKOCbIO.

Koppo3ust MeTaiia uin cruiaBa NPOUCXOJUT, KaK MPaBWIO, HA Tpa-
HUILIE pazjaena ¢asz, T.€. Ha TPaHUIIE COMPUKOCHOBEHUS TBEPAOTO BEIIECTBA
C Ta30M WJIH KUJIKOCTBIO.

[TpuumHOW KOpPPO3UM SBIACTCS MEePMOOUHAMUYECKAS. HEYCMOUYU-
socmb MeTajia B OKpyskaromiei cpeae. Ilomapistomnee OOIBITMHCTBO Me-
TAJUTMYECKUX AJIEMEHTOB B 36MHOM KOpE HaXOJATCS B OKUCIEHHOM COCTO-
SSHUM — B BUJIE OKCHUOB, CYyJIb(UI0B U APYTUX COSAMHEHUN. MeTamtypru-
YyecKasi MPOMBIIUICHHOCTh OCYIIECTBIISIET BOCCTAHOBJICHUE METAJIJIOB M3
WX TIPUPOJIHBIX COeAMHEHUN. MeTalls B BUJIe U3/EIHS MPU €0 IKCIUTyaTa-
IIUU B MPUPOJHBIX YCIOBHUAX, B XMMUUYECKOW MPOMBIIIUICHHOCTH U B JPY-
IUX OTPacisX B3aMMOJICHCTBYET C KOMIIOHCHTAMH OKPYKArOIIEH Cpeibl,
HaIpuMep C KUCIOPOIOM BO3ayxa, o peakiuu 2M+0, — 2MO.

Jlist ompesneneHusl HANpaBJICHUS PEaKIMM HY>KHO 3HATh W3MEHEHHE
sHeprun ['m66ca 4G (M300apHO-N30TEPMUIECKOTO TTOTCHIINAIA) B CUCTEME:
AG =G;-Gy,
rae G, u G, —snHeprus ['m66ca NCXOAHBIX BEIIECTB M TPOAYKTOB PEAKIIUH

COOTBETCTBEHHO.
CaMonpoun3BOJIBHO MPOTEKAIOT T MPOIECCHI, KOTOPhIC COMPOBOXKIA-

I0TCSI YMEHbIIIeHHEeM 3Hepruu ['nb0ca, T.e. 115 koTopbix G; <G, nnu AG<O.



JI71s1 pacCMOTPEHHOM BBIIIE€ PEAKIIUM OKUCICHUS Y BCEX META/IOB (Kpome
30J10Ta) MpHU CTaHJAAPTHBIX yciuoBusax AG® < (). CrnenoBarenbHO, METaJIbI
CaMOIPOU3BOJIBHO MEPEXOJAT B OKHCIEHHOE COCTOSIHUE MPHU B3aHMMOJCH-
CTBHUM C OKUCIIUTEIHLHBIM KOMIIOHEHTOM OKpY>Katoieu cpenbl. YToObl mpo-
JUTUTh CPOK CIIY»KObl METa/UIMYECKUX H3ACIUN, HEOOXOIUMO OCYIIECTB-
JSATh CHEIUAIBHBIE MEPOIIPUSITHUS IO 3AIIUTE METAIIJIOB OT KOPPO3UH.

Koppo3uoHHsie mporecchl KiacCU(UIMPYIOT MO MEXaHU3MY B3au-
MOJEUCTBUS METAILJIA CO CPEAOIL; MO BUIY KOPPO3UOHHOW CPEABL; IO BUILY
KOPPO3HOHHBIX Pa3pyILICHUH; 10 00bEMY Pa3pyLIEHHOTO METAJNIA; MO Xa-
paKTepy JOMOJHUTEIBHBIX BO3JCHCTBUN, KOTOPHIM IMOJBEPraeTCsi METall
OJTHOBPEMEHHO C JICICTBUEM KOPPO3UOHHOM CpEIbl.

e [0 MexaHuU3My peaKlMy B3aUMOJICMCTBUS METAIa CO CPEIOM pas-
JUYAIOT XUMUYECKYI0 U dNleKmpoxumuyeckyro kopposuto. Kopposuro, mpo-
TEKAIONIYIO MOJI BIUSHUEM KU3HEJAEATEIIbHOCTH MUKPOOPIaHU3MOB, OTHO-
CAT K Ouono2u4eckou, a MPOTEKAIOIIYIO O] JEUCTBUEM PAJUOAKTUBHOTO
U3JIYYEHUS — K paouayuoHHOU.

e [lo BUy KOPPO3UOHHOU Cpe/lbl, YUACTBYIOIIEH B KOPPO3UOHHOM
pa3pylIeHUH MeTalljla WU CIUIaBa, Pa3iudaloT KOPPO3UI0 B KUIKOCTSIX-
HE3JIEKTPOJIUTAX, KOPPO3HUIO B pACTBOpAX M paciuiaBax 3JIEKTPOJUTOB, ra-
30BY10, aTMOC(EpHYI0, MOJ3eMHYI0 (IMMOYBEHHYIO) KOPPO3HIO0, KOPPO3UIO
OJIY>KJIatOIIMM TOKOM H JIp.

e [lo xapakTepy M3MEHEHUs TOBEPXHOCTU METajlla Ui CIlJlaBa JIu0o
MO0 CTEMEeHU W3MEHEHHUA MX (U3MKO-MEXaHMYECKUX CBOMCTB B MpOIIecce
KOPpPO3UM HE3aBUCHUMO OT CBOWCTB CpEIbl Pa3IMYalOT HECKOJbKO BHJIOB
KOPPO3UOHHBIX pa3pymieHuii (puc. 1.1).

Ecau xoppo3usi 0XBaThIBa€T BCHO IMOBEPXHOCTh METajja, TO OHA
Ha3bIBaeTcs cuiownou (puc. 1.1, a, 6). Takoi BUA KOPPO3WU METAJIOB
HaOJII0TaeTCs MO JSUCTBUEM KUCIIOT, IeJ09ei, aTMOC(epshl.

CrutommHasi KOppo3usi MOKeT ObITh paBHOMepHOW (puc. 1.1, a), T.e.
paspyllieHre MeTauia MPOUCXOIUT C OJMHAKOBON CKOPOCTBIO MO BCEW TO-

BEPXHOCTH, U HepaBHOMepHOM (puc. 1.1, 6), Korga cKOPOCTh KOPPO3UU Ha
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OTJICJIbHBIX Yy4YacTKaxX MOBEPXHOCTH HeoauHakoBa. [IpumepoM paBHOMEpHOH
KOPPO3UH MOTYT CIIY)KUTh B3aMMOJECHMCTBUSA MEJIA C a30THOM, »KeJie3a C COo-
JITHOM, IMHKA C CEPHOM KHCIJIOTAMU; AJIOMUHHS — C PACTBOPAMU IIETOYEH.

AHAJIOTUYHO KOPPOJAUPYIOT CTAIbHBIE TPYObI HA OTKPHITOM BO3/IyXE.

Puc. 1.1. Buanl kopposunu:

a — CILJIOIIHASI PABHOMEPHAas; 0 — CILUIONIHASI HEPABHOMEPHAas;
6 — CTPYKTYPHO-U30UpaTebHAsA; 2 — IATHAMH; O — I3BAMU;
€ — TOYKaMu (IMTTUHI0Bas); )¢ — MOANOBEPXHOCTHAS;

3 — MEKKPHUCTAJNJIUTHASA

CrutaBbl HEKOTOPBIX METAJIJIOB MOABEPIKEHBI U3OUpamenbHOl KOp-
pO3UM, KOrJa OJWH M3 KOMIIOHEHTOB (MJM OJHA M3 CTPYKTYp) CIUIaBa
pa3pylIaeTcs, a OCTAIbHbBIC MPAKTUYECKHU OCTaloTCs 0e3 n3MeHeHui. [lpu
CONPUKOCHOBEHUHU JIATYHU C CEPHON KUCIOTON MPOUCXOAUT KOMNOHEHM -
HO-U30uUpamenvHas KOPPO3Us — KOPPO3Us IIMHKA, a CIIJIaB oOoraiiaercs
Menplo. Takoe paspylieHue JIETKO 3aMeTUTh, TaK KaK MPOMCXOJUT IIO-
KpaCHCHHUC ITOBCPXHOCTHU HU3ACJIINA BCICACTBUC YBCIIMYCHHA KOHICHTpPA-
MU Meau B IIpokoppoaupoBaBiieii ooOnactu. Ilpu cmpyxkmypho-
uzoupamenvroi Koppo3uu (puc. 1.1, 8) IpOUCXOAUT MPEUMYIIECTBEHHOEC
pazpylieHrue Kakoh-mu00 ogHOM CTPYKTYyphl ciuiaBa. Hanpumep, npu co-

MPUKOCHOBEHUH CTaJIM C KUCJIOTaMU pa3pyiiaercs GeppuTHas CTpyKTypa,
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a kapOua >xene3a octaercs 0€3 U3MEHEHUNH. DTOMY BHUY KOPPO3HH OCO-
OCHHO MOJABEPKEH YYTYH.

[Mpu mecmuoii (10xarvHo) KOPPO3UU HA TIOBEPXHOCTH MeTala 00-
HapyKUBAIOTCSI TMOPAXEHUS B BHUJIE OTIEIbHBIX MITEH-MOPAXKECHUHN, HE
CHWJIBHO YTIIyOJICHHBIX B TOJIIY MeTaiiia (cM. puc. 1.1, 2), sA3B-mopakeHHi,
CUJILHO YIJ1yOJICHHBIX B ToJIy MeTaia (cm. puc. 1.1, 0), Touek (MUTTUH-
roB), MHOTJA €JIe¢ 3aMETHBIX TJIa3y, HO IIIyOOKO MPOHUKAIOIIUX B METAJLI
(cMm. puc. 1.1, e). Koppo3us B Buae sI3B U TOUEK OYCHb OMACHA IS TAKUX
KOHCTPYKIHM, TJ€ BAXKHO TMOJJECPKUBATh YCIOBUA TE€PMETUYHOCTH U
HEMPOHUIIAEMOCTH (EMKOCTH, ammapaThl, TPyOOIIPOBOIbI, IPUMEHSEMbIC B
XUMHUYECKON MPOMBIIIIIIEHHOCTH).

Iloonogepxnocmuas KOppo3us HAUMHAETCS C MOBEPXHOCTU METaia
NPy Pa3pylIEeHUH Ha OTHAEJBHBIX YYacTKaxX €ro 3allUTHOIO IMOKPBITHS
(UIeHKH oKcuaa W ap.). B 3ToM ciydae paspyllieHHe HUIET MpeumMyliiie-
CTBEHHO IOJ| TMOKPBITUEM, W MPOAYKTHl KOPPO3UHU COCPEIOTOUYMBAKOTCS
BHYTpHY MeTasuia. [1oamoBepXHOCTHAs KOPPO3US YaCTO BHI3HIBAET BCITYYH-
BaHUE U paccioeHue Metama (cM. puc. 1.1, o). Onpenenuts ee BO3MOX-
HO TOJIBKO IO MUKPOCKOIIOM.

Mesickpucmannumnas KOppo3us — pa3pylIeHUE METaula Mo TPaHHULIAM
KPUCTAJUIUTOB (3€pEH) C MOTEPEN €ro MEXaHMYECKOW MPOYHOCTH; BHEIIHUN
BUJ METAJIJIa TP 3TOM HE MEHSETCS, HO OH JIETKO pa3pyIIaeTcsl Ha OT/ACIIb-
HbIe KPUCTAJUIMKHU T0J] MEXaHUYECKUM BozzaeicTBueM (puc. 1, 3). OObsCHs-
€TCsl 3TO 00pa30BaHMEM MEXIY 3€pHAMM METajlla WM CIUIaBa PHIXJIbIX Ma-
JIOTIPOYHBIX MPOIYKTOB Koppos3uu. Iloa meiicTBuEM KOPPO3UMOHHOW Cpeibl
OJIHa U3 CTPYKTYp, PacloJIOKEHHAs! 10 TPAHMIIC 3€pHA B BUJIE HEMPEPHIBHOM
IEMOYKH, PACTBOPSACTCA MPU MOTEHIMAJIAX AKTUBHOTO COCTOSIHMSI; B 3TOM
clly4ae aHOJIHAasl PeaKIus JIOKAJIU3yeTCs Ha TPaHUIE 3€pHA, a CaMO 3€pPHO
MeTaia (00beM) HaXOUTCS B TACCUBHOM COCTOSIHUM U Pa3pyIIaeTcs Majo.

[l]enesas koppo3usl — pa3pylleHNE METAIIA MOJI NPOKIaJKaMu, B 3a-
30pax pe3bOOBBIX KPEIUICHUSX, B KJICMAHbIX COCAUHECHUSAX U T.1. OHa Ya-
1€ Pa3BUBAETCS HA yYACTKE KOHCTPYKUMUHU, HAXOASAUIEHCS B 3a30pe (11en)
(puc. 1.2).
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e [lo xapakrtepy AONOJIHMU-

TEJIbHBIX BO3JCUCTBUM, KOTOPBHIM

nmoaBepracrcda METall OIHOBPC-

MEHHO C BO3JECHCTBUEM arpecCHB-
HOW Cpelnbl, MOXHO BBIJCIUTH
KOPpPO3UIO TMOJ  HANPSIKCHUEM,
KOPPO3HIO0 NIPU TPEHUU M KaBUTa-

ITMOHHYIO KOPPO3HIO.

Kopposusi noo nanpsicenu-
eM — 3TO KOPpO3us IIPU OJHOBpE-
MEHHOM BO3JEWCTBUU KOPPO3HOH- Puc. 1.2. IlleneBasi Kopposusi:

HOM cpenbl M IOCTOSHHBLIX WM 1 — meTant; 2 — MMOACKTPHK;

BPEMEHHBIX HAIPSIKECHUMN. 3 — KOppo3HONHasl cpena
Eciu 310 pactiaruBarolve HampsHKEHUs,, BO3MOXXHO KOPPO3UOHHOE
pacCTPECKUBAHUE, KOT 1A Pa3pyLICHUE IPOUCXOIUT HE TOJIBLKO I10 TPAHULIAM
KPHUCTAJUIMTOB, a PA3JIEISIETCS HA YaCTHU U caM KPHUCTAJUIMT METaJUIa. JTO
OYEHb OMACHBIA BUJI KOPPO3HH, OCOOCHHO ISl KOHCTPYKIIMH, HECYIIUX
MEXaHUYECKUE HArpy3Ku (MOCTBI, OCH, TPOCHI, pECCOpPbI, aBTOKJIABhI, Ma-
POBBIE KOTJIBbL, JBUIAaTEIM BHYTPEHHETO CrOpaHus, BOASHBIE U IAPOBHIC
TypOuHBI U 1p.). OJHOBpEMEHHOE BO3/IEUCTBUE TUKIMYECKUX PACTITUBA-
IOIIMX HANPSDKEHUN U KOPPO3UOHHOM CPEIbl BBIZBIBAET KOPPO3IUOHHYIO
ycmanocms, T.€. NPOUCXOAUT MOHWKEHUE Ipelelia YCTAIOCTH METaJLIA.
DTOMyY BHAY KOPPO3HH MOJBEPKEHBI BaJIbl IPEOHBIX BUHTOB, PECCOPHI aB-
TOMOOUJIEH, KaHATHI, OXJIAXK/IA€MbIE BAJIKU MTPOKATHBIX CTAHOB U JIp.
Kopposus npu mpenuu — paspylieHue MeTajula IpAu COBMECTHOM JIEH-
CTBUUM KOPPO3UOHHOU Cpepl U TpeHus. [Ipu nepemMelenun aByx IMoBEpPXHO-
CTE€d OTHOCHUTEIIBHO JIPYT Jpyra B YCIOBHSX BO3JECUCTBHUS KOPPO3MOHHOU
Cpelbl TPOUCXOAUT KOPPO3US HUCTHUPAHUEM, WIH @hpemmune-Koppo3usl.
YCTpaHuTh KOPPO3UIO MPU TPEHUH BO3MOXKHO MPABUIBLHBIM BBIOOPOM KO-
PO3UOHHO-CTOMKOTO M CTOMKOIO K UCTUPAHUIO KOHCTPYKIIMOHHOTO MAaTEPH-

ajia, CHUKeHUEM Kod(puiimeHTa TpeHusl, IpUMEHEHUEM MOKPBITUI U T.1.
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Kasumayuonnas kopposus — pa3pylieHuE OBEPXHOCTU METaJIA WU
CIUIaBa, BBI3BIBAEMOE OJHOBPEMEHHBIM KOPPO3UOHHBIM M MEXAHUYECKUM
BO3/ICMICTBUEM arpecCUBHON cpelbl (Hampumep, KOPPO3Hs JIOMACTEH

rpeOHBIX BUHTOB BOJIHOT'O TPAHCIIOPTA).
1.2. DjekTpoxuMHuYecKas KOppo3usi MeTALIOB

dnexmpoxumudeckas Koppo3us — pa3pylieHuE METAUIMYECKUX Ma-
TEPUAJTIOB B PE3yJIbTaTe AIEKTPOXUMHUYECKOTO B3aUMOJICUCTBHUS UX C KOP-
PO3HWOHHON Cpeoll (DJIEKTPOIUTOM). DIEKTPOXUMHUYECKAss KOPPO3HsI MO-
KET TPOTEeKaTh B arMocdepe, €CIM Ha IMOBEPXHOCTH MeTajlla KOH-
JeHCcUpyeTcsl Baara (ammocgepnas koppo3us), a TakKe B pacTBOpax WU
pacriaBax dJIEKTPOJIUTOB.

[Ipu HSIEeKTPOXUMUYECKOM KOpPpPO3WHM Ha MeETaie OJHOBPEMEHHO
MPOTEKAIOT JIBE PEAKIIUHU:

- aHoOHasi (MOHM3AIMSI aTOMOB MeTajlla ¢ MEePexX0J0M MX B PacTBOP
AIIEKTPOJIUTA — PACTBOPECHHUE METAIIA):

M — M" + ne’;
- kKamooHuas (BoccTaHoBIeHUE okucutens O,):
O, + ne — Red,

rie Red — BoccranoBneHHas (hopma pearupyroriero BeriectBa: Oy — OKUCITATENb.

DTH peaKInu SIBJSIOTCS CONMPSKECHHBIMH, CBI3aHHBIMH MEKIy COOOM
OallaHCOM DJISKTPHYCCKUX 3apSJIOB  SJIEKTPOXUMHUYECKUX TIPOIIECCOB:
AJIIEKTPOHBI, BHICBOOOKIAIOIITHECS B MPOIIECCE MOHU3AIIMY aTOMOB MeTaJljia
MO/ JACHCTBHUEM DJICKTPOJIUTA, TEPEXOIAT K OKHCIUTENI0, KOTOPBIM TMpHU
TOM BoccTaHaBiuBaeTcs. Crenyer oOpaTuTh BHUMAHHUE, YTO TPHU DJICK-
TPOXHMHUYCCKON KOPPO3MH KaTHOH METaJlJla BCTYIIAeT B CBSA3b HE C OKHC-
JUTENEeM, a C APYTUM KOMIIOHEHTOM KOPPO3HMOHHOW Cpejibl, CTIOCOOHBIM
COJIbBATUPOBATh KATHOHBI, HAIPUMED:

M + mH,O — M- mH,0 + ne,

01051 O6pa3OBBIBaTB KOMIIJICKCHBIE COCAMHCHU A
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M+ mA — [MA,]™"+ne
0e3 ydacTus BaJICHTHBIX 2JIEKTPOHOB METaJLja.

K koppo3uu (pacTBOpEeHHIO) MeTajula MPUBOAUT MPOTEKAHHE COO-
CTBEHHO aHOJIHOM peakiuu. ECiau MoBEpXHOCTh METala U KOPPO3UOHHAS
cpella OAHOPO/IHBI, KATOAHAS U AHOJHAs PEAKUUU IIPOTEKAIOT C OJIMHAKO-
BOM CKOPOCTBIO B JIFOOOM TOUKE MOBEPXHOCTU METaJLJIa, U METAJT PaCTBO-
psieTcsa paBHOMEpHO (obwasn koppo3sus). [10BepXHOCTh pealbHBIX METall-
JIOB Y CILIaBOB OOBIYHO HEOJHOPOIHA, PA3JIMYHON MO COCTABY MOXKET OBbITh
M KOPpPO3WOHHAs Cpela. DTO NPUBOAUT K TOMY, YTO AHOJHAA PEAKIIUSA
MOHHU3AIUM aTOMOB METajlla COCPEIOTOYMBACTCA Ha OTACIBHBIX HEOOJb-
IIAX YYaCTKaxX MOBEPXHOCTU METAJLIA, & HA OCTAJIbHOM MMOBEPXHOCTHU IPO-

TEKAeT KaTOAHAasl Peakiusl, T.€. UMEET MECTO JIOKATbHAS KOPPO3USL.
1.3. TepMmoanHaAMHUKA JIEKTPOXUMHUYECKON KOPPO3MH

[IprurHONW KOPpPO3UHM METAIIOB SIBISIETCA WX TEPMOIAMHAMUYECKAs
HEYCTOMYUBOCTb B KOPPO3UMOHHOM cpene. Mepor TepMOIMHAMUYECKOU
HEYCTOMYMBOCTH CITY>KUT U3MeHeHue 3Heprun ['mboca, HabmomaemMoe npu
B3aMMOJICCTBUM METAJIIA C DIEKTPOIIUTOM:

AG=-nF E, (1.1)
IZIe 71 — YACJO JJIEKTPOHOB, YYaCTBYIOIIMX B AJIEKTPOXUMHUYECKOM IIPOLIECCE;

F — yucino dapagest, pasHoe 96 485 Ki/moms; E° =EP —E? — pasnocts

PaBHOBECHBIX IIOTEHIMAIOB KaToqHoii E; u anognoii E; peaxunii, B.

TepMogMHAMUYECKH KOPPO3MOHHBIA MPOLECC BO3MOXKEH JIMIIb MPHU

AG < 0, mosromy EF > 0, ciemoBaTenbHo, E/>EP. DTO O3HA4aer, 4To

AICKTPOXUMHYIECKAsT KOPPO3Us MeTajia OyIeT MPOUCXOINUTh, €CIIH B Pac-
TBOpE MPUCYTCTBYET OKHCIUTEIh, PABHOBECHBIHN MMOTEHITHAI KOTOPOTO TI0-
JIO)KHTEJIbHEE PABHOBECHOT'O ITOTEHIIMAJIA METaJljIa.

PaBHOBeCHBIN (0OpaTHMBIi) MOTEHIIHAT EP mns peakiuu OX+ne” =

= Red paccuutsiBaioT 1o ypaBHenuto Hepucra:
EP = E°+ 2,3 (RT/ nF)19(ac, / 8geq), (1.2)
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rae E° — craHgapTHBIA NOTEHIHMAN 3JEKTPOXUMHUYECKON CUCTEMBI (IPUBO-

IUTCS B cIpaBOYHBIX Tabnuiax), B; R = 8,31 Jx/(monp-K) — razosast mo-

cTosinHast; T — aOcomtoTHast Temmneparypa, K; 8o, — aKTUBHOCTh OKHCIICH-

HOM (hOpPMBI BelecTBa; Ared — AKTUBHOCTH BOCCTAHOBJIEHHOMN (hOPMBI Be-

1IECTBA.
PaBHOBECHBIN NTOTEHIIAAT AaHOJHON PEAKIINU:

E’=E, =E, +23(RT/nF)lga,.. | (1.3)

rae &, — aKTUBHOCTH HOHOB METALIA B PACTBOPE; req = &y =1 — my1s
p .
MHINBUIYaTbHOTO MeTana; £, — paBHOBECHHII MOTEHIINAT METAILIA.

Iy pacdyera paBHOBECHOTO MOTEHIIMATA KATOAHOW pEaKIUU ES
HY>KHO 3HaTh, KaKOM KOMIIOHEHT KOPPO3MOHHOW cpeabl OyJIeT OKUCIIH-
TEJIEM.

B BOZHBIX pacTBOpaxX OKUCIMUTEIISIMHU, KaK IPAaBUIIO, SIBISIFOTCS HO-
Hbl BOJOpPOJA W PACTBOPEHHBIN KUCIOPOA. B 3TOM Ciyyae OCHOBHBIE Ka-
TOJIHBIE PEAKIIUHU CIEAYIOLINE:

- BOCCTaHOBJICHUE (pa3ps]i) MIOHOB BOAOPO/IA:

H;0"- H,0+¢e — Y%H,+H,0; (1.4)
- BOCCTAHOBJICHHE (MOHU3AIMS) PACTBOPEHHOT'O KHUCIOPOaa:
O, +4e +H, O —> 40H". (1.5)
PaBHOBecHBIN moTeHIMan peakiuu (1.4) pacCUMTHIBAIOT IO ypaB-
HECHUIO
B o =Bl T23(RT /nF)Ig(aHaoJP,_l,f), (1.6)
rje Efw ju, — CTAHIAPTHBIH TTOTEHIMAT BOJOPOIHOTO 3JIEKTPO/IA, TPHU BCEX

TEMIIEPaTypax IMPUHATBIA PaBHBIM HyF0; N =1; 4, ;. — aKTHBHOCTH HOHOB
BOZIOPOJIa B pacTBope; Py, — mapnuansHOE AaBIeHHE BOJIOPOIA, aTM.

Kornma F)H2 =larmuc ydeTroM Toro, uro —lga_ . = pH, mia Temme-

H0*

parypsl 25 °C nojryunm
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EP  =-0,059 pH (1.7)

H,0"/H,
PaBHOBeCHBINM noTeHIMal peakiuu (1.5) paBeH:
EP = E° + 2,3(RT /nF)lg( POZ/a;H_), (1.8)

0,/OH "~ 0,/OH"~
O L4
rae EOZ,OHf — CTAHJAPTHBIA MOTEHIMAJ KMCIOPOJHOTO 3JIEKTPOAA, paB-

upiid 0,401 B ipu 25 °C, n = 4; R, — napunanbHoe naBieHne KUCIOPO-
Ja, aTM; &, — aKTUBHOCTh TMAPOKCHUI-MOHOB B pacTBOPE.
[Ipu Ry, = 1 at™ u ¢ yyetom Toro, uto @,.8,,, =K, ¢ (kHzo — MOHHOC
MIPOU3BENICHUE BOJIbI, PABHOE 1,27-10™" nipu 25 °C), nosryuum:
EP =0,401 + 0,059 g W 0,0591g1-10™ =1,23-0,059 pH . (1.9)

0,/0H"

{1 XapakTepuCTUKH TEPMOJIMHAMUYECKON YCTOMYMBOCTHU 3JIEKTPO-
XUMHUYECKUX CUCTEM B BOJHBIX PACTBOPAX MOXHO MCIIOJIb30BATH JIUa-
rpamMMy noteHiman-pH (quarpamMmy 351€KTPOXUMHUYECKONW YCTOWYHMBOCTHU
Boabl). Ha nuarpamme (puc. 1.3) mpuBeneHbl JUHUM PABHOBECHOTO IO-

TEHIMAIa BOJOPOAHOr0 (JTMHUS 1) U KUCI0pOIHOrO (JIMHHS 2) 3JICKTPOIOB,
+E

pacCUMTaHHBIE MO YpPaBHEHUSIM A
(1.7) m (1.9), 1 oTMcUeHBI 3HaYe-
HUSl CTAaHJAPTHBIX TTOTEHIIMAJIOB — | :
HEKOTOPBIX METAJUIOB. MeTaisl, T
MMOTEHUMAJIBl KOTOPBIX PacroJio-
KEHbI HIKE JIMHUM 1, MOTYT KOp- T &
POIUPOBATH O] ACHCTBUEM OKHC- 3 r\\
mureneit H™ (H;0") u pactBopen- T

Horo O, Tak kak Ejy <El. ,m ; - - y
, .

p p
Ey <Bg ,on-. Ecim  morenmuan

Puc. 1.3. Ilnarpamma
MeTayla HaxOOUTCI MEXAY JIU-

JIEKTPOXUMHUYECKOM YCTONYMBOCTH
HUSMH 1 W 2, TO OKHCIHTEIEM, o

BOAbI pu 25 °C
BBI3BIBAIOIIINM KOPPO3UIO METalIa,

OyzeT ToabKo pacTBopeHHbIH kuciopon (Ey <E, ). Kopposuro 6naro-
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POJHBIX METAJUIOB, pABHOBECHBIM MOTEHI[MAT KOTOPBIX HAXOJMUTCS BBIIIEC
JIUHUU 2, MOTYT BBI3BaTh TOJIbKO CHJIbHBIE OKHCIUTEIN C PaBHOBECHBIM
MIOTEHITUAIOM, 00JIee TTOJIOKUTEIBHBIM, ueM B peakiusax (1.4) u (1.5).

Takum 00pa3om, CONOCTaBIIsAsE paBHOBECHBIE MOTEHIIMANBI METAIIA U
MPEIOIaracMoro OKHUCIMUTENS, MOXKHO CJieJIaTh BBIBOJ O BEPOSITHOCTH
KOPPO3MOHHOTO IpolLiecca.

1.4. YciaoBusi BOSBHUKHOBEHMSI KOPPO3MOHHOIO IMpouecca

YPaBHeHI/IC HepHCTa IMO3BOJICT PACCUNTATDb 3HAUYCHHUC PABHOBCCHOI'O
MMOTCHIIMAaJIa MCTAJlIa, IMOI'PYKCHHOI'O B PaCTBOP cOOCTBEHHBIX MOHOB. B

ATOM CIy4dae MPOUCXOJAUT OOMEH HOHAMHU MEXIY METaJUIOM U PaCTBOPOM
M" +ne” <" M, (1.10)
U CKOPOCTh BOCCTAHOBJICHHSI HOHOB METaJlJIa, BRIPAXKEHHASI Yepe3 TUIOTHOCTh
TOKa I, (TOK IPsAMOM peakiiuu, TOK pa3psiaa), paBHA CKOPOCTH PACTBOPEHHS
MeTanmaa Iy (TOK oOpaTHOM peakuuu, TOK MOoHm3anuu). CKOpoCTh 00MeHa

HOHaAMHU MCTAJlJIa MCKY MCTAJUIOM U PACTBOPOM IIPpU PABHOBCCHOM IIOTCH-

IMajie Ha3bIBAIOT MOKOM 0OMeHd |,, KOTOPBIN B ATHX YCIIOBHSX PaBCH
1 =1

[2) M

P

=1y . (1.11)

CxeMa yCTaHOBJICHHMSI PABHOBECHOTO TOTEHIMAja IIOKa3aHa Ha
puc. 1.4, a. IlpumepomM 3IEKTPOXMMHYECKOW CUCTEMBI, B KOTOPOM ycCTa-
HABJIMBACTCS PAaBHOBECHBIN MoTeHMall, sBisetcs Ag B pactBope AgGNOs.

Takum 00pa3oMm, HpHU YCTAHOBJIEHWHU PABHOBECHOTO IOTEHIHMAIIA
I'PAaHMIy METaJUl — PaCTBOP MEPECEKAET TOJIBKO OJHWH BUJ MOHOB — KaTHO-
HbI MeTayIa. [Ipu sToMm HaOmoaaercs Oananc o 3apsaam (1.10) u Gananc
10 BEUIECTBY, T.€. KOPPO3Us OTCYTCTBYET.

B peanbHBIX yCIOBHSIX BO B3aMMOJCHCTBUU METAIIA U AJIEKTPOJIUTA
YYacTBYIOT HE TOJBKO KATHOHBI JAHHOTO METajlla, HO W JAPYrM€ HOHBI
(WM MOJIEKYJibl). YCTAHOBHUBIIIEECS IPU HATOM 3HAUYCHUE MOTEHIIMANa

HA3bIBACTCS HEPABHOBECHHIM WM HeoOpamumbiM. B Takux yCIOBUSX
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aHO/HAs peakius 00ecredyrBaeTCsl B OCHOBHOM HMOHAaMHM METasia, a Ka-
TOJHAs — APYTUMHU MOHAMH, HAITPUMEP MOHAMH BOJOPO/JIa, IPUCYTCTBYIO-

IMUMHA B 3JICKTPOJIUTC.

Pacmesop Memann Pacmeop Memann

<=

= <

e

.

I

A
A

a) 0)

Puc. 1.4. Cxema ycTaHOBJIEHUSI TIOTEHIIHAJIOB:

a — PaBHOBECHOTIO, 0— CTAallUOHAPHOTO

HeoOparumblii TIOTEHITMAT BO3HHMKAET, HAPUMED, NP MTOTPYKCHUH
IIUHKA B pacTBOp cepHoi kuciotel Zn/H,SO,4 B aTOM citydae aHomHas pe-

AKIMA 3aKJII0YaCTCA B paCTBOPCHUHN LIMHKA!

Zn —i,7Zn*" +2e”

a4 KaToJHasd — B BBIACJICHUHU BOAOPOIA:
2H, 0" +2e —>i,H,+2H,0.
3HaueHUs H606paTI/IMbIX IMOTCHIHAJIOB OIIPCACIIAOT OIIBITHBIM ITY-
TE€M, TaK KaK UX HEJIb3s PacCCUUTATh 110 ypaBHEHUIO HepHcra. YcTaHOBUB-

miecCsA 3HA4YCHUC H€O6paTI/IMOFO IIOTCHIIMAJIa B PE3YyJIbTATC PAaBCHCTBA

CYMMapHBIX CKOpOCTel (MOKHO W3MEPHUTh IO IIOTHOCTH TOKa 1) KaTog-

HBIX |~ M aHOIHBIX 1< IPOIIECCOB
T e L
Iy +1y =1y Ty , (1.12)
Ha3BIBACTCS CMAyUOHAPHbIM TIOTEHIHANIOM (nomenyuanom kopposuu E,,,).
[Tpu ycTaHOBIEHHUU CTAallMOHAPHOro MoTeHmuana (cMm. puc. 1.4, 0)
OyIeT mpoTeKkaTh KOPPO3UOHHBIM MPOIECC, CKOPOCTh KOTOPOIO BbIpaxka-

€TCsl paBEHCTBOM
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T A L L

kop ~ M M — W Tl (1.13)
I =iy =0 07— =i =i, =i

rae 'm — v =la,aly =y =l u, cnegosarensho, 'vop = 'a = k.

Takum oOpa3zom, mpu MOTEHIMANIE KOPPO3UU COOJIIOJaeTCsl OajaHe
AIEKTPUUECKUX 3apsaoB [ypaBHeHue (1.12)], HO IPOUCXOIUT M3MEHEHHUE
MacCchl METajjla B PE3yJbTaTe€ €ro 3JEKTPOXUMHUYECKOTO PaCTBOPECHUS
(koppo3un) [ypaBHenue (1.13)].

Ha 3HayeHrne HeOOpaTUMOro MOTEHIMAla BIUSIOT TeMIepaTypa, Ie-
pEMEIIMBAHUE PACTBOPA U €T0 KOHIIEHTpAIlUs, MPUPOJA U COCTOSIHUE T10-
BEPXHOCTH METalia.

HeoOpaTrumMbie MOTEHIUATIBI OMPEACSIIOT CKOPOCTH JICKTPOXUMUYE-
CKoil koppo3uu. Uem OoJiee OTpUIlaTEIbHOE 3HAYEHHE MMEET MOTEHIIMA
MeTaJlia, TeM 00JIbIIe BO3MOXKHOCTh MEPEX0/ia METaja B MOHHOE COCTOSI-
HUE, T.€. CKOPOCTh JIEKTPOXUMHUUYECKOTO PACTBOPEHUSI.

Ilomenyuan xkopposuu E,,, 1 mok koppo3uu i, ABISIOTCS OCHOBHBI-

MH XapaKTEPUCTUKAMHU KOPPO3UOHHOTO IpoIiecca.
1.5. KuHeTHKa 3JIEKTPOXMMHUYECKOH KOPPO3UHU

CKOpOCTh KOPPO3HMOHHOTO IIPOLECCA OMPEAEISIETCA KOJIUYECTBOM
PaCTBOPUBLIEIOCS METaJIa, KOTOPOE HKBUBAJIECHTHO KOJIUYECTBY AJIEKTPHU-
YECTBA, NPOTEKAOIIEMY 3a ONMPENEICHHBIN TPOMEKYTOK BPEMEHH.

DNEeKTpOXUMHUYECKAasT KOPPO3Usl — YACTHBIM cllydall HEOOpaTUMBIX
ANEKTPOXUMHYECKHX IPOLECCOB, MO3TOMY IS OINPEIEIECHHUS CKOPOCTH

KOPPO3UH MOKHO UCXOJUTh U3 3akoHa Dapajes
Am = QA/(NF) = (178) /(nF) = (ISA) /(NF) =iS, (1 14

riae AM— u3MeHEeHHe MacChl MeTalljla B KOPPO3HOHHOM Tiporecce; Q — Ko-
audecTBo AekTpuuectBa, Kin; A — aromnHas macca meramna; F=96500
Kn/monv-3x6 — nocrosinnass ®apajes; N — KOJIWYECTBO AJICKTPOHOB, OT/1a-

BaeMoOe aToMOM MeTaiia; | — cuia Toka, A; T — BpeMms, C; | — INIOTHOCTh
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2. 2, .

TOKa, A/M"; S — TOBEPXHOCTh BJIECKTPOaa, M"; O — BIEKTPOXUMUUYECKUN
DKBHUBAJIEHT MeTasIa, r/A-c.

CKOpOCTh DJIEKTPOXMUMHUYECKONH KOPPO3UU MOKHO BBIPA3UTh HE

2.

TOJIbKO 4Yepe3 IUIOTHOCTh TOKa KOppo3uu, A/M”:
., =Am/(913) (1.15)
HO M 49CpPEC3 MMOTCPIO MACChl MCTAJlZIa C CANHUIBLI ITIOBCPXHOCTHU B CAUHUIY

. 2 .
Bpemenu, K, r/m 4.
1

K- =(2*36001)/S . (1.16)

OnHolt M3 0COOCHHOCTEHN AIEKTPOXUMHUYECKON KOPPO3UU SBISETCS

3asUucumocms ee cKkopocmu om 3JZ€KmpO()Hblx nomeHyualos AHOOHOU U

KamooOHOU peaxkyuil.

B mponecce kopposzumn +r
3HAYCHUS JJIEKTPOIHBIX I10-
TEHIINAJIOB U3MEHSIOTCS Ei
(puc. 1.5): noreHuuan

T Enop
aHOJHOW peakiuu (KpuBas

lyy) CMeImaeTcs B CTOPOHY

0oJIee MOJIOKUTEIbHBIX 3HA-

YCHUM, a MOTEHIUAJl KaTol- 10w LOL

HOM peakuuu (KpuBas iy) — B Puc. 1.5. 3aBucumocthb cKopocTeil peakuuii
e

CTOpPOHY OoJyiee  OTpHIIa- pa3psiaia u moHms3anuu Metasiaa (ly uly )

TEJbHBIX 3HAYEHHH OTHOCH- g pomopona (I u i) ), a Takike cyMmMapHoii
TEJIBHO PaBHOBECHBIX IIO- CKOPOCTH PACTBOPEHHsI METAJLIA iy

TEHIIMAJIIOB PEAKIIU. ¥ BbIJIeJIEHHUsI BOJIOPO/A i OT MOTEeHIMAIA

KpuBbie Iy, ¥ Iy XapaKTepu3ylT 3aBHCHMOCTb CKOPOCTEH aHOIHOW
(pacTBOpeHHE MeTaaia) W KaTOAHOM (BBIAEICHHE BOJOPOJIa) PEaAKIIUMA
KOPPO3HOHHOTO TMpoIecca OT MOTEHIMANa U Ha3bIBAIOTCA AHOOHAS U Ka-
MOOHAs NOJNAPUAYUOHHBlEe Kpugble. ToUuka MepeceueHus aHOJAHOW M Ka-
TOJHOW KPUBBIX YKa3bIBAE€T Ha OCH a0CHHUCC MAKCUMAaJbHYIO MJIOTHOCTh
TOKa KOPPO3WH, a HA OCH OPAMHAT — MOTEHIINAJI KOPPO3HUH.
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OTKJIIOHEHUE MOTEHIHNATOB 3JIEKTPOXUMUYECKUX PEAKIIMU TIPU MPO-
X0XKJICHUU TOKA OT PABHOBECHBIX 3HAYEHUI HA3bIBACTCS 371€KMPOOHOU NO-
nsapuszayueyr (KaTooHOW wuiv aHofgHoM). [lomstpu3aiusi BO3HUKAaEeT BCIE-
CTBUE TOPMOXEHUS JIEKTPOJHOW PEAKUHUU B OJHOU U3 CTaIUN DJIEKTPO-
XUMHUUYECKOTo Tpolecca. PaccMoTpuM 0COOEHHOCTH KaTOAHBIX M aHOJTHBIX
pEaKuni KOPPO3UH.

B mpounecce xkoppo3uu € BBIIEICHUEM BOJIOPOAA MPOUCXOAUT BOC-
CTAHOBJICHUE TUAPATUPOBAHHBIX MOHOB BOAOPOAA B KHCIIOW CPEAE IO pe-
akiuu (1.17), a B 1mie0uHOM U HEHTpaIbHOU cpenax — o peakiuu (1.18):

H.O"+e" —»1/2H,+H,0O; (1.17)
H,O+e —>1/2H,+0OH". (1.18)

3ameyieHre MpoIecca BBIJCICHHUS BOJOPOJia BBI3BIBAET KATOMHYIO
MOJISIPU3AIIAI0 BCIEJCTBUE TOPMOXKEHUS MPOIECCA CBSI3BIBAHMS JJIEKTPO-
HOB, BBICBOOOJKJIAIOIIMXCSI B aHOJHON pEaKIMd HWOHU3AIMH METalia.
CMmelieHre MOTEHIMAIa KaTOJIHONW pPEaKIMM B CTOPOHY OTPHIIATEIIBHBIX
3HAYCHHMH BCJICACTBHE 3aTPYIHCHHS IIpollecca paspsaa MOHOB BOJOpPOJa
Ha3bIBACTCS nepeHanpsxceruem 6ooopoda. TakuMm oOpa3oM, co3aaBas Iie-
peHanpsHKEHUe BOJOPOJA, MOXXKHO CHIDKATh MHTEHCHUBHOCTH KOPPO3HOH-
HBIX TTPOIICCCOB.

Bo MHOrmx KOppO3MOHHBIX IIpoIleccax KaTOIHBIM MPOIECC Mpe-
CTaBJISICT BOCCTAHOBIICHHE PACTBOPEHHOTI'O B J3JICKTPOJMTE KHCIIOPOJA C
oOpa3oBaHWEM THUJPOKCUJI-MOHA. B HEHTpanbHBIX M IICJIOYHBIX Cpelax
MOHM3AIMS KHUCJIOpoaa mpoTrekaeT mo peakuuu (1.19), a B kuciasix cpe-
nax — no peakiuu (1.20):

O, +4e +2H,0 > 40H; (1.19)
O,+4e +4H" —» 2H,0. (1.20)

KaromHas mosspu3aius MOXKET BO3HUKATh B 3TOM Clydae M3-3a He-

nocTaTouyHol nuddy3un KHCIOpoaa BCIASACTBHE Majoil pacTBOPUMOCTH

€ro B BOJIC WJIK B CBSI3M C 3aTPyJAHEHUEM COOCTBEHHO KaTOJHOMN peaklnu —
MOHM3AIMU KHUCI0poaa (MepeHanpsHKeHUEM HOHU3AIMK KUCIOpOoJia) IpHU
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YCIIOBUU BBICOKHX CKOPOCTEH MOJBOJIa KUCIOPOJa, HampuMep TMpH Tepe-
MEIIIMBAHUHU DJICKTPOJIUTA).

Koppo3uss MeTanioB ¢ MOHU3AIMEH KHUCIOpPOAa BCTPEYACTCS OYCHD
yacto. OHa HaO0aeTcsl B ClydasiX, KOTrJla METaulbl HaXxOAsITCS B KOH-
TakTe ¢ aTMOCc(hepoit, BOAHBIMHU PAaCTBOPAMH, TTOUYBOM U APYTHUMU CpPEAaMH,
B KOTOPBIX UMEETCSI PACTBOPCHHBIN KUCIOPOI.

CKOpOCTh aHOJHBIX PEAKIINH MOXKET YMEHBIIAThCS M3-3a 3aMeICH-
HOCTH TI€pexojJila MeTajla B PacTBOP B BHJEC HOHOB (MEepeHANpsHKEHUE
MOHU3AIMU METajla) Wi B pe3yibTaTe 3aMeMJICHHOCTU Tuddy3un ux
BIUIyOb pacTBOpa OT MOBEpXHOCTH. [IprunHON aHOMHOW MONSpHU3AIUIU
MOKET OBITh TaK)kKe 00pa30BaHME 3alIUTHHIX IUICHOK Ha METaJlIe IIPH €T0
B3aMMOJICHCTBUM C KOMIIOHEHTAMH JJIEKTpoJiuTa. B 3TOM cityuae pacTBo-
peHre MeTaJlla CHJIbHO YMEHBIIIAETCS M TOTSHI[MA METaJljia CIBUTAETCS B
CTOPOHY TMOJIOKUTEIHHBIX 3HAUCHUH.

PasznuuaroT HeCKOJIbKO 00JIacTel MOTEHITHAIOB, B KOTOPBIX MTPOTEKAET
aHOJ/IHAsl peakius Koppo3uoHHOro mporiiecca (puc. 1.6). Yuacrok 1 aHonu-

HOU MOJIIPU3ALIMOHHOM KPUBOM OTBEYAECT aKTUBHOMY COCTOSIHUIO METasIa.
'E F

Eu s oo
Ennl----

Enum |----

Enep |----

[
Ll

-\;AHX \{‘H' n\a:’v v{

Puc. 1.6. IToreHunocTaTnyeckasi aHOAHAS NMOJISIPU3ANUOHHAS KPUBAasi:

1 — obJacTh AKTHBHOTI'O PACTBOPEHHSI MeTA/LJIA; 2 — AKTUBHO-TIACCHUBHOE
COCTOSIHHE MeTajlJia; 3 — MAaCCUBHOE COCTOSIHME MeTa/uia; 4 — HapylIeHne
NMACCMBHOI'0 COCTOSIHUSI METAJUIA; 4 — MUTTUHI000pa3oBaHue; 0 — mepenaccuBanms;
En.n. ni,, —NoTeHIHAAJ H TOK HAYAJIAa MACCUBALINHN;

En.n. u i, — NOTEeHI[HAJ ¥ TOK IOJTHOMH MaCCHBALMHU;

Enum — noTeHIIAAJ NUTTUHI000pa3oBanus; Enep — NOTEeHIMAJ NepenaccuBaluu
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Oc00EHHOCTHIO aHOAHBIX PEAKIUNA KOPPO3UOHHOTO Mpoliecca B 00-
JIACTU aKTUBHOT'O PACTBOPEHMUS SIBJISIETCS TO, YTO OHM COCTOSIT U3 HECKOJIb-
KUX CTaJui, B KOTOPBIX MPUHUMAIOT Y4aCTHE KOMIIOHEHTHI pacTBOpa.

CxemMaTH4yecKu aHOJHYIO PEAKIIMIO MOKHO 3aICaTh:

1) agcopOus aHHOHA BJICKTPOJIUTA ¢ 00pa30BaHUEM MTOBEPXHOCTHO-

'O KOMIIJIICKCA.

M +mA™ — (MA)T, ;

2) OJICKTPOXUMHUYCCKAsA CTaauAa, onpcacraromas CKOPOCTb BCCIoO

mnponecca:

(MA), = (MA )™ +ne”,
MpUYEM 7€ MOTYT OTIICIUISITECS B HECKOJIBKO CTaaui (Harpumep, mocie-
JIOBATEIBHO MO OJTHOMY JIEKTPOHY B KaXJI0OM U3 CTAAUN);

3) pacmaji KOMIIJIEKCa Ha MPOCTHIC HOHBI:
(MA )™ 5> M™ +mA",
I[OKaBaHO, 49TO CKOPOCTb pCaKIIMU MOHU3AIIUHU JKCJIC3a B cepHoﬁ KHC-
JIOTC 3aBUCHUT OT KOHLICHTPpAIIUU CYJIB(l)aT-I/IOHa 51 pH. 3TO O3Ha4yacT, 4ToO B

SJICMCHTAPHBIX CTAAUAX aHOI[HOﬁ peaKinn y4aCTBYIOT Cy.]IB(l)aT-I/IOH H NOH

BOJIOPO/IA.
1.6. IIaccuBHOE COCTOSIHHE METAJIJIOB

Psig metamnoB (xene30, XpoM, HUKEIb, TATAH, ATIOMUHUN, IUPKOHUN
U Jp.) B KOHIICHTPUPOBAHHBIX PACTBOPAX OKHUCIWUTENICH pa3pylIaroTcs
3HAYUTEILHO MEHbINE, YeM B 0OoJiee cIadbIX pacTBOpax, — MPOUCXOIUT
naccuéayusi METAILUIOB. MeTajll B JAaHHOM CJIy4ae Ha3bIBAKOT NACCUBHBIM.

Takum 00pa3om, MACCUBHOE COCTOSIHHE XapaKTEPU3YETCS OTHOCH-
TEJIbHO BBICOKOM KOPPO3UOHHOU CTOMKOCTBIO, BBI3BAHHON TOPMOKEHUEM
aHOJHOW pEaKlMH HOHU3AIMU MeTalla B OIpeIeieHHON 001acTu Imo-
TeHImana (cM. puc. 1.6, yaactok 3).

CHMKeHUe CKOPOCTH KOPPO3HUH MPOUCXOIUT B PE3YyJIbTaTe 00Opa30BaAHUS

Ha TIOBEPXHOCTH MeTajlia (ha30BbIX (Yalle BCETO OKCHIHBIX) WM aJCcOpOITH-
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OHHBIX CJIOEB, TOPMO3SIIMX aHOAHBIA MPOLIECC, OHO HAYMHAETCA MPU MOTEH-
rajiax 00JIaCTH aKTUBHO-ITACCHBHOTO COCTOSIHUS (CM. pHc. 1.6, ydacTok 2).

B nmpouecce maccuBanyu NpoOUCXOIUT PE3KOE CMEIICHUE AJIEKTPOIHO-
ro MOTEHIMAJIa METAJUIA B MOJOXUTENBHYIO CTOPOHY. Hampumep, xene3o B
aKTMBHOM COCTOSHMHM HMeeT moteHiuan okoio -0,4 B, a B macCUBHOM —
+1,0 B. Takoe n3meHeHue 3JEKTPOHOIO MOTEHIMAIA YKA3bIBAET HA TOPMO-
YKEHNE aHOJHOTO MTPOLECCA ANEKTPOXUMUYECKON KOPPO3HUH.

[TacCMBHOCTB 3aBUCHUT OT COCTaBa, CTPYKTYPBI U COCTOSIHUSI TTOBEPX-
HOCTH METaJlla U CIUIaBa, IPUPOAbl YU KOHIIEHTPALIMN arpECCUBHOU CPEIBI,
TEMIEPATypPbl, HAIOKEHUS MOCTOSHHOTO TOKA, IBUKEHUS pPAacTBOpPA U T...
Co31aTh MaCCUBHOE COCTOSTHUE MOKHO, U3MEHHUB COCTAaB CILJIaBa, BHEIIHUE
YCJIOBHUSL U COCTAB arpeCCUBHOM CpPEbl, COMPUKACAIOIICHCA C METAIIJIOM.
JIerko macCUBHPYIOT METAJJIbI U CILIABBI OKUCIIUTEIN-TIACCUBATOPHI: BOJ-
Hbie pactBopbl HNO3;, KMnQO,, K,Cr,0O7, H,O,, aspupoBaHHBIE PaCTBOPHI
AJIEKTPOJIUTOB U JIP.

CrrocoOHOCTh K IacCHUBAIIMM 3aBHCHT OT CBOMCTB McTayuia. Tak, HU-
KEJIb JIETKO MEPEXOJUT B MMACCUBHOE COCTOSIHHUE MO JEHCTBUEM HEKOTOPBIX
opraHuyeckux (yKCycHasi, JUMOHHAas, IaBeJieBasi) U MUHEPAIbHBIX (OOp-
Has, opTodochopHasi) KUCIOT U B PacTBOpax psjia HEHUTPAIbHBIX COJEH;
AJTIOMUHUN — B KOHLICHTPUPOBAHHBIX PACTBOPAX a30THOU U XPOMOBOU KHUC-
JIOT; XpOM — B pa30aBJIECHHOM a30THOM KuCIOTe. Bce ykazaHHbIE METaJIbI
MAaCCUBUPYIOTCSI 3HAYUTEIBHO JIETYe, YEM KEJI€30, MOATOMY MPHU BBEIICHUU
B COCTaB KEJIE30YTJIEPOIUCTHIX CIUIABOB JIETKO MACCUBUPYIOIIUXCS METAJI-
aoB (Cr, Al, Ni) momydaroT CIutaBbl, KOPPO3HOHHAS CTOHKOCTh KOTOPBIX
OJIM3Ka K CTOMKOCTU JIETUPYIOUIETO 3JIEMEHTA, XOTS €ro COJEp>KaHHhe B
cruiaBe HeBeJMKO. ClielyeT OTMETUTh, YTO METaJUl, HAXOMSIIUUCS B Tac-
CUBHOM COCTOSIHWH, TEPSIET HEKOTOPhIE CBOM CBOMCTBA (HAIpUMep, Maccu-
BUPOBAHHOE JKEJIE30 HE BBITECHSET MEAb U3 PACTBOPOB €€ couieil). Kpome
TOT0, 3aMacCUBUpPOBaHHOE B KOHIIeHTpUpoBaHHOM HNOj; xene3o ctaHoBUT-
Csl yCTOMYMBBLIM U B pa30aBJICHHOM a30THOU KUCIIOTE, BOJAE, a TAKKE B He-

KOTOPBIX APYTUX Cpeax U (T0Ce CYIIKH) CyXOM BO3TyXe€.
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[laccuBrpoBaHHBIN MeTaT WK CIUIaB NPYU U3MEHEHUM BHEITHHUX (ak-
TOPOB, CBSI3aHHBIX CO CBOMCTBAMM JJIEKTPOJIUTA MOXKET BHOBb CTAHOBUTHCSI
akTUBHBIM. [Iporiecc nepexoaa Meramia U3 MacCUBHOTO COCTOSHUSI B aKTHB-
HO€ Ha3bIBAIOT axmuseayueli. BelecTBa Wi MpOIECChl, BHI3BIBAIOIINE 3TOT
NIEPEXO0Jl, HA3BIBAIOTCS aKmusamopamu. AKTUBAIUIO MOTYT BBI3bIBaTh BOC-
crarosutenn (H,, Na,SOs, Na,S,05), Hexotopsie nons! (H, CI', Br', I,S07"),
KaToJIHasl TOJISIPU3ALIMs, TMOBBIIMICHUE TEMIIEPATyphl, HAPYIICHUE IEIOCTHO-
CTH TIACCHUBHOM IJICHKM Ha MOBEPXHOCTU MeTa/Ula. B mpucyTcTBUM, Hampu-
Mep, MOHA XJIOpA HACTYIAET HapyIICHUE MACCUBHOTO COCTOSIHUS TIPU MOTEH-
yaje NuTTUHrooopazoBanus £, (cM. puc. 1.6, yuactok 4a) 1o peakuuu

M+2ClI" — MCI, +2¢e"

PaspylieHne macCUBUPYIOIIETO CJIOS IPOUCXOAUT BHA4Yalle B OT-
JEJIbHBIX TOYKAX HA MOBEPXHOCTHU — IIUTTUHIAX.

B 3aBUCUMOCTH OT CBOWCTB M KOHLIEHTPALUU [1aCCUBATOPA U AKTHUBAa-
TOpa B pacTBOPE BO3MOKHBI NIEPUOIUYECKHUE MIEPEXObI IIOBEPXHOCTU MeE-
Tajula U3 aKTUBHOTO COCTOSIHUS B IACCUBHOE, M HAoOOpoT. MexaHu3m
Ipoliecca MacCUBallUy CIOXKEH U HEJOCTATOYHO u3ydeH. Hanbonee mmpo-
KO MPU3HAHBI JIB€ TEOPUHU NTACCUBHOCTU: NJIEHOYHAA U A0COPOYUOHHASL.

[lo nrenounon Teoprun, NaCCHBHOCTh METAJUIOB B BOJHBIX pPacTBOpax
AJIEKTPOJIUTOB OOBICHSAETCS CO3aHMEM HA MOBEPXHOCTH METAJIJIa TOHKUX
3alUTHBIX IIJIEHOK — IIPOAYKTOB B3aUMOJCHUCTBUS METAIIJIA C OKUCIIUTEN -
MU WU JPYTUMH COCIMHEHUSAMU. Takue 3allUTHBIC IUIEHKH MOTYT o0pa-
30BaThCs U B PE3YyJIbTATE AHOJIHOM MOJSPU3ALMHI, OCOOEHHO B TEX CIIy4a-
X, €CJIM B CIUIaB BBEJCH JIETKO MACCHUBUPYIOLIMICS 3JIEMEHT. AHOAHAs
NACCUBHOCTh SBJISIETCSI PE3yJIbTaTOM OOpa30BaHHA Ha TMOBEPXHOCTU Me-

TaJlJIa HEPACTBOPUMBIX IPOAYKTOB, HAIIPUMED:

M+H,0—> MO +2H" +2¢;
M +20H" — M(OH), J +2¢".

Cnenyer NmoOa4EepKHYThb, YTO KOPPO3MOHHAS CTOMKOCTH METalljla B
IMACCUBHOM COCTOSIHMM 3aBHUCHUT OT CTPOCHUSI, TOJIIMHBI, TIOPUCTOCTH 3a-

IIATHOU MJIEHKHU U €€ YCTOWYMBOCTH B JIAHHOW CpEJIE.
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[IneHounass Teopusi HE OOBSACHAET OOJBIIOTO 4YHUCIA SBJICHUIM,
HAO0JII0JaeMbIX MPU MACCUBALIUH.

[lo aocopoyuonnoii meopuu, MacCUBHOCTh METalIa OOBICHSACTCS
BO3HUKHOBEHHMEM Ha €r0 MOBEPXHOCTU MOHOMOJIEKYJISIPHBIX CJIOE€B KHUCIIO-
poaa, KOTOPbIA HACHIIIAET BAJEHTHOCTU BCEX WM HaubOOJiee aKTUBHBIX
MOBEPXHOCTHBIX aTOMOB MeTajla, T.€. 00pa3yeTcsi HEaKTUBHBIN MOBEPX-
HOCTHBIN cioit meTtauia. [IpuyeM mpu MacCMBHOCTH HE 00s3aTENbHO 3a-
MOJTHEHUE BCEH MOBEPXHOCTU METANIa aICOPOIIMOHHBIM CJIIOEM KUCIOPO/I-
HBIX aTOMOB. OJTO HEOOXOJAMMO TOJIbKO Ha AaKTUBHBIX Y4YacTKaX IIO-
BEPXHOCTU, HAIIPUMEP MO y3JaM M pedpaM KPUCTAIMYECKON PEIICTKH.
MonekyJbl KUCJIOpOa, BBI3BIBAIOIINE IMACCUBAIIMIO METalljia, 00pa3yoTcs
W3 MOJIEKYJI BOJbI WJIM MOHOB THIAPOKCHIIA, MIEPBOHAYATILHO aJICOPOUPYIO-
[IMXCSl HA MTOBEPXHOCTU METaJLIA.

Kak yka3bIBajioCh BbIIIE, METAUI MOXET MEPEXOJUTh B MACCUBHOE
COCTOSIHUE TI0J] JEUCTBUEM OKHUCIUTEICU WM aHOAHOM mosspuszanuu. Ho
OH COXpaHSIET CBOIO IMACCUBHOCTH TOJIBKO MIPHU OMPEICIICHHON KOHIIEHTpa-
IIUA OKUCJIUTENSI WU TIPHU ONPEIeICHHOM 3HAUYCHUHU MOTEHIMaIa MeTallia
IIpU €r0 aHOJHOM ToJsipu3aluu. Tak, HU3KOJErHpOBaHHAsI U BBICOKOJIET U-
pOBaHHAsl CTaJdu YCTOMYMBBI K a30THOW KHCJIOTE MPU KOHIIEHTPALHSIX OT
30 mo 90 %, m UX MacCCUBUPYIOT UMEHHO NPHU 3THUX KOHILEHTPALMUAX, HO
noBeiieHue KoHIeHTparuu HNO3 10 94 % npuBoAUT yxKe K pa3pylIeHUIO
cranei. Takum o0Opa3oM, B CHJIBHO OKHCIUTEIBHBIX KOPPO3HOHHBIX Cpe-
JIax WIK MPU OYEHb CWJIBHOM aHOJTHOM MOJISIpU3aIMU MPOUCXOJAUT Hapy-
IIEHWE T[IaCCMBHOCTH MeETajla, Ha3blBaeMoe€ nepenaccusayueti (CM.
puc. 1.6, yaactok 46). [IprunHO# 3TOTO SBICHHUS CUMTAIOT 00pa30BaHUC B
cpedax C BECbMa IMOJIOKUTEIbHBIM OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIM
MOTEHIIMAJIOM OKCHJIOB METAJIJIOB BBICIICH BaJCHTHOCTH, XOPOIIO PACTBO-
PUMBIX B JaHHOU cpeae. Tak, At Xpoma, HaXOSIIErocsi B TACCUBHOM CO-
CTOSIHUH, TIepernaccuBalus 00yCJIOBJIEHA IOOKUCICHUEM HEPacTBOPUMOTO
Cr,03 no peakiuu

Cr,0, +4H,0 - Cr,0% +8H" +6¢e".
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[lepenaccuBanuy MOABEP>KEHbI HU3KOJIETHMPOBAHHBIE CTadd B KOH-
nentpupoBanHoii HNOs, Hepxkagetomue cranu — B 30 % HNO3 ¢ no6as-
koii K,Cr,0O; npu Temmnepatype Boiie 50 °C. IlepenaccuBaiiiio HEKOTO-
PBIX METAJIJIOB BBI3BIBAIOT PACTBOPHI CEPHOM KUCIIOTHI M €€ COJIH.

CrocoOHOCTh MHOTHX METAJIIOB MTACCUBUPOBATHCS IMUPOKO HCITONb-
3YIOT B TeXHHUKe. Hanmpumep, nznenus u3 aTroMUHUS PUMEHSIOT B BOJIEC U
BO3JlyXe, M3 TUTaHa — B arpecCUBHBIX cpenax. llepeBectu MeTawibl u
CIUTaBbI B TACCUBHOE COCTOSIHME MOKHO CJIEAYIOIIMMU CITOCOOamMu.

1. JlerupoBaHueM MeTajsla APYTHM JIETKO MACCHUBUPYIOIIMMCS Me-
TauIoM (TIOHM)KEHUE aHOJHON aKTHBHOCTH), HAIllpUMeEp: YIJIEPOIUCTOMN
CTaJI — XPOMOM, COBMECTHO XPOMOM M HUKEJIEM; HUKEJIS — XPOMOM.

2. JlermpoBaHreM MeTaiia APYrMM METAIIOM, TIOBBIIIAIOIIMM CKOPOCTh
KaTOJTHOTO TPOIIECcca, HAPUMEDP JKejle3a — MEbIO; JIETUPOBAHHBIX CTaJIeH —
TUTATUHOM, TAJUTaJIEM, ME/IbIO; TUTAHA — IIATUHOW; IMPKOHUS — TAJUIAHEM.

3. IlpumeHeHHEM SIEKTPOXMMHUYECKOW 3alIUThl U WHTHOUTOPOB
KOPPO3HH.

4. IlpuMeHeHnEeM KaTOIHBIX TOKPBITHIA.

1.7. XumMmuveckasi KOppo3usi MeTaJIJI0B

[Ipu cOomprUKOCHOBEHHH METAUTMYECKUX KOHCTPYKIIMI C pacTBOpaMH
HEAJICKTPOJINTOB U CYXHMHM Ta3aMH TaKKE MOXKET MPOUCXONUTh UX pa3py-
MICHUE — XUMUYECKAsL KOPPO3UAL.

XUMHYECKYIO0 KOPPO3HIO, TPOUCXOIAIIYIO TTPH HATPEBAaHUM B Ta3ax U
napax, Ha3bIBalOT 2a30601i (8bICOKOMEMNEPANYPHOU) KOPPO3UEll.

[Ipu XuMHUYECKON KOPPO3UU OKUCIIEHUE METAJIa U BOCCTAHOBIICHUE
OKUCIIUTEJNISI MIPOTEKAECT 8 OOHOM akme, T.€. aTOMbl MeTaJlJla HEeMocpe.i-
CTBEHHO COCIUHSIOTCS XMUMHUYECKON CBS3BIO C OKHUCIHTEIEM, OTHHUMAIO-
IITUM BaJICHTHBIE 3JIEKTPOHBI METaJlIa.

[Ipn xuMUYECKON KOppO3UU MPOAYKTHl KOPPO3WH, KaK TPABHIIO,

OCTar0TCs Ha ITOBCPXHOCTU IIPOKOPPOAHUPOBABIICTO MCTAJLJIa UJIN CILJIaBAa.
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1.7.1. Koppo3us ¢ pacmeopax neinexmpoaiumoas

BOJIBIIIMHCTBO OPraHUYECKUX KUJKOCTEH HE SIBJISIOTCS 3JICKTPOJIH-
TaMHU, HE 00JIaJal0T BBICOKON XMMHYECKOM aKTHMBHOCTHIO. K TakuM >kuj-
KOCTSIM OTHOCATCSI CepHHUCTass He(DTh M IMPOAYKTHI €€ IepepaboTku, 0e3-
BOJIHBIE CIIUPTHI, XJIOpOhOpM, OEH30JI, TOJIYOJ, XJIOPUPOBAHHBIC YIJIEBO-
JOPOJIBI U JIp., @ TAK)KE HEKOTOPBIE JKUIKOCTA HEOPraHUYECKOIO IMPOHUC-
XOKJICHUS, HAIIpUMEp pacIUIaBlIeHHas cepa, xKuakui opom u ap. Koppo-
3Usl METAJJIOB U CILIABOB B O€3BOJAHBIX PACTBOPAX HEAJIEKTPOJIUTOB MPOTE-
KaeT C MEHbIIEH CKOPOCThbIO, YEM B PACTBOpPAX DJIEKTPOJUTOB, OJHAKO
MPOUCXOJUT BCE K€ 3HAUUTEIIPHOE Pa3pyIICHUE METAUTMYECKUX KOH-
CTPYKILIMI, 0OCOOEHHO MpU HarpeBaHuW. MHOTHME OpPraHUuYEeCKUE KUIKOCTH,
HE COJICp Kallli€ BOJIbI U APYTUX MPUMECEH, TP HOPMAJIbHBIX YCIOBHUSIX, a
WHOTJIa U MPU HarpeBaHUM MHEPTHBI K TAKUM MaTepualiaMm, Kak CTajidb, HO
MPUCYTCTBUE CJIEIOB BOJIBI BBI3BIBAET Mpollecc Koppo3uu. Tak, cTaib B
TETPaxJOpUJIC yTiepoJia B MPUCYTCTBUU BOJBI IMOJBEPracTcsi KOPPO3UH,
MOCKOJIbKY B pesynbraTte ruapoiuza CCly oOpasyercst arpeccuBHas dJIeK-
TPONPOBOAHAS CpeAa, U XUMUUYECKass KOPPO3UsS MEPEXOJUT B AJIEKTPOXHU-
MHUYECKYIO:

CC|4 + Hzo — CCIgOH + HCI.

[Iporiecc KOppo3un yCKOPSIOT ColeprKaluecs: B HePTH U MPOayKTax
ee TiepepaboTKH COeMHEHUS CePhI (CEPOBOIOPOI, MEpKaNTaHbI U Jp.). OHU
JIETKO PearupyroT C JKeJie30M, CBUHIIOM, ME/IbI0, cepeOpoM, CypbMOii, 00pa-
3ysl CyJlb(pUAbl, MEPKANTU/IBI. DTO MPUBOIUT K Pa3pyIlICHUIO anmnaparyphl,
IpUYeM, YeM OOJIbIIIE B KUJKUX MPOIAYKTAX CEPbl, TEM CUIILHEE KOPPO3USI.
Tak, B mazyte, comepxameM 3,7 % cepbl, CKOPOCTb KOPPO3UM CTaJId
(0,12 % C) B 6 pa3 6oabIie, ueM B Ma3yte, coaepxkaiiem 0,5 % cepsl. Ilo-
BBIIIICHUE TEMIIEpaTyphl TAK)KE YBEITUUYUBAECT CKOPOCTh KOppo3uu. [Ipucyt-
CTBHE COCAMHEHUM cephl B (PeHOJIE yCUIMBaeT Koppo3uto. Hampumep, cko-
POCTh KOPPO3UU CTaIM B YUCTOM (peHosie pu temneparype 350 °C onuna-
KOBa CO CKOPOCTBIO KOppo3uu ctajid B heHolie, coaepxaiiem 0,137 % cepol
npu Temneparype 300 °C. PacruiaBineHHas cepa pearupyer NpakTHUECKH CO
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BCEMU METAJUIAMH, CUJIBHO Pa3pylIaeT OJIOBO, CBUHEL], MEAb, B MEHBIIEH
CTEIEHU — YTJIEPOAUCTHIE CTAJIA, TUTAH U ATFOMUHHM.

Cranb MOXET KOPPOJAUPOBATH MPU COMPUKOCHOBEHUH C OCH3WHAMH,
TaK Kak YIJIEBOJOPOJAbl OCH3WHOB MOJ JACHCTBUEM KHUCJIOpOAa BO3AyXa
OKHUCIISIFOTCSI, 00pa3ysi OpraHM4eCKUe KUCIOTHI.

Kunkuiit OpoM CUIIBHO pa3pylIaeT aJlOMUHUM, YTIEPOIUCThIC CTaNH,
TUTaH, B MEHbIIICH CTeTIEHU — HUKeNb. [lnatuna, TanTan, cepedpo U CBU-
HEll YCTONYHBEI K OpoMy.

Merannuueckue KOHCTPYKIHH, padOTalolMe B PacTBOpAaX HEIJIEK-
TPOJIUTOB, TOTOBSAT U3 MAaTEPUAIIOB, YCTOWYUBBIX B JJAHHOW CpEJe, HAIIPU-
Mep W3 BBICOKOXPOMUCTBIX CTajiel, UCTOJb3yeMbIX s 0OPMIICHUS Ka-
TaJTUTUYECKOTO U TEPMUUECKOTO KPEKMHTa HeTH, Tu00 U3 cTajei ¢ HaHe-

CCHHBIMU HaA UX INOBCPXHOCTDb 3allIUTHBIMHU ITIOKPBITHAMMU.

1.7.2. I'azoean koppo3usn

l'az06as (BbICOKOTEMIIEpATYpHAs) KOppo3usi — 3TO KOPPO3UsI MeTal-
JIOB B ra3zax HpH BBICOKHUX TemrmepaTypax. OCOOCHHO 4acTO peakTopsl, ap-
MaTypa Ie4deu, JeTalld ABUTaTEICH BHYTPEHHETO CTOPaHUSs, U3EIHs, I0-
Jy4aeMbI€ U3 METAIJIOB U CIUIABOB METOAAMH JIUTHS MO JABJIECHUEM, MO~
BEPrarOTCs BO3JICVCTBUIO BBICOKUX TEMIIEPATYP U TAKUX ra30B, KaK KHCIIO-
pPOJ, COEIMHEHMS XJIOPa U CEPBI, OKCUJIBI a30Ta, CEPOBOAOPO/I.

PaccmoTpuM Hambosiee pacnpoCTpaHEHHBIN ciydail Ta30BOM KOPpPO-
3UM — B3aUMOJICVCTBUE METajla ¢ KHCIOPOJAOM ¢ OOpa30BAHUEM CIIOSI OK-
CHJIOB MO pEaKIUH

M +1/20, <> MO.

TonmuHa TaKOro CI0si MOXKET OBITh Pa3IUYHOW: OT MOHOMOJICKY-
JIIPHOTO CJIOA 10 CJIOSA TOJIIUHOM B HECKOJIBKO MUJUIMMETPOB.

HampaBnenne XMMHYECKOW pEAKIUU OKHCICHUS METAJIOB OIpEIe-

JEICTCA IapUruaJIbHBIM JABJICHUCM KHCJIOPOda p02 B CMCCH I'a30B U PABHO-

pasH

BECHBIM JIaBJIEHUEM JAMCCOLMALMMA OKCHIA Pg” MPU JAHHOU TEMIIEpaType.
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pasH

Ecmu po, > Po,, TO peakuys IPOTEKAeT B HAIPABIECHUU 00Opa3oBaHMs OK-

cujia MeTajlia, T. €. METaJLI [OJIBEPraeTCsi KOPPO3UHU.

CKOpOCTh ra30BOil KOPPO3UH 3aBUCUT OT MPUPOIbLI METAIIIA, COCTaBa
CIUIaBA, XMUMHUYECKOM AKTUBHOCTU Ta30BOM CpPEJbI, CBOMCTB MNPOAYKTOB
KOppO3uH, 00pa30BaABIINXCS HA MOBEPXHOCTH METaJlJIa, TEMIIEPATYPHI Cpe-
IIbl, BPEMEHH KOHTAKTa CPEJIbl C METAILIOM U JIp.

[Ipn B3aMMOJEMCTBUM METala ¢ KACJIOPOJAOM MPOAYKTAMH KOPPO-
3UM SIBJISFOTCS OKCUIHBIC IUICHKU Pa3IMYHOU TOJIIUHBI, OT CBOHCTB KOTO-
pPBIX 3aBUCUT JaJIbHEHIWNA mpoiiecc Koppo3uu. [1osToMy BakHO 3HATh
CBOWCTBA OOpA3yIOIIMXCS MIEHOK, MEXaHU3M M 3aKOHbI UX POCTa, OTHO-
IICHUE UX K BO3JCUCTBUIO TEMIIEPATYPhl, TaBICHU U T.1. TouinHa oOpa-
30BaBIIUXCS TUICHOK 3aBUCUT OT CBOMCTB METaJljia, CPelbl U APYyrux (ak-
TopoB. [lnenku ObiBatoT ToHKHE (110 40 HM), cpeanue (ot 40 mo 500 HM) U
ToacTeie (6oaee 500 HMm).

TopMoO3UTh KOPPO3HOHHBIN MPOIECC MOTYT TOJBKO IJIEHKH, 00Ja-
JAIOIINE 3allUTHBIMA CBOMCTBAMH. 3AIIMTHBIE IUJICHKU JIOJKHBI OBITh
CIUIOIIHBIMU, O€CTIOPUCTHIMU, TBEPBIMU, U3HOCOCTOMKUMHU U MHEPTHBIMU
K arpecCHUBHBIM, CpejJaM, UMETh BBICOKYIO aire3uio (MPUIMIAHUE) K Me-
Ty U KO3(DPUUHEHT TEPMUYECKOTO paACIIMPEeHUs, OJU3KUN K KO3 Pu-
[UEHTY TEPMHUYECKOro pacumupeHuss meraina. CruloniHble IUIEHKA o0pa-
3YIOTCA B TOM Clly4ae, €CJId MOJBHBIA 00bEM OKCHAHOW IUIeHKH V,,,

OoJplIe aTOMHOTO 00beMa MeTaiia V,,, U3 KOTOpOoro 00pasyeTcs TUICHKA.
1.7.3. 3axonwl pocma nieHoK Ha NOBEPXHOCHU MEMAN08

[Ipouecchl ra30Boi KOPpO3UHA MHOTOCTAAUMHBI M IIPOTEKAIOT HA I'pa-
HUIIE pa3zena (a3 MeTaJll — ra30Bas cpefia Mo CIASAYIOMIUM CTaIUsIM:

a) OBO/T ra3000pa3HBIX BEIIECTB K MMOBEPXHOCTH pazjieia ¢as;

0) aacopOIIMs ra3a MOBEPXHOCTHIO METala;

B) XMMHUYECKOE B3aUMO/ICHCTBUE;

r) oTBOA (IecopOIus, BO3roHKa) MPOAYKTOB KOPPO3UM M3 30HBI pe-

aKIMU (B OTACIbHBIX CIydasx).
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Ecnau oOpasyercs mopucTas mieHKa, TUMATHPYIOIIEH CTaauen mpo-

1[ecca KOPPO3UH SIBISIETCSI XUMUYECKOE B3aUMOJICHCTBUE METaJljIa C ra30M
(puc. 1.7). CxkopocTh pocTa IJICHKH B ATOM cliydyae OyJeT MOCTOSIHHOM, a
€e TOJIIHUHA ), TMPOMNOPLUUOHATLHON BpEMEHH OKHUCIeHHus 7T, T.C.

dy/dz =Kk (rme k — koHCTaHTa CKOPOCTU XUMHUECKOMN PEAKIINHN).

Puc. 1.7. Cxema o0pa3oBaHus NOPUCTOH OKCUIHOM MJIEHKHU

Ha MOBEPXHOCTH METAJJIa

HpOI/IHTerpI/IpOBaB IMOJIYYCHHOC YPABHCHUC, ITIOJIYYHUM, YTO TOJIIIUHA

IJIEHKHU MPSMO MPOHOpLUHUOHANIbHA BpeMeHH (Y =Kz +const). B OomnbivH-

CTBC CJIy4acB 3HAYCHUC KOHCTAHTBI MAJIO UJIKM PABHO HYIIIO, IIO3TOMY YBC-

JIMYEHUE TOJIIUHEI IJIEHKH MPOUCXOJHUT IO JIMHEHHOMY 3aKkoHY (Y = K7).

Takol 3aKOH OKHCJICHUS XApaKTCPCH I MCJIOYHbIX W HICJIOYHO-

3eMeNbHBIX MeTAIIOB (puc. 1.8), koraa o0pa3yrTCcs HECTUIONTHBIC TUICHKH.

20

S

Ybenuyenue maccet, 2fm2

0 10 -20 30 40 50 &0
Bpemn,y

Puc. 1.8. Koppo3usi maruusi B cpeje
KHCJI0POJa NPHU PA3JIUYHbIX TeMIlepaTypax
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OOpazoBaHue 3alTUTHOMN
(CTUTONIHOM, HEMOPUCTON)
IJICHKA Ha MeTaljiax IPOXo-
AT B HECKOJBbKO CTaJINil:
a) IepexoJl MOHOB MeTajia U
AJIEKTPOHOB M3  METaJlInye-
ckoil (a3bl B OKkcum; 0) nud-
by3uss UX B CJIOE€ OKCHJA;
B) MOAXOJ KHCJIOpoAa K IIO-
BEPXHOCTH pazjiesia OKCUIHAs



IUICHKA — Tra3 H aJacopOlMs €ro; O2

I') HOHM3alMs aJACOPOUPOBAHHOIO KHC- Ouse
J0pOa U IEPEMEIIECHUE €T0 HOHOB B R R LA 'l-iviho‘ )
clo€ OKcHaa;, J) B3aumojaeuctBue — J ..U 4i *

WOHOB KHCJIOPOJa ¢ METAJUIOM C 00pa-

30BaHKeM okcua (puc. 1.9). ) £ \\\\\\\\\\\\\ \

CKopoCTh KOPPO3UHU TIPU HU3KOM

TeMIIepaType OIpeaesieTcsl cTagueu

Puc. 1.9. Cxema npouecca
n). IloBblllIeHHE TEMIIEpaTyphl TPUBO- .
0o0pa3oBaHMsl 3alIIUTHON MJIEHKH

AUT K YBCIWYCHUIO CKOPOCTU XHMHU-
Ha MMOBEPXHOCTH MeETAaJLJIa

YyeCKOM pPC€aKO1 U TOJIIUHBI IIJICHKH,

Toraa Kak CKOpPOCTh Iu(Gdy3und BO3-

X 160 -
pacTaeT OYeHb MEJUIEHHO, B pe3yJIbTa- N
S 120
T€ YEro CKOPOCTh KOPPO3UN HAYMHAET s
80
NOJUYMHATBCS  3aKkoHaM  Auddys3umn. 3
jas]
CnepoBarenbHO, CKOPOCTH  pOCTa = 40
NS ! [ | T
IUIEHKH OOpaTHO MpONOpLUHOHAIbHA > g 1 72 3 4 5

ee Toammue, 1.e. dy/dz=k/y. IIpo-
UHTETPUPOBAB 3TO ypaBHEHUE, MOJY-
Puc. 1.10. Oxuciaenune meau

YuM MapadoJIMYEeCKyI0 3aBUCHUMOCTh
Ha Bo3ayxe npu 800 °C

y? =2kz +const mnm y* = k7 +const, VI3 ypaBHEHHS CIELYET, 4TO CKOPOCTh
KOPPO3HMH OmpeeseTcss cTaaueil qudy3ur 1 yMEHBIIACTCS BO BPEMEHH.
BoJIbIIMHCTBO IPUMEHSAEMBIX B TEXHUKE META/UIOB OKHCIISIOTCS B OCHOBHOM
10 Tapadorueckomy 3akony (puc. 1.10).

Hamnpumep, menp u Hukenb okucisitores npu t > 500 °C, xeneso —
npu t > 700 °C.

[Ipu oxucnenun memu no temnepatypbl 100 °C, TanTama — 10
150 °C, mukensa — go 650 °C, xene3a — no 400 °C nabmromaeTcst Ooiee
MEJUICHHBIN POCT TUICHKH, Y€M 3TO CIeAYyeT U3 MapadoJndecKOTo 3aKOHa.
JIJIsE 3 TUX METaJIOB XapakTepHa JjorapupMudeckas 3aBUCUMOCTh MEXKIY

TOJIILMHOMN IUIEHKH U BpeMeHeM ee pocta: Y = In(kz) .
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[Ipu okucIEeHWH METAIIJIOB U CIJIaBOB OOBIYHO HAOIIOJAETCS OTKJIO-
HEHHUE OT PACCMOTPEHHBIX BBIIIE 3aKOHOB. [Ipn M3MEHEHUN TeMIepaTrypsl
3aKOH OKHCIICHUS MEHSIETCS, KaK MPaBUJIO, TPAKTUYECKH I BCEX METal-
710B. OTKJIOHEHUE MTPOLECCA OKUCIEHUS OT TOTO WM MHOIO 3aKOHA TAKKE
3aBUCUT OT CTPOCHUSA MNPOJYKTOB KOPPO3UHU, HUX AATE€3UH, MPOYHOCTH,

CIINIOIIHOCTH.

1.7.4. Bauanue memnepamypsl u cocmaea cpeosl

Ha CKOPOCHIb 230601 KOpPO3Uuu

CKOpOCTh ra30BOM KOPPO3UH PE3KO MOBBIIIAETCS (IPAKTUUYECKHA BO
BCEX Cllyyasix) ¢ BO3pacTaHMEM TeMIEpaTypbl U BhIpa)xkaeTcs MpUOJIH-
’)KEHHO YpaBHCHHEM

k =Aexp (-E,/RT),
KOTOpOE MOCJIE JOrapupMUpPOBAHUS UMEET BUJL

Ink=InA-E_/RT,

rne A — KoHCTaHTa;, |n — HarypanbHbIN JIorapudm; £, — SHEpTrHusl akTHBa-
uu; R — razoBast mocrosiHHas; 7' — abCoOJIFOTHAsI TeMIIepaTypa.

Cnenyer uMeTh B BHUY, UTO 3TO COOTHOIICHUE MOXKET HAPYIIATHCS
WJI OCJIOKHSTBHCS, €CJIM MU3MEHSIOTCA CTPYKTypa WM CBOMCTBA MeETajula
WJIM TUICHKH TIPU U3MEHEHUHU TeMIepaTyphl.

s mpuMepa pacCMOTPUM  YacTHBIC
CJIy4au ra3zoBoil KOppo3uu. B TexHuke armna-
paTypa, U3rOTOBJICHHAS U3 Kelle3a, CTAIN U
YyryHa, O4€Hb 4acTO MOJBEPracrcsi BO3/eH-
CTBUIO TEMIEPATypbl WU Ta30B (KHACIOpoAa

BO3/lyXa, BOJAOPOJa, COCIUHECHHM, COaepIKa-

X cepy W yriepon u Jp.). Ilpu Harpea-

HUU KEJIe3a, CTAJIM U YyT'yHA B BO3YXE OHU
Puc. 1.11. Cxema odpa3zoBaHus ’ yry Ay

OKaIMHbI pH Harpesanun  OKUCIIOTCA € 00pa30BaHUEM OKaJIMHBI,

JKeJIe3a Ha BO3IyXe UMEIONICH clio)kHOE cTpoenue (puc. 1.11).
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Oxcup xene3a Fe,0O3; odpazyercsa go temneparypsl 100 °C, a Fe3O,4 —
ipu 400-575 °C. OTu OKCUIbI UMEIOT KPUCTAUITMYECKUE PEIICTKU CIO0XKHO-
ro CTpOEHUsI, U npornecchl Tuddy3un KUCIOpoaa B HUX 3aTPyHEHBI, TOT 1A
kak FeO oOpasyercs npu Ttemmepatype Bbiie 575 °C U uMeeT ImpocTyro
pENIETKY TPaHEIICHTPUPOBAHHOTO Ky0a, cojepkalnyto 1edeKThl, B Pe3yJib-
tare dero FeO He oOmamaer CBOWCTBAMH 3alIUTHOW IUICHKH. [loaTomy
MIPUMEHSTh YTIEPOJAUCTHIE CTATM MOYXKHO TOJBKO JI0 TeMmnepaTtypsl 575 °C.

Cnenyer OTMETUTD, UTO KHUCIOPOI, Haphl BOAbI, AMOKCHU]T YTIEpoaa U
IpYyTUe KUCIOPOJICOepKaIe BelecTBa npu temneparype Boime 700 °C
MOT'YT 00€3yTJIEpOKUBAThH CTAJIb U UYT'yH:

Fegc + 02 — 3Fe + COy;
FesC + H,O — 3Fe + CO + Hy;
FesC + CO, — 3Fe + 2CO.

CHmXeHHUe KOHIIEHTpAIMU YTriepoJa B MOBEPXHOCTHOM CJIO€ CTalu
MPUBOJIUT K U3MEHEHUIO CTPYKTYPHI CIJIaBa M YXYAIIAET MEXaHUYECKHE
CBOWCTBA, OCOOCHHO MpeieNl MPOYHOCTH NpH pacTsukeHuu. [Ipu koppozun
YyryHa OPOUCXOJIUT YBEIUYEHHUE €ro 00bEMa 3a CUET OKUCIICHUS JKeJe3a B
pe3yJibTaTe MPOHUKHOBEHUSI arpeCCUBHBIX Ta30B IO TpaHUIIAM 3€peH U
BKJIIFOUCHHSIM rpaduTa.

[loBeneHue BETHBIX METAJIOB B arMocdepe KUCIOpOoaa Pas3JIMyYHO.
AJIFOMUHUN M €T0 CIUIaBbl YCTOWYHUBBI K BO3JCUCTBUIO KUCIOPOAA BO3AY-
Xa, a MarHui W €ro CIulaBbl JIErKO pa3pyliatoTcsa. Hukenb kapocToek K
atMoc(epe, conepikaiie KuCIOpoa, MUOKCHJ yriepoja, aMMHakK, T.e.
CITOCOOEH XOPOIIIO MPOTHUBOCTOSATH MPH BBICOKUX TEMIIEpaTypax XHMHYE-
CKOMY BO3JICHCTBHIO, B YaCTHOCTH, OKHCIICHHIO Ha BO3JyXe WJIU B UHOU
razoBoil cpene. Ctanu, JETMPOBAHHBIE XPOMOM, AIFOMUHUEM, KPEMHUEM,
YCTOWYUBBI PU HATPEBAHUM B OKUCIUTEILHBIX Ta30BbIX CpEax.

[Ipy MOBBIMIEHHBIX TeMIepaTypax W JIaBJICHUSX CTajld, MEAb U €€
CIUIaBbI pa3pylIAOTCS MOJ JIEMCTBHEM BOJOpojaa. Takou mpouecc paspy-
IIIEHUSI HAa3bIBACTCSI 8000POOHOU Koppo3uel. BomopoaHas Koppo3us o0y-
CJIOBJIEHA CIIOCOOHOCTBIO BOJOPOJIa K ajacopOiuu, 1uddy3un u pacTBope-
HUIO B MeTajuie. MOJeKyJIapHbIA BOJOPOJ, TPOHUKAsT B METaJI, pacipe-
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nensiercss B AedeKTax KpPUCTANIMYECKON peleTKH WM MO TPaHUIAM 3e-
peH. C xene30M OH 00pa3yeT TBEp/IbIi pacTBOP, KOTOPHIM XapaKTepPU3yeT-
CA BBICOKOW XPYNKOCTBIO U MaJOM MPOYHOCTHIO. PAaCTBOPEHHBIA BOLOPOL
00€3yTIepoKUBAET CTalb, T.€. pa3pylIacT IEMEHTHUT:
Fegc + 2H, — 3Fe + CH,.

OOpa3oBaBIIMIiCS METaH HE BBIACISIETCS U3 METAlJIa, a CKaIlJIUBaCT-
CA MO TPAaHUILIAM 3€PEH, U B PE3YJIbTATE BO3ZHUKAIOUIETO MOBBIIIEHHOTO
JNABJICHUS  IPOUCXOAUT  BHYTPUKPUCTAILUIMYECKOE  PACTPECKHMBAHME.
O0e3yriepokuBaHuE CTAA 3aBUCUT OT TEMIIEPATypPhl, 1aBICHUS BOJIOPO-
J1la U BPEMEHU CONIPUKOCHOBEHUS C HUM U3JIETUN.

PacTBOpeHHBIN B KeJie3€ BOLOPOJ pearupyer ¢ OKCUIamMu, BOCCTa-
HABJIUBAs UX:

Fe;O, + H, — Fe + H,O (nap)-

OO6pa3oBaBiiuecs: mapbl BOJAbI OCIAOJSIOT CBSI3b MEXKAY KPUCTAILIH-
TaMHU, YTO NPUBOJUT K XPYNKOCTH, CO3IAHUI0 BHYTPEHHETO JABJICHUS U K
JNAJbHEUIIIEMY PACTPECKUBAHUIO METAIUIA. AHATOTUYHOE JICHCTBUE OKA3bI-

BAaeT BOJOPOJ HA MEJb U €€ CILIaBbl Ipu Temueparype Buiie 400°C:
Cu,0O + H, — 2Cu + H,0O (map)*

[Ipu conepxanuu B Meau Oonee 1 % H, Mens craHOBUTCS XpYIKOi
(«BomoOpoaHast OOJIE3HBY), MOATOMY €€ HE MPUMEHSIIOT ISl U3TOTOBJICHUS
anmapaTrypbl, padoTarolei 1Mo J1aBJIeHUEM P MOBBIIIIEHHON TeMITepaType.

[Ipy MOBBIIIEHHBIX TEMIIEpATYpPax BOJOPO] PACTBOPSAETCSI BO MHOTHX
meTtamax. O0pa3oBaBIIHECs THAPUILI STHX METAIIOB SBIISIIOTCS XPYIKOM
dazoil, pe3ko CHIXAIOT IUIACTUYHOCTh, MPHUBOASIT K BO3HUKHOBEHHIO
OOJBIIUX PACTATUBAIONINX HAMNPSHKCHUH W BHYTPHKPUCTAIUIMYCCKOMY
pPacTpeCKHUBaHUIO.

Monookcun yriepoaa CO 1pu BBICOKHX TEMIIEPATYpaxX U JTABICHUSIX
paspyliaeTr cTajab, HUKEIb U Jpyrue MeTauibl. Tak, keae30 HauMHaeT pea-
rupoBaTh ¢ HUM npu Temneparype Boime 120 °C ¢ oOpa3oBaHueM NEHTa-

KapOOHMIIA Kele3a:

Fe+5C0O — Fe(CO),,
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a "Hukenp — npu 200 °C c oOpa3oBaHHEeM TeTpakapOOHHUIIA HUKENS
Ni(CO)4. BeicokonerupoBaHHble XpOMHUCTBIC W XPOMOHHKEIICBBIC CTalIH,
MapraHioBUCTbIe OpoH3bI He KOppoaupyroT B cpeae CO. Ilpu BbIcOKHX
TeMIepaTypax BC€ METaJUIbl Pa3pylIalOTCs MOJI JSUCTBUEM CYyXOro XJiopa
u xsoposogopoaa HCI (ta6mx. 1.1).
Taoauna 1.1
BepxHue qomycTuMblie TeMIIEPATYPbl IPUMEHEHUS METAJLJIOB

U CILUIABOB B CYXOM XJIOpe U XJIOPOBOIOPO/I€e

T, °C atmocdepsr
Marepuan
XJop XJI0pOBOAOPO]
ATIOMUHHNA 100 150
Menb 100 120
Huxenb 550 600
Yraepoaucras ctanb Ct3 150 350
Hepxkageromas crans 12X18HIOT 300 500

Hanbomnee cToikuMu MaTepuajiaMd B pacCMaTPUBAEMBIX razax MpH
MOBBIIIICHHBIX TEMIIEPATYpax SIBJISIIOTCS HUKENb, €T0 CIUIABBI, a TAKXKE He-
pxaBeroiue ctaau. OOBIACHAETCS ATO TEM, UYTO MPOAYKTHl KOPPO3UH, B OC-
HOBHOM XJIOPUJIBI HUKEJIST U XpoMa, Ojarogapsi HU3KOMY JIaBJICHUIO
HACBHIIEHHBIX MMApOB 00JIaJal0T 3AIUTHEIMUA CBOMCTBAMU.

["a3000pa3Hbie MPOIYKTHI, COAEPIKAIINE CEPy, Pa3pyLIaAlOT KeJe3o,
CTajiy, YYyT'YH U I[BETHbIE METAJJIbI IIPU HArpeBaHUHU, OCOOCHHO B MIPHUCYT-
CTBUM MapoB Bojbl. ['a3bl, comepxkammue SOz u HyS, muHTEeHCUBHO pa3py-
maroT yriepoaucteie ctanu npu 300 °C, a Meap — Npu KOMHATHOW TEMIIe-
patype. Hukenb nmoasepraercsi KOppo3uu B CpPeAe ITUX Ta30B MPU TEMIIe-
parype 300 °C. XpoM yCTOWUYMB K CEPHUCTHIM ra3aM, TakK Kak Ha €ro mo-
BepxXHOCTH oOpazyercs cyiabhun xpoma CrySz, o0magaromui 3alUTHEIMU
cBoricTBaMH. [103TOMY XpOMHCTBIE CTAIA C MOBBIIEHHBIM COAEPHKAHUEM
xpoMa (6omwiie 12 %) Goisiee cToiiku, 4yemM XpoMoHHKeIeBble. OCOOEHHO

YCTOWYHBBI BBICOKOXPOMHUCTBIE CTAJIH.
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AJIIOMMHHN yCTOMYHUB K BO3JEUCTBHIO cepoBojopona g0 500 °C.
[1oBBICUTH YCTOMYMBOCTH XPOMHCTBIX cTajeH, coxaepxkamux 20-30 %
(macc.) Cr, k Bo3aeicTBHIO ra3oB U temneparypsl 10 1000 °C moxHO BBe-
neHueM B ux coctaB 4-5 % (Mmacc.) amoMuausi. CKOpoCTh KOPPO3UU Me-
TaJIJIOB MIPY BBICOKUX TEMIIEpaTypax npuseaeHa B taom. 1.2.

Taodauna 1.2
CxopocTth ra3oBoil KOppo3uM MeTANIOB, r/(M2°cyT)
npu 700 1 900 °C (no I'andpuanay)

O, H,O (mapsr) CO, SO,
Mertann

700 900 700 900 700 900 700 900
XpoMm 4,7 22,0 0,5 12,0 2,7 13,0 1,6 32,0
Keneso 511 | 1243 622 575 587 1133 354 5000
Kobanpt 37,0 | 931,0 8,0 259 27,0 443 598 1633
Huxens 9,6 28,0 0,3 14,0 3,9 36,0 923 837
Menp 120 | 439 33,0 153 65,0 123 1,3 2,0
Bonbdpam 412 | 3762 | 21,0 | 1792 | 139,0 | 139 470 290

1.8. OcHOBHBIC BHABI KOPPO3UM U KOPPO3HMOHHBIX Pa3pyuIeHUn
1.8.1. Ammocghepnan koppo3usn

Ammocgeproil Ha3pIBACTCSI KOPPO3HS METAIJIOB B BO3JyXE IMPH TEM-
neparype okpysxarouiei cpeapl. OHa SIBISETCS OJJHUM M3 HauboJee pacipo-
CTPAaHEHHBIX BUJIOB KOPPO3MOHHOIO pa3pylieHusi MetauioB. [Ipubnmzu-
TenbHO 80 % BCeX METAUIMYECKUX KOHCTPYKUIWN 3KCIUTYaTUPYIOTCS B aTMO-
chepHBIX YCIOBUAX. Pa3nmnyaroT HECKOJIbKO BUOB aTMOC(EPHON KOPPO3HH.

Cyxas ammocgepnas Koppo3us Pa3BUBACTCS MPHU OTHOCUTEIBHOU
BJIAXKHOCTH HUXKE 60 %. M3MeHeHne COCTOSIHUSI MOBEPXHOCTH MPOUCXO-
IAT MeIJIEHHO. [Ipy mosIBJIEHWM TOHYAMIIEH MJICHKU BJAru cyxas aTMo-
chepHas KOppo3usl MEPEXOAUT BO BIXKHYIO, a MPU MOMNAJaHUU Karelb —
B MOKPYI0 aTMOC(EepHYI0 KOPPO3HIO.
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Bnraosicnas ammocgepnas xoppo3uss BO3HUKAET NMPHU KaMUIUISIPHOM,
a7COpOIMOHHON WJIM XMMHUYECKOW KOHACHCAIUM, TPHU YCIOBUSIX, KOTIa
OTHOCHUTEIbHAS BJIAXXKHOCTh HUXKE 100 %.

Kanunnapnas kondencayus 3aBUCUT OT MUKpPOpEIbeda MOBEPXHOCTU
Y YBEJIUUYUBAETCS C POCTOM MOPUCTOCTHU U IIEPOXOBATOCTU MTOBEPXHOCTH.

Aocopbyuonnas KomoeHcayus 3aKIOYAETCI B 00pa30BaHUU TOH-
YaiIiero cjios MOJEKYJ BOJIbI, CBSI3aHHBIX aJCOPOIMOHHBIMU CHUJIAMHU.
IIpu oTtHOCHTENBHOW BiaxkHOCTH HUKE 100 % MOXET KOHAEHCHUPOBATHCS
CJIOM BJIAru B HECKOJIBKO JIECSTKOB MOJIEKYJISIPHBIX CIIOEB.

Xumuueckas xkoHoeHncayus 00yCIOBIEHA TUTPOCKOMMYHOCTRIO 00pa-
3YIOLUXCSA IPOAYKTOB KOPPO3UU U APYTHX XUMHUYECKHUX COCAUHECHUH,
HMMEIOIIUXCS HAa TTOBEPXHOCTHU METasa.

Moxpas ammocgepras ropposus HAOIIOAACTCS TPU HETIOCPEI-
CTBEHHOM BO3JICHCTBUM MO/, CHEra, TyMaHa, a TaKXe NMPHU KareJlbHON
KOHJICHCAllUM BJIard Ha MOBEPXHOCTH META/UVIOB MNPU OTHOCHUTEIHHOMU
BraaxxHoctu 100 %. Mexanusam atMochepHON KOPPO3WU 3aBUCUT OT TOJ-
IIUHBI CJIOS DJICKTPOJIMTA HA MTOBEPXHOCTU MeTasuia. [Ipu TonuHe mieH-
KM 2JIeKTponuTa MeHee 10 HM HaOmromaeTcsl cyxas KOppo3us, MpOTEeKaro-
1as o XuMHUYECKOMY MEXaHU3MY.

[Ipu BiIaxHON KOPPO3UHU TOJIIHMHA IUIEHKU cocTaBisieT 10 0,1 MkMm u
pu MOkpou koppo3uu — ot 0,1 mo 1 Mmxm. Takas koppo3ust IpOTEKAET 10
ANEKTPOXUMHUUYECKOMY MEXaHU3MY C KaTOAHOM peakiiueil BOCCTAHOBJICHUS
KHCJIOpPO/a.

JInst OGOJIBIIMHCTBA METAJIJIOB YBEJIIMUEHUE CKOPOCTH KOPPO3UM B 3a-
BUCUMOCTHA OT OTHOCUTEIBHOW BIAXHOCTU MPOUCXOJUT CKAYKOOOpPA3HO,
OpuUYeM JJIsi KaXJ0T0o METaula — MPU pa3HOW BJIAXKHOCTH BO3AyXa. ITO
3HAYEHHWE OTHOCUTEIBLHON BJIAXKHOCTHU HA3BIBACTCS KPUMUUECKOU BAANCHO-
cmoro; 01g Meau oHa coctaigeT 80 %, mig xene3a — 70 %.

OnacHocTh aTMOChepHON KOPPO3UHU BO3PACTACT C MPOIOKUTEIHHO-
CThIO YBII&JKHEHHUSI TTOBEPXHOCTH METaJllIa, KOTOpas pa3jiMyHa B Pa3HBIX

KJIIMMAaTUYECKUX palioHax: Hampumep, st [IpubanTuku oHa cocTaBisieT
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3250 u/r (mamboisiee omacHbld paioH), a ama Cpemneit Aszum — 750 4/t
(HauMeHee onacHbIM pailoH). CKOPOCTh KOPPO3UH 3aBUCHUT TAKKE OT KO-
PO3UOHHOU azpeccusHocmu aTMOocdephl, XapaKTepu3yrolleiics Temmepa-
TYpO#, BIAXHOCTBIO U 3arpA3HEHHOCTHIO KOPPO3UOHHO-AKTHUBHBIMH ArcH-
TaMu — CEpPHHUCTBHIM Ta30M, XJIOPUJAMH, AMMHAKOM, OKCUAaMu a3oTa. B 3a-
BUCHUMOCTH OT KOJIMYECTBEHHBIX XapAKTEPUCTUK KOPPO3MOHHOMN arpeccuB-
HOCTHM YCIIOBHS JKCIUTyaTauuu wsaenuil pasaenstor Ha § rpynm (I'OCT
9.303-84).

CHMXEeHUE ypPOBHS 3arpsi3HEHUN BO3yXa MPOMBIIIIECHHBIMU BBIOPO-
CaMM XMMHUYECKUX, METAJUTYPTUUECKUX U JPYTUX MPOU3ZBOACTB OJHOBpE-
MEHHO C YMEHBIIIEHHEM KOPPO3MOHHON arpeCCUBHOCTH aTMOC(Ephl UMEET
OTPOMHOE 3HAYECHUE ISl OXPAHBI OKPYIKAIOIICH CPEabl U COXPAHEHUS 3]10-
POBBSI UEJIOBEKA.

JI1st 3amuThl METALIOB OT aTMOC(EpHOM KOPPO3UH MPUMEHSIOT 3a-
IIUTHBIE HEMETAJUIMYECKHE (CMa3KH, JIAKOKPACOUHBIC TMOKPBITHS) U Me-
Tajindeckue (IIMHKOBBIC, MHOTOCIONHBIE) TOKPHITUSI, HHTUOUTOPHI KOP-

po3un YMCHBIIAIOT 3arpsi3HCHHOCTDb BO3/1yXa.

1.8.2. Iloozemnasn koppo3us

Iloozemnasn xoppo3us memannog ABISAETCS PA3HOBUIHOCTBIO AJIEKTPO-
XUMHAYECKOU KOPPO3HH, IPOTEKAIOIIEd B mouBax U rpyHrax. [lomsemuoun
KOPpPO3UU MOJABEpPraroTcss HePTSIHbIC, ra30BbIe U BOAHBIC TPYyOONPOBObI, a
Tak)Ke CBau, KaOelu U JIpyrue Mnoa3zeMHble coopyxeHus. Koppo3nonnas ak-
TUBHOCTb IIOYBBI U I'PYHTa OIPEAEIAETCA UX IOPUCTOCTBIO, BIAXKHOCTHIO,
COJIEBBIM COCTaBOM Y KMCJIOTHOCTBIO, IPUCYTCTBUEM MUKPOOPTraHU3MOB.

Haubonee xapakTepHbIM KaTOAHBIM IIPOLIECCOM B CIIy4ae MOA3EMHOMN
KOPPO3HHU SIBISAETCS BOCCTAHOBJICHUE KHUCJIOPOJA, XOTS B IIOYBAX, UMEIO-
IIUX CUJIBHOKHCIYIO peakunio (pH Huke 3), MOXKET IPOUCXOAUTH BbIJIE-
neHue Bogopoza. Ilon3emMHbie TpyOOIpPOBOIBI MOTYT KOPPOAUPOBATH TaK-

KC 3a CUCT BO3HHUKHOBCHHUSA KOPPO3HMOHHLIX JJICMCHTOB, ABJISIOIIUXCS
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CIEACTBHEM Pa3IMYHOMN a’palviy WA HEOAWHAKOBOI'O COCTaBa IMOYBHI HA
COCEIHUX y4yacTKax. AHOJHBIC U KATOAHBIC YYaCTKH MOTYT OBITh 3HAYU-
TEJIbHO yAAJE€HbI APYT OT JApyra. [ pyHTOBast KOppo3us OYEHb OIAcCHA, TaK
KaK OHA 4acTO MPOSIBISETCS B BUAEC INIYOOKMX PAKOBUH M TOUYCUHBIX U3b-
SA3BJICHUH (MATTUHTOB). 3allIUTa OT TOYBEHHOW KOPPO3UU OCYILECTBISAETCS
MyTEM M30JSLUU METAUIOB HE(PTCOMTYMHBIMU KOMIIO3UIIMSIMH, & TaKXKe
JIMTIKOW MOJIMATUIICHOBOW WJIM MOJIMXJIOPBUHUIIOBOW JIEHTOW B COYETAHUH
C DJIEKTPOXUMHUYECKUMHU METOJIAMH 3aILIUTHI.

IneKkmpoxroppo3ust — BIACKTPOXUMHUUECKAsT KOPpPO3Usl MOJ JACUCTBHEM
OY>KJTAIOIIMX TOKOB, BO3HUKAIOIIMX BCJICJCTBUE HEIOCTATOUHON H3OJISAIUN
PEJIbCOB BJIEKTPOTPAHCIIOPTA OT 3€MJIM U YTE€UYKH MOCTOSIHHOTO Toka. Me-
TALUTHYECKUE MarucTpayiv (TpyOOIpoBOIbl, Kabeau), HaXOsIIUecs B TOYBE,
CTAaHOBATCA YacThlO0 MapalICIbHOW AJIEKTPUYECKON LIENH, MNPUYEM MECTO
BXOJ]a TOKa CTAHOBUTCS KAaTOAHOW 30HOM (IIPOMCXOAUT TMOJIIEIAYUBAHUE
MOYBBI U BBIJIEJICHUE BOJOPO/IA), 4 YUACTOK BBIXOAAa — aHOJIHOM 30HOM (Mpo-
HCXOAUT YCUJICHHOE pacTBOpeHUE MeTasia). boprOy ¢ ATUM BHIOM KOpPpO3UU
NPOBOJSIT MyTeM MNPUMEHEHHUS KOMIUIEKCA 3alllUTHBIX MEp: OCYIIECTBIISIOT
JpEHax, T.e. OTBOJl TOKAa OT aHOJIHOM 30HBI TPYyOOIPOBOAA C TTOMOIILIO Me-
TAJUIMYECKOTO MPOBOJHUKA OOPATHO B PEJIbC; MPUMEHSIOT U3O0JILUIO OMac-

HBIX MECT MGT&J'IJ'IOKOHCTpYKHHfI; YBCIIMYHUBAIOT COIIPOTHUBIICHUC HA CTBIKAX.

1.8.3. Mopckas koppo3us

Koppo3uu B MOpPCKOU BOJIE TOJABEPTAKOTCA METAJUIMYECKHE YaCTH MOP-
CKUX CYJOB, METALNTMYECKUE COOPYKEHUS MOPTOB, HEPTEITPOMBICIIOB U JPY-
M€ METAJUIOKOHCTPYKIIUH.

Mopckas koppo3usi TPOTEKAET IO IIEKTPOXUMUYECKOMY MEXAHU3MY
C KaTOJIHOM pe€aKlUer BOCCTAHOBJICHUA KUCTIOpoaa. [IpucyrcrBue ximopu/i-
MOHA MPEMSATCTBYET MACCHUBAllMM METAJUIA, a BBICOKAs BJIEKTPOIPOBO/I-
HOCTbh MOPCKOM BOJIbI CO3/Ia€T YCIOBHUS, OJIArONPUATHBIC JJIsI IPOTEKAHUS

KOHTaKTHOW KOppO3WH. B 30HE MEepHOANMYECKOr0 CMayMBaHHS MOBEPXHO-
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CTH METaJlla BO3HHMKAET YCHWJICHHAs KOPpO3Hs, 00YyCIIOBJIICHHAs oO0jerde-
HUEM J0CTymna Kucinopoaa (kopposus no eamepiunuu). 3alIuTy OT MOP-
CKOM KOPPO3UM OCYIIECTBISAKOT C MOMOUIBIO JTAKOKPACOYHBIX U METAJIJIN-
yecKkux (HampuMmep, KaaMHeBBIX TOJMIMHOM 150-200 MKM) MOKPBITHM.

[I1poKO UCTIOIB3YIOT JIEKTPOXUMUYECKUE METOIbI 3aIIIUThI.
1.8.4. Buonozuueckasn Koppo3us

buokopposus BBI3BIBAETCS KUZHEACATEIBHOCTHIO PA3JIUYHBIX MUK-
POOPraHr3MOB, MCIOJB3YIOIMMX METAUIbI KaK MUTATEIBHYIO CpPENy WU
BBIJICJISIIOIIMX MPOAYKTHI, paspyliaronide Metamuibl. Hambosnee omacHbI
aHadpoOHBIC (pa3BUBAIOIIUECS MPU OTCYTCTBUHU KHUCJIOpOAa) Cyibdar-
peayuHpyromue 0akTepun, HAXOASIIUECS B WIUCTBIX M OOJIOTHBIX T'PYH-
Tax. bakTepun BOCCTaHABIMUBAIOT UOHBI CYJIb(PATOB B MOHBI CYJIb(PHUIOB:

4Fe — 4Fe”" + 8e,
SO +8H" -»S* +4H,0,
4Fe +S° + 8H" — 3Fe’" +FeS +4H,0,
YCKOPSIIOIIME KOPPO3UIO METAJIIOB.

KuzHenesTeabHOCTh adpOOHBIX OaKTEepui MPOTEKAET TOJBKO MpHU
HaJIMYUK KUCIIOpOJa. bakTepuu OKUCIISIIOT cepy 10 CEPHOM KUCIOThI, KOH-
IIEHTpaIMs KOTOPOH B OTJEIBbHBIX MECTaX MOXKeT gocTurath 10 %.

KenezobakTepuu MOriIoMA0T KeJI€30 B MOHHOM COCTOSIHUM U BBIJie-
JIIOT €r0 B BUJIE HepacTBOpUMBIX coennHenui npu pH = 4-10. [Tockob-
Ky HEpPaCTBOPUMBIEC TPOAYKTHI PACTIPEACIISIIOTCS 110 MOBEPXHOCTU METasIa
HEPAaBHOMEPHO, BO3HUKAET JICKTPOXUMHUUECKAs] T€TEPOTeHHOCTh MOBEPX-

HOCTH, YCUJIMBAIOIIAsI KOPPO3HUIO.
1.8.5. lummumnzoeas koppo3usn

llummuneosas (moueunas) Kopposus — KOPpO3usi MeTaJlIa B BUJE

OTACJIBbHBIX TOYCYHBIX HOpﬁ)KGHPIﬁ, KOoraa oCTalJibHas IOBCPXHOCTb MCTAJI-
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Jla HAaXOAUTCS B MACCUBHOM COCTOSIHMM. [IMTTHUHTrOBOM KOPpO3UHU MOJBEP-
KEHBI YTIEPOJUCTHIE U HEPHKABEIOIINE CTAIM, CIUIaBbl HA OCHOBE aJlfOMU-
HUsSI, HUKEIS,, TUTAaHA W JPYTHX JIETKONACCUBUPYIOLIMXCA METAUIOB U
CILJIABOB B MOPCKOM BOJIE, paccoyiaX XOJOAWIbHBIX MAaIlWH, CMECSIX COJIS-
HOW M a30THOU KUCJIOT.

[TutTUHTOBAasE KOPPO3USI BOSHUKAET, €CIIU CO3/IaHbl YCIOBUSI MEPEXO0-
Jla METajla B TACCUBHOE COCTOSIHUE: HAIIPUMEDP, B PACTBOPE €CTh OKUCIIU-
T — XPOMATbl, HUTPAThl U T.lI. MPU OJHOBPEMEHHOM IMPUCYTCTBUU B
KOppOo3uoHHOH cpene noHoB-aktuBaTtopoB (CI, Br,, I') B xoHieHTpamumu,
PaBHOM KPpUTUUECKOW WU BhIlIe. KpuTudeckass KOHIIEHTpaIUs TaJIOTeHU -
MOHA 3aBUCUT OT MPUPOJBI METajla, HAJUYUS APYTUX aHUOHOB B PAacTBO-
pe, HEKOTOPBIX Apyrux ¢aktopoB. I[losBieHHWE MUTTUHTA CBS3aHO C BBI-
TECHEHHEM aJICOPOMPOBAHHOTO KHUCIOPOJa TaJIOTCeHUA-UOHOM WJIU C pas-
pPYLIEHUEM OKCHUJIHOW MJIEHKH MOJ JIEHCTBHEM TrajJOreHU-MOHA HA y4yacT-
KaxX MOBEPXHOCTH, TJE CBA3b METAII — KUCIOPO OociadieHa. ItoMy Ofa-
TONPUSATCTBYET HAJIUYUE HEMETAUIMYECKUX MpuMece (0COOEHHO CYIib-
dbuma mapraia) B CTasiX, HEKOTOPbIE PEXKUMBI TEPMOOOPAOOTKH CILjIa-
BOB. UTOOBI MPOMU3OIILIO B3aUMOJICCTBHUE TTOBEPXHOCTH METAJlJIa C MOHOM
rajoreHu/ia, Hy’HoO, 4TOObI TOTEHI[MA METasia JOCTUT MOTEHI[MAaa MUT-
TUHrooOpa3zoBanusa. HekoTopeie KHCIOpOACOAEpKAIIUE AHHOHBI (CyJb-
dar, xpomaT, HUTpPAT) MPEIOTBPAIIAOT MUTTUHTOBYIO KOPPO3HIO, T.K.
crocoOHbI BeITeCHATh Cl™ ¢ moBepXHOCTH MeTalLIa.

JI1st 3a1UThI OT TUTTUHTOBOM KOPPO3UH MPUMEHSIOT palliOHAIBHO Jie-
TUPOBAHHBIC CILUIABbl (XPOMOHMKEJIEBBIE CTaM, JICTUPOBAHHBIE MOJUOJE-
HOM, KPEMHHEM), UHTHOUTOpPHI KOppo3uu. HambomblIyro KOppO3MOHHYIO

CTOMKOCTB B CpeJiax ¢ OOJIBIIUM COACPKAHUEM HOHA XJIOpA UMEET TUTAH.

1.8.6. Mexckpucmanaumuasn Koppo3us

Mesickpucmaniumnas Koppo3us PacHpPOCTPAHSIETCS MO TPaHUIAM

KPUCTAJIUTOB (3€peH) MeTajia. DTOMY BUAY KOPPO3UHU IMOJABEPKECHBI He-
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KOTOPBIE CIUIaBbl (XPOMUCTBHIE M XPOMOHHUKEJIEBBIE CTaIH, CIUIaBbl HA OC-
HOBE aJIOMHUHUS, HUKENS), Y KOTOPBIX MPHU OMPEIEICHHBIX PEeKUMaX Tep-
MOOOpa0OTKU, MPU CTAPECHUU WA TOJ HAMPSKEHUEM H3MEHSETCS XUMU-
YECKU COCTaB Ha TpaHUIIC 3€pHA MO CPaBHEHHMIO C COCTaBOM B 00bEeMe
3epHa. Ilox nerucTBUEM KOPPO3MOHHOM CPElbl OJIHA M3 CTPYKTYP, pacmo-
JIO’)KEHHAs! 110 TPAHHUIIE 3epHA B BUJE HETPEPHIBHOM IIEMIOYKH, PACTBOPSCT-
Csl TIpU TIOTEHIIMANIaX aKTUBHOTO COCTOSIHUA. B ATOM ciyuae aHojHas pe-
aKIMs JIOKAIM3YeTCsl Ha TPaHUIE 3€pHa, a CaMO 3epHO MeTaia (00bheMm)
HaXOJIUTCS B TACCUBHOM COCTOSIHMM M pa3pyIlIaeTcs Mao.

[IpyYMHON MEKKPUCTALIMTHON KOPPO3UHU HEPKABCIOIIUX CTaJIEH
CUMTAIOT BBIMIAJICHUE IO TpaHHIE 3epHa KapOumoB xpoma Cr,C, wumu
(Cr, Fe),,C, npu HarpeBanuu B uHTepBajie temiepatyp 450-850 °C. Tak
KaK TpH 3THX TeMIlepaTtypax CKoOpocTh nuddy3uu yriepoaa BhIIIC, YEM
XpoMa, B 00pa3oBaHUU KapOWIOB IO TPAHUIIE 3€pHA MPUHUMAET y4acTue
BECh YIJIepOJ CIUIaBa, a XpOM — TOJIbKO HAXOJSAIIUNCS Ha TPaHUIIE 3epHA.
DTO NPHUBOJMT K OOCAHEHHUIO T'PAHUIBI 3€pHA XPOMOM W YMEHBIICHHUIO
CIIOCOOHOCTH MEePEeXOAUTh B TTACCHBHOE cocTossHUE. [loaTOMYy B KOppO3H-
OHHOM cpeJie TpaHuIla 3epHa PacCTBOPSIETCH.

Jl1st ycTpaHeHUsI MEXKKPUCTAUIUTHOW KOPPO3UU HEPIKaBEIOIINX CTa-
JIel HYKHO TIPEAOTBPATHUTH BHITIAJICHUE KapOUIOB XpOMa MO TPaHHUIIEC 3e-
peH. DTO JOCTUTaeTCsl CHUKEHUEM COJIepKaHUs yIiiepoja B CTaju, JIeTH-
POBaHHMEM CTaIM KapOMA000pa3yOIIMMH dJIEMEeHTaMu (TUTaH, TaHTaJl, HU-
obwit), oOpazyromumMu 0osee TPy AHOPACTBOPUMBIE KapOUJIbl, YeM KapOu-
1Bl XpoMa, MPOBEJICHUEM TEPMOOOPAOOTKHU MPHU PEKHUMAX, MPEISITCTBYIO-

X 00pa3oBaHMUIO0 KapOUJI0B XpoMma.
1.8.7. Konmaxkmmnasa xoppo3us

Konmaxmuas koppo3usa — dIEKTpOXUMHAYECKAsE KOPPO3Usl, BbI3BAHHAS
KOHTAKTOM METAaJUIOB, MMEIOIIUX PA3HbIE CTAllMOHAPHBIE MOTCHIMAIbI B

TaHHOM 3yekTpoiute. [Ipu 3ToM KOppo3ust MeTaiia ¢ 0oJjiee OTpHUIATEIIb-
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HBIM TTOTEHIIMAJIOM OOBIYHO YCHJIMBAETCA, a KOPPO3Us MeTaiia ¢ OoJiee To-
JIO)KUTENBHBIM MOTECHIMAIIOM 3aMEJIAECTCS WU MOJHOCTHIO MPEKPAIAETCS.
KoHTakTHas KOppo3us 9acTo HAOIIOAAETCSI B MOPCKOHM BOJIE, MMEIOIIECH XO-
POIIYIO BJIEKTPONPOBOJHOCTL. OHAa MOXKET IPOTEKaTh M B aTMOCKhEpPHBIX
yCIOBHSAX (MaKCHMMallbHas — B MECTE€ HEMOCPEICTBEHHOIO KOHTAKTa Pa3HO-
POIHBIX METAILIOB). DTOT BHJ KOPPO3MHM BO3HHMKACT TaK)Ke, KOrJa MeTayll
MMEET Ha TOBEPXHOCTH MOPUCTOE METALNIMUECKOE MTOKPBITHE, OTINYAIOIIee-
Csl IO CBOEMY MOTEHIIMATY OT ITOTEHIIMAJIa METAJIJIa OCHOBBI.

B 3aBUCHMOCTH OT MPUPOIbl KOPPO3ZUOHHOM CpeJibl METAJIbI TIPHUHSI-
TO TOAPA3JENATh HA TPYMILI, B MPeesiax KOTOPBIX BO3MOXXHBI KOHTAKTHI
METAJJIOB JPYT C APYTrOM, MOCKOJbKY OHM UMEIOT OJM3KHUE 3HAUYCHUS CTa-
IIMOHAPHBIX MOTEHIMAI0B. Ha 0OCHOBaHWH OMbBITA IKCILTyaTAI[Ud METAJIJIOB
Y CIUIABOB B €CTECTBEHHBIX YCIOBUAX U JIAOOPATOPHBIX UCIBITAHUMN B KOP-
PO3MOHHBIX cpeaax (Mopckasi Bojia, XJIOPHU HAaTpHsl) METAJIbl MOApa3Jie-
JSIOT Ha cieaytomue rpynmsl: | — marauit, nuHk; |l — xaamuid, anroMuHUN
u ero cmasbl; I — xene3o, cBuner, onoBo; IV — HUKENb, HEPKABEIOITHE
CTaju, Me/b, JaTyHU, OpOH3BI, MEIHO-HUKEJIEBbIE CIUIaBbl; V — cepedpo;
VI — 30510TO, IIIIaTHHA.

3anyra METaJJIOB OT KOHTAaKTHON KOPPO3WU OCYILECTBISIETCS IIpa-
BWJIBHBIM ITOJ00OPOM KOHTAKTUPYIOIIUX METAJIOB, MCIIOJIb30BAaHUEM H30-
JUPYIONIUX MPOKIAA0K, MPUMEHEHHUEM IJIEKTPOXMMUYECKUX METOJIOB 3a-

IIUTHI, BBEJICHUEM HHTHOUTOPOB KOPPO3UH.

1.9. 3ammTa MeTaJUI0B 0T KOPPO3UH

BOJIBIIMHCTBO MIMPOKO MPUMEHSEMBIX METAJUIOB HEYCTOWYMBHI B
OKPYKaIIIEH Cpelle U KOPPOAUPYIOT. Mepbl MPOTUBOKOPPO3MOHHOW 3a-
IIUTHI IOMOTAOT C3KOHOMUTh MUJIJIMOHBI TOHH METAJJIA U TEM CaMbIM CO-
KPAaTUTh PAcXO0Jbl HA €r0 MPOU3BOJICTBO.

[IpOoTUBOKOPPO3MOHHBIE MEPONPUSATHS HEOOXOAUMO TIIIAaHUPOBATH HA

CTaJuu MPOCKTUPOBAHUS MPOMBIIIIIEHHOTO 000pyaoBaHus. B Takue mepo-
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MPUATHS BXOJUT MPABUIBHBIN MOJA00p MaTepuajga U METOJ0B 3aIUThl €ro
OT KOPpO3UH, a TaK:Ke BHIOOP PaIMOHAIILHOIO CIOco0a M3rOTOBICHUS Me-
TaJJIOKOHCTPYKITUU B IPOTUBOKOPPO3NOHHOM OTHOIIICHUH: YTOOBI HE OBLIO
MECT JIJI1 CKOIUICHUSI Bjiaru, ObLJIO MEHBIIIE IIEJIeH, 3a30pOB, HEKeNaTeb-
HBIX KOHTAaKTOB METAJIJIOB U MEXaHWYECKUX HanpsbkeHu. [Ipu coeqnnenuu
y3JI0B METAJJIOKOHCTPYKIIMU CIEAYET OTJaBaTh MPEANOUYTCHHE CBAPHBIM
COCIMHEHUSAM TIepe1 KIICTTaHbIMA M OOJITOBBIMH. B HacTosiiee BpeMs aHTH-
KOPPO3HOHHAS 3allIUTa OCYIIECTBISETCS TPEMSI OCHOBHBIMHU CITIOCOOAMHU.

¢ [lepBbIM U3 HUX SBIISIETCA JIErHPOBAHUE I 00pab0OTKa MaTtepuaia
KOHCTPYKIIUM B MAacCe€ B MPOILIECCE METALTYPruYecKo 0O0pabOTKH APYTrHU-
MU METajulaMUd WM CHENUATBHBIMU JTOOaBKaMH, CIOCOOHBIMU YBEJIUYUTh
€ro COINPOTHUBIICHUE KOPPO3UOHHOMY H3HOCY (pa3pyiieHuto). Hampumep,
no6aBka K 00BIMHON yriaepoaucToit ctamm 18 % xpoma u 8 % HHUKEIs JaeT
BO3MOXXHOCTh ITIOJYYHTh HEPKABEIOIIYIO CTalb. TakKoW CIuTaB o0J1ajaeT
BBICOKHMH aHTHKOPPO3UOHHBIMU CBOMCTBAMM HE TOJILKO B JIFOOBIX aTMO-
c(hepHBIX YCIOBHUAX, HO U BO MHOTHX arpeCCUBHBIX CpeJiax.

OpmHako 3TOT MEeTO1 OOPHOBI C KOPPO3UEH HE BCErJa MOKHO UCIIOJb-
30BaTh B CHJIy DKOHOMHYECKHX, TEXHOJIOTHUYECKUX U APYTHUX COOOpa)e-
HUM, Hampumep, BBUJAY TOr0, 4YTO KOPPO3MOHHO-CTOMKHE MaTepHalibl
MMEIOT HM3KYI0 IJIJACTUYHOCTh W BBICOKYIO CTOMMOCTb. Ha mpakTuke
OOJIBIITMHCTBO U3ACIUNA TOTOBIT U3 JICHIEBBIX U JOCTYITHBIX MaTEPHUAJIOB C
MOCJICAYIONIEN 3AIUTON UX OT KOPPO3UH.

¢ Bropoii cnioco0 3akntoyaeTcss B 0co00i 00paboTke KOPPO3HOHHOM
Cpedbl C LIEJbI0O CHUXKEHUSI €€ arpeCCUBHBIX CBOMCTB MO OTHOIIEHUIO K
JAHHOMY MaTepuaiy. IDTOT CMoco0 3allUThl 1EIECO00pPa3HO MPUMEHATH
TOJBKO MPHU OIPaHUYEHHOM O00BEME KOPPO3HMOHHOM cpenbl. 3alura Me-
Tajjga OT KOPPO3UU JIOCTUTAETCS JUOO CHIKCHHUEM KOHIICHTPAIIUU arpec-
CHBHOTO KOMITOHEHTA, IUOO BBEJICHHUEM B KOPPO3HOHHYIO CPEIy BEIIECTB,
CHIDKAIOIIUX CKOPOCTh KOppo3uu. BeliecTBa, UCMOIb3yeMbIE C 3TOM Iie-
JIbIO, HAa3bIBAIOTCS UHUOUMOPAMU KOPPO3HUH.

[To ycioBusM NpUMEHEHHS UX Pa3AENsAIOT Ha JBe rpymmbl. K nepBoit

46



OTHOCSIT UHTHOUTOPHI JI1 BOJHBIX (KUCIBIX, IIEJIOYHBIX U HEUTPAIbHBIX)
Cpeld, KOTOPbIE MPUMEHSIIOTCS ISl 3aIUThl U3/I€NIU, KOHTAKTUPYIOIIHNX B
MPOLECCE AKCIUTyaTallil C arpeCCUBHBIMM KUAKOCTSIMU. BTopas rpymnmna
MHTUOUTOPOB UCIOJB3YETCS JUIsl 3alUThl METAJVIOB TOJIBKO MPU JJTUTEIb-
HOM XPaHEHHUH U HOCUT Ha3BaHUE JIETYYUX UHTUOUTOPOB.

Mexanu3M AeCTBUSI OOJIBITMHCTBA BOJHBIX U JIETYYHUX WHTUOUTO-
POB UMEET ANEKTPOXUMHUYECKHUI XapaKTep W 3aKII0YaETCs B CIECAYIOLIEM.
NHrnbutopsl, aacopOUpysch Ha MOBEPXHOCTH KOPPOIAUPYIOLIETO METalIa,
TOPMO3SIT MPOTEKAHNE aHOAHBIX WM KaTOAHBIX pEaKIMil B KOPPO3HUOHHBIX
MUKPOTATbBAHUYECKHUX JIEMEHTAX WJIH, 00pa3ys SKPaHUPYIOIIYIO IJICHKY,
M30JIUPYIOT METAJI OT AJIEKTPOJIUTA JTUOO OKa3bIBAIOT CMEIIaHHOE 3aMe/l-
JS01IEE IEUCTBUE.

AHOJHBIE MHTHOUTOPHI — BEIIECTBA, CIOCOOHBIE OOPa30BHIBATH HA
MOBEPXHOCTH MeTajia ycToiluuBble TOHKHUE (~ 0,01 MKM) MuI€HKH, TOPMO-
3sIIME TIEPEXO0]] MOHOB MeTaJllIa B pacTBop. K aHOJHBIM MHTMOUTOpaM OT-
HOCSITCSI XpOMAaThl, OMXpOMAThI IIETOUYHBIX METAJJIOB, HUTPUTHI, (hochaTsl
u JIp.

KaTtonHbie MHTHOUTOPHI TOPMO3ST MPOTEKAHUE OTIACIbHBIX CTaIUN
KaTOJHOTO MPOIIeCcCca, CBA3BIBAS WJIM 3aTPYJHSAS BBIICICHUE NETOJISIPU3Y-
IOINX areHTOB, KOTOPHIMHU Yalle BCEro SIBIISIIOTCS KHUCJIOPOJ BO3ayxa (B
ciaydyae atrMoc(epHOW KOppO3WH) WIIM BOJAOPOJ (B YCIOBMSX JKUIKHX
arpecCUBHBIX Cpel).

K nmeryuyum MHruOUTOpaM OTHOCSTCS BEIIECTBA, 00JadaloNINe BHICO-
KUM JIaBJICHUEM Iapa M XOPOIIEeH aJcopOMpyeMOCThIO Ha MOBEPXHOCTH
3aluaeMoro Metauia. boneiioe 3HaueHue miist ooecrieueHus: 3 PexTrB-
HOM 3alIUTHl UMEET CIIOCOOHOCTD JIETYYNX UHTUOUTOPOB 3aTPYIHATH KOH-
JICHCAIIMIO BJIard M3 OKPY>KAIOIMIETO BO3/IyXa Ha METALIMUECKUX JIEMEH-
TaX KOHCTPYKIIHAM.

¢ Tpetuii, HanboJIee pacIPOCTPAHEHHBI W YHUBEPCAIBHBIHN, CITIOCOO
AHTUKOPPO3UOHHOM 3aIUTHI COCTOUT B CO3J]aHUM HEITPOHUIIAEMOTO Oapb-

epa MEeXJTy KOHCTPYKIHOHHBIM MaTE€pHUAJIOM U KOPPO3UOHHOW CPEION B

47



BU/JIE PA3JIMYHBIX 3aIIUTHBIX TOKPBITHIA.

KoHnTpoJbHBIE BONPOCHI

1. Yro takoe koppo3us metaiioB? [I[pruurHbl €€ BOBHUKHOBEHHS.

2. 1o xakuM npu3HaKam KIacCUPUIMPYIOT KOPPO3ZUOHHBIE MPOIIECCHI?

3. KakoBbl ycCJIOBUSI BO3HUKHOBEHMS CIUIOIIHOW M JIOKaJbHOU
KOppo3uu?

4. HazoBuTEe pa3HOBUIHOCTH JIOKATbHOW KOPPO3UHU.

5. Kakue BUIBI KOPpO3UM BO3HUKAKOT MPHU OJHOBPEMEHHOM JIEii-
CTBHM KOPPO3UOHHOW CPEJIbl U MEXAHUYECKUX HArPy30K HA METaJI?

6. HazoBuTte Bubl aTMOChEpHON KOPPO3HH.

/. B xakux yCJIOBHUAX BO3HUKAET MOJ3EMHASI KOPPO3UsI?

8. B yeM 3akiir04aroTCcsi 0COOEHHOCTU MOPCKON KOPPO3UU?

9. B kakux ycloBUSX BO3HHMKAeT MUTTUHIOBas Koppo3usa? Meromsl
3aIIUTHI.

10. KakoBbI MIPUYUHBI MEKKPUCTALTUTHON KOPPO3UU HEP>KABEIOIINX
craneii? HazoBute meToanl OOphOBI C JAaHHBIM BUJIOM KOPPO3UOHHOTO
pa3pyuieHus.

11. KOHTaKThI KAKMX METAJJIOB CUMTAIOT JOITYCTUMBIMHU?

12. YTo Takoe 3IeKTpOXUMHUYECKasE KOPPO3Hs?

13. Tlpu KakuX YCJIOBHSX SJAECKTPOXUMHUYECKAS KOPPO3HUS TEPMOIU-
HAMUYECKHA BO3MOXHA?

14. TlosicHuTe, YTO TaKOE PaBHOBECHBIN W HEPABHOBECHBIN MTOTEHIU-
aJbl.

15. 3anumuTe KaToAHbIE PEaKIMM KOPPO3MOHHOTO IMpoliecca B BOJI-
HBIX PaCTBOpaxX M ypaBHEHUS JJISl pacueTa UX PABHOBECHBIX MTOTCHIIAAIIOB.

16. PaccmMoTpuTe 0COOEHHOCTH KAaTOAHBIX PEAKIIMM BBIJICICHUS BO-
JI0poJa ¥ BOCCTAHOBJICHHS KUCIIOPOa.

17. B dem 3akiii04aroTcsi 0COOEHHOCTH aHOJHBIX PeaKIUuid KOppO3u-
OHHOTI0 TIpolecca’?

18. UTo moHUMAIOT MO/ MTACCUBHBIM COCTOSTHUEM METAJLJIOB?

19. HazoBure (akTopbl, CIOCOOCTBYIOIIME MMEPEXOAY MeTalia B Iac-
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CUBHOE COCTOSsIHUE, U (haKTOPhI, HAPYIIAIOIINE TACCUBHOE COCTOSHUE.

20. Kakune BbI 3Ha€TE TEOPUU MACCUBHOCTH METAJIOB?

21. Yto Takoe nepenaccuBanys METAIIOB?

22. YT0 Takoe XMMUUYECKasi KOPPO3us METAIIOB?

23. IlpuBeaure nmpuMepsl KOPPO3UKM METAIIJIOB B pacTBOpPax HEdJIEK-
TPOJIUTOB.

24. CohopmynupyiTe YCIOBHE BO3MOXKHOCTH OKHUCICHMSI MeETaylia
KHCJIOPOJIOM.

25. KakuMu cBOMCTBaMHU JOJDKHA 001a1aTh 3alllMTHAS TUICHKA?

26. ITpuBeauTe 3aKOHBI POCTa CIUIOIIHBIX U TMOPHUCTBIX OKCHIHBIX
MJIEHOK.

27. UeM KOHTPOJHUPYETCSI CKOPOCTh T'a30BOM KOPPO3UM METAIOB B
YCJIOBHSAX 00pa30BaHUs HECIIIONIHBIX TUICHOK MPOJAYKTOB KOPPO3UU?

28. Tlo xakoMy 3aKOHY M3MEHSIETCSl TOJIIMHA TUICHKA BO BPEMEHH,
KOTJIa CKOPOCTh OKUCIICHHSI METaJlJIa KOHTpoJupyeTcst nudPpy3ueit?

29. Kak u3MeHseTCs CKOPOCTh T'a30BOM KOPPO3UU METAIOB C IIO-
BBIIIICHUEM TEMIIEPaTyphl?

30. Yto Takoe 06e3yriepokuBaHue CTaan?

31. B kakux ycioBHsIX BO3HUKAET BOJOPOAHAS XPYNKOCTh CTaIH H

meaun?
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2. OBIIMUE CBEJEHUSA O ITOKPBITHUAX
2.1. Knaccupukanus noKpbITHI

[TokpbiTHST — CHEIMAIbHO CO3/1aBa€Mble Ha (PUBMYECKUX MOBEPXHO-
CTAX MOKPOBHBIE TUICHKHU U3 PA3JIMYHBIX METALIMYECKUX U HEMETAINYE-
CKMX MaTE€pHUAIOB. BCECTOPOHHAS XapaKTEPUCTHUKA MOKPBITUHA OCYyIIECTB-
JISIeTCA B pe3yJIbTaTe UX KJIacCU(PUKAIUU:

- 110 (PYHKIIMOHAIBHBIM CBOMCTBAM;

- 10 (PUBUKO-XUMHUUECKON MPUPOJIE;

- 110 crroco0aM HaHeceHHs Ha Pa3JIM9YHbIC MAaTCPHUAJIbI.

2.1.1. Knaccugpukauus nokpeimuii 6 3aeucumocmu

omux ¢yHKl{u0HaJleblx ceoncme

B 3aBUCHUMOCTH OT YHKYUOHANBHBIX C8OUCME TIOKPBITUS MOApa3/e-
JSAIOTCA Ha JIEKOPaTUBHBIE, 3AIMTHBIE U crenuanbHble. OIHAKO Takas
KJacCU(PUKALMS SBISETCS B 3HAUUTEILHOW MEpE YCJIOBHOH, T.K. TPYIHO
BBIJICIIUTD CIIy4au, KOTAa OJJHO M3 3TUX CBOWCTB BBICTYIIA€T B YUCTOM BU-
ne. CTporo MoKHO JIMIIb TOBOPUTH O MPEO0IaTaHUU TOW UM UHOW (DYHK-
M1 B KOMILIEKCE CBOMCTB MOKPBITUH, T.€. 00 OCHOBHOM 1€, Pajid KOTO-
POl JaHHBIN BUJ MOKPHITUS NpUMEHSIICSA. B mpakTuke yalie Bcero ObBaeT
TaK, YTO JCKOPATUBHBIC MOKPBHITHS BBIMOJHAIOT 3alIUTHBIE (QYHKIHUH, a
CHelraJbHbIE TIOUYTH BCEra 00JaJatoT ONMPEACICHHBIMHU 3a[UTHBIMU WU

ACKOPAaTUBHBIMHA CBOMCTBaMH.

2.1.2. Knaccugpukayus nokpolmuii 6 3a6Ucumocmu

OMm UX PU3UKO-XUMUUECKOU RPUPOObL

Ilo ceoeti huzuxo-xumuuecxkou npupode BCE MOKPOBHBIC TIJICHKU Je-

JTCA Ha HCOPraHN4CCKUC, OPraHn4CCKucC U KOM6I/IHI/IpOBaHHBIe.
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e B rpynily HEOPraHm4eCKHuX BXOAAT MCTANNIMYCCKHC W HCMCTAJI-

JIMYCCKHC ITIOKPBITHA.

B MMPAKTUKE Memaliit4eCKux noprlmuﬁ qamic BCCro IMpuMCHAKOTCA

Takue MeTaJIbl U cIiaBbl, Kak Zn, Ni, Cr, Cd, Sn, Fe, Al, Ag, Au, Pt, na-

TyHb, OpoH3y. HekoTopble (GU3NKO-XMMHUECKHE XapaKTEPUCTUKU METAIIIOB,

HanOoJIee YacTO UCIOJb3YEMbIX IS 3aIMThl U OTAENIKH JAeTaneld NpuoopoB

U U3JICUN KYJIbTYPHO-OBITOBOTO HA3HAUEHUS, TIPUBECHBI B Ta0. 2.1.
Tabauuna 2.1

OcHoBHBIE (]m3nqec1me U XUMHYICCKUE XaPAKTEPUCTUKH METAJJIOB

Me | E,B d, HB, | p, 10° | 7, CoOcTBeHHAsA CTOMKOCTE* [BeT**
r/em® | kr/em® | em/em® | °C | B armocdepe | B pacTBOpax
S >§ ¢ Blg E »
© 3 o ¥|lo H
1 2 3 4 5 6 7 8 9 10 11
Al | -1,67 | 2,70 25 2,70 | 660 + + - Caerio-
CEphIN X
Zn | -0,76 | 7,14 35 575 | 419 - - - —"
Cr |-0,71 | 7,20 | 220 | 15,25 | 1800 + + + "
Fe | -0,44 | 7,86 50 10,60 | 1540 - - - - Caerio-
CEpBIN H
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OxoH4. Ta0.1. 2.1

1 2 3 4 5 6 7 8 9 10 11
Cd | -0,40 | 865 | 20 | 10,60 321 | + + - - beno-ceprrit
H
Ni | -0,251| 890 | 70 | 7,24 | 1455 | + + + + CgetJio-
CepBIN
C ’KeJIToBa-
TBIM M
Sn | -0,13 | 7,30 | 5 115 | 232 | + + + - beno-cepsiii
m
Pb | -0,12 |11,34| 4 | 18,8 | 327 | + + + - CgetJio-
CEpBIii C To-
JTyOBbIM X
Cu~ |+0,34| 895 | 35 | 1,65 [ 1083 | + - - - Po30BHIi /1
Ag | +0,79 10,53 | 25 | 1,50 | 961 | + + + + Benwiit m
Au | +1,68 (19,28 | 18 | 2,0 | 1063 | + + + + Apxo-
YKEITBIA m
Pt | +1,19 | 21,45| 25 - 1773 | + + + + CgetJio-
CEpBIU H

IMpumeuanue k Tada. 2.1: Me — metain nokpeitus; E — cranmapTHBIN d7ek-
TPOXUMHUYECKUI MOTEHIIUAJI 10 OTHOIIEHUIO K MOTEHI[UATY BOJAOPOJHOTO AJIEKTPOa;
HB — tBepaocts no bpunento; p — ynenbHOE dIEKTpOCONPOTUBIEHUE; T, — TeEMITe-
paTypa IUIaBJICHUS; * XUMHYECKasi HHEPTHOCTh WJIM aKTUBHOCTb CaMUX MOKPOBHBIX
MJICHOK 03 yueTa MaTepualia OCHOBHI (+ — CTOMKHUE, - — HECTOWKHUE); ** BU3yallbHAs
OIICHKA IIB€TAa MATOBBIX MOBEPXHOCTEW IOKPBITHUS, X — XOJOJHBIA, m — TEIUIbIN,

**k*k

H — HEUTPAJIbHBIN; JaTyHb UMEET I[BET 30JI0TUCTO-KENTHIN (XOJOMHBIN), OpPOH-

3a— OT 0€en0-ceporo 0 KpacHO-KeJITOro (TEerJblil); Quanueckue M XUMHYECKHE

CBOMCTBA 3aBHUCST OT COCTaBa CIIJIaBa U U3MEHSIOTCS B IIUPOKHUX IpCAcCIax.

[loarpynny mememannuueckux nOKpvlmuil COCTaBISIOT KOHBEPCH-
OHHBIE U CUJIMKATHBIE TTOKPBITHUSI.

K xoneepcuonnbim OTHOCAT MOKPBITUS, KOTOPHIE HE HAHOCSITCS U3BHE
Ha MOBEPXHOCTH JIeTasieH, a GOPMUPYIOTCS B pe3yJibTaTe KOHBEpCHUU (TIpe-

BpalleHui) Mpy B3aUMOJCUCTBUU METaia ¢ pabouyuM PacTBOPOM TaKUM
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00pa3oM, 4TO MOHBI METaJlJIa BXOJAT B CTPYKTYPY HOKPBITHSL.

K HUM OTHOCAT, IpeXie BCEro OKCHUJIHBIE WIIA COJIEBBIE (Yallle BCEro
¢docdarHbIe) TIEHKHU, KOTOPhIE 00pa3yloTcsl TOJBKO Ha METaJlax U CIjia-
Bax B IPOIECCE MX XHMHUYECKOW WIIM AJICKTPOXUMHUYECKOU 00pabOTKH B
paboyuXx pacTBOpax.

Cunuxamusle (CTEKJIOAMAJIEBBIC) MOKPHITUS — JICTKOIUIABKHE (Yalile
HEIPO3pavyHbIC) CTEKJIA, KOTOPhIE B BUJE TOHKOT'O CJIOS HAIUIABIAIOTCS Ha
MOBEPXHOCTh M3aenud. [IpudyemM B OTIWYME OT KOHBEPCHUOHHBIX CHUJIMKAT-
HBIC TIOKPBITHSI MOTYT OBITh MOJYYE€HBI HE TOJIBKO HAa METAINTUYECKONU OC-
HOBE, HO M Ha Pa3IMYHBIX CUJIIMKATaX, KepaMHKe.

OU3NKO-XUMHYECKHE CBOMCTBA OKCHUIHBIX M, B 3HAUUTEIHLHON Mepe,
¢dochaTHBIX IUIEHOK TECHO CBSI3aHBI C MPUPOJAON METAJIJIOB M CILIABOB, Ha
KOTOPBIX OHU 00pa3yroTcsa. B oTinune OT OKCHAHBIX MOKPOBHBIX IJICHOK
CBOMCTBA CTEKJIOIMAJIEBBIX MOKPBITHH, TJIaBHBIM 00pa30M, OMPEACIISIOTCS
COCTaBOM IMPHUMEHSIEMOTO CTEKJia U B MEHBIIEH CTETICHU 3aBUCAT OT Pa3-
HOBHTHOCTEH METAJUIMUECKUX M CHJIMKATHBIX KOHCTPYKIIMOHHBIX MaTepH-
aJIoB, Ha KOTOPHIE OHU HAHOCSITCAI.

e K rpynmne oprannyecKux MOKPBITHHA OTHOCSAT BCE pa3HOBUIHOCTH
JAKOKPACOYHBIX U MOJUMEPHBIX IUICHOK, TOJIIMHA KOTOPHIX B 3aBUCHMO-
CTH OT psga (aKTOPOB MOXKET U3MEHSATHCS OT HECKOJBKUX JECSATKOB JI0
HECKOJIbKUX COTEH MHUKPOMETPOB.

CyIIeCTBEeHHOE pa3IMuhe MEXKTY JAKOKPAaCOYHBIMHU M TIACTMAcCO-
BBIMH MaTepHaIaMH, €CJIM HE KacaThCsl MX XHMHUYECKOTO CTPOCHUS, 3a-
KJIFOYAeTCsl B TOM, UTO MOCTEIHUE HE COJEpKaT JETyYnX KOMIIOHEHTOB H,
KaK MPaBWIO, HAHOCATCS Ha KOHCTPYKIIMOHHBIC AJIEMEHTHI B BHUJIC BBICO-
KOJUCIIEPCHBIX TEPMOIUIACTHYHBIX MOPOIIKOB. [IOKpBITUS HA OCHOBE TIO-
JUMEPHBIX TUICHOK Jal0T BO3MOYKHOCTh B IIUPOKHUX IIPEACiIax BapbUPO-
BaTh IBET U (HaKTypy MOBEPXHOCTH PA3TMYHBIX KOHCTPYKIIMOHHBIX MaTe-
pHaJIoB, 3allIMINas UX OT Koppo3uu. Kpome Toro, OHM MOTYT CIY>KHUTh JH-
AIIEKTPUKAMHU TIPH OTHOCHUTEIBHO BBICOKOH TEPMOYCTOMYHMBOCTH, CHIIBHO

COIMPOTHUBJIATBHCA BO3H€I>'ICTBI/IIO MHOI'UX arpC€CCHUBHBIX )I(I/II[KOCTGI;'I H ra30B,
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00J1aJat0T PSAIOM LEHHBIX CBETOTEXHUYECKHUX CBOMCTB.

DOU3NKO-XUMHYECKHE CBOMCTBA, a TaKXKe 00JacTH MPUMEHEHUS Op-
FAaHUYECKUX MOKPBITUN XapaKTEPU3YIOTCS MPEXKAE BCEr0 MPUPOJON TIICH-
KooOpasyronieid OCHOBBI, OJHAKO BO MHOT'OM 3aBUCST OT MPUMEHSIEMbIX
MO (PUKATOPOB, HATTOJIHUTENEH, CTAOMIN3aTOPOB, MUTMEHTOB.

e [[o7 KOMOMHHUPOBAHHBIM MOKPBITHEM MMOHUMAIOT CUCTEMY, CO-
CTOSIIIYIO U3 JIBYX WJIM OoJiee, KaK MPaBUil0, HEUACHTUYHBIX OJHOCIOWHBIX
MOKPOBHBIX IJIEHOK, HAHECEHHBIX HA MOBEPXHOCThH OJIHOTO JIEMEHTA KOH-
CTPYKIIHH.

[[lupokoe TpUMEHEHUE HA MPAKTUKE HAXOIAT MHO2OCIOUHblE NO-
Kpulmus, COCTOSIINAE W3 2—4 CIOEB, PA3JIMYHBIX IO CBOCHU IPUPOIEC M
CBOMCTBaM OJITHOCIIOMHBIX MOKPOBHBIX IIEHOK. Kilaccuueckum mpuMepom
KOMOWHHPOBAHHOTO MOKPBITUS SIBISIOTCS MHOTOCIOMHBIE METAJIIIOMOKPBI-
THS TUMA MEJb-HUKEIb, HUKEIb-XPOM, MEIb-HUKEIb-XPOM, MIPUMEHSIEMbIE
JUTISL OTZIEJIKK Pa3JInYHbIX JeTajed MallluH, CTAHKOB, MPUOOPOB U W3ACTUI
KyJbTYpPHO-OBITOBOTO Ha3HAauCHHUS. B TPOMBIIIIIEHHONW MpPaKTHUKE TaKke
IIUPOKO PACIPOCTPAHEHBI KOMOWHAIIMUA OKCUJHBIX U (POCHaTHBIX MIICHOK
C JJAKOKPACOYHBIMU, Pa3JIMYHBIX MO CBOMCTBAM JIAaKOKPACOYHBIX MOKPHI-
Tuil. Takue coueTanusi 0OECIeUnBaIOT MOBBIIIEHHOE CIEIJICHUE JIAKOKpa-
COYHOT'O MOKPBITHUSI ¢ METAJIIMYECKOM OCHOBOW M YJYYIIAOT €€ aHTHUKOP-
PO3UOHHBIC U IPYTHUE CBOWCTBA.

B psine ciiyyaeB ¢ UENbI0 yIyUYIIEHUs 1€KOPATUBHBIX, 3AIIUTHBIX WA
CIICIMAIbHBIX CBOMCTB MOKPBITUH, a TakKe MPU HEOOXOAUMOCTU COBME-
meHUd 3TUX (QYHKIUM HEOPraHMYEeCKHE M OPraHUYeCKUe IOKPOBHBIE
MJIEHKA HAHOCATCS Ha MTOBEPXHOCTH JIETAJEH B pa3IMYHBIX COUCTAHUSX.

Komnosuyuonuwvie nokpvimus NpeACTaBIAIOT cOOOM OCaaKU METall-
JIOB C BHEAPECHHBIMU B UX CTPYKTYPY BBICOKOJHMCIIEPCHBIMH YaCTHUIIAMU
(0,1-1,0 mxm) g0 10 macc.% TOKOHENPOBOIANINX TYTOIJIABKMX MaTepHa-
JIOB — HUTPUJOB, OOPUIOB, KOPYH/IA, OKCUJA KpeMHUs U T.1. OHU COBMe-
mjaroT B cebe CBOMCTBa MeTajla OCajKa U TBEPIAOCTh, M3HOCOCTOMKOCTh
JIUCIIEPTUPOBAHHBIX YACTHLI.

2.1.3. Knaccugpukayun nokpeimuii 6 3agucumocmu
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Om Cnoco006 HaHeCeHUs Ha mamepuai

Bce cnocobwt nHamecenuss MOKpHITUH B 3aBUCMMOCTU OT MaTrepualia
OCHOBBI U TpeOOBaHMM, MPEIBABISIEMBIX K MOKPBHITHIO, MOAPA3IACIIIOTCS

Ha QU3HYCCKHUE, XUMUYCCKHUE U DJICKTpOoXuMudeckue (tadi. 2.2).

Tadauna 2.2
Cnoco0bl HaHeceHns1 HauboJ1ee
PACHPOCTPAHEHHBIX METAIONOKPBITUHI
Cnioco6 HaneceHus Amomunnii | Kagmuii | OnoBo | Hunk | Xpom
[TorpyxeHue B pacruiaB + - + + -
Huddysus + - - + +
MeTanauzanus + - - + -
Haneinenue B Bakyyme + - - +
DIIEKTPOXUMHUYECKUI - + +
XUMHUYECKHUIN - - + - -

K ¢@usuueckum cnocobam, UMEIOIIUM MPOMBIIUICHHOE 3HAYCHHUE,
OTHOCST CJIEyIOIIHE:

- IOTPY>KEHUE B PACIUIABICHHBIN MeTaIlI (TOPSAYUd METON);

- COCIMHEHHE METAJIOB ropsiueil MpOKaTKOW — MJIaKupoBaHue (Tep-
MOMEXaHUYECKUI METO/);

- METaJUIM3allisl — HaMbUJICHUE KaleJlIbHOXUJIKUX METaJuIOB U CIuia-
BOB Ha MMOBEPXHOCTh U3/I€NUA CKATHIM BO3JIYXOM WJIM HHEPTHBIM Ir'a3oM;

- i Py3noHHas MeTAIM3alusl — HACBIIICHUE MOBEPXHOCTU H3Je-
JIMWA TPU BBICOKOM TEMIIEpATypPe YCTOMUYMBBIMU K arpeCCUBHOU Cpele dJie-
MEHTaMHU;

- KOHJICHCAIIUSI METAJUTMYECKUX MTapOB B BaKyyMe.

Xumuyeckue memoosl 3aKIIOYAIOTCS B BOCCTAHOBJICHUU METAIIJIOB U3
BOJHBIX HWJIM HEBOJHBIX PAaCTBOPOB M MACT, COAEPIKAIIMX COIU ITUX Me-
TaJUIOB, & TAaK)K€ U3 HEKOTOPBIX JIETYUUX ra3000pa3Hblx coequHeHuil. O-

HOW W3 OCHOBHBIX OCOOCHHOCTEH 3TOr0 CrocoOa sBIIICTCS BEACHHUE IPO-
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necca 0e3 HaJIOKEHHUS PJIEKTPUUECKOr0 TOKA.

Dnexmpoxumudeckuil cnoco6 COCTOUT B OCAXKACHUU METANIMYECKUX
WJIA KOHBEPCHOHHBIX IMOKPBITUM W3 PACTBOPOB M PACIUIABOB PA3JIMYHBIX
XUMHUYECKUX COCAUHEHUHN TTOJI IEMCTBUEM DIIEKTPUUECKOTO TOKA OT BHEIII-
HErO UCTOYHUKA.

Memannuueckue TOKPBITUS MOXHO HAHOCHUTh BCEMM IEPEUUCIICH-
HbIMU criocobamu. Hememannuueckue TOKPHITUS (JIAKU, KPACKH, IUIACT-
MaccChl) HAHOCAT B OCHOBHOM (hu3nyecKuMu crocodamu. Vckimtouenus co-
CTaBJISIIOT OKCUAHBIE U (hocaTHBIC TOKPHITHS, TTOTydaeMbIe MyTEM XUMHU-

YECKOM MJIH JICKTPOXUMHUUYECKOM 00pabOTKHU JIeTaleH.

2.2. MeToabl HAaHeCEHHSI MOKPBITHH HA METAJJINYECKHE OCHOBBI

CylecTByIOT pa3jIMYHbIE METOJbl HAHECEHWS NOKPBITUU: «TOps-
quit», 1M Py3nOHHBIN, METAIITU3ALMOHHBIN, MEXaHOTEPMUYECKUM, XUMHU-
YECKUU, TaJIbBAHUYECKUHN U .

«l opsauuily METOJ 3aKIIFOYAECTCSA B MOTPYKEHUH U3JEINNA B PACIIIAB-
JIeHHBIN MeTamt U qudPy3un MeTania B OCHOBY ¢ 00pa3oBaHHEM MpOMeE-
KYTOYHOTO CIIJIaBa, KOTOPBI M OOECIEeYMBAET XOPOIIYyI0 TMPOYHOCTh
CLEIUICHUS ¢ OCHOBOW. OCHOBHBIM NPEUMYLIECTBOM 3TOT0 METOAA SBJISA-
€TCs ero MpocToTa M OoJjbpIIas MPOU3BOAMTENBHOCTh, & HEAOCTATKOM —
TPYAHOCTb PETYJHUPOBAHUS TOJIIUHBI TOKPBITUA. B IpOMBIIUIEHHON
NpakTUKe HanOosee MUPOKOE MPUMEHEHHUE MOIYUYUIIO «TOopsiuee IUHKO-
BaHUE U OJIOBSTHHUPOBAHUE.

Jlugpghyzuonnwsiii MeTOJ OTIMYACTCS OT METOAa IOrPYKEHUsS B pac-
IUIABJICHHBIM METAJUI TEM, YTO ITOKPHIBAEMBIE IETAIM IPUBOJAT B KOHTAKT
C TOPOLIKOOOPA3HBIM METAIJIOM MpPU TeMIIEpaType HUKE €ro TeMIlepaTry-
pbl TuiaBieHus. B sTom ciydae Takke mpoucxoauT Auddys3us meraiia
MOKPBITUS B METAJT OCHOBBI. J{u((y3MOHHBIA METO/ Hallle] PUMEHEHUE
IIPY ATIOMUHUPOBAHUM CTAJBHBIX JETAIEU JUIA 3aIUUTHI UX OT KOPPO3UHU
IIPY BBICOKUX TEMIIEPATYpPAX.

Memannuzayus TpeACTaBISIET cOOOM pacHbUICHHWE PaCIUIaBICHHOTO
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MeTajla U OCYIIECTBIISIETCS] C MOMOIIBIO CKATOrO BO3/IyXa WJIM UHEPTHOTO
raza U3 ClelualbHbIX almnapaToB-MUCTONETOB. I yJIydlieHus cuerie-
HUSI TOBEPXHOCTh OCHOBHOTO METajlla JENAaloT MIEpOX0OBaTOW (Hampumep,
C TIOMOUIBIO THUIPONECKOCTPYUHOM 00pabOTKH MOBEPXHOCTH). OCHOBHBIM
MPEUMYILECTBOM 3TOTO METOJa SIBJISETCS BO3MOXKHOCThH €0 MCIIOJIh30Ba-
HUSI IPU MOKPBITUU KPYMHOTa0APUTHBIX KOHCTPYKIUNA: PepM KeIe3HO10-
POKHBIX MOCTOB, OIOP dJEKTpoIepeaad, BOJOHATIOPHBIX 0aKOB, a HEMO-
CTaTKOM — HOPHUCTOCTH MOTYy4YaEMbIX TOKPBITUH.

Mexanomepmuueckuu Merop, (niaxuposanue) NPUMEHSIETCS I U3-
TOTOBJICHUS PA3JIUYHBIX M0Jy(padpukaToB (JIUCTOB, JEHTHI). C 3TOM 11€JIbI0
JIUCT U3 OCHOBHOT'O METajla 3aKJIaJbIBAIOT MEXIY ABYMSI JTUCTaMU U3 Me-
Tajjia MOKPBITUS W MPOKATHIBAIOT MEXKAY TOPSAYUMH BaJIbIIaMU O] OIpe-
JEJICHHBIM JaBJICHUEM. B pe3ylbTaTe NMpPOKaTKW MOJy4daeTcsi OMMeTasl.
[IpOMBINITIEHHOCTh BBIMYCKAET pa3IUYHbIC BUIBI OMMETalIa: CTallb — Jia-
TyHb, AJTIOMUHUEBBIE CIUIaBbl — AJIOMUHUM, MEIHBIE CIUIABHI — 30JI0TO U
HEKOTOpHIE JPYTHUE.

BecbMa IIMpOKO MPUMEHSIOTCS KOHMAKMHbBIU U XUMUYECKUL METOIbI
HAHECEHUS MOKPHITUH. [Ipr KOHTAKTHOM METOJIE OCaXKJICHUE MPOUCXOIUT
3a c4eT paboThl KOPOTKO3aMKHYTOI'O 3JIEMEHTA, B KOTOPOM OoJiee 3JeK-
TPOOTPUIATEIbHBIA METAIT (HapUMEp, [IUHK WIN ATFOMUHUN) pacTBOPS-
eTcs, a Ha 0oJiee IEKTPOMNOJIOKUTEIILHOM MeTajlie (JIeTallb U3 MEAU WU
MEJIHBIX CILJIABOB) OCAXJACTCSl MOKPBITUE. ITOT CMOCOO MPUMEHUM TIPHU
HAHECEHUU TOHKOTO TMOKPBITHS HAa MEJKHE M HEOTBETCTBEHHBIE JIETaJIH,
TpeOyIolle B OCHOBHOM BPEMEHHOM 3aIIUThI OT KOPPO3UH.

CylIHOCTh XMMHUYECKOr0 CIOocO0a 3aKI0YaeTCss B BOCCTAHOBICHHUU
MOHOB METajlla U3 BOJIHBIX PACTBOPOB C MOMOIIbIO CHJIILHOTO BOCCTAHOBU-
tens. [upokoe MpOMBINIUIEHHOE TPUMEHEHHUE HAaXOIUT CIIOCOO XMMHUYe-
CKOI'0 BOCCTaHOBJICHHUSI HHMKEJsS, MelU, cepedpa. B kauecTBe BOCCTaHOBU-
TeJeH ISl BOCCTAHOBJIICHUS HUKENS MPUMEHSIOT TUnodochut, s BOC-
CTAaHOBJIEHUSI MeIU — (POPMAJIMH, JJIsI BOCCTAHOBJIEHUSI cepedpa — mUpo-

raJljaoJI. HpeI/IMYHIGCTBa XUMHUYCCKOI'0O METOJa 3aKJIIO4YarTCA B BO3MOXK-
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HOCTH HAHECEHUS T'UIbBAHUYECKHUX IMOKPBITUNA HE TOJIBKO HAa METaJInye-
CKHE, HO U Ha HEMETAIUIMYECKUE (TIACTMACCHI, CTEKIIO, KEPAMUKA) OCHO-
BbI, a TAK)KE€ B 00ECTICYCHUN BBICOKON pPaBHOMEPHOCTH MOKPBITHS BO BCEX
TOYKaX JICTaJIH.

DJIEKTPOXUMUYECKUN METOJ] HAHECEHHSI TTOKPBITUI UMEET psij Mmpe-
MMYUIECTB MO CPABHEHUIO C APYTUMHU MeToaamu. [IoKphITHS MOIydaroTcs
OJIECTAIIMMH B TIPOIECCE DJIEKTpou3a. ['allbBaHUYECKUE MOKPHITUSA Xa-
PaKTEpU3YIOTCA XOPOIIUMH (U3UKO-XUMHUUYECKUMHU U MEXaHHMYECKUMU
CBOMCTBaMH: MOBBIIICHHON TBEPIOCTHIO U U3HOCOCTOMKOCTBE), MAJIOU T10-
PUCTOCTBIO, BBICOKOW KOPPO3MOHHOM CTOMKOCTBIO. IIpu rajibBaHMYECKOM
METOJI€ UMEETCA BO3MOKHOCTh TOYHO PETYJIMPOBATH TOJIIUHY IMOKPBITHUA.
DTO 0COOEHHO BaXKHO B IIEJISIX YKOHOMUHM I[BETHBIX, JPATOIEHHBIX U PEJI-
KUX MeETauloB. HakoHel, mpu 3JeKTpOJn3€ BOAHBIX PACTBOPOB MOXKHO
HAHECTHU NOKPBITUE TAKUX METAJIOB U CIUIABOB, KOTOPBIE APYTUMU CIIOCO-

Oamu IMOJIYYHUTb HC YIACTCA.

2.3. Kinaccupukanus u 00,1acTH IPUMEHEHUSA

rajdbBaHUYE€CKHUX HOKprTI/Iﬁ

N3omupoBare METaIl OT arpeCCMBHOM CpPEAbl MOXXHO HAHECEHUEM
3alIATHON IUIEHKU HA MOBEPXHOCTh U3JAECHUS WIU, U3MEHUB XUMUYECKUU
COCTaB MOBEPXHOCTH. 3AlIUTHOE MOKPHITUE JOJDKHO UMETh MUHUMAIBHYIO
HOPUCTOCTh, XOPOLIEE CLEIUIEHUE C METALUIOM (OCHOBOW), PABHOMEPHO
pacupeensaThCsa MO0 BCEM MOBEPXHOCTH W NPHUIABATH IMOBEPXHOCTU H3JIE-
nus 0osee BBICOKYH) YCTOMYUBOCTh K KOPPO3UH, TBEPIOCTh, NU3HOCOCTOM-
KOCTb U )KapOCTOMKOCTh. CHEMAIbHBIE 3aIIUTHBIC MOKPBITHS IIPUMEHSFOT
IUI IPENYTIPEAKICHUSI MEXAaHUYECKOTO U3HOCA U3JIETIMA U BOCCTAHOBJICHUS
pa3sMepOB AETalIe MAIllWH, a TAKXKE JJI 3alUTHO-AEKOPATUBHON OTIEIIKU.

OnHOM M3 OCHOBHBIX 3aJlad T'aJIbBAHMYECKOTO IMOKPBITHS SIBISETCS
3alldTa OCHOBBI OT KOPPO3UU. B 3aBUCUMOCTH OT XapaxkTepa 3allUThl OC-

HOBBI pa3jiMdarOT aHOAHBIC U KaTOJAHBIC ITIOKPBITHA. Ecmu B OHpeﬂeﬂeHHOﬁ
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KOPPO3UOHHOM Cpejie METall MOKPBITUS UMEET 00Jiee OTPULIATENbHBIN MO-
TEHIIHAJl, YeM METaJUI OCHOBBI, TO PACTBOPSIETCS MOKPHITHE, a HE OCHOBA.
Takoe mokpbITHE Ha3bIBAECTCS aHOAHBIM. Eciiy moKpeITHE UMeEeT OoJiee mo-
JIO)KUTENIbHBIA MOTEHIIUAJ, TO PACTBOPSETCS] OCHOBA — IMOKPBITHE KaTOJ-
Hoe. [lo OoTHOIIEHMIO K JKeJie3y aHOJHBIM TIOKPBITHEM B aTMOC(EPHBIX
YCIIOBHSIX SIBJIACTCS IIMHKOBOE, TaK KaK B KOPOTKO3aMKHYTOM JJIEMEHTE
KEJe30 — [IMHK PACTBOPUMBIM AJIEKTPOJIOM SIBJISICTCS IIUHK.

B kadecTBe mpuMepa pacCMOTpPUM Ciydail, KOrja >KeJie3Has Iuia-
CTHHA MOKpPHITA TATbBAHUYECKUM IIUHKOM (puc. 2.1, a). Ecnu Ha kakom-
a1u00 y4acTKe MOBEPXHOCTH MOKPBITHE OyJeT MOBPEXKICHO (IapanuHa),
TO TIPU HAJWYHUH BJIATH B MECTE MOBPEKICHHUS 00pa3yeTcss KOPOTKO3a-
MKHYTBIH TalbBAaHMYECKUU 3JIEMEHT (WUIM TajlbBaHWMYecKas  Iiapa), B
KOTOpOM 00a dJIeKTpoJa COCAUHAIOTCS HEMOCPEICTBEHHO (HAaKOPOT-
KO), a DJIEKTPOJIUTOM CIY>KUT BOJAHBIN pacTBOp COJIEH, COAEPKAIIUXCS B
aTMocdepHoi Biare. B 3ToM ciyyae HMHK, UMEIOIINNA CTaHAAPTHBIN MO-
teHiuan -0,763 B, Oyaetr pacTBOpATHCS ¢ 00pa3oBaHUEM HMOHOB ITMHKA
Zn**, a Ha xenese (-0,440 B) OyayT pa3psiKaTthCsl HOHBI BOAOPOA, TIPU
ATOM KeJie30 paspyliaTbcs He OyaeT. Ha 3ToM u ocHOBaHO MIMpPOKOE
MPUMEHEHHUE ITUHKOBBIX MOKPBITUM JJIs 3aIIUTHl CTaIbHBIX WU3IETUNA OT

KOPPO3HH.

Yaacmuu npoxoppobupobalbusezo
MEMmOAnG

@ Boda

EN

Puc. 2.1. Cxema koppo3uu :keje3a:

a — OHUHKOBAHHOIO, 0— OJIOBAHUPOBAHHOI'O

Hpyroii mpouecc MNPOUCXOOUT TMPU HAJAYUU TOBPEKIECHHBIX
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Y4aCTKOB HJIM IIOP B OJIOBSIHHOM ITOKPBITHH Ha keye3e (cMm. puc. 2.1, 6).

Tak Kak MOTEHIMAI JKele3a OTPUIATEIbHEE TOTEHI[MANIA 0J10BA, TO
B 00pa3oBaBIlIEeMCsl TAILBAHUUYECKOM JJIEMEHTE >Kejie30 OyleT pacTBoO-
pATHCS ¢ 00pa30BaHUEM HOHOB Fe®", a Ha osoBe OyayT pa3psKaThCs HO-
HbI BOJIOpO/Ia H.

TakuMm o00pa3om, >Kelle30 Ha 3TUX YydyacTKax OyJeT pa3pyliaThcs.
OJOBSIHHOE TIOKPBITHE B ITHUX YCIOBUAX OYJIET ABJISATHCA KATOAHBIM IIO-
KPBITUEM U 3aLIUIIATH OT KOPPO3UH KEJIE30 TOJIBKO IMPU OTCYTCTBUU B IO-
KPBITUH MOP U TPEIIHH.

KaToaHbIMM TOKPBHITUSMU SBISIOTCS TaKKe IMOKPBITUS U3 MEIU, HU-
KeJisl, XpoMa, CBHHIIA, OJIarOopoJIHBIX MeTa/uioB. Heo0XoauMo OTMETHUTb,
YTO aHOJHBIN WM KaTOAHBIM XapaKTep 3alUThl 3aBUCHUT OT CPEJbl, B KO-
TOPOU HAXOAUTCS IMOKpbIBaeMoe uszaenue. [IpuBeneHHBIN BBILIE MPUMED
OTHOCHUTCA K HauOojiee MPOCTOMY M YaCTO BCTPEUAIOLIEMYCS CIIy4aro, KO-
rja TPOMBIIUICHHBIE M3JENUs SKCILUTYaTUPYIOTCS B OOBIYHBIX atMocdep-
HBIX YCJOBUSIX (KOHACHCALMS BOJSHBIX MAapOB HAa MOBEPXHOCTU W3ACITUI
WJIU BBITIaJICHUE aTMOC(EPHBIX OCAIKOB).

M3MeHeHue yClIoBHil SKCILTyaTallu U3ACIUI BJICUET 3a CO00M n3Me-
HEHHE XapakTepa 3aiuThl. Tak, HanpuMep, [IUHKOBOE MOKPBHITUE TIEPECTa-
€T 3allUILIATh )KEeJe30 OT KOPPO3UU B TOpAYEH BOJIEe, TaK KaK MOTEHI[UAI
[IMHKa CTAHOBUTCSI 00Jiee MOJOKUTEIbHBIM. I HA000pOT, OJOBAHHOE IO-
KpBITHE, KOTOPOE B aTMOC(EPHBIX YCIOBHUAX SIBISCTCS KaTOAHBIM, CTAHO-
BUTCS aHOJHBIM O€3 J0CTymna BO3JyXa U B MPHUCYTCTBUU OPraHUYECKUX
KUCJIOT (KOHCEpBHAs KecTh). [loTeHIMan o0Ba B 3TUX YCIOBUSX CMEIla-
€TCS B CTOPOHY OTPHULIATENIbHBIX 3HAUCHUH.

AHOJIHBbIE TIOKPBITUSI 00JIaAAI0T JYUYIIUMHU 3AIUTHBIMUA CBOWCTBAMMU
M0 CPaBHEHMIO C KaTOAHbIMU. OJIHAKO MPUMEHEHWE aHOIHBIX MOKPBITHI
OTPaHMYHMBACTCS TEM, YTO OHM HE MOTYT OBITh MCIIOJIB30BaHBI O€3 JI0TOJI-
HUTEJIBHOM 3aIlUTHI, KOTJa MPEIBIBISIOTCS OMpeaeICHHbIE TPEOOBAHUS K
TOBapHOMY BHAY M3Jenuil. B ToM ciydae, korja oOpa3oBaHHE MPOJTYKTOB

KOPpPO3UH Ha MOBEPXHOCTHU JeTalieil Hapyliaer paboTy MpuOOpPOB, aHO/I-
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HBIE€ TTOKPBITHS TAKKE HEIPUMEHUMBI.

[Ipn KaTOOHOM XapakTepe 3alIUTHO-AEKOPATUBHBIX IMOKPBITUN I10-
CJICTHUE JOJKHBI MOJHOCTHIO U30JUPOBATH METAJ U3AECIUS OT OKpYyXkKa-
IOIIIEH cpelibl. DTO MOXKET OBITh 00ECTIEYEHO TOJBKO MPHU OTCYTCTBUU TOP
B ocajikax. [IoBbIlIeHHE 3aITUTHBIX CBOMCTB TAKMX MOKPBITHII MOXKET OBITh
MOJIYYEHO 32 CUET MPUMEHEHUS MHOTOCIIOMHBIX TTOKPBITHH.

Hampumep, B npoueccax HUKEIMPOBAHUS U XPOMUPOBAHUA IUPOKO
NPUMEHSIOTCA  Pa3JIAYHbIE CXEMBbI MHOTOCJIOWHBIX  3aIMTHO-
JI€KOPATHUBHBIX MOKPBITUM (IBYXCIOWHBIX: MEJb — HUKEIb, HUKEIb — HHU-
KEJIb, HUKEIb — XPOM, TPEXCIOWHBIX: MEJb — HUKEIb — XPOM, HUKEIb —
HUKEIIb — XpOM H JP.).

[ToBhIlIEHHAs: KOPPO3MOHHAS CTOMKOCTh JIBYXCJIOWHBIX W TpEX-
CJIOWHBIX TIOKPBITHN OOBSCHSETCS MPEXKAE BCEro MEHbBIIEH CyMMapHOMN
MMOPUCTOCTHIO MOKPBITUI, TAK KaK MOPBI OJTHOTO CJIOSI HE COBNAJIAIOT C IO-
paMu APYyTroro CJios, T.€. B3AUMHO MEPEKPBIBAOTCS, 4 TaKXKE Pa3IUUIUEM
AJIEKTPOAHBIX TOTEHIIMAIIOB OTAECIBHBIX CIIOEB.

Kpome 3amuTHBIX W 3alIUTHO-ACKOPATUBHBIX MOKPBITUH, MNpPUME-
HAIOTCS CIEIUAIIbHBIE TOKPBITUS, MNPHUAAIONIME TMOBEPXHOCTH W3ICIUS
OIPENICIICHHBIE CBOMCTBA: M3HOCOCTOMKOCTh, TBEPJIOCTh, JICKTPUUECKYIO
MIPOBOJUMOCTb, MTAsi€MOCTh, MATHUTHBIE CBOKMCTBA U JIP.

Heo0Xxoa1umMo OTMETUTh, YTO OJWH M TOT K€ BHJ MOKPHITUA MOXKET
NPUMEHATHCS U1 Pa3IUYHbIX Hened. Tak, HampuMep, XpOMOBOE MOKPbI-
THE MOYHO MPUMEHATh HE TOJBKO KaK 3alUTHO-JAEKOPATUBHOE, HO U IS
MOBBIIIEHUSI TBEPJIOCTH M M3HOCOCTOMKOCTH; KaJMHUEBBIC IMOKPBITUS HC-
MOJB3YIOT HE TOJIBKO JIJIS 3allUThl OT KOPPO3UM B aTMochepe MOPCKOro
TyMaHa, HO U JJIs1 0O€CIleYeHHUs] XOpoIlel CBUHYMBAEMOCTH M repMeTHY-
HOCTH PE3bOOBBIX JICTANCH.

B Tabin. 2.3 mpuBoasTCs cBeACHUS 00 MCIOJIH30BAHUU TaJbBaHUYC-
CKHUX TIOKPBITUM JUIS 3alMTHBIX, 3alIUTHO-JIEKOPATUBHBIX U CIIEHUANb-
HBIX IIEJIEH.

Taoauna 2.3
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Bb100p 321U THBIX U CIEHUAJIbHBIX MOKPLITHH

HaznaueHue IMOKPbITUA

MeTtani OCHOBEI

Bun nokpeitus

1 2 3
[{uukoBaHME, KAAMUPOBAHHUE,
Craip
OKCUJIUPOBAHKE
AroMUHUN AHOIHOE OKHCIIEHUE
3amuTa oT aTMochepHOn Y €ro CIUIaBbI MeTaia
KOppo3uu [{nHKOBBIE
XpoMHpOBaHHE
CILJIaBbI
Menp
HuxkenupoBanue
U €€ CILJIaBbl
Crainpb
Menb 3anuTHO-IEKOPAaTUBHOE
U €€ CILJIaBbl HUKEIUPOBAHUE,
3aluTHO-1eKOpaTUBHAS [{uHKOBBIE XPOMHUPOBAHUE
OTJIEeTIKa CILJIaBbI
. AHOJHOE OKHCJICHUE METalja
AntoMUHUN

H €TI0 CIIJIaBbl

C MOCJEYIOIINM

OKpalllMBaHUEM
3ammTa OT MEXaHU4YEeCKOro 13- XpOMUPOBAHUE, XUMUUECKOE
. Crainb, yyryH
HOCA TPYIIUXCSI TOBEPXHOCTEM HUKEJIUPOBAHUE
BoccranoBienue pa3MepoB Cranb, 4yryH XpoMUPOBaHUE, KEIC3HEHUE
3ammra OT IieMEHTAINU Crainnb Mennenue
3ammTa OT a30TUPOBAHUS Crainb OnoBsiHUpOBaHUE
3ammura OT IEUCTBUS
. Cranb CBuHIIEBaHUE
CEpPHOM KHUCIIOTHI
Cranb OnoBsiHUpOBaHUE, OCAKICHUE
OO0ecrieueHue JIETKOCTH MalKu Mennble CILJIABOB OJIOBO-CBHUHEII,
CILIABEI 0JIOBO-BHCMYT, OJIOBO-HUKEIIb
[ToBbIlIIEHME MOBEPXHOCTHOM MenHbie
Cepebpenue
AIEKTPONPOBOHOCTH CILIABEI
3amuTa OT KOPPO3UH JIeTalen CniaBsl 3o5104eHue, NaviaAupPOBAHNUE,
OTBETCTBEHHBIX NMPUOOPOB MeJIu pOIUPOBAHUE, TUTATUHUPOBAHUE
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OxoH4. T20.1. 2.3

1 2 3
3alUTHO-AEKOPATUBHAS OT-
. Cepebpo 3os0ueHue
JIeJIKa FOBEJIUPHBIX U3IETUN
ObecnieyeHne MPOYHOCTH
CLEIICHUS MeTasuia
. JlatryHupoBaHue
C PE3UHOU MPU FOpSIYEM
Cranb
IPECCOBAHUU
[ToBbIienne anTUPpuUK- OcaxaeHue CriaBoB cepedpa,
UOHHBIX CBOICTB CILJIABOB CBUHIIA U HHAUS
[ToBbIlIEHNE OTpAKATEIHHOU Cranb XpoMupoBaHue, cepedpeHue,
CIIOCOOHOCTH JlaTtyHb pOAMPOBAHUE
3ammTa OT KOppO3HUH
. OnoBsiHUpOBAaHUE
KOHCEPBHOM Tapbl
Cranb
[ToaroroBka nmoBEpXHOCTH
docdaTtupoBanue
MO/ JIJAKUPOBKY U OKPaCKy
Hanecenue Menb OcaxneHue criaBa
MAarHUTO-MATKUX MTOKPBITHI bpon3sa HUKEIb-KEJIE30
OcaxeHue CriaBoB
Hanecenue Mennsie HHUKEIb-KOOAJbT,
MarHUTO-TBEPJIbIX MOKPHITUMA CILJIaBbI HuKeab-hochop,
HUKeTb-Ko0anbT-hochop

2.4. YcaoBHbIe 0003HAYCHUA U BHIOOP THIIA NOKPBITUS

B KOHCTPYKTOPCKOM HOPMATUBHO-TEXHOJOTUUECKOW JTOKYMEHTAIIUU
NPUHSATHI CIIEHHANIbHBIE YCIIOBHBIE 0003HaueHus (mudpsl). [udp nokpsl-
THUSI BKJIIOYAET B ce0sl CBEICHUSI O MaTepuase MOKpbITUs (HayalabHbIE OyK-
BbI MeTajjla OKPBITHS ), TOJIIUHE 0CAJKOB, CIOCOOE HaHeCeHUs (B Cilydae
HEraJbBAHUYECKUX TOKPBITHI) U, KpOME TOro, MpH HEOOXOIUMOCTH —
CBEJICHUS O JIPYTUX CIELHAIBHBIX CBOWCTBAX M XapaKTEPE JOMOIHUTEIb-
HOM 00paboTku. [IpuBenemM HeCKOIBKO YCIOBHBIX 0003HaueHUM (1MppPOB)

MMOKPBITHM:
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HukeneBoe MNOKpBITHE TONIMHON 9 MKM,

(5o 5111 (< <R H9.6
[{lUHKOBOE MOKPBITUE TOJUMHON 12 MKM, ¢

HOCHEAYIOIINM XPOMATUPOBAHUEM  ....vueennnnnnnnen. 1012 xp.
XpOMOBOE MOKPBITUE TOJMUHON 1 MKM, OJe-

CTSIIEe C MOACIOSM MEAH, TONIMHUHOU 15 MKM, H

TPEXCIONHOr0 HUKENS, TOJIIUHON 21 MKM ......... M15H916.Hc.3H96.X1.6
Hukenb-pochopHoe mokpeiTHE, MOTyUYEeHHOE

XUMUYECKUM CIIOCOOOM, C MAaCCOBOM J0JIEH HUKEIS

94 %, dbocdhopa — 6 %, TonmuHON 15 MKM  ......... Xum.H-®(94)15
AHOIHO-OKCHIHOE TOKPBITHE TBEPAOE, TOJI-

muHOM 30 MKM, IPOITUTAHHOE MACIIOM  .............. AH.Okc.18.30 IpM

[Ipu BBIOOpEe Hambosee 3GPEKTUBHOTO MOKPHITUS CIEAYET Yy4H-
THIBaTh HAa3HAUCHHUE JECTalld, €¢ MaTepuaj, Cpeay, B KOTOpoi OyAeT IKcC-
MJTyaTUPOBATHCS M3JCNIHNE, CPOK CIYX OBl M3ENIHS, JOMYCTUMOCTh KOH-
TaKTOB COMNPSTa€MbIX META/UIOB U S3KOHOMHUYECKYIO 1€JIECO00Pa3HOCTb.
J1s1 obsieryeHust BIOOpA MOKPBITUS U €r0 TOJIIUHBI pa3paboTaHbl COOT-
BeTcTBYrO1Me 'OCThI.

TonmuHa TPUMEHAEMBIX B COBPEMEHHOM TEXHOJIOTUM METal-
JIOTIOKPBITUM, B 3aBUCUMOCTH OT KOHKPETHBIX TPEOOBaHUI KOJIeOIeTCS
OT J0JEd MHUKPOHA J10 HECKOJbKHX JECATKOB MHUKPOH. B OTHENnbHBIX
CiaydJasx, HampuMep, JJIs MOBBIIICHUS U3HOCOCTOMKOCTH TIap TPEHUS WU
BOCCTAHOBJICHUS Pa3MEpPOB HM3HOIIECHHBIX J€Tajei, TOJIMHA METaJlIH-
YECKUX TOKPBITHH MOXET H3MEPATHCS COTHAMHU HWIIH JaXKe ThICSYaMH
MUKPOH.

Koppo3noHHoe BO3ACHUCTBUE CPEIbl SIBISIETCS OJHUM U3 BaXKHEUIITUX
dakTopoB, oOycnoBnuBaronux BbIOOp mokpeiTus. [lo 'OCT 14007-68
YCJIOBUS SKCIUTyaTaIMU KJIACCUDUITUPYIOTCS IO TPYIIIaM:

nerkas (JI),

cpennsis (C),

wectkas (2K),

oueHb xectkas (OX).
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[IpyuHamIEKHOCTh K TOM WM WHOW TPYIIE OINPEACIACTCI TPEMS
daktopamu: 1) 3arpsI3HEHHOCTHIO aTMOC(EPHI CEPHUCTHIM Ta30M U XJIOPU-
CTBIMH COJISIMU (CENbCKasi MECTHOCTh, aTMOC(epa MPOMBIIIIEHHBIX TOPO-
JI0B, MOpcKasi atMocdepa); 2) KIMMaTUYECKUMH yCIOBUSAMHM (YMEpEHHBIN
KJIMMAT, XOJOIHBIM KIIMUMAT, TPONMYECKUN BIIAXKHBIA KJIWMAT, TPOIUYE-
CKMI CyXOW KJIMMar); 3) XapakTepoM pa3MelleHUsl U3Jeauil (3aKpbIToe
OTAIUIMBAEMOE TOMEIICHUE, HEOTAIJIMBAEMOE IMOMELIECHUE, IO HABECOM,
Ha OTKPBITOM BO3]IyX€).

[IpuBeneM HECKOJBKO MPUMEPOB BBHIOOpA THMA TOKPBITHS M €T0
TOJIIIIMHEI B 3aBUCUMOCTH OT YCIIOBUH 3KcIuTyatamnuu (Tadm. 2.4).

Taodauna 2.4

Buabl 1 Ha3HAYeHHE MOKPBITHH

Mare-

puan

ACTaJIn

['pynma
YCIIOBUU
JKCILTya-

Taluu

ITokpeiTHE

Bun

TonmuHa,

MKM

[udp

Haznauenue

Crainp

[IuakoBoE

12

1112 xp.

3ammrTa OT KOppO3HH Ha
OTKpPBITOM BO3/yX€ B
paiioHe C YMEPEHHBIM

KJIIMMaTOM

OX

KanmueBoe

24

Kn24 xp.

3ammTa OT KOppOo3un
B YCJIOBUSX
TPOMUYECKOTO

BJIAKHOI'O KJIMMarTa

XpomoBoe

18

XT1B. 18

YBenuueHne TBEpIOCTH
nerajnei, paboTarmx
Ha TPEHHE
C OJTHOBPEMEHHOM

3alIMTON OT KOPPO3UU

Menb
U ee

CIIJIaBbI

Cnnas
cepebpo-

cypbMa

12

[TomyyeHnne n3HOCOCTOM-
KUX TTOKPBITUN
C BBICOKOM

QJICKTPOIIPOBOJHOCTEIO
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Mexny 3alllUTHBIMA CBOMCTBAMU MOKPBITUSA U IIEPOXOBATOCTHIO TO-
KpPBIBAEMOI MOBEPXHOCTH CYIIIECTBYET 0OpaTHasi B3aUMOCBS3b, T.€. HA Me€-
HEE LIEPOXOBATOW MOBEPXHOCTH KOPPO3UOHHASI CTOMKOCTh BBILIE. JTO HC-
MOJB3YIOT I TOBBIIECHUS KOPPO3UOHHOM CTOMKOCTH TOKPBITHS B TEX

ClIydasax, KOorga IOBLIMCHUC TOJIIWHBI 3allTUTHBIX HOKpBITI/Iﬁ HEBO3MOXKHO.

KoHTpoJbHBIEC BONIPOCHI

1. Knaccudukanusi TOKPHITHI B 3aBUCUMOCTH OT UX (PYHKIIMOHAIIb-
HBIX CBOWCTB.

2. Kakue Bbl 3HaeTe BU/Ibl TaJIbBAHUYECKUX MOKPBITHIA?

3. Kakue nokpbITHsl Ha3bIBalOTCSI KOHBEPCUOHHBIMU?

4. YTO MOHMMAIOT 1O KOMOMHUPOBAHHBIM MOKPHITHEM ?

5. Kakue cymiecTByroT cmiocoObl HAHECEHHUS MMOKPHITUIN?

6. B ueM pa3zHMIIa MEXIY 3alIUTHBIM JEHCTBUEM aHOJHOTO U KaTOJ-
HOT'O TTOKPBITUI?

/. Kakumu ¢akTtopamu 00yCIIOBJIEH BBIOOpD TrajdbBaHHUYECKOTO TO-

KpBITUA?
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3. JJIEKTPOXUMHNUYECKHUE U XUMHNYECKHE
IHHOKPBITUA METAJIVIAMHA

3.1. TexHoJsioruyeckne cxemMbl NOKPBITHI MeTAUIAMHU

BriOop BUAa METAUNIMUECKOTO MOKPBITUS JJIsI U3ACIHUS 3aBUCUT OT
YCJIOBUH 3KCILTyaTalluy U3JeN1s, KOHCTPYKIIMOHHBIX OCOOCHHOCTEH, IKO-
HOMHUYECKHX COOOpakeHuW W JIpyrux ¢akTopoB. B deprexxe Ha uzaenue
JOJDKHBI YKA3bIBATHCS: BUJ MOKPBITUSL, KOTOPbIA HA3HAYAETCA B COOTBET-
ctBun ¢ 'OCT 9.303-84, tonmuna nokpeitus mo I'OCT 9.303-84 u 060-
3Ha4YeHue BuAa Mokpwitus, npuHaroro no 'OCT 9.306-85. TexHonoruye-
CKasi CX€Ma HaHECEHUsI TIOKPBITUS BHIOMPACTCS B 3aBUCUMOCTH OT Ha3Haue-
HUS JAHHOTO TOKPBITUSA (3alUTHOE, 3alIUTHO-AEKOPATUBHOE, CIIEIUATILHOE),
(dbopMBbI 1 Ta0APUTOB JeTalIel, IPUPOIBI TOKPHIBAEMOT0 MeTalIa (CTajb, Jia-
TyHb, ME/lb, ATFOMUHUNA, IMHKOBBIN, CIUIAB U JIP.), a TAKXKE OT COoco0a u3ro-
TOBJICHUS (IIITAMIIOBKA, JINThE, pe3aHue U Jp.). [loMHUMO TaHHBIX O MOKpPHI-
TUU, TEXHOJIOTMYECKUE CXEMbI COJIepkKaT OMMCAHUE TTOATOTOBUTENIbHBIX, 3a-
KITFOUNTEIBHBIX U MPOMEXKYTOYHBIX OTEpaluii, a TaK’Ke TaHHbIE O TEXHOJO-
TMYE€CKOM 000PYI0BaHMU (CTallMOHAPHBIE BAHHBI, aBTOMAThI, OapabaHbl, KO-
Jokona u ap.). Ilporecc HaHECEHUS JIEKTPOXUMHUYECKUX TTOKPBITUNA BKITIO-
YaeT HECKOJIBKO CTaUN.

1. IlpeaBaputenbHas 00pabOTKa MOBEPXHOCTH METAUIOB C IEJBIO
OYUCTKHM JIETAJIE OT JKUPOBBIX 3arpsI3HCHUN, OKCHUJOB, a TaKXKe JIs
YMEHBIIIEHHUSI IIEPOXOBATOCTH MyTEM MEXaHWYeCKo#l (uuudoBaHue, IMO-
JMpOBaHME, KpalleBaHHWE, a TaKKe IMECKOCTpyHHas, Tuapoadpa3uBHasi U
BUOpAIMOHHAs OYMCTKA), XUMHUUYECKON U DJIEKTPOXUMHUYECKOUN (00e3XKu-
pUBaHUE U TPaBJICHUE) TTOATOTOBKH.

2. IIpouecc 3MeKTpOOCaXKICHUSI METALTAYECKOTO MOKPHITUS (OJHO-
CJIOMHOTO WJIM MHOT'OCJIOMHOIO).

3. 3akmrounTenbHas CTaausl sl YAAJCHUsI OCTaTKOB DJICKTPOJIUTA C

JeTaneld TPOMBIBKOM B XOJIOJHOM HEMPOTOUYHOUW BOJIE WM B (HEKOTOPBIX
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CJy4asi) HOCJIe0BaTEIbHON MPOMBIBKON B HEUTPATU3YIOIIMX pAcTBOpax U
B ropsuer Boje. Cyllka Jetaner B CYIIWIbHBIX MeYax WM MOCPEACTBOM
MPOAYBKH CKAThIM BO3yXOM.

4. JlonmoJHUTENbHBIE BUABI OOPA0OTKU MOKPHITUS JIsI TPUIAHUS 3a-
IIUTHBIX CBOMCTB (MACCMBUPOBAHUE, XPOMATUPOBAHUE ITMHKOBBIX M KaJI-
MHUEBBIX MTOKPBITUM), TPOMUTKA MACIAMU U CIIEIIMATbHBIMUA COCTABAMU OK-
CUIUPOBAHHBIX U PochaTUPOBAHHBIX M3ACIUNA WM JUISl YIYUIIEHUS JEKO-
PaTUBHOTO BHUJA OKPAIIMBAHHEM AHOJIHO-OKCUIAHBIX MOKPBHITUM alfOMU-
HUSI, DJIEKTPONOJIMPOBAHUEM MATOBBIX MOKPBITUHM, & TAKXKE I YJaJICHUS
BOJIOpoja U3 Metaia (Tepmooopadotka rpu 200— 250 °C) u np.

Ha menkue netanu (KpenexkHbi€, KOHTAKTHI), KaK MPaBUIO, HAHOCST
MOKPBITUS TIPU MEPEMENIMBAaHUNA WX BO BpaIllaONIMXCS BaHHAaX OapaOaH-
HOT'O WJIM KOJIOKOJIBHOTO THIIA, KOTOPOE OOECIEYMBAET PABHOMEPHOCTH
NOKpbITUs. bosiee KpynHbIE IeTalu pa3MeIaloT Ha MOABECKAX U3 allOMU-
HUSI, TATAHA WIIW JPYTUX [IBETHBIX METAJJIOB.

3anuTHO-AEKOPATUBHBIE MMOKPBITUS HA JETAISIX U3 CTalIH, JaTyHU U
IIUHKOBOI'O CIUIaBa OOBIYHO MOJYYarOTCs OJECTAIIMMU MHOTOCIOWHBIMH,
COCTOSIIIUMH U3 TOCIIEIOBATENBHO OCAXKJCHHBIX CJIOE€B MEAW, HUKENS U
xpoma. [ToBepXHOCTh MOKPHIBAEMOTO MeTajia JJis 3TOTO JOJKHA OBITh
mpeaBapUTENIbHO OTIHUIM(OBaHA (CTajb) U OTIOJHUpPOBaHA (JIATyHb W IMH-
KOBBI CIJIaB). MexaHnueckue onepanuu O4YeHb TPYJIOEMKH U JOPOTH, IMO-
ATOMY ITPOMEKYTOUHBIE CJIOM MEJU U HUKEIIA 11€J1I€CO00pa3HO OCaAXKIATh U3
CHEHHUATBHBIX AJIEKTPOJIUTOB, KOTOPHIE MO3BOJISIOT MOJy4YaTh OJECTAIINE
OCaJKH, HE TPEOYIOITHe MOJTUPOBKH.

B TexHonorun HaHeCeHUs TaKUX 3alUTHO-IEKOPATUBHBIX OKPHITUN
npeayCMaTPUBAETCAd HECKOJIBKO omepanuid 00€3:KUPUBAHUSI U TTPOMENKY-
TOYHBIX MPOMBIBOK MEpPE] rAJIbBAHUUYECKUM MOKPBITUEM B PACTBOPAX, CO-
JepKaIuX OTAEIbHBIE KOMIIOHEHTHI 3THX JJICKTPOJUTOB C IEJBI0 YMEHb-
IIUTh BO3MOKHOCTb 3arpsI3HEHHS] OCHOBHOTO AJIEKTPOJIUTA HOCTOPOHHUMU
MpUMECsIMU, Hanpumep, o0paboTka B 5 % pacTBope IMaHUJA HATPUS TIe-
pel IMaHUIHBIM MEHEHUEM WM B 5 % pacTBOpE CEpHOM KHUCIOTHI NEepe

CCPHOKUCIBIM MCIHCHUCM U T. .
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Oco00e BHUMaHHUE YIEISIETCS MEXKOIEpPallMOHHBIM MPOMBIBKaM Je-
TaJIed BOJIOU.

B nacrosiiee Bpemsi HamboJiee paclpoCTpaHEH MOTPYKHOM METOJ
MIPOMBIBKH, KOTOPBIN UHOTAA COUYETAETCS CO CTPYUHBIM METOJIOM.

OCHOBHBIMU CXEMaMM TMPOMBIBKHU SIBIIIIOTCS OJHO-, ABYX- U TPEX-
ctynenuatbie (puc. 3.1). JIByx- U TpexcTyneHYaThle CXEMbl MPOMBIBKU
MOTYT OBbITh IPOTUBOTOYHBIMHU WK MPSIMOTOYHBIMU. [Ipr mpoTHUBOTOUHOM
CXEME BOJIa MOJAETCSA B KOHEUHYIO CTYIIEHb (BaHHY IPOMBIBKH), a 3aTEM,
MOCJIE0BATENIBHO MPOXO/sl BCE OCTAIbHBIE CTYNEHU (BaHHBI), COpachiBa-
eTcs B CTOK. /{711 MPOMBIBKH MPUMEHSIIOT XOJOAHYIO, TEILTYIO U TOPSAUYIO
BOJAY, MOCJIEIHIO — Mepel CYIIKON naeraneid mocie 00e3KUpUBaHUU B

MICJIOYHBIX paCcTBOpPaAx.

[Todaya Boder

o
1
.
i e et e | e
Criox Mgl | | el | IO R
T

2
Cmynenu ripomerbry

Puc. 3.1. OcHOBHBIE CXeMBbI IPOMBIBKH JeTaJIei:
@ — OJTHOCTYNeHYAaTasi; 6 — MPOTHBOTOYHO-KACKA/IHAsI IBYXCTyNeHYaTas;

6 — TpexcryneH4daras

[Ipu 00OpaboTKe Ha MOABECOYHBIX MPUCTOCOOJICHUSX JeTallei, uMe-
IOIIMX Ta3bl, MU U YIIIYOJIeHUs, a TaK:Ke Ipu 00paboTKe JIeTaliel Hachl-
MbI0 TIPUMEHSIIOT TOTPY>KHOU MeTo 1 npoMbIBKU. [Ipu 0OpaboTke aeranei
MPOCTON KOH(PUTYpAITUU HCIIOJIB3YETCS CTPYHHBIH METOJ MPOMBIBKU ITY-

TEM CIIOJIAaCKUBAHUS UX U3 (POPCYHOK.
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[Ipu o00paboTke Ha MOABECOYHBIX MPUCIOCOOJCHUAX JeTajieH
CpeIHeW U CJIO0XHOW KOH(UTypallih, HE HMEIOIIUX TMa30B, IIeJeH H
yriiyOJIeHUH, a TakXe IJIsi IPOMBIBKH JieTajiel mociae 00paboTKu B TPY II-
HOCMBIBAaE€MbBIX pPACTBOpaxX, MPUMEHSETCS KOMOWMHHPOBAHHBIA METON —
MOCJIEAOBATEbHBIC TIOTPYKEHUS U CTPYWHAs MPOMBIBKA B OJTHOW U TOU

K€ BaHHC.

3.2. llunkoBaHUe U KAAMHPOBAHUE

OcHOBHBIE (PUBHKO-XUMUYECKUE U MEXAaHUYECKUE CBOMCTBA IIMHKA U
KaJMHs TIpeacTaBieHbl B Ta0. 3.1.
Taoauua 3.1
OcHoBHbIE PU3NKO-XUMHYECKHE U MeXaHUYeCKHue

CBOHCTBA IUHKA U KaAMUA

. Merann

CaoiicTBa 70 cd
ATOMHBII HOMED 30 48
AToMHasg Macca 65,38 112,41
InotHOCTS TIpH 20 °C, KI/M° 7133 8650
Temneparypa nnasnenus, °C 419,5 321
VY nenwnoe conporusienue npu 20 °C, Om-m 5,52-10° 7,60-10°
DIEeKTPOXUMHYCCKUN SKBUBAICHT, I/(A 1) 1,220 2,097
Teepnocts HB, MIla:
- MeTaJIa 400 600
- 3JICKTPOXUMHYECKOTO TIOKPBITHUS 490-1180 340-490

j Zn « Zn"* + 2| Cd o Cd** + 2¢
CranmapTHBIN MOoTeHIMAN, B
-0,763 -0,403

Hunxk — Genblii METAJJT C CUHEBATBIM OTTEHKOM, JIOBOJIBHO XPYIKUI
B OOBIYHBIX ycloBUsSIX. Ha cyxoMm Bo3nyxe mpu HOpMaJIbHOM TeMIlepaType
OH HE HU3MEHSIETCA, BO BJIAXKHOM K€ BO3JyXE IMOKPBIBAECTCS OKCUIHOMN

TIJICHKOM M TepseT META/UTMYECKUM OJIECK.
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[IvHK SBISIETCS 3IEKTPOOTPULATENBHBIM AKTUBHBIM METAJIOM, I10-
ATOMY UHMHKOBBIE TNOKPBITUS JJIEKTPOXUMHUYECKH 3alIMIIAIOT KEJIE30 U
CTaJlb OT KOppo3uu. B Koppo3uoHHOU cpeae oOpaszyercs rajbBaHUYECKas
rapa IUHK — JKEeJIe30, B KOTOPOU JKEJIE30 SBJISACTCS KaTOA0M, TO3TOMY I10-
KPBITUE HE pa3pylIacTcs, MOKa €CTh CIOM IUHKA. lIpy Hamuuuu nop u
OTOJICHHBIX MECT B MMOKPBITUHA NPOUCXOJUT Pa3pyIICHUE [IUHKA.

3amuTHas CIOCOOHOCTh IIMHKOBOTO MOKPBITUSI IPOMOPIIMOHATIEHA €70
tonmuHe. Koppo3ns nuHKa MOXKET 3aMEIISATHCS, €CIU IIOBEPXHOCTH €r0 T10-
KPBIBAETCSI HEPACTBOPUMBIMH MPOIYKTaAMHU KOPPO3ur. CKOPOCTh KOPPO3UU B
atMocdepe 3aBUCUT OT HAJWYMS BJard W MPOMBIIUICHHBIX 3arpsi3HEHUM.
Bricokue 3amuTHbIe CBOKMCTBA IIMHKOBOTO MOKPBITUS BCJIECICTBUE €TI0 aHO-
HOTO XapaKTepa W HU3Kasg CTOMMOCTh ITUHKA OOBSICHSIOT IIMPOKOE TMPUME-
HEHHE [IMHKOBAHUS B PA3JIMYHBIX OTPACHSAX MPOMBIIUIEHHOCTH.

Kaomuii — 6enplii MeTau1 ¢ cepeOpUCThIM OTTEHKOM, TIJIACTUYHBIN U
KOBKMU. Kak ¥ IMHK, OH yCTOWYHMB B CYXOM BO3JYyXE€ U OKHUCIETCA BO
BIaXHOM. KajiMueBoe moKkphITHE, M0I00HO IIMHKOBOMY, TPUMEHSIETCS J1JIsI
3aIUThl YEPHBIX METAUIOB OT Kopposuu. Kaamuii Oojee XUMHYECKU
YCTOWYMB, YEM IHHK.

OnHako, €Cv MUHKOBOE MOKPBITHUE MTOUYTH ITPU BCEX YCIIOBUSX SIBIIS-
€TCA aHOAHBIM, TO KaJMHEBOE MOXKET OBITh B OJHUX YCJIOBHUSIX aHO/I-
HBIM, 4 B JPyrux — KaToAHbIM. CTaHAApPTHBIC MOTEHIHUAIbBI KAAMUS U Ke-
Je3a pa3IM4yaroTCa Majlo, MO3TOMY XapaKTep 3alUThl MOKPBITUS KaIMHUEM
3aBUCHUT OT YCJIOBUW KOPPO3MOHHOM cpenbl. Tak, BO BJIAXXHOM TpOIMUYE-
CKOM Y B IPUMOPCKOM KJIUMATE, a TAKXKE B CpeAax, COAEPKAIIUX XIIOPHU-
Ibl, TOTEHIMAN KaaMHsI CTAHOBUTCS AJIEKTPOOTPULIATEIBLHEE MOTCHIMAIA
xKeJe3a, KaJIMUW SBJISICTCS AHOAHBIM IT0 OTHOIIEHHUIO K KEJIe3y U 3aluia-
€T OT KOPPO3UHU YEPHBIE U IIBETHBIE METAJIJIBI HE TOJIBKO MEXaHUYECKU, HO
Y DJIEKTPOXUMHUYECKH, IPUUEM HAJC)KHEE, YEM LIMHK, NAXE IPU MEHBIIEH
TOJIIUHE TOKPBITHS.

Kpome Toro, kaMueEBbIE MOKPBITHS 3JIACTAYHBI, JIETKO MOJIBEPraroT-

Cs IITaMIIOBKE, pa3BalibIOBKe, M3rudam. CBEXeOCaKJICHHbIC MOKPBITHS
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XOpOIIO MasitoTCA ¢ OeCKUCIOTHBIMU (puirocaMu. Bhicokasi miaacTUYHOCTB
KaJIMHUEBOTO MOKPBITUS UCIIOJIB3YETCS MPU MOKPHITUU PE3LOOBBIX JI€TAICH,
TEM caMbIM oOOecrnednBas Te€pMETHUYHOCTh pPe3hOOBBIX coenuHeHui. Ho
MpU KOHTAKTE C JACTAISIMU, COJCPKAINIUMHU 0Judy, C pa3JIUuuyHbBIMU CMa-
304YHBIMU U TOIUIMBHBIMHU MaT€pHUallaMH, COJEPKAUIUMU CEPHUCTHIE CO-
€IMHEHUS, A TAKXKE C MIACTMACCOBBIMU JIETAISMHU, BBIICIAIOIUMHA ra30-
oOpa3Hble TPOAYKTHI, KAIMUN JOBOJIHHO OBICTPO pazpyiaercs. [Ipomyk-
Tl KOPPO3HWHU KaJIMHUS U KaAMUEBOU NbUJIM OYEHb TOKCHUYHBI, & CaM KaJ-
MU — AeUIUTHBIA U goporoi metami. [loaTomy mpuMeHeHue ero 1e-
J€co00pa3HO TOJIBKO ISl TIOKPBITUS W3ACIWNA, MpeAHa3HAUYCHHBIX IS
AKCIUIyaTalluu B TUIIUYHO TPONUYECKOM KIIMMATE WJIM JJIS 3alUThl 0CO-
00 BaXKHBIX AeTasieil. Pa3paboTaHbl TEXHOJIOTUYECKUE MPOLIECCHl OIyYe-
HUS OJECTANMX MOKPBHITUA IMHKOM M KaJMHUEM B MPOLIECCE DIEKTPOIHN3A.
KpatkoBpeMeHHON XUMHUYECKOW OOPabOTKOW IIMHKOBBIX M KaIMHUEBBIX
MOKPBITUM MOKHO IPUJIABATh UM PA3JIMYHBIC OTTCHKHU, 3HAYUTEIIBHO YIIy-

YIIAIOIIUE BHEITHUNA BU U3]ICITUM.
3.2.1. dnekmpoaumol 014 UUHKOGAHUA U KAOMUPOCAHUS

JIns IMHKOBAHUSI ¥ KaJIMUPOBAHUSI MPEIJI0KEHO MHOTO 3JIEKTPOJIH-
TOB, B KOTOPBIX METaJJI HAXOJUTCS WM B BUJE MPOCTHIX COJIEH (KHUCIbIE
AIEKTPOJUTHL: Cyib(paTHbie, 60PPTOPOBOIOPOAHBIC, XJTOPUIHBIC) WIIH B
BUJI€ KOMIUJIEKCHBIX COEIMHEHUM (ImaHuaHbie, mupodocdarHpie, aMMHua-
KaTHbIC, IIMHKATHBIE U . ).

® B Kucnwix >1eKTPONIUTAX YUHKOBAHUS COJIM ITMHKA (CYJIb(dAT IMHKA
u GTopOOpaT) ABISIOTCS OCHOBHBIMU KOMIIOHEHTAMH, KOTOPbIE 00Pa3yroT
IpU DJIEKTPOJUTHICCKON AUCCOIUAIIMU THUIPATUPOBAHHBIE MOHBI ITUHKA,
pa3psKAIOIIMECs Ha KaTOAE M0 CXEeMe Zn* +2e —» Zn.

Kak BuaHO W3 puc. 3.2, IMHK YW KaJMUW U3 KHUCJBIX 3JIEKTPOJIUTOB
BBIJICISIFOTCA HA KaTOJE MPU Majod KaTOJHOW MOJISIPU3AINHU, MOITOMY

OCaJIKM HMEIOT TPy00-KPUCTAIUTHYECKYIO CTPYKTYpY (KpHBBIC 1, 2),
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Jns  yinydumieHuss KadecTBa

MIOKPBITHUS B KHUCJIBIC DJIEKTPOIUTHI
I00aBIISIOT MOBEPXHOCTHO-
aKTUBHBIE M KOJUJIOMJHBIE Be-
mecTBa (IEKCTPUH, KIICH, Keja-
tiH, OC-20, cuHTaHOd, AUCIIepra-

3
il Z/‘W
'+ /
top HO®, ALY, |
. 4

Ha TaTUHANCYITH()OKUCIOTY u ) 4 = g 3
Kamodusd nomeuu,uaﬂ (ﬁﬁa J, 5

3aKpEIUTEIb

psa ApYyruxX 00aBOK), B MPHUCYT-

CTBUU KOTOPBIX KaTOJHAA IOJIS-
p A Puc. 3.2. Ilossspu3aniuoHHbIC KPUBbIE

pU3aIisl HECKOJBKO TOBBIIIACTCS
(puc. 3.2, xpuBsie). Kpome Toro,

BBCACHUC MHOI'MX OPraHUYCCKUX

JICKTPOOCAKACHUA IUHKA

H KaAMHUS U3 KUCJIBIX JIEKTPOJIUTOB:
1-215r1/aa ZnSO4, 30 r/n A|2(804)3,

50 r/a Na,S0,4 (pH =4,5);
2 — 64 v/a CdS04, 28 r/a A1,(S04)s,
33 r/a (NH,),S04 (pH = 4,5);
3 — To :Ke, 4To M 1, + 1eKkcTpHH;
4 — 50 r/a CdS04, 250 r/m (NH,)»S04,
50 r/x1 nucnepraropa HO,

BEILECTB, SABJISIIONIUXCA, KaK Mpa-
BUJIO, TTOBEPXHOCTHO-aKTUBHBIMH,
yIydIiaeT CMa4yuBaeMoCTh IIO-
BEPXHOCTM M yMEHBIIIAET BO3-
MO>XHOCTh OOpa30BaHUs MUTTUHTA
B TOKpBITUU. J[JI1 TOBBIIEHUS 15-20 /a1 ypoTponuna,
DJICKTPOIPOBOAHOCTH DJICKTPOJIU- 0,7-1,2 r/n OC-20 (pH = 4-+6)
TOB BBO-
JTCSA COCIMHEHUS, COJIepKaIlue OJHOMMEHHBIN aHUOH (Cynb(haT HATPHUS —
B CyJIb(paTHBIX 3JIEKTpoJuTax U GropObopar aMMoHMs — BO (PTOPOOPATHHIX).
Jlns mojiepkaHust HEOOXOMMOM KMCIIOTHOCTH B AJIEKTPOJIUTE U OCOOCHHO
B KAaTOJHON 30HE BBOIATCS Oy(depHble coeAMHEHUs (COJM aMMOHUSA — B
CyJiIb()aTHOM AJIEKTPOJIUTE U OOpHAsi KUCJIOTa — BO (TOpOOpATHOM).
KoHiieHTpaus BOAOPOAHBIX HOHOB B KHUCJIOM 3JICKTPOJUTE JJIsI 1IUH-
KOBaHUS JIOJDKHA TOAAEpKuBaThes B npenenax pH=3,5+4,5. Ilpu cHuxe-
HUW KHACIIOTHOCTH YXYJIIAETCS KAadyeCTBO OCAAKOB, a MPH MOBBIIEHUU —
CHUKAETCS BBIXOJI METAJIJIa O TOKY. B mpucyTcTBUU CynbdaTa aTtoMUHUS

A1,(SO4); 3HaueHMEe pH 271eKTpoIMTa HE MOXKET IpeBhIIATh 4,5, TaK KaK B
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pe3ysbTaTe ruApoIn3a cyib(ara amOMUHUS BBIACISETCA CEpHAsi KUCIIOTa:
Al,(SO,), + 2H,0 — 2AI(OH),SO, + H,S0,.

B kadectBe aHOIOB NPUMEHSIOT YHUCTHIM METAJUIMYECKUN IIMHK
(99,9 % nmHKa). AHOAHBIN MPOIECC MPOTEKaeT 0e3 3aTPyAHCHHUI ¢ BbIXO-
oM 1o ToKy okojo 100 %. CepHOKHCIIBINA 3JIEKTPOIUT UMEET CIEIYIOIINE

COCTaB, I'/J1, U PEKUM PabOTHI:

CynbdaT uHKA (KPUCTATUTOTHAPAT)  .vvnvrenneennnnennns 200-300
CepHOKHUCIBIA HATPUH (KPUCTALIOTHAPAT) ............. 50-100
AJIOMUHUIN CEPHOKUCIBIN (KPUCTAIIIOTUAPAT) ....... 30

D1 153 4 )71 S SR 8-10
PH o e 3,545
TeMmmepatypa, “C ..ooovviiiiiiiiiie e e 15-25
[IIOTHOCTD TOKA, A/IIM® .o 1-2

OCHOBHBIC HETOJIAJIKM TPU IUHKOBAHHHM B KHUCIBIX DJIEKTPOIUTAX
npUBEIEHBI B Ta0I. 3.2.
Ta6auua 3.2

Henonamm NP1 TMHKOBAHUHU B KHC/IBIX JICKTPOJIUTAX

Henonaagxu [TprurHe CrniocoObl ycTpaHeHus
OOpa3zoBaHue [loBbIlIEHHAS BETMYMHA [ToaKUCIUTD DNEKTPOIIAT
KpynHOKpuctaimmmue- | pH, Beicokas IIIOTHOCTh | cepHOM kuciotoi ao pH 3,5,

CKHUX HOKpLITI/Iﬁ TOKa, HU3Kast CHU3UTH IINIOTHOCTH TOKA,

M HapOCTOB Ha KOHIOCHTpalHsA UHKA AOBCCTH KOHLICHTPAILIUIO

OCTPBIX KPOMKax [IMHKA 10 3aJaHHON

Y yIyax JeTaneu

TemHBIN OCcanoK,

HIETyIIEHUE

3arpsi3HeHHE JIEKTPOJIUTA
OpraHUYEeCKUMHU
1 MEXaHUYECKUMHU

IIPpUMECIMHA

[IpodunbTpoBaTh SAEKTPOIUT
4yepe3 akTUBUPOBAHHBIN yTOJIb
BBectu 2-5 /1 H,0,

U IpopaboTaTh TOKOM

TeMHbIl ryOUaThIii

0CaaoK

Hannuwne nonos
AIEKTPONOJIOKUTEITBHBIX

METaJuIoB (M€IH, PTYTH,

ITpopabGoTaTh 27EKTPOIUT
IIPH HU3KOM IIJIOTHOCTH

TOKQ, IIPEBAPUTEIIHHO
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cepeOpa, CBUHIIA) noaAKucIuB ero a0 pH 2-3

Yaanenue npumecedl OCYIIECTBISETCS MPOPAOOTKOM AIEKTPOIUTA
rpu HanpsipkeHuu 1,5-2 B B Teuenune 2—3 4. Oprannyeckue NpuMecH ya-
JSAIOTCA Takke (UIbTPOBAHUEM DJICKTPOJIMTA 4YE€pe3 aKTUBUPOBAHHBIN
yroyib. MexaHH4eCKUE NMPUMECH B BUAE AHOAHOIO HIJIaMa U APYTHX HE
PACTBOPSIIOIIUXCS B BOJAE YACTHUIl YAAISIOT (QUIBTPOBAHUEM DJIEKTPOJIUTA
4yepe3 CYKOHHBIE WM CUHTETUYECKUE (QUITBTPHI.

Ynianenue xene3a  OCYHIECTBISIOT BBEJICHUEM B HarpeThbid
10 70—80°C »37eKTpOIUT TEPEKUCH BOAOPOIA ISl OKUCIICHUS Kejie3a Fe?*
B Fe®". IMocne oxucieHus B AJIEKTPOJUT 00ABIISIIOT, IEpEMEIIINBasi, pac-
TBOP THAPOKCHUJIA HATPUS, U KEIE€30 B BUAE TUAPOOKHUCH BBIIIAIAET B OCA-
JIOK, KOTOPBIH OT(UIBTPOBBIBACTCS.

B KHCIIBIX 3IEKTPOIUTAX KAOMUPOBAHUS KAAMUN HAXOIUTCSl B BUJIE
MPOCTOr0 KaTHUOHA Cd** u Ha katoze MIPOMCXOJIUT €T0 pa3psl MO peakiuu

Cd** +2e — Cd.
Ha npakTtuke UCronab3yeTcsi CEpHOKHUCIBIA 3JIEKTPOIUT CIETYIOIIETO

cocTasa, I/J:

CepHOKHUCTBIA KaAMHUH (KPUCTAIUIOTHAPAT)  ©uvveevreennennsnn.. 60-65
(1570)3 (0):97 (11 517 81 009 (0) 5141 SN PSRRI 30-35
CepHOKHUCITBIA aTFOMUHUH (KPUCTAIIOTHAPAT)  ..vveeneennnn.... 25-30
| 10) (517 Y (55311 010): 3.1 0,5-0,7
PH o 3,5-5,5
TeMIepaTypa, ®C ..o e 15-25
TIIOTHOCTD TOKA, A/IMZ oo 0,5-1,0

Henonaaku npu paboTe ¢ KUCIBIMU JIEKTPOJIUTAMU KaIMUPOBAHUS
CBA3aHbl C U3MEHEHUEM KUCIOTHOCTH. [IpH CHMKEHUU KHUCIOTHOCTH (yBe-
mudyenn pH) mokpbiTHE B yriayOJEHUSX TEMHEET, MPU TOBBIIIEHUN KHC-
JIOTHOCTH OCQJKU KaJMHUsI CTAaHOBSTCS KpymHOKpHcTamuyeckumu. OOpa-
30BaHHE T'yOUYaThIX TEMHBIX IOKPBITHII BO3MOXHO H3-3a MPHUCYTCTBUS B
ANEKTPOJIUTE MPUMECEU SIJIEKTPOIOJI0KUTENBHBIX METAIOB (MEAM, OJIOBA,

HUKEJIS,, CYPbMBI U JIp.), YTO YCTPaHSIETCA MPOPA0OTKOM 3IEKTPOIUTA TIPU
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IIOTHOCTH ToKa i,=0,3+0,5 A/nm>.

Jlst maTeHCH(UKAITMN TTPOIIECCOB KaJIMUPOBAHUS B KHCIIBIX DJIEKTPO-
JIUTaX UCHOJIb3YIOTCSI PTOpOOpaTHBIE SIEKTPOIUTHI, 00IadatoIre Tydllen
paccenBaroIIei CrIoCOOHOCTHIO U BO3MOYKHOCTBIO MPUMEHSTH 00Jiee BBICO-

K€ TUIOTHOCTH Toka. CocTaB, I/, U PeKUM pabOThl TAKOTO SJEKTPOJIUTA

() (913% 101117 X
DTOPOOPAT KATIMUST  +.vvveeneteenreeeenneeaneeeaneeeanneenns 140-160
BophTOpUCTOBOAOPOIHAS KUCTHOTA  ..vvveveeenreenneannnnnns. 3540
(O ¥038210): 1317091 (<) SN 1-2
TeMmepaTypa, ®C ..ot 15-25
TIIOTHOCTD TOKA, A/IIMZ v e el 34

Brixon kagMust 1 IMHKA M0 TOKY OJM30K K TEOPETUYECKOMY H BO3-
pacTaeT ¢ MOBBIICHUEM IUIOTHOCTH TOKa. CIEICTBUEM 3TOTO SIBISETCS
HU3Kas pacceuBarollas CIOCOOHOCTh KHUCIBIX AJIEKTPOIUTOB, MOITOMY
MOKPBITUSL pACOPENENSAIOTCS Ha MMOBEPXHOCTU U3JICIUNA MO TOJIIIUHE He-
pPaBHOMEpPHO. B CBSI3U C 3TUM KUCIIBIE AJIEKTPOJIUTHI MPUTOIHBI TOJBKO
111 TOKPBITUS TTPOBOJIOKHU, JIMCTOB U APYTUX A€Tajed mpocToh KOH(U-
rypamuu.

o [llenouno-yuanuouvle >IEKTPOJIUTH HaUOOJEE YHUBEPCAIbHBI.
OHM OTIIMYAIOTCSI BBICOKOM paccemBarollle crnocoOHOCThIO, 0OecIeurnBa-
0T PABHOMEPHOE PACIPEICIICHUE OCAKOB MO TOIIIMHE HA JETAIISIX CIIOK-
HOM KOH(UTypaluu, NPUYEM OCATKHM HMEIOT TOHKOKPHUCTAIIUYECKYIO
CTPYKTYpPY B IIMPOKOM HMHTEpBaJ€ IIIOTHOCTH TOKa. Hegocrarkamu 3Tmx
AJIEKTPOJIUTOB SIBIISIIOTCS HEYCTOMYHUBOCTh COCTaBa WU TOKCHUYHOCTH HM3-3a
paznoxkeHus nuanuga. [Ipu B3auMoaeHCTBUM ¢ JUOKCUJIOM YIJIEpPOJia BO3-
yXa IAaHUJbI, BXOSIIME B COCTaB JJIEKTPOJINTA, TOCTEIIEHHO pa3jara-

I0TCSl ¢ 00pa30BaHUEM OYEHD SITOBUTON CUHUIBLHON KUCTIOTHI:

2NaCN + CO, +H,0 —> Na,CO, + 2HCN .

B 1iuaHMIHBIX 3JIEKTPOIMTaX IIMHK HaXOUTCS B BUJIE KOMITJIEKCHOTO
coenuHeHuss Na,ZNn(CN),. B amekTpoiuTe 3Ta KOMILIEKCHAS COJIb JIHCCO-

HAUPYET IO CXEME
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Na,Zn(CN), = 2Na*+ [Zn(CN),]*.
[To Bompocy 0 MexaHu3Me pa3psijia IMHKA Ha KaTOJIe A0 CUX MOP HET
MOJHOU ACHOCTH. OnHA M3 CYWIECTBYIOIIMX TEOPHUM MPEAIIOJIATAeT, YTO

KOMIUIEKCHBIN aHUOH JUCCOLIMUPYET C 0Opa30BaHUEM MTPOCTHIX HOHOB:

En(CN), 7] =zn* +4CN".

DTH MOHBI U pa3pspKalOTCs Ha Katoje. J[pyrue uccienoBaTesu CUu-
TarOT, YTO BBIJCICHUE LIUHKA HA KAaTOJIE MPOUCXOAUT B PE3YJIbTATE pa3ps-
J1a cCaMUX KOMIUIEKCHBIX aHHOHOB, KOTOpbIE 00J1aJjal0T CLIOCOOHOCTHIO a/Jl-
cOpOMpPOBATHCS HA KATOJIE.

[[leno4yHO-1IMAHUHBIE DJICKTPOJIUTHI ISl [TMHKOBAHUSI MPUTOTABIIM-
BaIOTCA M3 TPEX KOMIIOHEHTOB: LIMHKA (B BHJE OKCUIA, THUJIPOKCUAA HIIH
MaHWAA), IMaHWUa HATpUs U KoM menoun. [Ipu B3auMoaencTBum 3Tux
KOMIIOHEHTOB B BOJIHOM PAacTBOpPE 0O0Pa3yIOTCsS KOMIUICKCHBIC ITUAHU]IbI

muaka Nay[ZNn(CN)4]u muakataeie coequuenus Nay[Zn(OH),):

2Zn(OH), +4NaCN «> Na, En(CN), +Na, fn(OH), .

Mexy IMaHUAHBIM M ITUHKATHBIM KOMILJIEKCHBIMU COEIUHEHUSIMU
IIMHKAa B PacTBOpPE yCTAaHABJIMBACTCS JUHAMHUYECKOE PABHOBECHE, KOTOPOE
CABUTAETCS B CTOPOHY IMOBBIIIECHUS KOHIICHTPAIIMU TOTO UJIM JPYroro B 3a-
BUCUMOCTH OT KOHIICHTpAaIllUM MPOCTOr0 IHMAHHWAA WIM IIEJI0YH, IpUYeM
HEO0OXOMMO MX M30BITOYHOE cojiepKaHue. B oTcyTcTBHE CBOOOIHOTO ITHa-
HUJIA WUIK IIEJI0YM MOYKET HACTYNMHUTh THJIPOIN3 KOMIUIEKCHBIX COCTUHEHUIN
¢ oOpa3oBaHUEM TPYIHOPACTBOPUMBIX cojiel 1nHKa. Kpome Toro, npu He-
JIOCTaTKE MPOCTOrO IUAHUIA U IIEI0YH aHOAbl MACCUBUPYIOTCS, TTOKPHIBA-
sce cinoem Zn(CN), u Zn(OH),. BenenctBue 3TOro aHOAHBINA MOTEHIMAI
CTAHOBHUTCS HACTOJILKO 3JICKTPOMOJIOKUTEIIBHBIM, UTO Ha aHOJE MPOUCXO-
TUT BBIJICJICHHUE KUCIOPOJa. AHOIBI PaCTBOPSIOTCS 3HAYUTEIHHO MEHBIIIE,
MMOATOMY HAPYIIAETCS COCTAB BJIEKTPOJIATA U YXYAIIAETCS KA4€CTBO OCa/l-
Ka. M3-3a OTCYTCTBUSI METOAUKHU TPYJIHO ONPEACIUTH KOJIUYECTBO ITUAHU]I-
HOT'0 U IIMHKATHOTO KOMIUIEKCOB B OTACIBHOCTH, a CJI€J0BaTEIbHO, U KOH-

IIEHTPAIIMIO MPOCTOTO IIMaHuIa U CBOOOHOM mienoun. [loaTomy 00BIYHO B
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COCTABC JJICKTPOJIMTA YKA3bIBACTCA UX O6H1€€ COACPIKAHUC.
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Puc. 3.3. Ilosasspu3aumoHHbIe
KPHUBBIE YJIEKTPOOCAKICHHS IIHHKA
U3 KOMILIEKCHBIX YJIEKTPOJIUTOB:

1 -1 moas 3xB/a ZNO,

2,5 moa1b 3B/ NaCN (45m),

1,7 moas 3kB/1 NaOH 461 (PH = 13,5);
2 — 0,25 mouasb 3kxB/a ZnO,

2 mMoJtb 3kB/1 NaOH(5,,), 1 r/01 IIDHA
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Puc. 3.4. BausiHue MJIOTHOCTH TOKA
Ha BBIXO0/ IUHKA 110 TOKY
U3 MAAHUTHOTO YJIEKTPOJINTA

CocraB dj1ekTpoJsuTa:

60 r/a1 Zn(CN),, 75 r/a NaOH, NaCN u Zn

B COOTHOLIICHHUU:
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st onTuManbHBIX YCIIO-
BUUA IMpOIECCa IMHKOBAHUS
HEOOXOAUMO, YTOOBI KOHIICH-
Tpausi TUAPOKCUAA HATPHS
MIPUMEPHO B JBa pa3a IPEeBOC-
XOAuaa COJIep)KaHUE IIMaHU-
CTOTO HATpHsI.

DNEKTPOIUTUYECKOE BbI-
JEJICHUE IIMHKAa W3 IIEJI0YHO-
[IUAHUJIHBIX KOMIUIEKCHBIX CO-
€IMHCHUA MPOTEKAET IpPHU BbI-
COKOW KAaTOJIHOM IIOJISIpU3ALUU
(puc. 3.3, kpuBas 1). [Ipu sTom
C YBEJIMYEHUEM KOHIICHTpAIluu
IMaHWJa W TOBBIIICHUEM
IJIOTHOCTH TOKa BBIXOJ METaJ-
Ja TI0 TOKY CWJIBHO CHMXKaeTCs
(puc. 3.4).

Ot nBa ¢akrtopa 00y-
CJIOBJIUBAIOT oOpa3oBaHue
HauOoJiee MEJIKOKpUCTAINYE-
CKMX W PaBHOMEPHBIX IO TOJI-
IIMHE OCAJKOB W3 MIEJIOYHO-
[MUAHUIHBIX JJIEKTPOJIUTOB IO
CPaBHEHHIO C OCaJKaMHU W3
JIPYTUX BIEKTPOJUTOB.

B orcyrcTBHe nmanuaa us
[IUHKATHBIX KOMIUJIEKCOB 3JICK-
TPOOCAXKJICHUE IMHKA MPOTEKa-

€T C BBICOKMM BBIXOAOM IIO TO-



1-2:1;2-225;3-2,5:1;4-2,75:1 Ky, HO TIpY HU3KHX MJIOTHOCTSIX
TOKa Ha KaToJie 00pa3yloTcs ryo4aThie OCaJaKH.

Takum o006pa3om, COBMECTHOE MPUCYTCTBUE B DIICKTPOJUTE IMH-
katHoro Nay[Zn(OH),] u nuanuanoro Nay[Zn(CN),] xommiaekcoB cro-
coOCTBYeT 00pa30BaHMIO JOOPOKAYECTBEHHBIX ITMHKOBBIX IOKPHITHI
Py IMIHUPOKOM HMHTEPBAJIC IJIOTHOCTEH TOKA C BBICOKUM BBIXOJOM MeE-
TaJja 1o TOKy.

JI7g MMHKOBAaHUS U KaAMHUPOBAHUS JI€TAJIe PEKOMEHAYIOTCS Ie-

JJIOUYHO-IUAHUIHBIC 3JICKTPOJIHUTHI COCTABOB, T/JI:

[nnkoBaHue

N0 e 10-18
NACN (061m)  « v evvrvemeiiiii 20-30
NaOH o 50-70
NS o 0,5-5
Kagmuposanue

CAO 25-40
NACN (061m)  « v evvreemeeiii e 80-130
NaOH . 20-30
NALSO s o e 40-60

Kpome yka3zaHHBIX KOMIIOHEHTOB B IMAHUJHBIX AJIEKTPOJUTAX CO-
JOEPKUTCA HEKOTOPOE KOJMYECTBO YTJIEKUCIBIX COJed HaTtpusi, 00-
Pa3yIOIIMXCA 3a CYET B3aUMOJICUCTBHUS YIJICKHCIOTHI BO3JyXa C THIPOK-
CHJIOM HATpHs.

Hawnbomnee xapakTepHble HEMOJIAIKH, UX MPUYUHBI U CIOCOOBI yCTpa-
HEHUS MPY MUHKOBAHUU U3 ITMAHUCTOTO JIEKTPOJIUTA YKa3aHbl B Tab. 3.3.

DIIEKTPOJIN3 BEAYT MPH IIIOTHOCTH Toka S0—200 A, TeMIlepaTrype
anektponura 15—40°C. s ynydiieHWss BHEIIHETO BHUA, IMOJYYCHUS
OJIECTAIINX OCAAKOB IIMHKA U KaJMHS B IMAHUIHBIC JIEKTPOJIUTHI BBOIST
oneckoobpasyromue qo6asku BIY wnn BII-1, BI(-2 (3—4 r/n) npu 1uH-
koBaHuM U J00aBky Jlumena BK-2C (18-21 r/m) nmpu kaaMupoBaHHWH, a
TaK>K€ TJIMIEPUH U CEPHUCTHIA HATPUN. DIECKTPOJUTHI OUEHb TOKCUYHBI U

TpeOYIOT 0COOBIX MEp MPEIOCTOPOKHOCTH B MPUTOTOBICHUHN U PabOTE C
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HHUMMU.

Taoauna 3.3

OcHOBHBIE HCINOJAAKHA NP IMHKOBAHUH

B HHAHUCTBIX JICKTPOJIUTAX

Henonaaku

[TprurHbI

Crioco0bl ycTpaHeHUs

TeMHEBIIT LIBET
MTOKPBITHUS
1 YXYIILICHUE

oJiecka

Hannuue B anmexTponu-
T€ MPUMECEHN TAHKEIBIX
METaJUIOB — MEJIH,

KCJIC3a, CBHUHIIA

[IpopaboTath 371€KTPOJUT
C BBEJICHHEM CEPHUCTOTO HATPHSI
(34 1/n) mas ocaxkaeHus

CYJIL(I)I/IILOB TAKCJIBIX MCTAJJI0B

O6pazoBaHue OeIbIX
HAJICTOB Ha aHOJaX

U CTCHKAaX BaHH

Hakomnienue B 3J1€K-

TPOJIUTE KapOOHATOB

VY nanuth kapOOHATHI 10OABICHU-
€M THIpaTa OKUCHU Oapus

Jl00aBUTH IMAHUCTHINA HATPUI

Huskas paccenBaro-
1ast CIIocoOOHOCTH

AIEKTPOIUTA

Hwuskas koHLIeHTpanus
[AAaHUIOB

M BBICOKAs OIMHKA

[IpopaboTath 271€KTPOJIUT
C HEPACTBOPUMBIMHU JKEIIC3HBIMH

aHoJIaMu

Hwuskuii BeIXon

0 TOKY

Bricokas miioTHOCTE
TOKA WJIH U30BITOK

MUAHUJIOB

CHU3UTH IJIOTHOCTH TOKA
WJIM BBECTH B DJICKTPOJIUT OKUCH

WJIA TUAPAT OKUCH IIUHKA

Kak u npu 1IMHKOBAaHWH, BBIJICIICHUIO KaJIMUsI HA KaTOJIe CIIOCOOCTBYET
OO0JIBIIIOE TIEPEHAIPSHKEHUE BOJOPOJIAa, YTO M J1a€T BO3MOXHOCTH OCAXKIATh
KaJMH1 U3 BOJHBIX PACTBOPOB C JOCTATOYHO BHICOKHUM BBIXOJIOM IO TOKY.

N3-3a BHICOKOW paccenBarolleil CnocoOHOCTH, CTAOMIBHOCTH B pado-
T€ U XOPOIIIETO KauyeCcTBa MOKPHITUH HAanOOJIee IITUPOKO UCTIONB3YIOTCS IS
AIEKTPOXUMHUYECKOTO KaAMUPOBAHUS IIUAHUCTHIC DJICKTPOJIUTHI, B COCTAB
KOTOPBIX BXOIAT KOMILICKCHas muaHuaHas coib kaamus Na[Cd(CN),],
npoctoi nuanua Hatpust NaCN u kapOoHatsl. [{J1s1 IpUTrOTOBICHUS TaKOTO
anekTponuTa MoXHO mcnoias3oBath CAO, Cd(OH), wm Cd(CN),, xoTo-

pBIE PACTBOPSIOT B [IUAHUEC HATPUS:

Cd(OH), + 4NaCN < Na, Fd(CN),  2NaOH.

B oTianuune oT MHKA KaJMUN B IIEJI0YH HE PacTBOPSETCS U HE o0pa-
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3yeT COOTBETCTBYIONUX coeanHeHui. [llemoup, BEACIAIONIAsICS PU TPH-
TOTOBJICHUM DJIEKTPOJIUTA, TMOBBIIIAET 3JIEKTPOMPOBOJHOCTh pacTBOpa.
OCHOBHBIM KOMITOHEHTOM B ITMAHUCTBIX DJICKTPOJIMTAX SIBISICTCS KOM-
mwiekcHas ruanuctas coiib Nay[Cd(CN),], roe xaaMuii HaXOOuTCS B BUIC
anrona [CA(CN),]°. BciiencrBre BBICOKOH CTOMKOCTH KOMIUIEKCHOTO
HOHA M OOJBIION KAaTOTHOM TMOJSIPU3ALNK ITUAHUCTHIE JIEKTPOJIUTHI Kajl-
MHUPOBaHUSI 00JIaIat0T XOPOIIEeH paccenBarolie cnocoOHOCThI0. JJaHHbBIM
AJIEKTPOJIUTAM TPUCYIA OOJbIlIasi CTAOMIBHOCTH B paboTe M MEHbIIas
YyBCTBUTEIBHOCTh K 3arpsA3HEHUSM, U3-3a YETO ITUAHUCTHIE AJICKTPOJIUTHI
IIIUPOKO HCIIOIB3YIOTCS B IMPOMBIIUICHHOCTH JUISI TIOKPBITHS JeTajaei
CJIO’KHOTO TIpOduJIS.

CocTaB TUIIOBOTO IIUAHUCTOTO JEKTPOJIUTA, T/J1, CIETYIOIIHIA:

(0):97 (03791 8 ::V1 171 7 ¢ ST 35-45
LIMaHUCTBIN HATPHH  ....vviitiiiiiiiieiiiiieieeeeiieeennn, 90-130
THAPOKCHI HATPHSA .o eiiieeeiieeiie e eieeeeens, 20-30
(0150 (047 (0011317803 £:1 4 )71 SRR 40-50
CEPHOKUCIBIA HIKEITD .« .uveenrreenreenneenneanneennnannnns 0,1-0,2
Temmnepatypa 3mekTpoauTa, °C  ..ovvvvivniiiiiiennn. 15-25
TIIOTHOCTD TOKA, A/IIM® .o, 0,5-1,0

JI1st mosryd4eHus METKO3EPHUCTBIX U TOJIYOJIECTAIIUX MOKPBITUM 10-
OaBsitoTcsa [IAB (1moBepXHOCTHO-aKTUBHBIE BemecTBa). OCHOBHON KOM-
MOHEHT (COJIb KaJMMs) HaXOAUTCS B DJICKTPOJIUTE B HEOOJNBIIION KOHIICH-
TpaIiu, 4TOOBI HE YXY/IIIATh PACCEUBAIOIIYIO CITOCOOHOCTD JIEKTPOJIUTA.

[Ipu koHUEHTpauuu LUHUAHUCTOrO HaTpus MeHee 90 /1 HAUMHAIOT
MACCUBHUPOBATHCS aHOJBI, & MPU W30BITKE ITUAHUCTOTO HATPUS YITyUIIaeTCsI
paccenBaroIas CoCOOHOCTh, HO MAJAeT BBIXOJ MO TOKY. ONTUMalbHBIM
spisieTcst otHomeHne NaCN/CdO = 2,5+3,0. 'mapokcua HaTpus yirydiia-
€T Ka4yeCTBO MOKPHITUH U TMOBBIIIACT BBIXOJ MO TOKY. COJIM HUKENS B He-
Oonpmux KomumdecTBax moao0HO ITAB crmocoOCTByIOT yaydIeHuo Kade-
cTBa ocajkoB. [IpucyrcTBue kapOOHATOB BCJIEACTBUE PACTBOPECHUS yIJe-
KHUCJIOTO ra3a B JICKTPOJIUTE B MAJIbIX KOJIUYECTBAX CKA3bIBACTCS MOJIOKHU-

TEJIbHO Ha paboTe BaHHBI, a HAKOIUICHHE KapOoHaToB cBhImie 80 /11 yXy-
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IIaeT Ka4eCTBO OCAJIKOB KaJIMMS.

OcCHOBHBIC HEMOJIAJKK TpHU PpadOTe C IMAHHUCTHIMHU JJICKTPOJIUTAMU
KaJIMUPOBAHUS, IPUYHNHBI UX BO3HUKHOBEHHMS, CITIOCOOBI YCTPAHEHUS MPHBE-
JICHEI B Ta01. 3.4.

Taoauna 3.4

Henosiaaku npu KaAMMPOBAHUM B IMAHUCTOM JJIEKTPOJIUTE,

NPUYMHBI UX BOSHUKHOBEHHS M CIIOCO0ObI YCTPAHECHUS

Henonanku [TprunHbI CrniocoObl ycTpaHeHus

Temurnie ocagku

HGI[OCTaTO‘-IHaH KOHIOCHTpPA-

oA MUaHuAa U MCJI109n

J1o6aBUTH CBOOOTHOTO

[MUAHUA U [IEJIOYH

IlaTaucTrie

H TCMHBIC OCaJKH1

[Ipumecu cBUHIIA, 0JIOBA,
MBIIIbSKA, CYPbMBI

B JJICKTPOJIUTC

DNEKTPOJIUT MPOPadOTaTh

104 TOKOM

[TouepHeHue aHo10B

Bricokast mia10THOCTH TOKA,
HEIOCTATOK CBOOOIHOTO

MUaHuIa

YMEHBIIUTH [IJIOTHOCTH TO-
Ka, 100aBUTH CBOOOIHBIN

IUaHU]]

[ToBwImenHOE
ra3ooTAcIICHHUE
Ha KaTogaxX | HU3KHUU

BBIXO/] 11O TOKY

HenocraTok conent kaamus
U IIEJI0YH B JICKTPOJIUTE
WM U30BITOK CBOOOIHOTO

HaHUIa

Crenatb XMUMHUYCCKUHI
aHaJIN3
1 OTKOPPEKTUPOBATh
AIEKTPOJIUT

bnectamme nonocer
Ha MTOBEPXHOCTH,

XPYINKOCTh MOKPBITHUS

[IpucyTcTBHE OpraHUYECKUX

IpUMecen

[TpopabGoTtath 3AEKTPOTUT

O] TOKOM

[Iponecc kagMUpPOBAHUS B LUAHUCTOM DJJIEKTPOJIUTE XapaKTEPH-
3yE€TCsl HABOJIOPOKUBAHUEM METAJIa OCHOBBI U MIOKPBITHSI, YTO BIIEYET 3a
c0o00# MOBBIINIEHHYIO XPYIKOCTh CTAIBHBIX JeTaneil. HaBomopoxuBaHue
MOBBIIIAETCA MPU TporpeBe aetaneit a0 temmeparypsl 200 °C. Bomopon
HE TOJBKO YJAJIsAeTCs M3 METajla OCHOBBI, HO M IUGPYHAUPYET U3 TO-
KPBITHS B OCHOBY.

e Haunobomnee 3p(HeKTUBHBIMUA 3aMEHUTEIISIMA TOKCUYHBIX [[UAHUCTHIX

QJICKTPOJINTOB ABJIAKOTCA ammuakamHuble 3JICKTPOJINUTBI, B KOTOPbLIX ITHUHK
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HAXOIUTCS B BHAC KOMIUICKCHBIX KaTHOHOB Trma [Zn(NHg),(H,0)m]> .
BoccranoBiienne 1MHKa MPOTEKAET MU 00Jiee OTPUILIATEIIBHOM MOTEHIMA-
Jie, YeM B KHUCIBIX JIEKTPOJUTAaX. AMMHAKAaTHbIE COCTUHEHUS IIMHKA T10-
JYy4YarTCs TPU B3aMMOJCUCTBUN OKHUCH IIMHKA C aMMOHHUWHBIMU COJISIMU
0 PeaAKIUU
Zn0O + 2NH,C1 = [Zn(NHg)z]Clz + H,0.
Campblii pacripoCTpaHEHHBIN COCTaB aMMHAKaTHOTO 3JIEKTPOJIUTA, T/,

U PEXKUM palbOThI CIEAYIOIINE:

(0):97 (63791 811715 1.5 NS 10-20
D, (07007 (654 317 8200 (0): 171 SRR 200-300
BOpHAS KHCITOTA  ...o.vviiniiiiiiiii e 25-30
KIeH . 1-2

PH 5,9-6,5
Temmepatypa, °C ..ooviiiiii e 15-25
[IIOTHOCTD TOKA, A/IIMZ  wovve e 0,5-1,0

DTOT JEKTPOJIUT UCTIOIB3YETCS MPU ITMHKOBAHUU JIETAJIEH HACHITIBIO
B OapabaHax WM KOJOKOJaX. B crainmoHapHbIX BaHHAX MPH IIMHKOBAHUU
Ha TIOJBECOYHBIX MPUCTOCOOJCHUSAX OAJICKTPOJIUT TMOJIIETAYUBAIOT 10
pH 7,2—7,5. B cocTaB aMMHaKaTHBIX AJIEKTPOJIMTOB BBOJAT OydepHBIE CO-
eIMHEHUs JJIs1 cTabunu3anuy BeauuruHbl pH B katoaHo# 30He. B kadecTBe
Oy(epHBIX COEUHEHUIN HCTOJIb3YIOT OOPHYIO KUCJIOTY WM YKCYCHOKHC-
JIBIE COJIH.

B oTiauwyue oT NMAHUCTBHIX aMMHUAKaTHBIE DJICKTPOJUTHI MEHEE UyB-
CTBUTEJIBHBI K 3arPS3HEHUIO OPTaHUYECKUMH MPUMECSIMU U HE Pa3pyIIaroT
(GyTepoBOYHBIE W U3OJSALMOHHBIE MaTepuanbl. CoaepxaHue XJIOpU-
MOHOB B OOJIBIINX KOJIMUECTBAX TPEOYET TIIATEIHHON MPOMBIBKYU U3ACIUI
MOCJ€ [IUHKOBaHMS, T.K. HEOTMBITHIA Cl BBI3BIBAET KOPPO3HUIO IIUHKOBOTO
noKpbITHA. OCHOBHBIC HEMOJIAJIKK TIPH IIMHKOBAHWHW B aMMHAKATHBIX
AIIEKTPOJUTAX MIPUBEACHBI B Ta0. 3.5.

Jlns mpoiiecca KaJAMUPOBAHUS TAKXKE MPEIJIOKEHBI 3JICKTPOJIUTHI,
coJiepKallle pa3jInuHble KOMILUIEKCOOOpa30BaTe, MNPUOIMKAIOIINE

CBOMCTBA ATHUX SJICKTPOJIUTOB K TOKCHYHBIM UAHUCTBIM, C ICJIIbIO 3aMCHBI
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MOCJIETHUX.

Taoauna 3.5

OcHOBHBIE HCINOJAAKHA NP IMHKOBAHUH

B AaMMHAKATHBIX 3JICKTPOJUTAX

Henonaaku

[TprurHbI

Cnoco0bl ycTpaHeHUs

OOWIbHOE Ta30BBIAEIICHUE

Ha OCTaJIgX

HenocraTtox nmuaka

B JJICKTPOJIMTC

Jlo6aButs ZnNO

OOpa3oBaHuE PHIXJIOTO
0enoro ocajka Ha aHOJIax

N Ha CTCHKAaX BaHHbI

Kpucrammsanus conen
13-3a IIOHWKEHUS

TEeMIIepaTyphbl

[Togorpers 2neKTpOIUT

OO6pazoBaHue ACHIPUTOB
IO KpasiM JieTaJiei win

ry0UaThIil IIMHK

3aBbllIeHA IJIOTHOCTD
TOKa WJIM TIOHM)KEHA
TeMIiepaTypa
AIEKTPOIUTA

IIoHU3UTH INIOTHOCTH TOKA

WA IIOJOTPCTh 3JICKTPOJIUT

TeMHO-cepbIil IBET

OCaAXKJACHHOI'O ITMHKA,

Hanuuue noHoB

QJICKTPOIIOJIOKHUTCIIbHBIX

Brectn IWHKOBYIO ITBIJIb

B anekTposut (0,1 1/m)

Ha BHYTPEHHUX

IMOBCPXHOCTAX IIOKPBITHC

OTCYTCTBYET

a MHOT/Ia ¥ Ty04YaTOCTh METAJIJIOB ¥ IpopaboTaTh AIEKTPOTUT
ocajaka (Menu, CBUHIIA, PTYTH) TOKOM
[IlepoxoBaToOCTh OCaIKa, Henocrarok NH,C1 Ho6aButs NH,C1

B BJIEKTPOJIUTE

I10 pE3yJjbTaTaM aHaIn3a

OngHUM U3 TakuX BIEKTPOJMTOB SIBIISIETCS aMMHAKATHBIN (XJIOPHUCTO-

AMMOHUIHBIN) AIEKTPOJIUT, TJI€ KaJIMUN HAXOAUTCA B BUJE KOMILIEKCHOTO

katrona [CA(NH3),]*". Cocras, 1/11, H peskiM paGOThl IEKTPOIINTA CIICALY-

IoImue.
XJIOpUCTHIA KaAMHUMN
XJIOPUCTBI aMMOHUMN
XJIOPUCTBIN HATPUH
CroJisipHbIi KIeH
TromoueBrnHa
pH
Temneparypa, °C

.............................................

.....................................................

..................................................................

................................................



ITnoTHOCTH TOKA, A/z[M2 ......................................... 0,8-2,0

® JJunkamnuvle >IEKTPOJIUTHI, KAK U aMMHUAKaTHbIE, MPUMEHSIIOTCS
IUISl 3aMEHBI TUAHUCTBIX AJIEKTPOJIUTOB. [[MHKAaTHBIE 3IEKTPOIUTHI MOJTY-
YUJIU HIUPOKOE MPOMBIIIJIEHHOE MPUMEHEHHE, TaK KakK OHU MPOCTHI MO
COCTaBy, HE SIIOBUTHI M 00JaJal0T BBICOKOM paccerBalollel CcrocoOHO-
CThIO, MPUONKAIONICIHCA K pacCeUBaIONIedl CIOCOOHOCTH IHMAHUCTHIX
ANEKTPOIUTOB.

B IMHKATHBIX 3JIEKTPOJIMTAX UHK HAXOJIUTCS B BUJIE KOMIUIEKCHOTO
aHMOHA [Zn(OH)4]2', 00pa3yrolerocs Mpu pacTBOPEHUU OKUCH ITUHKA WIIH

rmapara OKUCHU IIMHKA B I/I36BITK6 CAKOI'O HaTpa:
Zn(OH), + 2NaOH — Na,[Zn(OH),].

Kpome nuHKaTa HaTPHUs JACKTPOIUT COACPIKUT THAPOKCHI HATPHUS U
OnmeckooOpa3zyromue 100aBKU (MOTUATHICHIIOIUAMUH, THOMOYEBHUHA, (e-
HoJIhopMabIeTHAHAS CMOJIA).

[{uHKaTHBIN 3JCKTPOJIUT 0€3 CHeIUalbHBIX J00aBOK JOIyCKaeT pa-
OOTy JIMIIIb MPY HEBBICOKMX IUIOTHOCTSX TOKAa M 00JIaJjaeT CKIIOHHOCTBIO K
00pa30BaHUIO I'yOUYaThIX U JCHIPUTHBIX 0CAJIKOB.

[IpuMepHBIil COCTaB IMHKATHOTO 3JIEKTPOJIUTA CICAYIOIIUHI, T/

()97 (63791117151 ¢: HNUURU TR o
TUAPOKCHI HATPHT  vvvvereeerieeerieeainneeaseeennseniensenieeennnnn. 190
TTOMMATHIIEHITOMAAMIIH ...t e et e e eiie e eeeeeennnes 3D
THOMOYEBHHA ....cceevvvevieiiiiiiiie e, 0,61

Pa3paboTanbl cCOCTaBbl IIMHKATHBIX JICKTPOIUTOB, COASPKAIIUX OP-
TaHUYECKUE BEIIECTBA, U3 KOTOPHIX MOXKHO MOJYYHUTh OCAJKH XOPOIIETO
Ka4ecTBa B IIMPOKOM HMHTEPBAJIEC IUIOTHOCTEW TOKa. Hampumep, B mnpwu-
CyTCTBMUM J100aBKM | I/1 MOJUATWICHAMMHUHA KAaTOAHBIE MOTEHIUAJIBI
CIBUTAIOTCS PE3KO B OTPUIIATEIIBHYIO CTOPOHY, U BCJIEIACTBUE BBIJACICHUS
BOJOpOJa BBIXOJ MO TOKY IIMHKA YMEHBIIIAETCS, YTO O0YCIIOBJIMBAET PaB-
HOMEPHOE pacipeieliecHue MeTajia Ha katoe (puc. 3.5, kpusas 2).

AHOJBI B IIECJIOYHO-IITUAHUCTHIX, AMMHUAKATHBIX U IIUHKATHBIX SJICK-

TPOJIUTAaX JOJIZKHBI OBITH W3 YHCTOT'O QJICKTPOJIMTHOI'O IHWHKA. AHOI[HaSI

85



MJIOTHOCTh TOKa MPUMEPHO paBHA KATOTHOM.
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Kamodnsd momenyuan (w.6.3),8

Puc. 3.5. Iloasipu3anuoHHble KPUBbIE JIEKTPOOCAKIEHHUS 0JI0BA
U3 KHUCJIbIX U IIEJJOYHBIX JICKTPOJIUTOB npu 25 °C:
1- 0,5 moJb 3xB/a SNS04, 1,8 Moab 3xB/a H,S0y;
2 — 0,5 moab 3kB/a1 SNSOy, 1,8 Mok 3xkB/1 H,SO4, 1 1/01 cTOSIPHOTO KITesl,
10 r/a — o=xkpe3o.a;
3 — 1,5 moab 3xB/a Na,SnOs, 0,25 moan/1 NaOH

HGHOH&I[KI/I, BCTpCHAOMIUCCs IMPpU IMHKOBAHWHW B IIUMHKATHOM 3JICK-

TPOJIUTC, AHAJIOTUYHBI HCIIOJIaAKaM, XAdPAKTCPHBIM IS IUAHHUCTOI'O 3JICK-

TPOJIUTA.

3.2.2. Oceemnenue u xpomamupoeanue

UUHKOGBbIX U Kaomueegnlx noprlmuﬁ

JIns1 coxpaHeHusI BHEIIHETO BUJIA, PEIOXPAHCHUSI OT KOPPO3UU U yCH-
JICHUSI 3AIlUTHBIX CBOMCTB MOCJE OCAXICHUS LIMHKOBBIE M KaIMHUEBBIC IO-
KpbITUS n3aeiia noaseprarotr ocgemnenuto B 20-30 % pactBope a30THOU
KHUCIIOTBI U XPOMAmMupo8anuio B paCTBOpax TPUOKCHIA XpOMa WIH IUXPOMATA
HaATpUs ¢ 100aBKOM CEPHOM MM a30THOM KUCIOTHI. Ornepalyyu OCBETIICHUS U
XpOMAaTUPOBAHUS MOKHO IMPOBOJIMTH KaK Pa3eibHO, TaK U COBMECTHO.

XpOoMaTUPOBAHUE 3AKIIOYAETCS B TOM, YTO MPU KOHTAKTE KAaJIMUS C
XPOMOBOKHUCIIBIM PaCTBOPOM MPOUCXOJUT BOCCTAHOBJICHUE IIECTUBAJICHT-
HOT'0 XpOMa JI0 TPEXBAJIEHTHOTO IO CICAYIOIIEH pEaKIvu:

Na,Cr,O; + 3Cd + TH,SO,4 = 3CdSO4 + Cr2(804)3 + Na,SO, + 7H,0.

OIHOBPEMEHHO € 3TUM ITPOUCXOJAUT YACTUYHOE PACTBOPECHUE KAMUS:

86



Cd+2H" — Cd** + H,.

BcenenctBue mOHM)XEHUSI KMCJIOTHOCTH pacTBOpa M THAPOJIN3a cep-
HOKHCJIOro TpexBajleHTHOro xpoMa Cry(SO,); Ha MOBEPXHOCTH MeTalia
00pa3yrTCsl THIPOOKUCHh XpOMa U OCHOBHBIC XpPOMAThI, KOTOPBIE CO3/1at0T
Ha TTOBEPXHOCTH KaIMHUS TOHKYIO IIJICHKY HEPACTBOPHUMBIX COCJIMHEHUHN C
oomeit popmymoit Cr,O3CrOs-H,O. KpoMe 3THX MpOAYKTOB, B COCTaBe
ILUICHKH 0OHApyXUBaeTcs B Malbix konuuectsax Cd™", SO? . O6pasyroma-
SCsl TAKUM 00pa30M XpomaTHas IJICHKA MPEJICTaBIISIET COO0H COeTMHEHUS
XpoMa U KaaMus (XpoMaThl) KEJITOr0 U 3€JICHOTO I[BETOB, IOKPBITHE TTPHU-
oOpeTaeTr paayKHYIO 30JI0TUCTO-KEITYIO OKPACKY (T.H. XapaKTEpHBIC 1[BE-
Ta mobexanoctu). B pesynbTaTre Takoi 00pabOTKHM KOPPO3HOHHAS CTOM-
KOCTh IMOKPBITUH MPU XPAHEHUH U TPAHCIIOPTHPOBKE 3HAYUTEIHHO ITOBBI-
1aeTCsl.

JI1si OTHOBPEMEHHOT'O OCBETJICHHSI M XPOMAaTHUPOBAHUS PEKOMEH]IY-

eTCs pacTBOP COCTaBa, I/JI:

HNO3 i 15-30
NaZCT207 ottt 25-30
Na2SOL i 10-20
TeMmepaTypa, "C ..o 15-30
BPeMSI, C oot 6-18

Hanbonee pacnpocTpaHeHHBIA pacTBOP Uil XPOMATUPOBAHUS TO-

KpI)ITI/Iﬁ N3 IHAHUCTBIX BaHH UMCCT CJICAYIOIIUC COCTAB U PCIKUM pa6OTI)IZ

JIBYXPOMOKUCITBIA HATPUM, T/TT  ©euvvteereeneeeneeeneennneennenns 200
Cepnas kucnoTa (1,84), MII/IT ...ooiiiiiiiii e 10
TeMmepaTypa, ®C oo 15-25
[Tpoa0KUTETEHOCTD OOPAOOTKH, €  vvvvnnerveeaieeennneennnns 5—-10

I[J'ISI XPOMAaTUPOBAHUA TUHKOBBIX HOKpLITHﬁ, IMOJTYUYCHHBIX N3 KHCJIbIX

BaHH, IIPUMCHAIOT PaCTBOP CICAYIOLICTO COCTaBa:

XPOMOBBIN AHTHUAPHUIL, T/TT  ooevereeeeeeteeneeieeieeeeeaneenanne 150
CepHas kucioTa (1,84), MII/JT ...ooviiiiii i, 20
ABOTHAST KUCITOTA, MIT/TT ettt e e e e e e e e e 1,4-20
TeMIepaTypa, ®C oo e 15-20



[TponomkuTeILbHOCTH 00PAOOTKH, C
[Tocme 0OpaboOTKM AeTany TIIATEABHO IPOMBIBAIOT B XOJOJHON U

TEIJION BOJE U CyLIAT Ipu Temnepartype He Boiie 60 °C.
3.3. O10BIHUPOBAHUE U CBUHLIEBAHUE

OcHOBHBIE (PUBMKO-XMMHUYECKHME U MEXAaHUYECKHE CBONCTBA OJIO-

Ba U CBUHIIA TIPEACTABIICHBI B Ta01. 3.6.

Tabauuna 3.6
POu3uko-xuMHYECKHEe H MeXaHHYeCKHe CBOMCTBA 0J10Ba U CBUHIIA
. Merann
CaoiicTBa
Pb Sn
ATOMHBI HOMEDP 50 82
AToMHasa Macca 118,69 207,2
BanenTtHocThb i, v I, 1v
InorHocts mpu 20 °C, Kr/m° 7280 11340
Temnepatypa nnasnenus, °C 2319 327,3
4
JIENIbHOE COMPOTHUBIICHHE 11510° 20.710°
nipu 20 °C, Om/m
€ i Sn** 2,214
JEKTPOXUMHUYECKUN IKBUBAJICHT, PbZ* 3.8650 i
r/(A-4) Sn™ 1,107
Teepnocts HB, MlIa:
- MeTaJua 100-120 40
- DJIEKTPOJIUTUYECKOTO TTOKPBITHUS 118—200 100
v Pb <> Pb*" + 2¢° Sn > Sn** + 2¢”

CrangapTHbIii moTeHIMaml, B

-0,126 -0,136

Onoso obnamaer BBHICOKOM XMMHUYECKOW CTOMKOCTBIO, Ha BO3IyXE
OKMCJIIIETCS MeIJIeHHO. KOHLIEHTpUpPOBaHHBIE paCTBOPHI MIEIOYEN PACTBO-
PSAIOT OJIOBO TOJLKO MPH HarpeBaHuM. Pa3OaBlieHHBIE PacTBOPHI CEPHOM,
COJISTHOUW ¥ Q30THOM KHCJIOT B3aUMOJIEUCTBYIOT C OJIOBOM OYEHb MEJJICHHO,
a CEpHUCTBIE COCAMHEHMS HAa HETO MOYTH HE JICUCTBYIOT.

[Ipu nonmxenHoi Temmneparype (Huxke -13 °C) 010BO noaBepraercs
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AJUTOTPONMYECKOMY TEPEeXOay U3 YCTONYMBON MpU OOBIYHBIX YCIOBHUSX
B-monudukanuu B o-popmy (cepoe moporrkoodpasHoe 0710B0). B pe3yib-
TaTe KOMIIAKTHOE OJIOBO MPEBPALIAETCS B CEPbIA MOPOILIOK («OJOBSIHHAS
gyMa»). DTOT IPOLIECC MOKHO MPEAOTBPATUTH OIUIABICHUEM OJIOBA WIIU
n00aBJIEHUEM K HEMY JPYTMX METa/IOB, TaKUX, KaK CBUHEI], BUCMYT,
cypbMma.

OnoBO Ha CTaM MPOSBIISIET KATOJAHBIM XapakTEP 3aIUTHI, TAK KakK
MOTEHIMAJ €r0 UMEET O0Jiee MOJTOKUTENBHOE 3HAUEHUE 0 OTHOLICHHIO K
xene3y. OQHaKo B cpelie OPraHUYeCKUX KUCIOT, COAEPKAIIUXCS, HAIIPU-
Mep, BO MHOTMX IHILEBBIX CPEeAaX, 0JIOBO 00pa3yeT KOMIUIEKCHBIE COEU-
HEHUS C HUMU, U MOTEHLHAJI €r0 CTAHOBUTCS 00Jiee 3IEKTPOOTPULIATEIb-
HbIM. B 3THX yCIOBHUSAX OJIOBO SIBJISICTCSI aHOAHBIM MOKPBITUEM U 3alUIIA-
€T JKEJI€30 DJIEKTPOXUMHUYECKH. [[a’ke TOHKHE MOKPBITHS OJI0BA TOJIIMHON
0,5-1,5 MKM J0CTaTOYHO HAACKHO 3aLTUIIAIOT KECTh OT KOPPO3UU B TTH-
HIEBBIX Cpeax.

[lo oTHOMIEHHIO K *Kese3y 0JI0BO (B aTMOc(hepe) ABISETCS KaTOAHBIM
MOKPBITHEM, TI0 OTHOIICHUIO K JCTaIsIM U3 MEIHBIX CIIaBOB — aHOIHBIM.
B nipucyTcTBUM OpraHUYeCKUX BEIIECTB, COACPKAIIUXCS B MUIIEBBIX MPO-
IyKTaxX, COKax, MUBE U T. 1., B TAJIbBAHUYECKOU Mape KeJe30 - 0JIOBO pac-
TBOPSIETCA OJIOBO M TEM CaMbIM 3alIUUIIAET kKene30 oT Kopposuu. Coenu-
HEHHS 0JI0BA, a TAKXKE MPOAYKTHI KOPPO3UU 0J0Ba OE3BPEIIHBI JISI YEJIO-
Beueckoro opranusma. Kpome Toro, mpu KOHTaKTe€ C OJIOBOM IHIIEBbHIC
OPOJYKTHl HE MEHSIOT CBOEro BKyca. IMEHHO MOATOMY OJIOBO C JaBHUX
JIET UCIOJB3YETCSl B KAYECTBE MOKPBITHUS KECTU JJIsl U3TOTOBJICHUS KOH-
CEpPBHBIX OAHOK U IS TIOKPBITUS ACTajel, UMEIOIINX OTHOIIEHUE K Xpa-
HEHUIO U MPUTOTOBICHUIO MUY, OJTOBIHHBIE MOKPBITUSI HAHOCSATCS TOPSI-
YUM WIHA AIEKTPOJUTHUECKUM crtocoOoM. [IpenmyIiecTBOM 3JeKTpOTUTH-
YECKOro croco0a OJIOBIHUPOBAHUA SIBJISETCA TMOJydYeHHE Oojiee paBHO-
MEPHOTO MOKPHITHS U 00JIee SKOHOMHOE PAaCcX0/I0BaHHUE OJIOBA.

ONOBSHUPOBAHUE MCHOJB3YIOT TAKXKE I 3alIUThl MEAHOTO Kabess

OT BO3JICMCTBUSA CEPBI, COACPKAIICHUCSA B PE3NHOBOU M30Jisinu. Panee mu-
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POKO MPUMEHABIIUKCS TOPSIYMI METOJ MOKPBITUS MOYTH MOJTHOCTHIO BBI-
TECHEH JJIEKTPOXUMUYECKUM. [Ipr 3TOM mocTUraercs CymecTBEHHAs KO-
HOMHUSL JIOPOTroro u AeUIMTHOTO oyioBa. HemocTaTkoM OJIOBSHHBIX IO-
KPBITUM HA MEIU U €€ CIUIaBax SBJISIETCS CAMOMIPOU3BOJIbHOE 00pa30BaHUE
HUTEBUJIHBIX KPUCTAIOB («yCOB»). DTOT MPOIIECC 3HAUUTEIHHO 3aME]I-
JAE€TCS MPU HAHECEHUU TIEPE] OJIOBTHUPOBAHUEM TOHKOTO CIIOS HUKEJIS.

OJOBAHHBIE TIOKPBITUSI JIETKO BBIJIEPKUBAIOT IITAMIIOBKY, pa3-
BaJIbIIOBKY, M3THOBI U YPE3BBIYANHO MIACTUYHBI. CBEKEOCAKICHHOE OJIO-
BO JIETKO TaseTcs MPU MPUMEHEHUM CIUPTOKAHU(OJBHBIX (IIFOCOB, HO
4yepe3 ABe-TpU HEJEIU CIIOCOOHOCTh K MalKe YXYAIIaeTCs HaCTOJbKO, YTO
JeTaad HeoOXOJAUMO TOJIBEpPTraTh BHOBb OJIOBSIHUPOBAHMIO WJIM OTLIABJIC-
Huto. CIUIaBbl 0JI0Ba ¢ BUCMYTOM, CBUHIIOM, KOOAQJIbTOM, HUKEJIEM U JIPY-
FUMHA METAJUIaMHU XapaKTEPU3YIOTCS TaKXKe XOpOIIEH CIOCOOHOCTBIO K
naiKe M COXPaHSIOT 3Ty CIIOCOOHOCTh 00Jiee JIIUTEIHHOE BPEMS, UEM I10-
KPBITUE YUCTHIM OJIOBOM.

Ceéuney TPOSIBISECT XOPOIIYID YCTOMYHMBOCTh B CEPHOM KHUCJIOTE H
CEPHUCTBHIX COEAUWHEHUsX. Ha 3TOM OCHOBaHO TMPUMEHEHUE CBUHIIOBBIX
MOKPBITUNA. XUMHUUYECKass CTOMKOCTh CBUHIIOBBIX MOKPBITUN OOBSCHIETCS
00pa30BaHMEM CPABHUTEIBHO TOJCTHIX 3alllUTHBIX IUICHOK, KOTOpPBIE
HEIIOCPEICTBEHHO 3allMINA0T CBUHEN. B CepHOM KUCIOTE, B YaCTHOCTH,
oOpa3yeTcs 3alIuMTHAs TUIEHKa cylibdara cBuHIA. CBUHEN, KaKk U OJIOBO,
JUISL CTAJIM HE SIBIIAETCA DJICKTPOXUMHUYECKOW 3alUTON, TaK KaK HOpMasb-
HBIE TTOTECHIMAJIBI UX JIEKTPOMOJIOKHUTEIbHEE TOTEHIMaNA KeJe3a. OnHa-
KO Tipu Oosbiioi tonuuuae (10 300 MKM), KOrJa MOKPHITUE CTAHOBUTCS
MPaKTUYECKU OECIOPUCTHIM, CBUHIIOBBIE MTOKPBITHS 3aLUILIAIOT IETAIN U3
YEPHBIX METAJJIOB B YCIOBHUSAX HEMOCPEICTBEHHOTO KOHTAKTAa C CEPHOU U
XPOMOBOM KHCJIOTaMH M pacTBopaMu ux cojed. CoelrMHEHHs CBUHIIA
OYEHb TOKCHUYHBI, U MOKPHITUE CBUHIIOM HEJOMYCTUMO JJIA U3ENIUNA Obl-
TOBOI'O Ha3HAYEHUS.

B rambBaHOTEXHMKE CBUHIIOBBIE MOKPBITHS CIY>KAT 3alIATON IOJBE-

COUYHBIX MPUCIOCOOJICHUI OT PacTBOPEHMS MPU AHOJHBIX MPOIECcax, Mpo-
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HCXOMSIIMX TP JIEKTPONOJUPOBAHUM B PACTBOPAX CEPHOM, XPOMOBOU M
docdopHoii kucinoT. CBUHIIEBAaHUE TPUMEHSETCS AJIsl TIOKPBITUS JOTOJHU-
TEJIbHBIX AHOJOB, UCIOJIb3YEMbBIX MPU XPOMHUPOBAHWU. TOJIIMHA CBUHIO-

BBIX MOKPBITUM 3aBUCUT OT HAa3HAYCHUS MOKPBHITUS U MOXKET U3MEHSTHCS OT
50 no 2000 MxM.

3.3.1. Dnekmponumel 015 0106AHUPOBAHUA (TIYHCEHU)

DIEKTPOJIUTHI, TPUMEHSIEMbIE JJISl OJIOBIHUPOBAHUS, MOXKHO pa3Jie-
JUTh Ha KUCJbIE U IIegouHble. K KHUCIBIM 3JIEKTPOJIMTAaM OTHOCSITCS Cep-
HOKHCIIBIE, XJIopuadTOopuiHbie U 00phTOpOBOAOpOIHbIE. B HUX 0JI0BO
HaXOJUTCA B BUJI€ JBYXBAJIICHTHBIX coequHEHUN. K I11€J0UYHBIM 3JIEKTPO-
JUTaM OTHOCSITCA CTaHHATHbIE M mupodocdatHbie. B HUX 010BO TIPUCYT-
CTBYET B BHUJIC YETHIPEXBAJICHTHBIX COCIMHEHHUI.

Paznuune B BAJIEHTHOCTH OJIOBA OOYCIIOBJIMBAET Pa3HYI0 CKOPOCTb
€ro OCaXJACHUS B KUCIBIX W MIETOYHBIX JICKTPOJHUTAX: MPU OJHUX U TEX
K€ TJIOTHOCTSAX TOKA OJIOBO B KHUCIBIX 3JIEKTPOJIMTAX OCAXAAETCA B JIBa
pasa ObIcTpee, yeM B menouHbIX. OJHAKO CTPYKTypa OCAJKOB, MOJYUYEH-
HBIX M3 KHUCIBIX AJEKTPOJUTOB, KPYIMHOKPHUCTAUIMYECKAs, & PacCEUBAIO-
1asi CHOCOOHOCTh KUCIIBIX AJICKTPOJIMTOB 3HAUUTEIIBHO XYKE, YEM IEeI0Y-
HBIX. B CBSI3U C 3TUM [JIs1 MOKPBITHUS CI0KHOTPOGUIUPOBAHHBIX JeTanei
MPUMEHSIOT IIEJIOYHBIC JEKTPOJIUTHI, & JJIsl MOKPBITUS MTPOCTHIX MO KOH-
durypanuu geranei — Kuciele.

® 13 Kucnvix 31ekmpoaumoe o0BTHUPOBAHMS HAMOOJIEE pacpocTpa-
HEH CEpHOKUCTbLIL DIEKTPOJIUT, OCHOBHBIMU KOMIIOHEHTAMHU KOTOPOTO SIBJISI-
I0TCSl Cynb(aT 0J0Ba, CEpHasi KUCIOTa M OpPraHUYECKHUE MOBEPXHOCTHO-AK-
TUBHBIC BelecTBa (kiei, henoun, npenapat OC-20, xenatud u ap.). Cruioni-
HOTO TOKPBITUS HE oOpa3yercs. B 0TCyTCTBHE OpraHMYecKuX J100aBOK HEJlb-
34 MOJIyYUTh JOOPOKAUYECTBEHHBIE OCAIKU OJI0BA. B 3TOM ciyyae Ha Karone
BBIICTISIIOTCS M30JIMPOBAHHBIC WMTOJIbYAThIE KPUCTAIUIBL, JECHAPUTOOOpPA3HbBIC
PBIXJIBIE OTJIOKEHUS. ITO OOBSICHIETCS TEM, YTO OJIOBO U3 KUCIIBIX PACTBOPOB
BBIIEIISIETCS] HA KAaTOJI€ U3 MPOCTBIX THIPATHPOBAHHBIX NOHOB Sn”* mouru 6e3
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nonspu3aLuy o cxeme Sn°* + 2e =Sn (cm. puc. 3.5, kpusas 1).

[ToBepXHOCTHO-aKTUBHBIC BEILIECTBA, aICOPOMPYACH Ha KaTojae, 00-
pPa3yroT CIUIOIIHYIO IUIEHKY, KOTOpasl 3aTPyJIHSET MPOHUKHOBEHUE 4YEpe3
HEE W pa3ps]l HOHOB 0OJI0OBA. B pe3ysbTaTe MpOUCXOAUT PE3KOE TOPMONKE-
HHUE Mpollecca W KaTOJHBIC IOTeHIMalbl 3HauuTenbHO (Ha 0,4-0,5 B)
CMEILIAIOTCS. B CTOPOHY JJICKTPOOTPUIIATEIbHBIX 3HAUCHUN (CM. puC. 3.5,
KpuBasi 2), Ipu 3TOM OCAJKH MOTYYaIOTCS MEIKO3EPHUCTHIMH, MIIOTHBIMU
Y raaakuMu. [[oBEepXHOCTHO-aKTUBHBIE BEMIECTBA YJIYUIIAOT HE TOJIBKO
CTPYKTYPY HOKPBITUI, HO U UX PACCEUBAIONIYIO CIIOCOOHOCTb.

s npegynpexaeHus ruipoin3a CoJIe 0J10Ba, OKUCICHUS 0JIOBA J10
YETHIPEXBAJIEHTHOTO COCTOSIHUSA, a TAKXKE JIJI IOBBIIICHUS AJIEKTPOIPO-
BOJIHOCTH B DJIEKTPOJIUT BBOJASAT 3HAYUTEIILHOE KOJMYECTBO CEPHOM KHC-
aotel (50-100 r/m). Ilpu HemocTaTke CBOOOIHOW KHCIOTHI OOpa3yrOTCS
TPYJIHOPACTBOPUMBIE THUIpaThl WM OCHOBHBIE coim osoBa: SN(OH),,
SnOHC1, Sn(OH),SO,4 u T.11.

bosbiias KOHIEHTpaUsI KUCIOTHI HE OTPAXKAeTCsl Ha BBIXOJIE METaJI-
Ja 1o TOKY: OH ocTaeTrcsa 0au3kuM K 100 %, Tak kak nepeHanpsbpkKeHue Bo-
JI0pOJ1a Ha OJIOBE OYEHB BBICOKOE.

CKOpPOCTh OCAXAECHHUS OJIOBA W3 KHUCIBIX JJIEKTPOJIUTOB BBIIIE, YEM
U3 METOYHBIX, TAK KaK AJIEKTPOXUMHUYECKUN SKBUBAJIEHT ABYXBAJICHTHOTO
0JIOBa B JiBa pa3za OoJjblle, 4eM 4eThlpexBaJeHTHOro. [IpemmyniectBom
KHUCJIBIX DJIEKTPOJIUTOB SBISIETCA Takke OoJjiee BBICOKAs JOMyCTHUMAs
IJIOTHOCTh TOKAa M BBIXOJ MO TOKY. B KHCIBIX 3JEKTpOIUTaX C IO-
BBIIICHHBIM COAEPKAHUEM OJIOBA MPU TMEPEMEIINBAHUN TUIOTHOCTH TOKA
MOXeT HocTHraTh 30 A/nm’, HapuMep, MPU NEKTPOXUMUUECKOM OJIOBSI-
HUPOBAHUM CTAJIbHOM IOJOCH B KOHBEUEPHBIX AaBTOMATAX.

Kucisie anekTpoauTsl paboTaroT Mpyu KOMHATHON TeMIiepaType, OHU
MPOCTHI MO COCTaBY U JOCTATOYHO YCTOMYMBBI. OJHAKO paccerBaroIias
CIIOCOOHOCTh X HUXE, YEM IIEJIOYHBIX, IOATOMY UX UCTOIB3YIOT IS MO-
KPBITHUS IeTajel IPOCTON U CPeIHEN MO CIOXKHOCTU KOH(PUTypaluu.

JI71s1 0JOBSIHUPOBAHUSI TPUMEHSIOT OOBIYHO CYIb(aTHBIN 3JIEKTPOJIUT
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COCTaBa, I'/J1, ¥ peKuma paboTHI:

(%1101 1 011 (0) : - T 25-50
07510): 1 795 (61) (01 v R 50-100
[Ipemapar OC-20 ....ooiiiiiiiiii e 2-5
TemmepaTtypa, °C .o 15-30
[LIOTHOCTD TOKA, A/IIM®  ooveeeeee e, 1-2

[Ipy nepeMemIMBaHWM KaTOAHAA IUIOTHOCTh TOKAa MOBBIIIAETCS
10 4-5 A/mqm®. Beixoq 1o ToKy 90-95 %. PacTBOpEeHHNE ONOBSIHHBIX aHO-
J0B TIpOTeKaeT 0e3 KaKuX-JIM0O0 OCIOKHEHUM C BBIXOJIOM IO TOKY, MpPH-
ommxaromumces k 100 %.

Bonee BbICOKOW paccenBarolie CliOCOOHOCThIO 00JIAAtOT 2ano2eHuUo-
Hble INeKmpOoumbl, KOTOPbIE TPUMEHSIOTCS B POU3BOICTBE OCJION KECTU U

JUIS TIOKPBITHSL IeTajeil CioxkHOU KoHpurypanuu. CocTaB JIEKTPOINTA, T/,

CJICTYFOLLIHAM:

XJIOPUCTOE OJIOBO (KPUCTAIIOTUIIPAT) .............. 40-50
COJISTHAT KHCHOTA .« nneeeeeeee e e e e 0,5-1,0
DTOPUCTBIA HATPHH  ..vvveevienneenieeneaneennnnn. 50-60
XTOPHUCTBIN HATPHM  ..vveenrieeniienneeneaneeannanns. 5,0-7,0
HKeMaTHH ..o 1,0
Temneparypa snekrpoaura, ‘C ............o........ 20-25
KaToHast IIIOTHOCT TOKA, A/IM®  +vvveeeeeeeeennn., 2-3

XapakTepHble HEMOJIaIKH, BO3HUKAIOIMIME MPH paboTe€ C KUCIBIMU
AIIEKTPOJIUTAMH OJIOBIHUPOBAHUS, MIPUUMHBI UX BOSHUKHOBEHHS U CIIOCO-
OBl yCTpaHEHUS TIpUBEEHBI B Ta0m. 3.7.

Taoauua 3.7
Henosaaku npu 0JIOBSHUPOBAHMH B KMCJIOM JIEKTPOJIHTE

Henonanku ITprunHbI CrnocoObl ycTpaHeHus
1 2 3
TeMHbIE TOKPBITHSA [IpucyrcrBue meau | IlpopaboTarh 3MEKTPOIUT TOKOM
B DJICKTPOJIUTE NP IUIOTHOCTH TOKa 3—4 A/nm?
OO0pazoBanue HepacTBO- | HemocraTok cepHoii J100aBUTH KUCIIOTHI
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pHUMOTo OCaJIKa B BAHHC

KHNCJIOTBI

04




OxoHn4. T20.1. 3.7

1 2 3
raSOBLI,ZIGJICHHe Hanunune B aHOodax 3aMeHUTH AdHObI
Ha a”HOJaX U HAJICT HpHMeceﬁ CBHHIIA

YEPHOro LIBETa

HOKpBITI/Ie PBIXJIOC, Bricokas mjIoTHOCTh CHM3UTH INIOTHOCTH TOKA,
C 3arapom Ha yrijiax TOKAa U ITOHHUKCHHOC I[O6aBI/ITB OJIOBO
COACPKaHUC OJIOBA

B JJICKTPOJINTC

o Cmannamuble SIEKTPOJIUTHI ISl OJIOBIHUPOBAHMS, OTHOCSIIUECS
K W{e104HbIM INNeKMPOaumam, O0ObIYHO COJIEPIKAT KOMIUIEKCHBIN CTaHHAT
Hatpust Nay[Sn(OH)g] mimu kammst K,[SN(OH)g] ¥ cBOOOJHYIO IIIEI0Yb
NaOH wunu KOH mnst npenynpexaeHus: TUIpoIn3a KOMIIEKCHBIX COJeh
0JIOBa M TIOBBIIIIEHUSI DJICKTPOIPOBOJHOCTH PACTBOPA.

CraHHaT HaTpusl MOJy4yaeTcsl NMPU B3aUMOJIECTBUM TETpaxJIOpUIa
0JIOBA U IIEJIOYH:

SnCl1, + 6NaOH — Na,[Sn(OH)e¢] + 4NaCl.

On0BO B pacTBOpE HAXOJUTCS B YETHIPEXBAJICHTHOM COCTOSHUH,
06pasyst KoMILIeKcHbIH annoH [SN(OH)g]®, KOTOpEIi IHCCOLUUPYET IO
peaxkiuu

[Sn(OH)e]* = Sn*" + OH..

Ha xaToae mpoucXoauT peakiius 1Mo cxeMe

Sn** +4e — Sn.

OpnHako B pflie CIIy4aeB OJIOBO B IEJTOYHOM JJICKTPOIUTE YACTUYHO
MOKET HaXOJIUThCSI B PACTBOPE B JIBYXBaJC€HTHOM COCTOSIHUU, B BUJIE CTaH-
auta Nao[SNn(OH),], KoTophIi SBIsSCTCS BPEIHON MPUMECHIO, BBI3bIBAIOIICH
oOpa3oBaHue TyOUaToro ocajika. MloHbI JBYXBaJIE€HTHOTO OJIOBA PA3PSIKAIOT-
Csl Ha KaTojie OJarojiapsi He3HAUUTEIILHOM MOJISIpU3AIUU TOpa3io Jerye, 4eM
YETHIPEXBAJICHTHBIC MOHBI, YTO SIBJISIETCS MPUUUHON OTIIOKEHUSI TPyOO0IHC-
MIEPCHBIX OCAJIKOB, MOATOMY CIlIeAyeT U30eraTh 3arpsi3HEHUsI pacTBOpPA CTaH-
HutoM. [Ipu Hakomnenun ctanauTa 6omee 0,005 H cleayeT OKUCIATH €ro B

CTaHHAT 100aBJICHUEM B AJICKTPOJIUT MEPEKUCH BOIOPO/IA.
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DIIEKTPOOCAXKJICHUE O0JI0Ba M3 KOMIUIEKCHBIX aHHOHOB SN(OH)?#

MPOTEeKAaeT MpH BBICOKOM KartojgHou mnonspuzamuu (400-600 MB)
(cMm. puc. 3.5, kpuBas 3), 4YTO CIIOCOOCTBYET 0OPA30BAHUIO IJIOTHBIX MEJI-
KOKPHUCTAUTMYECKUX OCAJIKOB OJIOBA.

Kak BugHO U3 puc. 3.6, BBIXOJ 0JI0BA MO TOKY M3 CTAHHATHBIX JJICK-
TPOJIUTOB HIXKE, YEM U3 KHUCIBIX PACTBOPOB, U CHJIBHO YMEHBIIIACTCS C IM0-
BBIIIICHUEM TUIOTHOCTH TOKA. DJIEKTPOMPOBOJAHOCTh CTAHHATHOIO DJICK-
TPOJIMTA BBICOKAs OJjaromaps HaJuduio Ienodd. Takum oOpa3oM, B CTaH-
HATHBIX AJICKTPOJIUTAX SIPKO BBIPAXKEHBI Bce (DaKTOPHI, 00YCIOBINBAIOIITNE
paBHOMEpPHOE paclpeeliecHHe TOKa W MeTajlla 10 IMOBEPXHOCTH KaToja.
[TosTOMy cTaHHATHBIE SJAEKTPOIUTHI MOXXHO TPUMEHATH IJIs MOKPBITHS

aetaneit ¢ mpoduiieM 110001 CI0KHOCTH.

OC&I[KI/I Xopomero Ka4eCTrnaa

o 1L375u.NaOH -—"
MOJIY4alOTCsl TOJIBKO TPU TEMIIe- '
patype anektponuta 60-70 °C, g1~
. ~ f 0,66 H.NaOH <
npu Oojice HU3KOM Temmeparype -= gl = ——
my =
00pasyroTcs pBIXJIBIE TIyO4arele & ANy
T | 'I
OCaJIKHU. ¥
ZH*x 0,3TH.NaOH
7 {
"3 KaJIMMCTAaHHATHOTO jya——
i, I [ I L

DJIEKTPOJIUTA OJIOBO OCAXKIAETCs B -0 06 -0z 0,2 18 2z

Anodwsrd nomenyuas (w6.3) B
60.]'[66 HIMPOKOM HMHTCPBAJIC IJIOT-

HOCTEH TOKa U ¢ 00Ji€e BBICOKUM  pye. 3.6. BiusiHue coCTaBa IEJI0YHOT0
BBIXOJIOM II0 TOKY. DTO OOBSICHS- 3JIEKTPOJINTA HA KATOAHBIN BBIX0]

€TCsl JIy4yllle pPacTBOPUMOCTBHIO 0JI0Ba M0 TOKY NMPH Pa3InYHbIX
IIJIOTHOCTSHAX TOKA:

1-0,5;2-1,1; 3-2,2; 4— 3,5 A/qm®
(Temmeparypa 3jekTposanta 65 °C)

K5[Sn(OH)g] m nyudmeii 31eKTpo-
npoBogHocThio KOH 1o cpaBHe-
Huro ¢ NaOH.

AHOAHBIN MPOIECC TIPHU OJIOBSHUPOBAHUHU W3 IICTOYHBIX SJICKTPOJIU-
TOB UMeEET 0COOEHHOCTH. [Ipy HU3KMX IJIOTHOCTSAX TOKa aHOJbI W3 OJIOBA
PacTBOPSIIOTCS ¢ 00pa30BaHUEM HOHOB Sn** 1o cxeme Sn = Sn”* + 2e, KoTO-

pbhIE OKAa3bIBAIOT BPEIHOE BJIMSHUE HA KAaTOJIHBIM mpouecc. Ecim anogHas
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IJIOTHOCTh TOKa JgocraroyHa (3—4 A/I[Mz), TO aHOJI HAYMHAET PACTBOPSITHCS
C 06pa3oBaHHEM YETHIPEXBAICHTHBIX HOHOB onoBa: Sn = Sn*" + 4e. 06
ATOM MOXHO CYJWTh W MO BHEIIHEMY BHUJY OJIOBSIHHBIX aHOJOB, KOTOPbIC
YaCTUYHO IMACCUBUPYIOTCS, HOKPHIBASICh OKUCHOM IJICHKOM 30JI0THUCTO-KE-
Toro npera. Hajguuue 3Toil MIEHKM Ha OJOBSHHBIX aHOJIaX CBHUJIETEIHCTBY-
€T O HOPMaJIbHOM PAacTBOPEHUHU aHOJOB B BHUJIC Sn**. Moxno IIPUMEHSTh
Takke KOMOMHUPOBAHHBIC aHOBI: PACTBOPUMBIE U3 OJIOBAa W HEPACTBOPH-
MbI€ U3 HEPXKABEIOIIEH CTalid, Ha KOTOPBIX IMTPOUCXOAUT OKUCICHUE Sn* .,
Sn*, [Ipn cAUIIKOM BBICOKOW aHOAHOW IUIOTHOCTH TOKA PACTBOPEHUE OJIO-
Ba BOOOINE MpeKpaliaercs U Ha aHoAe uaeT paspsg moHoB OH™ ¢ BbI-
JeJaeHreM razoo0pa3Horo kuciaopoja. Kak BugHo u3 puc. 3.7, ¢ MOBBIIIE-
HHUEM KOHLICHTPAIIUU IIEJI0YM B 3JIEKTPOJUTE IIOTHOCTh TOKA, IIPU KOTO-
pOM HAacTyInaeT NaCCUBUPOBAHUE aHOJIOB, YBEJIUUYUBACTCS.

[Ipy cauMmKoM BBICOKOU

10+ .f,J?EH.NaDH . " aHOJTHOU IIJIOTHOCTHU TOKa
o
5 { HACTYIIAET MOJHOE ITaCCUBUPO-
. BaHWE aHOJOB Y HauMHAETCHA
I 0,66H.NaOH X A
L x-l-'__ bl

1072, 4l
[=s1

|

nponecc BBIACIICHUA KHUCIIOPO-

na. Jlnd HOpMallbHOTO PacTBO-

f
D
X peHHUsT aHOJOB  COJCpKaHHE
z X 0,3fH.NaOH o
| i{ - CBOOOJHOM IIENOUH MOAAECPKU-
a_ffp’ff F E ] BacTCs B OINPEJCICHHBIX Tpee-
-0 -0 -02 0,2 18 22

Ano0ksd omenquan (v6.3), 8 max. M30eiTox menoun NaOH

HEOOXOJIUM B DJICKTPOJIUTE IJIs
Puc. 3.7. Bausinne KOHIIEHTPAIlUU

MPENYNPEXKACHAS  THUIPOJIU3a

CBOOOHOH II€JI0YH B CTAHHATHOM

IJICKTPOJIUTE HA 3aBUCUMOCTDb AHOJIHOI'O CTaHHaTd, OJHAKO HPEIMCPHBIN

[IOTeHINAIA IUIOTHOCTH TOKA U30BITOK MOXET 3HAYUTEIBHO

(remmeparypa 3;exrposnta 70 °C) CHU3UTH BBIXO/I
mo Toky. B pesynpraTe B3aumoneiictBus menoun ¢ CO, u3 atMochepsl B
AJIEKTPOJIMTE HAKATLIMBAIOTCA KapOOHAThI, KOTOPHIE IMPHU KOHIIEHTPAIIUH 10

150 /71 HEe 0Ka3bIBAIOT CYIIECTBEHHOI'O BIUSHUS Ha MPOIIECC.
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XOpoWIero Ka4ecTBa OCaJKH IMOJYyYarOTCs] U3 CTAHHATHBIX AJIEKTPO-
JUTOB TIpu ToBbIIeHHOW Temmepatype (60—/0 °C), a mpu KOMHATHOU
TEeMIIepaType Ha Karojie obpasyercs ryoka. Beixoq mo TOKy B IIEIOYHBIX
AIEKTPOJUTAX 3HAYUTEIBLHO HUXKE, YEM B KHUCJIBIX, U CUJIBHO CHMXKAETCS C
MOBBIIICHUEM TUIOTHOCTH TOKa. [IpUBOAUTE K 3arpsi3HEHUIO DJICKTPOJIUTA
JBYXBAJICHTHBIMU MOHAMU 0JIOBA (CTAHHUT) MOXKET HU3KAsl aHOJIHAS TLJIOT-
HOCTb.

CnumikoM OO0JBIION M30BITOK MIEIOYM MOXET CHUKATh BBIXOJ Me-
TaJljia Mo TOKY M Mpenes JOMYCTUMOM TUIOTHOCTH TOKa Ha karoze. [loato-
My PEKOMEHAYETCsl IpH cojepkaHuu ctanHata 30, 60 r/n u 6osiee KOH-
LIEHTpaIM0 CBOOOAHOM mienoun noaaepxkuBath 10, 15 u 20 r/m cooTBeT-
CTBEHHO.

JI71s1 ONOBSAHUPOBAHUS JACTANCH CIIOXKHON KOH(PUTYypaluu U3 CTaHHA-

THOT'O 3JICKTPOJINTA OOBITHO IMPUMCHAIOT J3JICKTPOJHUT COCTABA, VAL

NaSN(OH)g oo, 45-90
NAOH 506 o vereeenre et e e e 7-17
CH3COONA .o e 15
TeMmepaTypa, ®C ..o 60-80
TITOTHOCTD TOKA, A/IMZ oo eeeeee e 0,50-2

PexoMmeHyeTcss nmepuoguyecku A00aBIATh B AJIEKTPOJUT -2 Mi/n
MEPEKUCH BOJIOpPOAA JJIsI OKUCICHUS OOpa3yrolIerocs ABYXBaJEHTHOTO
0JIOBa WJIM MPOpadaThiBaTh SJEKTPOJUT C 3alIaCCUBUPOBAHHBIMU OJIOBSH-
HBIMU aHoAaMu. [Ipopa®oTka OCYIIECTBISETCA MPH AHOTHOM IUIOTHOCTH
ToKa 4-5 A/mM° 1 temnepatype 60—70 °C. B kauecTBe KaToJI0B HCIOJb3Y-
I0T CTJIbHBIC JIUCTHI, IUIONIaJb MOBEPXHOCTH KOTOPBIX B 45 pa3 MeHbIIE
TUIOILAIM TTOBEPXHOCTH aHOJI0B. B mpoiiecce npopabOTKU OJIOBSIHHBIE aHO-
IIbI IOJIKHBI CTATh 30JI0TUCTO-KEITOTO IBETA.

OCHOBHBIE HEMOJIAJAKHA TMPU OJIOBIHUPOBAHWUU B CTAHHATHOM 3JICK-
TPOJINTE ¥ IPUIMHBI UX BOSHUKHOBEHMS TIPUBEACHBI B Ta0. 3.8.

[Ipu nnuTenbHOUW padoTe BJEKTPOJUTOB OJIOBIHUPOBAHUSI BCIIE-

CTBHUC KOPPCKTHUPOBAHUSA JJICKTPOJIHUTA XJIOPUCTBIMHU COJIIMH OJIOBA H IIO-
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TJIOIICHUS YTIICKHCIIOTO Ta3a U3 BO3yXa IIPOUCXOIUT HAKOILICHUE KapOo-
HATOB M XJIOPUIOB B DJICKTPOJIHTE.
Taoauna 3.8

Henoaaakn IIPA OJIOBAHUPOBAHUHU B CTAHHATHOM J3JICKTPOJIUTE

Henonanku [TprunHbI Cnoco0sbl ycTpaHneHust
[TomytHenue snekrponutal Hegocrarok menoun Jl06aBuUTH 1IET0Yb
Y BbINaJICHUE OEJI0ro B AJIEKTPOJIUTE
ocaJika

TemHuble ryOuatbie ocagku | Beicokas IOTHOCTh TO- | CHU3UTH INIOTHOCTH TOKA,
Ka, HU3Kasi TeMIeparypa MTOBBICUTH TEMIIEPATYPY
AIIEKTPOJIHTA, OOJBIIIOE |AJEKTPOIUTA, YMEHBIITUTD CO-
COJICp/KaHUE IETIOYN U | JIEp>KAHUE IIEJIOYHN U OKHUC-
JIBYXBAJIEHTHOTO OJIOBA | JIUTh ABYXBAJIEHTHOE OJIOBO

(6onee 1 r/m) JI0 YE€THIPEXBAJIEHTHOTO

IToremHeHHNE aHOTOB Bricokas nim Hu3Kas CHU3UTH WU TIOBBICUTH

AaHOAHaJi IIJIOTHOCTH TOKa AHOJHYIO INIOTHOCTBH TOKa

Manas ckopocTh Ocax- N30bITOK 1IeI04H YMEHBIINTD COAEp)KaAaHUE
JICHUS 0JI0Ba M OypHOE | WJIM HEIOCTAaTOK CoJieh IIEeJI0YU WIH J00aBUTh
ra3oBblIEJIEHNE HA KaTOJE 0JIOBa COJIM 0JIOBA

DJIIEKTPOJUTHI OJOBIHUPOBAHUS HEOOXOIUMO 3aMEHUTh HOBBIMHU ITPH
HAKOIUJICHUHU 3TUX coJjieil cBbiiie 70 T/J1, mpeaBapuTeIbHO OCAIUB OJIOBO W3
OTpabOTAHHOTO AJIEKTPOJUTA. bobllive mepcrneKTUBhl 3aMEHUTH IIEJIOUHbBIE
AIEKTPOJUTHI TIPU OJIOBTHUPOBAHUM UMEIOT MTUPOPOCHaTHBIE AIEKTPOIUTHI,
OJIHAKO IMIMPOKOTO MPOMBIIIJICHHOTO MPUMEHECHUST OHU TTOKA HE UMEIOT.

JIJ1s1 MOBBIIEHUS XUMUYECKOU CTOMKOCTH BJICKTPOXMMHUUYECKHA OCa-
XKJICHHOE OJIOBO MOJABEPTarOT oriaBjieHut0. OTIaBICHUIO JIETYE NOAJA0T-
CAd OCaJIKh OJIOBA, MOJYYEHHbIC W3 IIEJIOYHBIX BJIEKTpoauToB. llepen
OTUTABJICHUEM OJIOBSIHUPOBAaHHAs TOBEPXHOCTH OOpabaTeiBaeTcs 5—6 %
BOJHBIM pacTBOpPoM (iiroca (TpY YacTH XJIOPUCTOTO IMHKA M OJHA YacTh
XJIOPUCTOI0 aMMOHMSI) M CYIIUTCS Ha BO3JyX€. 3aTeM JeTallb BBIACPKHU-

BatoT mipu 550—-600 °C B meym HECKOIBKO CEKYH]I JUIsl OTUIABIICHUS, OTMBbI-
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BalOT OT OCTaTKOB (Ioca W CylIaT ropsiauM Bo3ayXoM. [Ipumensiercs
TaKXe OIUIABJICHUE OJIOBSHHBIX MOKPBITHI B HAIPETOM TJIMLEPUHE MpU
temneparype 250-270 °C B reuenue 0,52 MuH.

JInst eKkopaTUBHBIX IeJIeH MeTak MOJABEPraloTCs OIUIABICHUIO MPU
temneparype 280-350 °C u oxmaxaarorcsi. 3aTeM OPOU3BOUATCS ITOBTOP-
HOE OJIOBIHUPOBAHHE TOHKUM CJIOEM B TOM K€ AJIEKTPOJIUTE, KOTOPOE BbI-
ABJISIET CTPYKTYPY MOACIOS, YTO MPUJAET MOBEPXHOCTU y30pUaThIil pHUCY-
HOK, IOXOXHI HA U3MOPO3b Ha cTekie. C MOMOIIBIO IBETHBIX JAKOB MOK-
HO YJYYIIHWTh 3alIATHO-IIEKOPATUBHBIE CBOMCTBA MOKpbITHUS. [Iprmepom
ATOTO MOXKET CIYXKHUTh 0JIOBSIHHOE MOKphITHE «Kpuctammut». OI0BIHUPO-
BaHUE OCYIIECTBIISIETCA B OOBIYHBIX KUCIBIX AJIEKTPOJIUTAX TOJIUHON 4—5
MKM C y4€TOM TOTO, YTO MPU TOJIIMHE MEHEE 3 MKM OJIOBO MOYTHU BCE
OKHUCTISIETCS TIPU TEPMOOOpabOTKe, a MpH TOIIIMHE 00Jiee 5 MKM MPOUCXO-
IUT KarieoOpa3oBaHKe PH OIUIaBieHUH. [IposiBIeHre KPUCTAININYECKOTO
y30pa OCYUIECTBIISIETCS TOBTOPHBIM JIYKEHHEM B KHUCJIOM HJIEKTPOJIUTE
pY KaToHOU mioTHOCTH Toka 0,1-0,4 A/mv® m BbIZIepkKe 10—20 MuH.

C 3a0pakoBaHHBIX OJIOBIHHPOBAHHBIX JIeTajeil M3-3a BBICOKOW CTOM-
MOCTH 0JIOBa HEOOXOJIUMO YJAJISTh OJIOBO JIJIsi IOBTOPHOTO MCITOJIH30BAHUSI.
CambiM 3((DEeKTUBHBIM CIIOCOOOM pEreHEPALMK OJIOBA SIBIISIETCS 3JIEKTPO-
XUMUYECKUN CIOCO0 aHOAHOrO PACTBOPEHUSI B PACTBOPE €IKOrO HATPUS
(7090 r/m), marperom 10 60—70 °C. 3a0pakoBaHHBIC JIETAU 3arpy’KaroT B
CHeIMaIbHbIC CTATBHBIC CETKU-KOP3UHBI M 3aBEIIMBAIOT HA AaHOJHYIO IIITAH-
Ty, a B KQUeCTBE KaTOJ0B MPUMEHSIOT CTajbHbIC JIUCTHI. OJI0OBO MEPEXOIUT B

AJIEKTPOJUT B BUJIE IBYXBAJIEHTHOTO OJIOBA M OCAXIAETCS HAa KATO/IE.
3.3.2. Dnekmpoaumeol 014 C6UHUEBAHUA

M3BeCTHO MHOIO SJEKTPOJIUTOB JUIsi CBUHIICBAHUSI KaK KHCIBIX
(6opdTopoBOIOpOIHBIE, KPEMHE(DTOPOBOAOPOIHBIC, MEpXJopaTHhIe, (de-
HOJICYIb(OHOBBIE, CyJib(haMaTHbBIE, alleTaTHbIC), TaK U IIEJIOYHBIX (TLIHOM-

outHbie, nupodocdarHbie). B NpOMBIIIIEHHOCTH IPUMEHSIOT B OCHOBHOM
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oopdTopoBoiopoiHbIe U (HEHOICYIbPOHOBBIE MEKTPOJUTHI. OCaIKu XO-
POIIEro KayecTBa MOJIyYalOTCA TOJIbKO B MPUCYTCTBUU OPraHUYECKUX J10-
0aBOK — PETyJIITOPOB POCTa KPUCTAIIOB (KJICH, *KEeJTaTHH U Jp.).

CBHUHEIl B 3JIGKTPOJUTE HAXOAUTCS B BUJIE COJIeM OOp(PTOPOBOIO-
ponnoii Pb(BF,), wmm denoncynsponosoii Pb(HOCsH,SO3), kucior, or
KOHIIEHTPAILlMM KOTOPBIX 3aBUCUT JOMYCTUMAsl INIOTHOCTh TOKA. Y BEIUYe-
HUE KOHLEHTPAIMU COJM CBUHIIA B COYETAHHM C MEPEMENINBAHUEM JJICK-
TPOJUTA TMO3BOJISIET YBEIMYUTh IUIOTHOCTh TOKa OT 0,5-2 A/nv® 10
4 A/xM%, 9TO TAKKe MO3BOJISET HAHOCUTH TOJCTHIC CBHHIIOBBIC MOKPBITHUS.
B anextponuTe HEOOXO0AUM HM30BITOK COOTBETCTBYMOIIEH KuciaoTel HBF,
umu OHCgHSO3H nnst npeaynpexaeHus rujipoiausa cojie ceunna. Ipu
noBblliecHUA KOHIeHTpaunn HBF, Takke Bo3pacTaroT 3J1E€KTpONpOBOJI-
HOCTb 3JIEKTPOJIUTA U MOJSIPU3YEMOCTh KaTOa, HECKOJIBKO YBEIMYUBACTCS
pacceuBaromas CrmocoOHOCTh, OCAJAKHA CTAHOBATCS 00Jiee MEIKOKPUCTAII-
JTNYECKUMH.

J:[JISI CBHUHIICBAHUA OOBIYHO MMPUMCHAIOT 3JICKTPOJIMTBI COCTABA, /1

BbopdrTopoBogopoanbiii
PB(BF4)2 eiiiiiiii e, 125200
HBF s o 40-60
KITeH CTOMAPHBIN  ....oviiiiiiii i e 0,5-1
DeHoJICYIb(POHOBBIN
PB(HOCgH4SO3)2 cvioviiiiiiii e 170-180
HOCgH4SO3H gog  «vvvveenreiiiiiei e, 20-25
KIIeH CTOMAPHBIN  .....ooiiiiiiiiiiiiiii i 0,4-0,5

DIIEKTPOIN3 MPOBOIAT Opu Temneparype anekrponuta 15-30 °C u
2
IIoTHOCTH ToKa 0,5-2 A/aM°. AHOIBI BBIOJHSIIOT W3 YHCTOIO CBHUHIIA;
COOTHOIICHUE aHOIHOM K KaTOAHOM moBepxHocTy 1:1.
dTopOOpaTHBIN AIAEKTPOIUT 00J1aTaeT OTHOCUTEIHFHO HU3KOM pacce-
MBaIOIIEl CIIOCOOHOCTBHIO U CKJIOHHOCTBIO K JASHIpUTOOOpa3zoBaHuio. [lo-

0aBKa CTOJISIPHOTO KJiesi 00ecrieunBaeT 00pa30BaHUE MJIOTHBIX MEIKOKPU-
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CTaJUTMYECKUX TMOKPHITUH. KaToaHbIN 1 aHOMHBIN BBIXOBI IO TOKY OJIM3KHU
Kk 100 %.

KpemuepToprcTOBOAOPOIHBIE 3JIEKTPOJIUTHI BO MHOTOM CXOIHBI C
0op¢hTOpHCcTOBOAOPOAHBIMUA. OCHOBHON KOMIIOHEHT JJICKTPOJINUTA — KPEM-
HEe(pTOPHUCTOBOAOPO HAS KUCIOTA SBJISETCS OTXOJIOM B MPOMU3BOJCTBE CY-
nepdocdara.

CtonmocTh ee MeHbIIe 60PHTOPHUCTOBOIOPOTHON KUCIIOTHI.

K OCHOBHBIM HEmoJjajgKkaM IpHU CBUHIIEBAHUM OTHOCHUTCS 00pa3o-
BaHUE KPYHMHOKPUCTALIMYECKOTO OCAJKA, YTO MOXKET IMPOM3ONUTH MPH T10-
HIDKEHHOM COJCPKaHUU CBOOOJHON KHCIOTHI M K€ B DJICKTPOJIMTE.
I1noxoe cremieHre CBUHIA ¢ METAIJI0OM OCHOBBI MOJKET UMETh MECTO IIpHU
IJIOXOM IMOJArOTOBKE MEpe]] MOKPHITUEM WM U3-3a HAaBOJOPOKHUBAHUS I10-
BEPXHOCTH JIeTajlel nepe]] MOKphITHEeM. Bricokasi MIIOTHOCTh TOKA U U30bI-
TOK CBOOOJIHOM KHICIIOTHI BBI3BIBAIOT HAPOCTHI HA KPasX W 3HAYUTEIHLHOC

ra3oBBIICIICHUC BOJOPOAAd HAa KAaTOAaX IIPH 3JICKTPOJIN3C.

3.4. MenHeHne, HUKeJIMPOBAHUE, XPOMUPOBAHUE

MenHble, HUKEJIEBbIE U XPOMOBBIE TIOKPBITHS NIPEAHA3HAUYEHBI IJ1aB-
HbIM 00pa3oM ISl 3alIUTHO-ACKOPATUBHOM OTIEIKHU M3JEINN, KOTa OJI-
HOBPEMEHHO C 3alllUTOW OT KOPPO3UU HEOOXOAMMO YIYUIIUTh MX BHEIII-
HUM BUJ. TUNMHYHBIMU 3alIUTHO-IEKOPATUBHBIMU MOKPBITUSMHU SIBISIOTCS
MHOTOCJIOMHBIE TTOKPBITHSI HUKEIh — XpPOM, MEJIb — HUKEJb U MEeAb — HU-
KEJIb — XpOM.

W3nenuda W3 cTany, UUHKOBBIX CIUIABOB M JPYTMX METAIOB H
CIUIaBOB MOKpbIBalOT MeAbto (20-35 mkMm), Hukeinem (10-20 mMkMm) u
xpoMoM (0,25—1 mkm). [TIoKpeITHS HUKENEM CTANW, MEIHU WIIA €€ CILIa-
BOB 0€3 BHEUIHETO CJI0S XpOoMa MOTYT HaJeKHO CIYXHUTh TOJIbKO B JIEeT-
KUX YCIIOBUAX SKCIUTyaTallMH U3JEIIHIA.

OcHOBHbBIE (PU3UKO-XUMHUYECKHME U MEXAHUYECKHUE CBOWCTBA MEAM,

HUKEJSl U XpoMa IpeicTaBieHbl B Tadm. 3.9.
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OcHoBHbIE PU3NKO-XUMHUYECKHE

Taoauna 3.9

M MeXaHu4YeCKHe CBOMCTBA MEAU, HUKEJIA U XpoMa

_ Mertamn
CaoiicTBa .
Cu NI Cr
ATOMHBII HOMEP 29 28 24
ATtomHas macca 63,546 58,70 51,996
BaneHntHoCTh I, 11 [, 1TV I, 11, 1V, VI
I1
TOTHORTE 8920 8900 7160
npu 20 °C, kr/m
T
SNHEPALYPA 1083 1452 1893
raBiaeHust, C
VY nenbHOE
CONPOTHUBIICHHE 1,67-10°® 6,84:10° 3,9-10°
pu 20 °C, Om'm
C) i Cu" 2,372 - Cr’* 0,647
JCKTPOXHUMHYCCKUN 3 NiZ* 10950 N
SKBUBAJICHT, I/(A4) Cu~ 1,186 Cr 0,324
Teepnocts Hg, Mlla:
- MeTajuIa 600-1500 1500-6500 800
- IIOKPBITHUS 5398-6370 2940-3930 10000
CrangapTHBIN Cu—Cu™+2¢e Ni—Ni**+2e Cr Cr’ + 3¢
roreHuan, B 0,337 -0,250 -0,744

Ha Bo3myxe BO BiaxkHOW atMmocdepe Meodb JETKO OKHCISIETCS, MO-
KPBIBAsCh CJIOEM OKCHJIOB U OCHOBHBIX COJIEH, TOATOMY B KaU€CTBE CaMO-
CTOSITENIbHOTO TOKPBITHUS 0O€3 JOMOJHUTEIBHON 00pabOTKU HE MPUMEHS -
€TCSl HHM JJIS 3aIUTHI CTaJbHBIX AETAJIEW OT KOPPO3UHU, HU JJISI IEKOPATHB-
HBIX IICJICH.

[To 31EKTPOXUMHUYECKUM CBOMCTBAM MEJb MO OTHOUICHHUIO K KEJe-
3y ABJSAETCS KATOAHBIM MOKPBITUEM H MMO3TOMY HE MOXET 3aIUTUTh K e-
Je30 OT Koppo3uu. BenencrBue 3Toro Hanbosee MUpPOKOEe paclpocTpa-
HEHUE BJICKTPOJIUTHYECKUE OCAIKH MEAW MOJYyYWJIM B KadyeCTBE MO/I-

CJI0s4, HAHOCUMOTI'O IICPCI HUKCIUPOBAHHUCM U XPOMUPOBAHUCM CTAJIM H
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IUHKOBBIX CIUIaBOB. Kak caMOCTOSITENNbHOE MOKPBITHE MEb IPUMEHSIET-
CA IPU YTIIEPOAUCTOU LIEMEHTAIlMA U B TaJbBAHOIUIACTUKE JJI MOJIyYe-
HUS METANIMYECKUX KONMHWHK. B HacTosmee BpeMs 3JIEKTPOOCAKICHUE
MEIU CTalu UIUPOKO MPUMEHSTH JJIs1 MOJyueHUs] QYHKIIMOHAIBHBIX IO-
KPBITUM B PAJAUORICKTPOHHONW MNPOMBINIJICHHOCTA MPH MPOU3BOJICTBE
MEYaTHBIX ILIAT.

[IokpeITHE HUKenem VCTIONB3YIOT JJI 3al0UThl OT KOPPO3UU U JUIA
JIEKOPAaTUBHON OTACJKU JeTalied aBTOMOOWJIEH, BEJIOCHUIEIOB, Pa3iny-
HBIX MPUOOPOB, XUPYPIrUUECKUX UHCTPYMEHTOB, MPEIAMETOB JOMAIIHETO
obuxonaa u T.1. Hukenp, 1€rko macCUBUPYSICh Ha BO3JyXe, MOKPHIBACTCS
TOHKOM IIJICHKOHM, MOYTH HE H3MEHSOIIEeH OJiecKa M MNpeaoXpaHsIoIeH
€ro OT BO3JECHUCTBHS OKpYyXkarwlleil cpeanl. [l03TOMy HUKENb OTIMYAETCS
BBICOKOW KOPPO3MOHHOM CTOMKOCTBIO Ha BO3/IyX€, B pACTBOPAxX LIEIOYEH
U HEKOTOPBIX KHUCJIOT Oylarojaps CUJIbLHO BBIPAKEHHOW CIOCOOHOCTH K
MMACCUBUPOBAaHUIO. HUKeIMpOBaHHBIE JETaNW JIy4dlll€ MPOTUBOCTOST HC-
TUPAHUIO, YEM MOKPBITHIE MEJIbIO, TAK KAK JICKTPOJUTUUYCCKU HUKEID B
2—-3 pa3a TBepKe MeJId U JATYHH.

HukeneBoe MOKpHITHE MPOSIBISIET KATOJHBIM XapakKTep 3allUThl OT-
HOCHUTEJBHO KEJI€3a U €ro CIUIABOB, TaK KaK €ro MOTEHIHAN MOJIOKHUTEIb-
HEE, YEM Yy JKeJe3a, T.€. OKA3bIBAET TOJIBKO MEXAaHWYECKYIO 3ammuTy. B
TOHKUX cyogXx (1...3 MKM) HUKeJIeBbIE MOKPHITUS MOPUCTHL. HeBuauMmbie
rJ1a3y MOPbI CTAHOBATCS OYaraMu KOPPO3UMOHHBIX MOPAXKEHHUH, €CIU KOp-
PO3MOHHBIA areHT MPOHUKAET K OCHOBHOMY MmeTaiuty. [lopuctocts noutu
MIOJTHOCTBIO YCTPaHSACTCS JIMIIB TP TomuHe 22—30 MKM.

Haubonee >PphHeKTUBHBIMU SIBISIIOTCS. MHOTOCJHOMHBIE (2—3 cIos)
HUKEJIEBbIE TTOKPBITUS, 3alIUTHASL CIIOCOOHOCTh KOTOPBIX HAMHOTO BBIIIIE
OJTHOCJIOMHBIX OJylarojiapsi 3JEKTPOXUMHUYECKON 3aIuTe BHYTPU HUKEJe-
BBIX CJIOE€B M MEXAHMYECKOM 3amuTe, 00YCIOBICHHOW Pa3IMuyHON CTPYK-
TYpOU CJI0€B HHUKENA. PacripocTpaHeHbl ABYX- U TPEXCIOUHBIE OKPBITHUS
MAaTOBBIM U OJIECTSIIMM HUKEJIEM, B KOTOPBHIX COUETAIOTCSI IEPBBIN CIIOM,

HC COI[ep)KaHII/Iﬁ CCPhbI, U NMOCICAYOIIUC CJIOU C BKIIFOYCHUCM Pa3JIMIHOI'O
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KOJINYECTBA CEPbI, KOTOPHIE MOJYyYaIOT U3 AJIEKTPOIUTOB C CEPOCOJIEP-
KAIUMU BBIPABHUBAIOIIMMU OPTaHMYECKUMHU J00aBKamMu. Tak Kak IO-
TEHIIMaJ HUKEJs, COAEPKaIIEro cepy, UMeeT 0oJiee OTpUllaTeIbHOE 3Ha-
YeHHe, YeM IOTECHIIMAI HUKEIs 0€3 BKIIFOUECHHUS CePhbl, BTOPOM CIIOM dJICK-
TPOXUMHUYECKH (QHOJHO) 3aIUIINAET OT KOPPO3HH MEPBBINA CIIOW HUKEIS,
U TakuM oOpa3oM oOecredyuBaeTcs 0o0jiee BBICOKAs 3alllMTHAs CHOCO0-
HOCTb MOKPBITHS B LIEJIOM.

JInsi yMeHBIIEHUsSI TIOPUCTOCTH HHUKEJIEBOTO TMOKPBHITHUS Ha CTaJH
OCKJAIOT CHAYasla CJIOM MEIH, a 3aTeM HHKENs, a TaKKe MPUMEHSIOT
TPEXCIOMHOE MOKPHITHE HUKEIh — MEJIb — HUKEJb. Y MEHBIIICHUE ITOPUCTO-
CTH B TaKMX CIydasX OOBSCHICTCS TEM, YTO MOPHI OJTHOTO CJIOS HE COBIIa-

JaroT ¢ mopamu Apyroro cios (puc. 3.8).

—

Puc. 3.8. IlopucTocTh B MHOTOCJIOHHOM MOKPHITHH:
1 — ocHOBa — cTaJIb; 2 — MATOBOE HUKEJIEBOE OKPHITHE;

3 — Me/IHOe MOKPbITHE; 4 — OJ1ecTsIEee HUKeJIeBOe MOKPbITHE

MenHble M HUKEIEBbIE MOKPBITUS MOXKHO MOJy4aTh OJECTSIIUMU
BCJICJICTBHE TOTO, YTO B MPOIIECCE OCAXKICHUS CTIIAKUBAECTCA MUKPOPEIb-
e ocHoBHOro Metamia. [Ipu 3TomM cokpamiaercs 00beM TPYIOEMKHUX OTIe-
panuii MEXaHMYECKON MOATOTOBKH MOBEPXHOCTU (HUTM(GOBAHHE W TOJH-
POBaHME) J0 M TOCJIE HAHECEHUS CJIOSI HUKENS, YIY4YIIArTCA YCIOBHS

Tpyda, a TAKKC SKOHOMHUYCCKHUC ITOKA3aTCJIN IMponecca.
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HukenmupoBaHHbIE A€Tany JIy4llle NPOTUBOCTOST HMCTUPAHUIO, YEM
MOKPBITBIE MENBI0, TAK KaK JJIEKTPOJUTUYECKHM HHKENb B 2—-3 pasa
TBEpKE MEAU W JIaTyHU. HUKeIupoBaHHUE MIMPOKO MPUMEHSIETCS B Tab-
BAHOTEXHUKE HE TOJBKO JJISl 3aIUTHO-AECKOPATUBHOU OTAECIKUA U3ICIIUH,
HO U IS 3alUThl XUMHAYECKOW anmnaparypsl OT JEUCTBUS LIEJTIOYHBIX pac-
TBOPOB, a B NOJUTpaUUECKOM MPOU3BOJCTBE — JJIi MOBBIIICHUS I10-
BEPXHOCTHOM TBEPAOCTH U CONPOTUBIIEHUSI M3HOCA TAPTOBBIX CTEPEOTH-
OB U KyniIe. HukeanpoBaHUe MCTIOMb3YIOT TAKKE B TaJIbBAHOILIACTUKE.

Xpom SIBISAETCS AKTUBHBIM METAJJIOM M, XOTS OTHOCHUTCS K DJICK-
TPOOTPULIATEIILHBIM METAJIJIaM, HA BO3AYyXE U B OKHUCIIUTEJIBHBIX CpeAax
OH MOXET CUJIbHO MMAaCCUBUPOBATHCA. ET0 MOTEHIMaN IPU 3TOM CTaHO-
Butcs +1,19 B, 61arogaps uemy XpoM mpuoOpeTaeT CBOMCTBA 0J1aropo Ji-
HBIX METAJUIOB: KOPPO3MOHHYK) CTOMKOCTb, YCTOWYMBOCTH B Op-
FaHUYECKUX KHCJIOTAaX, PACTBOPAX LIEIIOYEHN, a30THOU KHUCJIOTE U B CPELE
ceprl U ee coenuHeHun. [laccuBHasg mieHKa OKCUIa NPEeHOXPAHSIET XPO-
MOBO€ MOKPBITHE OT MOTYCKHEHHUS — Ha BO3JyXE XPOM COXpaHseT OJecK.
XpPOMOBBIE MOKPBITHUS PACTBOPSIOTCS B TOPAYEH CEPHOU U XIIOPOBOIO-
pOIHOM KucoTax (MpU KOMHATHOW TeMIiepaType).

Ho npu XuMHU4YE€CKON CTOMKOCTH XPOMOBBIE IMOKPBITUS OTIUYAKTCS
IIOPUCTOCTHIO U HE 3ALIUIIAIOT HAJECKHO XKEJIE30 OT KOPPO3UH, TAK KAK B
raJibBAHUYECKOM Iape )Kene30 — XPOM MOCIECIHUN ABIISIETCA KaTOIOM.

XPpOMOBBIE TIOKPHITHSI OBIBAIOT 3aIIUTHO-ICKOPATUBHBIC W CIHEIIH-
aJbHBIC. 3aIIUTHO-ICKOPATUBHBIC OJIECTAIINE XPOMOBBIC MOKPHITUS TOJI-
IIUHOM 710 1 MKM HAHOCST Ha MOJACIONM MEAU WM HUKeIs. [ 3Tux 1e-
JIe HENOCPEACTBEHHO HAa CTalb XPOM HE OCAXIAlT BBUIY TOTO, YTO B
OTOJICHHBIX MECTaX, MOpax M TPeIIMHaX CTallb OyJeT pa3pyliaThCsi, TaK
KaKk OHa SBJISETCA AaHOAOM II0 OTHOIICHUIO K XpPOMY. 3alllUTHO-
JEKOPATUBHOE XPOMHUPOBAHUE MIUPOKO MPUMEHSETCA ISl MOKPBITUS 4Ya-
CTe aBTOMOOMJIEH, MOTOIIMKJIOB, BEJIOCHUIIC/IOB, BArOHOB, MIPU H3TOTOB-

JICHUHU Pa3JIMYHBIX IPHUOOPOB U T.]I.
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Bricokas TBep10CTh, HU3KHM KO3 PUIIUEHT TPEHHUS, )KapOCTONKOCTh
U BBICOKAsi KOPPO3UOHHASI CTOMKOCTh 00ECIIEUUBAIOT ACTANISIM, MIOKPBITHIM
XpPOMOM, BBICOKYIO H3HOCOYCTOMYMBOCTh. CrenuanbHbIE XPOMOBBIE ITO-
kpbiTUs ToNMHOM 0,005—1 MM nipeHa3HAYEHBI ISl YJIYUIICHUS MEXaHU-

YECKHUX CBOMCTB IOBCPXHOCTH CTAJIH.

3.4.1. Inexmpoaumal 0,11 MEOHEeHUA

DNEKTPOIUTHI METHEHHS JIETATCA HA ABA OCHOBHBIX TUIA: KUCJIBIE U
niesnioyHble. K KUCIBIM 3JIEKTPOJIUTaM OTHOCSITCS CEpHOKHUCIBIE, (HTOPOO-
paTHble, KpeMHepTOpUIHbIE U Cylib(aMUHOBBIE. K IIEIOYHBIM 3EKTpO-
JUTaM OTHOCSITCA I[MAHUJHBbIE, TUPOPOCHATHBIE U KEIE3UCTOCUHEPOIH-
CTBI€ JIEKTPOJIUTHI.

HanOonee mupokoe HMCHOJIB30BAHUE W3 KHUCIBIX 3JIEKTPOJIUTOB B
IIPOMBILIJIEHHOCTH UMEIOT CEPHOKHUCIIBIE AIEKTPOJIUTHI, KOTOPHIE JICIIEBBI,
IPOCTHI 110 COCTaBY, YCTOMYMBBI IPU padbOTE U AOMYCKAIOT BHICOKUE TIIOT-
HOCTH Toka. HetocTaTkaMu KUCHBIX 3JEKTPOJIMTOB SIBJIAIOTCS UX HE3HAUU-
TeJIbHAs paccerBarollas CIOCOOHOCTb, HEBO3MOXKHOCTh HEMOCPEACTBEH-
HOTO MOKPBITHS B HUX JK€Jie3a, IMHKA U UX CIUIABOB BCJIEICTBHE KOHTAKT-
HOTO BBIJIETICHUS ME]IN.

® B kucavix snextponurax Melb HAXOIUTCA B BUAE THMAPATUPOBAH-
HBIX MOHOB, pa3psi/i UX Ha KaToJie MpoTeKaeT 0e3 0COObIX 3aTPyIHEHUM, U
MO3TOMY KaTOJHAs MOJsIpHU3alis He3HauuTedbHa (puc. 3.9, kpuBas 1).
Menp npucyTCTBYET B pacTBOpe B (pOpME MOHOB ABYXBAJIEHTHON MEIU.
[Iporecc pa3psaa ux Ha KaTOAE BBITJIAINT CIAEAYIOIUM 00pa3oMm:

Cu®" + 2e — Cu.

bnaromaps ToMy, 4TO CTaHAAPTHBIN BJIEKTPOJHBIA NOTEHIAAT Me-
Y TOJIOKHUTEIbHEE, BOJOPOJ HAa KATOAE HE BBIACISETCA U BBIXOJ IO
TOKY npakTudecku 01130k k 100 %, ocoOeHHO Nmpu MPOBEACHUU HJICK-
TPOJK3a B YCJOBHSAX IOBBIIIEHHON TeMIEpaTypbl U IMEpEeMEIIMBaHUS

AJICKTPOJIUTA.
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Puc. 3.9. [lonsipuzanmoHHbIe KPUBBIE YJIEKTPOOCAKIEHUS
MeId U3 PA3JIHYHBIX YJIEKTPOJHTOB:
1 -1,5 moas 3xB/1 CuSOy, 1,5 Mmoab 3xB/a H,SOy;
2 — 0,72 moJib 3xB/i1 CuSOy, 3,85 Moub 3kB/1 K4P,07(46m);
3 -0,94 moab/1 CUuCN, 0,20 moab/1 NaCN gsm);
4 — 0,94 moan/a CuCN, 0,45 moab/a NaCN s

B kuciaom snekTponauTe Meap (aHOM) pacTBOpSiETCS ¢ 00pa3oBaHUEM
B pacTBOpE JIBYXBaJICHTHBIX MOHOB, KOTOPhIC BOCCTAHABIIMBAIOTCS Ha Ka-
ToAe. DTO BUAHO M3 3HAUCHUN CTAHAAPTHBIX AJICKTPOJHBIX MOTEHIIMAJIOB
memr: Cu/Cu” = -0,51 B; Cu/Cu®* = +0,337 B; Cu’/Cu®* = +0,15 B. Opina-
KO B PacTBOPE B MPUCYTCTBUHM METAJUTMYECKONW MEIH MPOTEKAET PeaKilus
TUCTIPOTIOPITMOHUPOBAHHUS
Cu+Cu* < 2Cu",
B pe3yJIbTaTe KOTOPOW B PAcTBOPE IMOSBISACTCS HEOONBINOE KOJUYCCTBO
MOHOB OJIHOBAJIEHTHOW Meau (OKOJIO 10° MOJIb/1T). C TOBBIIIIEHUEM TEM-
repaTypsl U MOHIKEHHEM KHMCIOTHOCTH 3JIEKTPONHTA KoHIeHTpanus Cu’
YBEIUYUBACTCSI, W BBHINAJAET ryouaras MeTauindeckas Meab (peakiius
CIABUTAETCS BJICBO), KOTOpas yXy/IIaeT KauyeCTBO OCaJika MEJIH Ha KaToJe.
[Ipu BBICOKOH KHCIOTHOCTH HE IPOMCXOMHUT HakKoIleHus HoHoB CU’, Tak
KaK OJTHOBAJICHTHAsI MEJIb OKUCIIICTCS KUCIIOPOJIOM BO3AyXa:
Cu,SO, +H,SO, + H,0 — 2CuSO, +H,0.
Hapsimy ¢ 3TUM ¢ MOBBIIIEHUEM COACPKaHUS KUCIOTHl YBEIIMUUBACT-

Csl BJIEKTPOIPOBOJAHOCTh PACTBOpA U, CJIEJAOBATEIbHO, CHUXKACTCSA Hampsi-
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EHUE Ha BaHHE. [IpW HemocTaTKe KHUCIOThI BO3MOYKEH THAPOJIHA3 COJIU
OJTHOBAJICHTHOU Menu ¢ oOpazoBanueM okcuna Cu,O, KOTOPBIA 3arpsa3Hs-
€T 3JIEKTPOXUMHUYECKUN OCATOK:

Cu,SO, +H,0 «> Cu,0{ +H,SO,.

Ocanku MeIu UMEKT KPYIMHOKPUCTAIUIMYECKYHO CTPYKTYPY, HO OHH
IUIOTHBIE U KOMIIAKTHBIE.

Pacnpenenenue Toka 1 MeTajuia o MOBEPXHOCTH KATOAA CIIOXKHOTO
npoduisi HEpaBHOMEPHOE, YTO SIBISETCS OOJBIIMM HEAOCTATKOM KHCIBIX
AJIEKTPOJIUTOB.

Kpome TOro, B KMCIBIX 3JEKTPOJIMTAX MPOUCXOAUT KOHTAKTHOE BbI-
JEJICHUE MEIW Ha METAJIaX C OTPUIATEIIbHBIMH 3HAYEHUSIMHU SJIEKTPO/I-
HBIX MOTEHIIUAJIOB (CTallb, CIUIABHI IIUHKA U Jp.). B MOMEHT morpyxeHus,
HapuMeEp, CTAIBHBIX AETAIIEW B AJEKTPOJIUT KEJIE30 BBITECHSAECT MEIb W3
pacTBOpa Mo peaKuuu

Fe + CuSO, — FeSO, + Cu.

Briaenstoniasacs Ha HOBEPXHOCTH CTaIM KOHTAKTHAs ME/Ib HEIIPOYHO
CBsI3aHa C OCHOBOM, MO3TOMY IPHU MOCJIEAYIOIIEM IEKTPOJIN3E 00pazyeTcs
MEIHOE MOKPBITHE, JIETKO OTCIAaWBarOIIeecss OT OCHOBBL. [loaTomMy mepen
MEIHEHHUEM U3 KUCJIOTO 3JICKTPOJIUTA Ha JIETAIN U3 CTAIU WIN [IUHKOBOTO
CIUJIaBa HEOOXOJMMO HAHOCHUTH TOHKHUM CIOW MEIH W3 IUAHUIHOTO JJICK-
TPOJIUTA WIIK CIION HUKEIIA.

Cepnokucnvie 31eKkmpoaumsl I MEJHEHUS MPOCThI, YCTOUYUBBI U
He TpeOYyIOT 4acTol CMEHBI cocTaBa. [IpuMepHBIN COCTaB CEPHOKHUCIOTO

AJIEKTPOJIUTA JIJI1 METHEHHUS], I/JI:
CUSO4SH2O Lo 150-250
HoSOu e 50-70

DJIEKTPOIN3 MPOBOJAT MpHU TeMmeparype aiekrponuta 2545 °C u
IUIOTHOCTH TOKa 1-6 A/mM°. [Ipr MIOTHOCTH TOKa BbIIIE 2 A/nm® snek-
TPOJIUT HEOOXOIUMO MIEPEMEIINBATD.

bonee BbICOKOE cojaepKaHHE MEAW B JJIEKTPOJIUTE HE PEKOMEH-

AyeTcs, TaKk Kak Mmpu 0oJiee BHICOKOM KOHILEHTpPAlUM MEIHOr0 Kymopoca
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OH MOXET BBINAAAaTh B BUJIE KPUCTAIJIOB B OCAJ0K, BBIJICISASICH B TIEPBYIO
ouepenlb Ha aHOJax, KOTOPhIE MEepecTatoT pacTBopsThes. CepHas Kuciaora
n00aBsAeTCS JJIs1 MOBBIIICHUS AJIEKTPONPOBOJIHOCTH AJIEKTPOJIUTA U CIIO-
coOCTByeT 00pa3oBaHUIO 00JIee METKOKPUCTATITMIECKUX OCATKOB.

B kadecTBe 0sieck000pa3yromux J00aBOK UCIIOIB3YIOTCS Pa3IMUuHbIC
opranuyeckue coeaunenus (HadranuHaucyabokuciora, kKapoaMu, THO-
KapOamu, cynbhupoia-8, NoJuakpuiaaMul, TPOU3BOAHBIE AMUHOB U T.1I.).
ITpontecc ocymectBiastor npu 20-50 °C. KartomHasi TUIOTHOCTh TOKa
2-5 A/nm?, BBIXOZ 110 TOKY 95-98 %. II10THOCTh TOKA MOKHO YBEIUYHUTH
mo 10-20 A/):[M2 IpU MEpPEMEIIMBAHUU IIEKTPOJUTA (BO3AYIIIHOM WU Me-
XaHUYECKOM ).

Haunbonee a3ppekTuBHBIMU 0JIECKOOOPA3YIOITUMU T0OABKaMH SIBJISI-
totcs npenapatel bC-1 u bC-2, a taxxke Jlumena JI-2A, KkoTopble BBOIAT
crenranbHbIe A1eKTpoauT BMecte ¢ NaCl B kommgectse 0,03—0,15 r/m.

N3 nmpumeceit 0oJibllie BCEro B AJIEKTPOJUTE KeJie3a, HaKaIlJIhBalo-
HIErocs 3a CUET CTAJIbHBIX JeTalleld, yNaBIIuX Ha JHO BaHHKI. JlomycTumas
KOHIICHTpAIUs JKejie3a B AJIEKTPoIuTe coctapisieT He 6omnee 20 r/n. Ilpu-
CYTCTBHE B DJIEKTPOJIUTE HUKEJS U IIMHKA HAa XOJ MpOIecca MEIHECHUS U
KaueCTBO MOKPHITHS BPEIHOTO BJIMSHUS HE OKA3bIBACT.

AHOJIBI 1711 METHEHUSI W3TOTaBJIMBAIOT U3 YUCTOW pad)MHUPOBAHHOM
menn (99,9 %), kotopas conepxxut He 6onee 0,1 % npumeceit. [Tpompbliii-
JIEHHOCTh BBINTYCKAET XOJOJHOKATaHbIE M TOpsAYCKaTaHbIe aHOMBI U3 MU
mapok Ml 1 AM® B popme mIacTUH TOJNIMIUHON, COOTBETCTBEHHO, 2—10 1
5—15 mm, mmupunoit 1o 500 u amuHOM 10 2000 MM.

Henonaaku npyu METHEHUU B CEPHOKHUCIIOM JIEKTPOIUTE NMPUBEICHBI
B Tabu. 3.10.

[Ipu ucnonp3oBaHUU 0JIECKOOOPA3YIOMKNX J00ABOK PEKOMEHIYIOT
npuMeHsITh pochopcoaepxkaiyo meab (0,02+0,07 % P) mapku AM®,
KOTOpasg B BUJIE KYCKOB pa3sMepoMm 25x25x10 MM 3arpyxaercs B THUTA-
HOBBIE TIEpPOPUPOBAHHBIE KOP3UHBI C YEXJIAMH U3 MOJUNPONUICHOBOU

TKaHH.
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Taoauna 3.10

Henoaankn P MEAHCHUH B CCPHOKHUCIOM IJICKTPOJIUTE

Henomaaxku

[TprunHbI

Cnoco0bl ycTpaHeHHs

B3nyrtue u orcnanBaHue

I1oxas moaroToBka

YJ'Iy‘—IH_II/ITB IMOATOTOBKY

ME/IHOTO CJIO0s MOBEPXHOCTHU
['py0ast, mepoxoBatasi | 3arpsi3HEHHUE AJIEKTPOJIUTA OtuuudoBaTth
MIOBEPXHOCTh METHOTO | MEXaHWYECKUMH MPUMECIMU AIIEKTPOJIUT

IIOKPBITHUA

TeMHO-KpacHbIE
YYaCTKHU MOBEPXHOCTHU
Ha BBICTYIAX
Y KpOMKax JieTajen

Bricokas mi10THOCTh TOKa

CHM3UTH IJIOTHOCTH TOKA
HNJIn BBCCTHU
MMCPCMCIINBAHHC

[TostBenue OIeCTAIMX
M0JIOC Ha MIOBEPXHOCTH
MEIHOTO MOKPBITHUS

3arps3HeHHe JIEKTPOIUTA
OpPraHUYECKUMHU
COCMHECHUSIMU,
MOJIMPOBOYHOM MACTOMN

O4YHUCTUTP ITEKTPOTIUT
AKTUBUPOBAHHBIM yTJIEM
WA KAIATUTD
¢ no6askoi 1 r/n
MepMaHraHaTa Kajus

UYepHble 1 KOPUYHEBBIE
II0JIOCHI HA ITIOBEPXHO-
CTH MEJTHOTO IOKPBITHS

3arpsA3HEHHE DJIEKTPOJIUTA
IIPUMECIMU
TSKEJIBIX METAJIOB

(MBILIBSK, CypbMa U JIp.)

[Ipopabortath
AIIEKTPOIUT
10JT TOKOM

Kpucrannmzanus
MEIHOTO Kymnopoca

Ha JHC BaHHbI

UpesmepHo BbICOKAS
KOHIIEHTpAIUsl MEIHOTO
BYIIOPOCA B DJIEKTPOJIUTE

OT1auTh 4acTh
AIEKTPOJIUTA
¥ pa30aBUTh OCTABIIHIICS

BJICKTPOJIAT BOJOU

JI1s yCKOPEHHOTO METHEHHUSI PEeKOMEHAyeTcs (pTopOOpaTHBIN 3JeK-

TPOJIUT CJICAYIOIIUX COCTaBa, I'/JI, U peruma paboTHI:

dTopbopat meau
bopnas kuciora

BopdTopucroBonopoaHas kuciora

PH
Temnepatypa, °C

2
ITnoTHOCTH TOKA, A/IM

Brixon o Toky, %

...............................................................

..............

..........

...........................................

220-230
15-16
2-3
1,2-1,7
60-70
25-50
98-100



OCHOBHBIM HEJOCTAaTKOM 3TOr0 JJEKTPOJIMTA SBJISIETCS HEBO3-
MOKHOCTh HEIMOCPEJACTBEHHOIO0 MEJHEHUSI CTalbHBIX JAeTtaneil. dtop-
OopaTHBIC JEKTPOJIUTH UMEIOT BBICOKYIO YCTOMYMBOCTb pacTBOpa, 00ib-
[Ty PACTBOPUMOCTH COJIM U JJAIOT BO3MOXKHOCTH MPOBOAUTH MPOIIECC TIPU
BBICOKMX IIJIOTHOCTAX Toka (mo 30-35 A/I[MZ). [[Iupokoro nmpuMeHEHHs
¢TopOOopaTHBIEC SIEKTPOIUTHI HE TOTYUHUIIN U3-32 UX BBICOKOW CTOMMOCTH.

[Ipu nmpurotoBieHuu ¢GTOpOOPATHOTO SIEKTPOJIUTA CHAYala MpH-
TOTABJIMBAIOT CBEKEOCAKIACHHBIN THAPAT OKUCH MEIU MPUIMBAHUEM pPa3-
OaBJICHHOTO pacTBOpa KayCTHYECKOW COJABl K PACUETHOMY KOJIMYECTBY
pPacTBOPEHHOTO MEIHOTO KYIOpoca, He JOMyCcKas MeperpeBaHus ocajka u
Mepexo/ia ero B YepHYI0 OKUCh Meau. [1omydeHHbBIN 0caoK TeKaHTUPYIOT,
MIPOMBIBAIOT TSI YAAJICHHUS M30BITKA IEJIOYN U PACTBOPSIOT B paHEe MPHU-
TOTOBJICHHOW OOP(TOPUCTOBOIOPOIHON KHUCIOTE. ITa peakius UIET IO
CJIEYIONIEMY YPaBHEHHUIO:

CU(OH)2 + 2HBF4 — CU(BF4)2 + 2H,0.

[Tomyuennbiii pacTBOp (GTopbOOpara MEAW IMOIKHCISIIOT PacTBOPOM
00p(hTOPUCTOBOTOPOTHON KHUCIOTHI 10 TpeOyemoro 3HadeHus pH u mo-
0aBIAIOT OOPHYIO KHUCIOTY JUIsl TIpeloTBpamieHus ruapoiusa. [lomyuen-
HBIH 2JIEKTPOJIUT JOJUBAIOT 10 PacUETy BOJOM M HE MPOPa0aTHIBAIOT.

AHnanorudabl GTOpPOOpPATHBIM BJEKTPOIUTAM IO CBOMM CBOHCTBaM
KpeMHE(PTOPHUIHBIC IJICKTPOJUTHI CO CICIYIOIIUMH COCTaBOM, T/J, U pe-

JKUMOM 3JICKTPOJIN3a.

KpeMHEDTOPUI MEITH  .....oviii i 250-300
KpeMHeQTOPUCTOBOIOPOIHAS KUCTOTA  ..wuvvnneeeneennnnnn. 10-15
TeMmepaTypa, ®C ..o 15-60
KaToaHAS TUIOTHOCTD TOKA, A/TIM® .+ .vveeeeeee e, 8-10

KaTOJIHaH IINIOTHOCTh TOKa MOXKCT 6BITB YBC/IMYCHA 3a CYCT IIC-
pPEMEIIMBAHKS U YBEIIMUCHUS TeMIIEPaTypPHhl.

bopgmoposooopoonvie snexmponumer 178 METHEHHS COCTOST W3
MeJIHON coyii 00p(TOPOBOAOPOIHON KHCIOTHI, OOPHTOPOBOJIOPOIHON U
OopHoli kucnot. PactBopumocts OoppTOopHIa MEAN 3HAUUTENIHHO BBIIIIE,
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4yeM cyibdara, m03TOMY JIOMYCTUMBIE INIOTHOCTH TOKA B 3TUX DJIEKTPOJIU-
Tax 0oJjiee BHICOKHME, OCOOCHHO Mpu nepeMenmnBaHuu. CTPYKTypa 0CaJKOB
MeJIY, MOJy4aeMbIX U3 00pHTOPOBOIOPOIHBIX AIEKTPOJIUTOB, JIYUIIIEe, YEM
MEIHBIX OCAJIKOB, BBIACISEMBIX U3 APYTUX KUCIBIX 3JIEKTPOJIUTOB, HO pac-
CEMBAIOIIas CIIOCOOHOCTD AJIEKTPOJIUTA HEBBICOKASI.

[IpumepHbIii cocTaB 00PYTOPOBOIOPOAHOTO DIICKTPOIUTA JJISI MEJ-

HEHHUS, I/
CUBFL)2 oo 225450
HBF o 15-30
HaBOs oo 20-30

bopHas kuciora HeoOxoauma Jisi CBSI3bIBaHUS MOHOB (Topa, oOpa-

3YIOIIUXCS B pe3yibTare yacTuaHoro ruaposnza HBF,:
H3;BO; + 3HF , BF; + 3H,0.

JIsi MPUTOTOBJICHUSI DJIEKTPOJIUTA KapOOHAT MEIU PACTBOPSIOT B
00phTOPOBOAOPOTHON KUCIIOTE, TIOCIIEC YEro JT00aBISIOT OOPHYIO KHCIIOTY.
KucnotHocts 3ekTponuTa J0JpKHa ObITh B nipeAenax pH = 0,8+1,7; Temrie-
parypa 25-50 °C, miotHocTs ToKa 10 20—-30 x 10° A/M°.

® B Komnaekcnoix >IeKTpoONUTaX 11 MEIHEHUS] MEAh HAXOJAUTCS B
pacTBOpe B BUJE KOMILUIEKCHBIX aHMOHOB (IIMaHUAHBIE, TUPOdOCchaTHbIC)
WM KOMIUIEKCHBIX KaTHOHOB (CyJIb(paTHO-aMMOHHMEBBIC, ITUIICHIMAMUHO-
BbIe). PaBHOBECHBIE M KaTOHBIE TOTEHITMABI B KOMIUIEKCHBIX JIEKTPOJIH-
Tax CABHHYTHI B 00JIaCTh OTPUIIATCIIHHBIX 3HAYCHUU, MPUUEM KaTOIHAs
noJisipu3aius HauOoJblIas B IUMAHUAHBIX JJIEKTPOIUTAX, OCOOECHHO MpPH
n30bITKE ITMaHuaa (cM. puc. 3.9, kpusbie 3, 4).

Ocanku, BwIIENsIEMble M3 MUAHUAHBIX 3JEKTPOJIUTOB, OYEHb MEJKO-
3€pHHUCTHIC, M pacCeUBaroOIas ClIoCOOHOCTh AEKTPOJIUTa BhicoKas. [ToaTomy
[IUAHHUIHBIE AJICKTPOJIUTHI HE3aMEHUMBI MPHU MOKPBITUN JIETANCH CIIOKHEH-
mero penbeda. PopMUPOBAHUIO MEIIKO3EPHUCTON CTPYKTYPbI CIIOCOOCTBYET
TaK)K€ YMEHBIIICHUE BBIXOJIa MEJIA MO TOKY C MOBBIIICHUEM TJIOTHOCTH TOKA
(puc. 3.10). B nMaHuaHBIX 3JEKTPOJIUTAX OCHOBHBIMH KOMIIOHCHTAMH SIB-

asirotest nmanua Meau CUCN u nuanua Hatpust NaCN nin kanmmst KCN.
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IIpu pacTBOpEeHUN ATHX 100
KOMIIOHEHTOB o0pa3yrorcs

KOMIIJICKCHBIC COCAMHCHUA

-~
th

OIHOBAJICHTHOW MEIH, IpHU
JJIEKTPOJIN3E KOTOPBIX HA Ka-

TOAC OCAXIAACTCA MCTAJIIHNYC-

BuiXod no moXy, %

o
Lo

ckasg menp. KoMiuiekcHeie co-
eIUHEHUsT 00pa3yloTcs 1O
CIIEAYIOLIEN CXEME:
CuCN +CN- < Eu(CN), ]
FucN), J+CN- < Fu(CN), 7.

KoMiiekcHble aHUOHBI

25

9. Puc. 3.10. Biusinue cocraBa
[CUu(CN)3]” mHCcCOLUUPYIOT,
MeIHOT0 IMAHUIHOTO JIEKTPOJINTA,

U B 3aBUCHUMOCTH OT TCMIIC-
TEMIIEPATYPLI M IVIOTHOCTH TOKA

paTtypbl, COOTHOIICHHA KOH- HA BBIXO0/] METAJLIIA 110 TOKY

nenrpanuun Cu m CN' u 3Ha- CoCTaB YIeKTPOINTA:
yenusa pH B pacrtBOpe ycra- 1, 2,3 - 26,2 r/a CuCN, 34,5 r/n NaCN,

HAaBJIMBAETCH paBHOBeCHE 60 r/n cerneroBoii cou, 30 r/a Na,COg;
4,5,6—-41,2 r/a CuCN, 51 r/n NaCN,

MEXYy pa3IMdHbIMU (PopMma-
60 r/n cerneroBoii coau, 30 r/am Na,CO;

MM aHHOHOB:
FucN), ] < PBu(CN), ]+CN~ < CuCN +2CN".
KoHCcTaHTBI HECTOMKOCTH KOMIUIEKCHBIX IIMAHUJI0OB OYE€Hb MaJlbl, 110-
ATOMY KOHILIEHTpALMs MPOCTHIX HOHOB MEJW HE3HAUYUTEIbHA.
HeoOxoaumo, 4ToObI, KpoMe IIMaHK/1a, KOTOPBIM CBSI3aH C MEIBIO B
koMmiuiekcHOM coeauHeHHH Nay[CU(CN)3], 27IeKTpoInuT coaepikaa Ipo-
cror rmuanug NaCN miist mpenynpexxaeHus: TUAPOIn3a KOMILUIEKCOB MEIU
U 00ecCIeueHUs] HOpMaJIbHOTO pacTBOpeHus aHoA0B. [Ipu HemocTaTke Mpo-
CTOTr0 IIMaHHUJA aHOIbl MACCUBHUPYIOTCS, MOKPHIBAsCh IJICHKONW Majopac-
TBOpUMBIX coJieil. [Ipu 3TOM cojepkaHue Meau B PacTBOpe OBICTPO
YMEHBIIIAETCA, CHUYKAETCS BBIXOJ] 110 TOKY M YXYAIIAETCS KauyeCTBO OCaj-

ka. Korga HeoOXoauMo mpoIecc BECTH MHTEHCHUBHO, T. €. TIPH MOBBIIIICH-
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HOM TeMIepaType U BBICOKOM IUIOTHOCTH TOKA, KOHLEHTPAIMIO ITPOCTOTO
nra"auga cHmkarT 10 5—10 /1. B aTom ciydae B pacTBOp A00ABIISIOT Je-
MaccuBaTopbl aHOAOB, Hampumep cerHeTtoBy coib KNaCsH,Og4H,0
(30—60 /1) umu pomanua kaauss KCNS (10-15 r/m). Kpome toro, s mo-
BBIIICHUS SJIEKTPONPOBOJAHOCTH B DJIEKTPOJUT BBOISAT HEOOJBIIIOE KOJIU-
YECTBO IIEIOYH.

B pesynbTaTe B3aMMOAECHCTBUS LMAHUIA C JUOKCUIOM YTIEpOJa B
IAAHUIHBIX 3JIEKTPOJUTAX OOBIYHO HAKAIUIMBAIOTCS KapOOHATHI U BbIJIE-
JISI€TCSl UUAHOBOAOPO/I;

2NaCN + H,0 + CO, —» Na,CO3z;+ 2HCN.

[{naHOBOAOPO/ CHIIBHO SIIOBUT, TOATOMY IHUAHUIHBIE YJICKTPOJIUTHI
OYE€Hb TOKCHYHBI, YTO SIBJISETCS OOJIBIIMM HEIOCTATKOM, OTPaHUYMBAIO-
IIUM UX IPUMEHEHHE.

Ecnu snexktponus Beayt npu Temieparype 10 40-50 °C, maoTHOCTH
TOKa MOXeT OBbITb moBbIeHa 10 300 A/M°, IIPU 3TOM CKOPOCTh OCaXKIE-
HUS MEJIU 3HAYUTENbHO yBennurBaeTcs. OJIHAKO CIeAYyeT YUUThIBATh, YTO
IIPU OTUX YCJIOBUSX YCKOPSIETCA Pa3fioKEHUE MPOCTOro IMaHuaa ¢ oOpa-
30BaHHUEM IIMAHOBOJIOPO/A, MOITOMY JJIEKTPOJIU3 CJIEAYET MPOBOJIUTH B
YCIIOBUSIX CHJIBHO JEUCTBYIOIIEH BEHTUISALMH.

BecbMa MoJI0KUTEIBHOE BIUSIHUE HAa Ka4e€CTBO OCAJKa MEAU OKa3bl-
BAa€T IMPUMEHEHHUE PEBEPCUPOBAHHOIO TOKA: OCAJKU CTAaHOBATCA Ooiiee
[JIAIKUMH, POBHBIMH, TOdyOnecTsnuMmu. [lpu TIoTHOCTAX Toka Oosee
200 A/M* ocanku oGpabaThIBAIOT PEBEPCHPOBAHHBIM TOKOM IIPH OTHOLLIC-
HUU BpeMEHH 00pabOTKH Ha KaTo/ie K BpeMeHu 00padboTku Ha anoze 10:1.

[IpuMepHBIil cOCTaB IMAHUHOTO JICKTPOJIUTA JJIsI METHEHUS, T/

CUCN 50-70
NAOH ..o 10-15
NaCN 5-10
015§ 5 (1 10): T o101 1 ST 30-60
TeMmmepatypa, ®C .o 40-50
TLIOTHOCTD TOKA, A/M? ..o, 100-500
BBIXOMI TTO TOKY, %0 +euvviiiiii i 70-80



HecmoTpsi HAa TOKCUMYHOCTh M HEAOCTATOYHYK) YCTOMYHMBOCTH, LHAA-
HUJIHBIC DJIEKTPOJUTHI JOBOJIBHO IIUPOKO MPUMEHSIOTCS B IMPOMBIIII-
JIGHHOCTH  Ojarojapsi  CIHEAYIOIMIMM  MPEUMYIIECTBaAM:  MEJIKOKPH-
CTAJUIMYECKON CTPYKTYpe OCaJKOB, OECIIOPUCTOCTH, MPEKPACHOMY CIIEII-
JICHUIO CO CTaJbHOM OCHOBOM, XOPOIIIEH paccenBaroIell ClTOCOOHOCTH.

B upaHugHOM 3JEKTPOJIUTE MEIb OCAXJAETCs HAa KaToAe U3 OJ-
HOBAJICHTHBIX MOHOB, cjenoBareiabHO, mpu 100 % BbIXOAE MO TOKY €€
JOJDKHO BBIZICISATHCS BABOE OOJIbIIE, YeM B CYJIb()aTHOM 3JIEKTPOJIUTE TIPU
MPOXOXKJICHUU OJHOTO M TOT0 K€ KOJIMYECTBA dJieKTpuuecTtBa. OHAKo
BBIXOJ IO TOKY B 3TOM 3Jiektponute He 100 %, a Hapsay ¢ Meapro Ha Ka-
TOJE BBIJIESAECTCS U BOJIOPO/.

Takum 00pa3zoM, Ha KaToJe MPOTEKAIOT JIBE PEAKIIUU:

Cu'+e— Cu; 2H' +2e — H,.

['1aBHOM COCTABHOM YaCThIO MEAHBIX IMAHUIHBIX JICKTPOJIUTOB SIB-
JSI€TCSl KOMIUJIEKCHAsi MEIHO-HaTpUEBas I[MAHUCTAsl COJIb, MOJydaemas
pPacTBOPEHUEM LIMAHU]IA MEIU B IUAHUJE HATPUSI IO PEAKIINHU

CUuCN + 2NaCN — Na,[Cu(CN)s].

N3 sTOro ypaBHeHUs CleAyeT, uTo Ha | T MAaHUCTONW MeAu He0OXOau-
Mo BBecTH 0,55 T 1uaHua HaTpus, IpUYEM sl 00€CTICUeHUsS] HOPMAJTBHOTO
AJIEKTPOJIN3a B BAHHE JOJKEH OBITh HEOOBIIONW M30BITOK IMAHWUIA HATPUS
(00JbIIOM M30BITOK MPUBOAUT K MAJICHUIO BBIXOJIA IO TOKY). B anekTponute
NPUCYTCTBYET €le KapOOHAT HATPUSI, KOTOPHIM HAKATUIMBACTCS TIPU B3aHMO-
JICCTBUY 1UAHUJIOB C YTJEKHUCIBIM Ta30M Bo3ayxa. IMEHHO MOATOMY HE
CJIeTyeT 3HaYUTEIHHO MOBBIIIATH TEMIIEPATypPy U MPOU3BOAUTH BO3IYIIIHOE
NepeMEIINBaHUE B ITMAHUIHOM DJIEKTPOJIUTE METHEHUS.

B MenHbie IMaHUIHBIE AIEKTPOJIUTHI PEKOMEHIYETCSl BBOJIUThH AKTH-
BaTOpbl (CETHETOBY COJIb WJIM POJIaHUJ Kaiusi), 00eCIEYUBAIOIINE HOP-
MaJIbHOE PACTBOPEHUE aHOJOB M TMO3BOJISIONIME JTOBOJWTH 10 MUHUMYMa
KOHIICHTPAIINIO CBOOOIHOTO IIMaHuaa. B pe3ynbrare B3auMoAeHCTBUS 1IU-
aHujJa HaTpUs C YIJIEKUCIOTOM BO3AyXa 0Opa3yeTcs siAOBUTasi CUHUJIbHAS
KHUCJIOTA:

2NaCN + H,0 + CO, — Na,CO3 + 2HCN.
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CunmnbHas kuciiota HCN odeHp HeycToWuMBa M paszjiaraercs npu
B3aUMOJICHCTBUM C BOAOU (TUAPOJIN3) ¢ 0OOpa30BaHUEM MYpPaBbUHOM KHC-
JIOTBl I aMMHAKA:

HCN + 2H,0 — HCOOH + NHs.

OnHako B MPUCYTCTBUU 3HAUUTEIBHOTO KOJMYECTBA THAPOKCHUIA

HaTpUsl CHHUJIbHASI KUCJIOTa HE 00pa3yeTcs:
2NaCN + 2H,0 + 2NaOH + O, — 2Na,CO3; + 2NHs.

[To »TOM mpUYMHE clieayeT MOECPKMUBATh B BAaHHE JOCTATOYHO BBI-
COKYIO KOHIIEHTPALINIO THAPOKCUIA HATPUSL U TIEPUOIUUYECKH KOPPEKTUPO-
BaTh cojep)kaHue uaHu1a Hatpusi. Ha BaHHax BO n30ekaHUEe OTPaBICHUS
J0JDKHA OBITH MOIIHAs OOpTOBasi BEHTWISIUA. BMecTo muaHuga HaTpus
MOYKHO MCIIOJIb30BaTh ITUAHU]I KaJIHs.

Haubosee nmpocToil MEIHBIN IUAHUAHBIA 3JIEKTPOJHUT HUMEET CO-

cTas, I/1:
0760507018 (531 1 SN 50-90
07020701 0 SNy o) £ S 10-20
A4 ) (507 (63 1 317 0 2 -1y o) 1 S 20-30

[Ipouecc OCyIECTBISIOT HA XOJIOJI€ MPU KATOJHOW IUIOTHOCTH TOKa
2-3 A/nM°, BBIXOJ IO ToKy 70-85 %. AHOABI AOJKHBI OBITH M3 YHCTOM
BJIEKTPOJIUTHOU MEIH.

Hemnonaaku npu MEIHEHUH B [IUAHUIHBIX JICKTPOIUTAX MPUBEICHBI
B Ta0m. 3.11.

Bo Bcex 1aHMIHBIX JIEKTPOIUTAX BO M30EkKAHUE TTaCCUBUPOBAHUS,
0COOEHHO TIPU HHU3KOM TeMmepaType, BHICOKOW MIOTHOCTH TOKA U MaJiOM
co/iep>KaHUM CBOOOJIHOTO I[MAHHUJIA PEKOMEHIYETCS MOAJACPKUBATH OT-
HOIICHUE TTONIAJIEV aHOJHOW MOBEPXHOCTHU K KaTOJAHOM, paBHOE 2:1.

llupogpocpamnvie snekmpoaumel, a TaKXKE STUICHIUAMHUHOBBIE,
TpunoaudocdaTHbie, MOTUITUICHIOIUAMUHOBBIE U POJAHUAHBIC pa3pa-
OOTaHbI JJIsl 3aMEHbl TOKCHUYHBIX IUAHUAHBIX 3JEKTPOIUTOB. M3 HUX TMO-
Jy4WI HauOoJbIIee MPUMEHEHUE STHWICHAMAMUHOBBIE U TmUpodocdat-

HBIC 3JICKTPOJIUTHI.
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Taoauna 3.11
HenoJsiaaky npy HaHeCeHUM MeIHbIX MOKPBLITHI

B HHAHU/IHBIX 3JICKTPOJIUTAX

Henonanku [TpyunnbI Crioco0b! ycTpaHeHUsI
MennenHnoe ocaxacHue | Bpicokas INIOTHOCTH [IoHHM3UTH KaTOJIHYIO
Meu. AHOZIBI YHCTBIE TOKa Ha KaToJe IUIOTHOCTb TOKa

U OJIeCTAIIHE

HNuTeHcuBHOE Huzkas Jlo6aBuTh Meab
BBIJICJICHUE BOJIOPO/IAa | KOHLEHTpALUA MEIN B DJICKTPOJIUT
TeMHO-KpacHBIN IIBET Bricokasa CHU3UTE INIOTHOCTH TOKA

MEIHOTO MOKPBITHUS IUIOTHOCTH TOKa
DnexTposuT BOIU3U [lonmxenHast koH- | J[00aBUTh HMAHUCTBII HATPHUIA;

aHOJa UMCCT I‘OJIY6YI-O OCHTpaluA HUAHUAO0B | 3aYHUCTHUTL dHOAbI; YMCHBIIIUTD

OKpAaCKY; Ha aHOAAX WJIY BBICOKAsl aHOA- AHOJHYO IUIOTHOCTH TOKA,
CBETJIO-CEPBIN WIIU Hasl IVIOTHOCTh TOKA YBEJIMYUB YHCIIO aHOJIOB
KOPHUYHEBBIA HAJIET WJIA YMEHBIIUB 3arpy3Ky

Y CHIIy TOKa

N3 mupodochaTHBIX IIEKTPOIMTOB MEh OCAKIACTCS TPU BHICOKOM Ka-
TOJIHOM Tossipu3anuu (cM. puc. 3.9, kpuBas 2), 0COOCHHO TIPHU OOJIBLIIIOM CO-
OTHOIICHAHN KOHIEHTpauuu HoHoB P,O;" 1 HOHOB Memu. B oTHX ycmoBmsx
MOJIyYalOTCSl MEJTKOKPUCTAIUIMYECKHE IUIOTHBIE OCAJIKH MEIU, WMEIOIINE
NPOYHOE CIEIVICHUE ¢ OCHOBOM M PaBHOMEPHO pacIpe/iesieHHbIC Ha MOKPHI-
Ba€MOU ITOBEPXHOCTHU.

B coctaB nupodochaTHBIX 3JEKTPOIUTOB BXOAUT KOMIIJIEKCHAS COJIb
nupodocdara meau Nag[Cu(P,07),], mupodochar narpus NaysP,O; u
nByx3amenieHHbid pocdar Harpus Na,HPO,. B menounom pactsope npu
pH=8 Menp HaxoauTcsi B OCHOBHOM B BHJE KOMIUICKCHBIX AHUOHOB

[Cu(P,0-)]%, 06pasyromuxcst py AUCCOLUALMHE KOMIUICKCHOI COIH:

Na, Pu(P,0;) $>6Na” + Fu(P,0,), 7

2-
[TIpu pH < 8 Bo3pacraer comepkanne kominiekca Cu(P,O;)”. Jlns
MOBBIIICHUS! YCTOMYMBOCTH KOMILUIEKCHOM COJIM B PacTBOpPE MOJIEPKUBA-

eTcsa u30bIToK nupodocdara Hatpust B konudectse 100—200 r/m.
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[IpoyHOCTH CHETICHUST METHOTO TMOKPBITHS CO CTajbl0, C IIMHKOBBI-
MH U ATFOMHUHUEBBIMH CIIJIABaMU YITy4IlaeTCsl.

BmecTo nmnaHuHbIX 2JIEKTPOIMTOB METHEHUS HHOT 1A HCTIOJIB3YIOTCS
nrpodocdaTHBIe 3ICKTPOJIUTHI, 00JIaafolIe BBICOKOM pacCeuBaroIIeh
criocoOHOCTRIO. IIpy B3auMOACHCTBUM CEPHOKHUCIION Meau ¢ nupodocda-
TOM HaTpHs 00pa3yeTcs CIIOKHASI KOMIUICKCHAS COJIb:

2CuSO,4 + NasP,0O7 — Cu,P,07 + 2Nay,SOy;
Cu,P,0; + 3Na,P,0O; — ZNaG[CU(P207)z].

Cocras, 1/11, 1 peXUM pabOTHI AJEKTPOJIUTA:

[TupodochopHoKucabIA HATPUH (KPUCTALIIOTUIPAT) ......... 110
DOCHOPHOKUCITBIN HATPUM  o.'vvveeeeiieeiiieeeiieeeineeennnnannn. 95
(O1570): (0):97 (11 317 @ V1 2171 R 35

PH 8-9
KaTOIHAS TUIOTHOCTD TOKA, A/ZIM® .« .vveeeeee e, 0,5-0,6
TeMmmepatypa, ®C ..o 18- 25
BBIXOMI TTO TOKY, %0 +ovviiiiiii e, 98

[Ipu nepememnBanuu U Harpese 3yekTpoiuta 10 50-60 °C MoxHO
MOBBLICUTH INIOTHOCTH TOKa 10 1,5-2,0 A/,

Menubie aHoasl B mupodochaTHOM DIESKTPOTIUTE CKIOHHBI K Tac-
CUBHUPOBAHUIO. DTO MPOSBIACTCS B TeM OOJbIIEH CTENEHU, YeM MEHbIIE
cBoOoaHOTO TIUpodocdaTa, HUKE TeMrepaTypa IJIEKTPOJUTa U OOJIbIIE
aHOJHAS IUIOTHOCTH ToKa. [lupodocdaTHbie 3IEKTPONUTHI HETOKCHYHEI,
HO NMPUMCHEHUE WX OTPaHUYCHO HM3-32 BHICOKOW CTOMMOCTH COJICH M KOH-
TAKTHOTO BBIJICJICHUS MEU Ha TTOBEPXHOCTH CTAIBHBIX JCTaNCH.

Ynanate MeaHbIe TOKPBHITHS C TOBEPXHOCTH CTaJIbHBIX JeTasei
MOXHO XHUMHUYECKUM U DJICKTPOXUMHUUYECKUM crocobamu. CamMbIMH pac-
POCTPAHCHHBIMH SIBJISIOTCS CJICIYIOIIHNE CIIOCOOBI:

1) B pacTBOpE cocTaBa, I/I:

e xpomoBbIi aHruapua — 480, cepHas kucinora — 64 npu Temrie-
parype ot 20 10 70 °C; cKOpOCTh paCTBOPECHUS MEAY TIPU ITOM

coctaBiisieT oT 50 1o 300 MKM/4;
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2) aHOJHOE PACTBOPCHHE MEIHM B ITUAHHUIHOM MM XPOMOBOKHCJIOM
anekTpoautax. [Ipu BTopom criocoOe CHATHUS MEIU CO CTAIM PEKOMEHIY-
FOTCS DJICKTPOJIUTHI CAEAYIOMNX COCTaBOB, T/I:

e NaCN — 90-95; NaOH — 15; temneparypa — 20-25 °C; nanps-

xeHue — 6 B; ckopocth pactBopenus meau — <50 Mkm/4.
3.4.2. Inexmpoaumal 011 HUKEIUPOBAHUA

DIEKTPOXUMHUUECKOE OCAKICHHE HUKENSI MPOU3BOJIUTCS U3 CyJibdar-
HO-XJIOPUHBIX, 00PHTOPOBOJOPOAHBIX U CYIh(haMATHBIX JIEKTPOJIUTOB.

Haubonee pactpocTpaHeH cynbpamHuo-xaopuoHsiii IeKTpoauT. [lpu
AJIEKTPOJIN3€ HA KAaTOJE€ MPOUCXOAUT pa3psil HOHOB HUKEJS U HOHOB BOJIO-
pOJIa MO PEAKIUAM

Ni** + 2e — Ni; 2H" +2e — H..

Takum 00pazom, BBIXOJ] MO TOKY MPH JIEKTPOOCAKICHUN HUKENS HE
100 %, Tak Kak 4acTh TOKa TPATUTCS Ha BBIICIECHUE BOJOPOA.

OCHOBHBIM KOMITOHEHTOM HHUKEJIEBBIX 3JIEKTPOJIUTOB SIBJISIETCA CEPHO-
KHUCJIBIA WK XJIOPUCTBIN HUKEIIb. [Tpo1iecc BbIIETIECHNS HUKEIIS U3 PACTBOPOB
IIPOCTBIX COJIEN COIPOBOXIAETCS BBICOKON KaTOMHOM IOJISApU3ALIAEH, KOTO-

past pe3KO CHIXKAETCS ¢ TIOBBIINICHHEM TeMIiepaTypsl (puc. 3.11).

-

TLToTHOCTE Toka, I 107, AN

0.6 0.8 -1.0
Karogaem moTermEan, B

Puc. 3.11. lloasipu3auoHHble KPUBBIE YJIEKTPOOCAKICHUST HUKEJIsI
13 JIeKTpoJuTa, coaep:xkamero 150 r/m NiSO47H,0 u 30 r/an H;BO; (pH = 4,0)
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Ocaaky HUKENS UMEIOT MEJIKOKPUCTAIUIMYECKYI0 CTPYKTypy Ojaro-
Japsi 3HAYMTEIbHOMY MEPEHANPSKEHUIO B IIPOLIECCE IEKTPOOCAKICHUS.

PacceuBaromiasi CriocOOHOCTh JJIEKTPOJIMTOB JII HUKEIUPOBAHUSA
HEJO0CTaToO4YHa. DTO OOBSICHSIETCS TeM, YTO B HHTEpBaje padouux
IIOTHOCTEH TOKa OT 110 5 A/IM® KaTOAHBIE OTEHIHAIB! H3MEHSIOTCS

MaJjio, a BBIXOJI HUKEJIS 110 TOKY MoBbImaeTcs (puc. 3.12).

i
100] !
i
i

[#.5]
=

BEIROJ] IO TOKY, Yo

=8
=]

40

L oooooooooooooooood ool sbeooso

2 3 4

IIIoTHICTE ToEA, i- 107, Asw?

Puc. 3.12. 3aBUCHMOCTH BBIX01a HUKEJIS
10 TOKY M3 3JIeKTponTa, cogep:kamero 140 r/a NiSO47H,0,
20 r/a NiC1,-6H,0 u 25 r/n H;BO3, 0T IVIOTHOCTH TOKA
YcaoBHUA 3JIEKTPOJIH3A:
1-pH=1,9,25°C;2-pH=1,9,52°C; 3—-pH =5,3,25°C

B xo1e pacTBOpeHUsI HHMKEJIEBBIX aHOJIOB HAOJIOAACTCS] 3HAYUTEIIb-
HOE€ MOBBIMICHUE MOTEHIIMAA BCJECICTBUE IMACCUBUPOBAHUA. AHOIBI IO-
KPBIBAKOTCS CIUIOIIHOM COJIEBOM WJIM OKCHUJIHOM TUJIEHKOW, U PACTBOPECHUE
HUKEJ CUJIBHO 3aMEJISIETCS], TAK KaK Ha aHOJI€ HAYMHAETCS MPOIECC BbI-
NeNeHns Kucliopoaa. B pe3ynbraTe 3TOro KOHUEHTpauus HUKENS B pac-
TBOPE MOCTENEHHO CHUYKAECTCSA, PACTBOP IMOJKHUCISIETCS, YTO MPUBOJIUT K
HapyUIEHUIO HOPMAJILHOT'O IIPOLIECCA DIIEKTPOJIN3A.

[Tpu wanmwuuu B 3nekrpoiaute ximopuaoB (NiC1,6H,O mmu NaCl)

aHOJ/IHAS MOJISPU3ALMS CHIXKACTCS, U HUKEJb pacTBOpsieTcs 0e3 3aTpyaHe-
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HUW. DTO CBA3AHO C TE€M, YTO XJIOPUIBI HUKEJS MMEIOT 00Jie€ BBICOKYIO
PacTBOPUMOCTbH, YeM CyJIb(}aThl, U MOATOMY COJIeBas IJIEHKA HA aHOJIaX HE
oOpasyetcs. M3BecTHBI creluaibHble HEMAaCCUBUPYIOIIUECS HUKEIEBBIC
aHonbl, conepxamue 0,1-0,2 % xucinopona unu 0,08—-0,3 % yriepona u
0,002-0,0030 % cepbl. Takue aHOIBI PACTBOPSIIOTCS PABHOMEPHO IaXKe
npu pH = 6,3.

KHUCHOTHOCTB 3EKTPOIUTA UTPAET CYIIECTBEHHYIO POJb B MPOLECCE
BBIZICJICHUS] HUKEJsI Ha Katoje. B cymb(aTHO-XJTOPUIIHBIX DJIEKTPOIUTAX
BBIXOJI METajla M0 TOKY PE3KO CHUXKAETCS U MPEUMYILECTBEHHO BBIJIEIIS-
€TCs BOJAOPO/I, TaK KaK MEepPEHANPsHKEHUE BBIACICHUS €ro Ha HUKEJIE OUYCHb
Hu3koe. Onnako npu 70—80 °C BeIxoa MeTauia IO TOKY B KHUCJIOW Cpefie
ocTtaetcst BEICOKUM (75—85 %). IT0 00OBICHICTCS TEM, YTO C IOBBIIICHUEM
TeMIEpaTypbl NEPEHANPSHKEHNUE BBIJCICHUSI HUKEN CHUXKAETCSd B 0OJIb-
1IeH CTENEeHM, YEM TepeHanpsikeHne Bojopoaa. lloBbilieHne TemIiepary-
pbl YJIy4lIaeT KauyeCTBO OCAJKOB (YMEHBIIAIOTCS BHYTPEHHUE HaIpsKe-
HUS B OCAaJIKE).

[Ipu 3nauenusix pH > 6 HacTymaeT ruJipou3 coyiel ¢ o0pa3zoBaHUEM
rugpokcuia Hukenss. OCoOOEHHO MHTEHCHBHO 3TOT MPOIIECC MPOTEKAET B
MPUKATOAHOM CJIO€, T/I€ MPOUCXOJUT MOAIIEIAYMBAHUE PACTBOPA BCIEI-
CTBHE pa3psia MOHOB Bojopoaa. HakamnuBasich, TUAPOKCUJIBI U OCHOBHBIE
COJIM HUKEJSI CWJIBHO YXYJIIAIOT KaueCTBO OCAJAKOB — OHHM CTaHOBATCS
TEMHBIMH, XPYITKUMHU.

Takum 00pa3zoM, KOHIIEHTPALMIO MOHOB BOJOPOJA B DJICKTPOJIUTE
cleAyeT BHIOMpaTh B 3aBUCHUMOCTH OT TeMIIepaTyphbl M IJIOTHOCTH TOKa U
NOAJCPKUBATh TOCTOSHHOM B OMNPEAEICHHOM WHTEpBaJie, HAMpPUMED:
pH =4,5+5,5 mpu 18-25 °C.

Jlns monepkaHusl TOCTOSTHHOM KUCJIOTHOCTH B DJICKTPOJIUT BBOJISAT-
cs OydepHbie 100aBKU — OOpHasi, TUMOHHAS, YKCYCHAsl KHCIOTHI WA UX
conmi. OueHb A(DPEKTUBHBI B 3TOM OTHOIICHWM AMHHOYKCYCHAasl U SIH-
TapHasi KUCIOTHI (BMecTe ¢ Oypoii: mo 20-30 r/i), momyckaromiue IoBbI-
IICHUE KaTOAHOM MJIOTHOCTH TOKA J10 (20—30)102 AM npu pH=3,5+4,5u
50 °C 6e3 nepeMenuBaHus 3JIEKTPOIUTA.
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WHora B 37EKTPOIUT BBOJAT (DTOPHIIBI, KOTOPBIE CIIOCOOCTBYIOT pe-
I'YJIUPOBAHUIO KOHIICHTPAIIMH BOJIOPOIHBIX MOHOB B IJIEKTPOJIMTE U Tpe-
OyTPEKIA0T 00pa30BaHKUE aHOIHOTO IIjIama.

JIsi  TOBBIIEHUST  AJEKTPOMPOBOJHOCTU  CYJIb(HATHO-XJIOPUIHOTO
AJIEKTPOJIUTA YaCTO M00aBIAIOT Cynb(hathl meaodHbix MeTamioB (NaySOy,
K,S0O4) B xkommuectBe 10 150 r/1. B mpuUCyTCTBUHM 3TUX COJIEH OJIHOBpE-
MEHHO HECKOJIBKO TIOBBIIIAETCS KaTOHAS MTOJISPU3AIIHSL.

brectamue ocanku HUKEIS MPU DJIECKTPOXUMUYECKOM BBIJICICHUU
MOJIy4aroTcsl 0€3 JTOMOJHUTEIBHOU MOJUPOBKUA MOKPBHITUS U3 IJIEKTPOJIU-
TOB, COJACPKAIUX CIeUATIbHBIC JOOABKM OpraHWYecKux BeriecTB. Heko-
TOpPBIE€ U3 HHUX MPHUIAIOT JIEKTPOIUTY CIIOCOOHOCTh BBIPAaBHUBATh MUKPO-
penbed MOKPHITUS BCICICTBHE TOBBIMICHHUS CKOPOCTH OCaXKICHUS HHUKEIS
B MuKpoyriaybOneHusx. Haumbomee pacmnpocTpaHeHHBIMH J00aBKaMH B
AJIEKTPOJIUTHI IJI1 HUKEIUPOBAHUS SIBISAIOTCS 1,4-OyTUHINOM, XUHATIBIUH,
caxapud, pramumug. OOBIYHO TOJBKO COYETAHUE JIBYX-TpeX OieckooOpa-
3YIOIIMX ¥ BBIPABHUBAIONIUX T00ABOK IMO3BOJIAET MOJTY4YaTh B JOCTATOYHO
IMIMPOKOM WHTEpBaJie IUIOTHOCTEH TOKA HUKEJIEBBIE OCAIKU C MHHHMAb-
HBIMH BHYTPECHHUMH HANPSKCHUSMU.

Jlnst ycriemHoro TpOBEACHUS IIpollecca HEeoOXoauMa ITOCTOSHHAS
WM Tiepuoanydeckas QpuibTpamus IeKTPoIuTa. AHOIBI U3 HUKEIS BBICO-
KOW YHCTOTHI CIEAYET MOMEIIATh B YE€XJIbl U3 MPOMUICHOBON TKaHU BO M3-
OexaHHe TIOMAJaHusl B AJICKTPOJIMT IIJIaMa. Y CIIOBUS MPOBEICHUS DJICK-
TPOJIM3a BRIOMPAIOT B 3aBUCUMOCTH OT TpeOOBAaHUI K CBONCTBAM HHKEJIC-
BOTO IMOKPBITHSA (TBEPIOCTh, IUIACTHYHOCTD, IBET, OJIECK, KOPPO3UOHHAS
CTOMKOCTB, TIOPUCTOCTh) WIIM CKOPOCTH IIpoIiecca HUKESIIMPOBAHHSI.

Jlist mostydeHust OJIECTANMX OCAJKOB HUKENS C BHIPABHHUBAHUEM pe-

KOMEHYETCs 3JIEKTPOJIUT COCTABA, B I/JI:

NISO4THoO oo 230-320
NICIy6HYO 30-60
HaBOs o 25-60
1,4-0ytrHAMON (100 %) oovviiii e, 0,10-0,3



(OF:D:€:1) 1 ; E 0,3-2,0

brneckoobpazoBatens HUB-3 ...l 6-10
brneckoobpazosarens HUB-12 ..........................i 0,003-0,015
PH BIEKTPOTIUTA ..o e 3-5,0
TeMmepaTypa, OC ..o e 50-60
TLIOTHOCTD TOKA, A/M® oo 200-700

B kadecTBe Marepualia aHOJA HMCHOJB3YETCS YMCThIA HUKENb. [Ipu
pPAaCTBOPEHUM HHKEIEBOTO aHOJIa MOXET MPOUCXOJAUTh €ro Imac-
CUBHUPOBAHUE, B PE3YJIBTATE YETO OH MEPECTAET PACTBOPATHCS, a HA aHOME
BBIJICJISICTCS] KUCTOPOo1. BenencTBrue 3Toro mpoucXouT YMEHbIIIEHUE KOH-
IIEHTPAIIMU MOHOB HUKEJSI B AJIEKTPOJUTE U YBEIMYEHUE KOHICHTPAIIMU
HMOHOB BOJOPO/Ia, YTO MPUBOAMUT K MAJICHUIO KaTOJHOTO BBHIXOJA MO TOKY U
YXYJIIICHUIO Ka4e€CTBA MOKPHITUA. JJIsl mpeynpexaeHus] TaCCUBUPOBAHUS
aHOJOB B HUKEJIEBBIN AJIEKTPOJUT BBOJSAT AKTUBATOPHI — MOHBI XJOpa B
sBuze coieit NaCl, KCI, NiCl,.

Jlnst ycTpaHeHus HEpaBHOMEPHOTO PACTBOPEHUSI HUKEJIEBBIX aHOJIOB
ux Jerupyrot cepou B npenenax 0,0002-0,01 %. JlenmaccuBupyroniee aeu-
CTBHE CEpbl COXpaHSAETCS MPU HAJTUYUU B HUKEJEBBIX aHOAAaX yriepojaa
WJIM KUCJIOPO/Jia B KOHIIEHTPAIMU, HEOOXOAUMOM JIJIsl MOJTyYEHUS MIIOTHOTO
ciutka (0,1-0,3 %). Takue HenmacCUBUPYIOMIMECS aHObI U3rOTABINBAIOT-
Csl MyTEM JIUThSI WJIN BAJIBIIOBKU. BEIMTyCK ropsid€KaTaHHBIX aHOJIOB MapOK
HITA-1 u HITA-2, a Takke HenaccuBupyromuxcs aHoaoB Mapku HITAH
pernamentupyercs ['OCT 2132-75.

Bo uz0exxanue 3arps3HeHUs] SJICKTPOJIUTAa aHOAHBIM IIIAMOM HHKEJIe-
BbIE aHOJIbI TOMEMIAIOT B YEXJIBI U3 TKAHU «XJIOPUH» WIH «OEIbTUHTY, TIPE]I-
BapuTenbHO oOpabotanHsie B 2-10 % pacTBOpe coJsiHOM KHCIOTHL Bcee
KOMITOHEHTBI PACTBOPSIIOT OTIEIBHO, GUIBTPYIOT WIN JECKAHTUPYIOT U CIIU-
BaIOT B BAHHY HUKEJIMPOBAHUS. 3aTEM BaHHY JI0JMBAIOT BOJIOM JIO paCUETHO-
ro ypoBHs, npoBepstoT pH, u anexTpoaut npurotosiieH. Hanbonee mpume-

HSIEMBIM JIEKTPOJIUT UMEET CIEAYIOIINE COCTaB, I/, U PEKUM PabOTHI:
CepHOKHUCIBIA HUKENb (KPUCTAIUIOTUAPAT) ..vv'vnnnnn... 250-300

CEpHOKHUCITBIA MATHUM  +..vvvneieeneeeineenneenneeanneannenns 50-60



BOpHASI KUCTTOTA  ...viiiiiiii i, 25-30

XITOPUCTBIM HATPHH  o..vvteiiie it eeiieeiiieeeeiieeenaean, 3-5
(50 o) (653 51783 E:5 ¥ 0) 1 S 2-3
TeMmeparypa, °C ..o 30-40
TLIOTHOCTD TOKA, A/IIM? oo 2-4
PH o 3-5

[Ipy HCHONIB30BAaHUU HJIEKTPOJHUTOB, COJAEPKAMMUX (PTOPUCTHIN
HaTpUil, HEMpPepbIBHOE (QUIHTPOBAHUE 3aTPYAHSAETCS 3aCOpPEHUEM (HUITb-
TPOBAJIHHON TKaHW KOJUIOMJHBIMHU CrycTKamMu (ropumoB. s ycTpaHe-
HUS ITOTO SIBJICHUSI HEOOXOUMO MOAJAEPKUBATH KaK MOKHO 00Jjiee HU3-
Koe 3HaueHue pH unu BBOAUTH PTOPUCTHIE COSUHEHUS B BUJIE 00pDTO-
PUCTOBOJIOPOJIHBIX COJIEH. YKa3aHHBIM JIEKTPOIUT YCTONYUB B paboTe U
MPU MPABUIBHOW AKCIUTyaTallMd U CUCTEMAaTUYECKON OUYHMCTKE OT BPE.I-
HBIX MPUMECEN MOKET HMCIIOJb30BaThCs B TEUECHUE HECKOJBKHX JIET 0€3
3aMEHBI.

HuxeneBblii CEpHOKUCIBIN AJIEKTPOJIUT OUYECHh UYBCTBHUTEJEH K 3a-
rpsiaeHuIM. [Ipumecu 6omee monoxutensHbix MetauioB (Cu, As, Sbh, Pb,
Sn) BBI3BIBAIOT 00pa3oBaHWE MATHUCTBIX TEMHO-CEPBIX M I'yOdaThIX yep-
HBIX OCanakoB HuUkensA. [Ipu 3arps3HEHHU 3JIEKTPOJUTA COJISIMU JKele3a
OCaJK{ HUKEJsI CTAHOBATCS XPYIKUMH, pacTpeckuBarommumucs. [lpu co-
JepKaHUU B 3JeKTposute 1uHka Oosiee 0,05 r/m momydarorcs ocagku ¢
TEMHBIMU U YEPHBIMH TOJI0caMu. JlomycTrmas KOHILIEHTpAIs METalJIOB-
IpUMeceil B BJICKTPOJIUTE CIICAYIOIIAs: Fe** 0,1 r/m; Cu?t — 0,02 r/m;
Zn* - 0,01 r/n u Pb** — 0,007 r/n. [Ipu HaTU4YUKM HEKOTOPBIX OpraHuye-
CKUX COCIMHEHUI HUKEJIEBOE MOKPHITUE CTAHOBUTCS XPYIIKUM.

JInsi HUKETUPOBAHUSL XAPAKTEPHO SIBIICHUE, HA3bIBAEMOE HUMIMUH-
20M, — TUTIMYHBIA BHUJ Opaka HHUKEJIEBOTO MOKPHITHA. OCTaTKU MOJIUPO-
BOYHBIX MACT, KJesd W JPYruX MOJOOHBIX UM BEIIECTB, YBEIMYHBAIOIIUX
MOBEPXHOCTHOE HATSKEHHE, aJICOPOUPYSACh HAa HUKENE, 3aJep>KUBAIOT Ha
KaTOJHOM MOBEPXHOCTH MY3bIPbKH BBIJICIAIONIETOCS Ta3000pa3HOr0 BOJIO-
poja, IPUJIUIAIOT K HEeMl. B 3Tux MecTax CTaHOBUTCS HEBO3MOXHBIM J1aJlb-
HEWIUN pa3psa MOHOB HUKeNS. Ha mokpeITHH 00pa3yroTcsl XapaKTepHbIS
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A3BOYKH, AIMKH WU «BOJOPOJHBIE MAKPOIIOPHD», KOTOPBIE XOPOIIO BUIHBI
HEBOOPYKEHHBIM TJIa30M WK 4depe3 ayny. Ocamok TepsaeT AEKOPATUBHBIN

BUJI, YMCHBIIIAETCSI CTOWKOCTH MPOTHB Kopposuw (puc. 3.13).

/W//\

Puc. 3.13. Ilonepeunsblii pa3pe3 NUTTHHI A

HA HUKeJIeBOM NOKpbITHH (YBeanueHue B 100 pa3)

Jns mpenynpexXaeHUsl MUTTUHTA B 3JIEKTPOJIUT BBOIAT IMMOBEPXHOCT-
HO-aKTUBHbBIC BEIIECTBA — AHTUITUTTUHTOBBIE WJIM CMAuMBaIOIIUE T00ABKH,
MOHIKAIOIIME MOBEPXHOCTHOE HATSKEHUE PACcTBOPA, KOTOPHIE TOMOTAIOT
OTPBIBATHCA IMy3bIPhKaM BOJIOpOJa OT MeTaiuia. K Takum BelmecTBaM OT-
HocsTCcs KuakocTh «IIporpeccy, naypuicyibdar Hatpus, Cyabpupona-8 B
koHueHTpauu ot 0,005 no 0,1 r/n. IIpumenenune 0ojiee BHICOKUX KOHIIECH-
Tpauuil 3TUX J100aBOK BBI3BIBAET XPYMNKOCTh OCAJKOB, YBEIMYHMBAET HX
CTOMMOCTb. {71 yMEHBIICHUS MUTTUHTa PEKOMEHIYIOTCS Ka4aHUE KaTO/I-
HBIX IITAHT cO BeTpsixuBaHueM (30—60 pa3 B MUHYTY), OapOOTaxX CKAThIM
BO3yXOM, IIPEBAPUTEIbHO OUYHIIIECHHBIM OT Maca.

[Ipu norpy’>k€HUM B HUKEJIEBBIN JJIEKTPOJIUT JACTAIEN U3 UHKA U €r0
CIUIABOB NPOUCXOJUT BBITECHEHUE HUKENS IIMHKOM BCIICICTBHE Pa3iny-

HBIX UX NOTECHIIMAJIOB MO CICAYIOIIECH PEaKI1H:
Zn + NiSO, — ZnSO4 + Ni.

IInenka HUKEJIST HEIIOTHO MpUCTACT K ITOBCPXHOCTH, JICTKO OTCJIAU-
BAaCTCsA BMCCTC C I'aJIbBAHUYCCKHUM OCAJJKOM HHKCIIA, 4 PaCTBOP 3arpsA3H:i-

€TCi IIMHKOM, KOTOpBIﬁ PE3KO yXyAIacT KAa4CCTBO HUKCIICBOI'O ITOKPBLITHA.
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[ToaTOMYy TIpU HUKEIUPOBAHWM JETANEHM U3 LMHKA M €r0 CIUIABOB 4alle
BCETO OCYILECTBIAIOT NMPEABAPUTEIBHOE MENHEHUE B LIMAHUIHOM DJICK-
Tponute. B mupoBoi ranbBaHoTexHUKE 80 % HHUKENEBBIX 3JIEKTPOJIUTH-
YECKUX MOKPBITUHM TMOIYyYarOT HEMOCPEACTBEHHO U3 BaHH OJIECTSIIETO HU-
KEJIMPOBAHUS.

['TaBHBIMU MIPEUMYIIIECTBAMU OJIECTSIUX HUKEIEBBIX MOKPBHITUMN SIB-
JIAFOTCSI DKOHOMMSL HUKENS, YCTPAHEHUE TPYIOEMKOM, PYYHOM U BPEAHOU
MEXaHUYECKOW ornepanuu (MOJIUPOBaHUS), CHUKEHHUE pacxojia 3JEKTPO-
DHEPTUM W BO3MOXXHOCTb BEJICHUS HENPEPBIBHOIO TEXHOJIOTHYECKOTO
rpolecca Mpyu HAHECEHUHU MHOTOCIIOMHBIX HOKPBITHH.

HauOonee COBEPIICHHBIM 3JIEKTPOJIUTOM OJECTSAIIErO0 HUKEIUPOBA-

HUA ABJSICTCS 9JICKTPOJIAT CIACAYIOIICTO COCTABA, T/ J, 1 PCIKHUMa pa6OTBII

CepHOKUCIIBIM HUKEIb (KPUCTALIOTHAPAT) ............... 260-300
XTOPUCTHIN HUKED (KPUCTALIOTUIPAT) wovvvnnrnennnn... 40-60
BOpHAS KUCTTOTA ....ooiiiiiii i e, 3040
1,4-6ytuHanon (100 %) ...oooeiiniiiiii 0,12-2,0
(O07:5.¢:10) 1 RN 15-2,0
0081170 14 91 (R 0,08-0,12
PH o, 3,5-5,0
TeMmeparypa, °C ..o 55-65
KaToHast IIIOTHOCTD TOKA, A/IIM®  +.veeeeeeeeeeen. 2-8

B a5exTponuT Hapsiay co cMauyuBaroiie u 0ieckooOpasyroiei 10-
O0aBKaMH BBOJAT TaK Ha3bIlBacMble BBIpaBHHBaromue ao0aBku. Ilomoxu-
TEIHbHOC UCTUHHOE BBIPAaBHUBAHWEC WJIM CTUIAKMBAHWE MHKPOTPOMIIIS 1MO-
BEPXHOCTH B IPOIECCE OCAKICHUS HUKEIS MPOUCXOIUT B TEX CIIydasXx,
KOTrJa B MUKPOYTIyOJICHUAX CTaIbHOM JACTaIN OCaXIAeTCsS OONbINE HUKE-
JIs1, YeM Ha MUKPOBBICTYTIaX.

3aMeTHOE BhIpaBHHMBaHWE HAOJIOIACTCSA TOJIHKO IIPU BBEACHUU B HHU-
KEJICBBIC JJICKTPOJIUTHI T00ABOK CIEIHUAIBLHBIX BemecTB. I mpemnoTBpa-
IICHUS MUTTHHra peKoMeHayeTcs BBoauTh cyibdupon-8 (0,2-0,8 r/n) u

naypuicyiabdar Hatpus (0,1-0,5 r/1). baeckoobpasyroiieit 1 BhIpaBHUBA-
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forieit 1o0aBkou siBasercs 1,4-OyTUHAMOJ, KOTOPBIH COBMECTHO C caxa-
PUHOM TNPUIACT MHTCHCUBHBIM OJIECK OCajKaM U CIIOCOOCTBYET MOJIyYe-
HUIO OCAJIKOB C BBICOKOM TBEPJIOCTHIO U INIACTUYHOCTHIO B IIUPOKOM JUa-
MMa30HE KaTOJIHBIX IUIOTHOCTEW TOKA.

dTanuMug B COUYETAaHUM C OYyTHMHAMOJIOM YBEIMYHUBAET BBIPABHU-
BAIOIIYI0 CLIOCOOHOCTH AJIEKTPOJUTA U PACIIMPSIET JUana3oH IIOTHOCTEH
TOKa JIJIsl MOJIYYEHUsI Kau€CTBEHHBIX OJIECTAIINX HUKEJIEBBIX MOKPHITUH.

HukeneBble 3JIEKTPOJIUTHI YYBCTBUTEIBbHBI K IOHWKECHUIO TEMIIE-
patypsl U npu cHxkeHuHu ee 10 +10 °C HenpuroaHsl WIS SKCILTyaTalyH.
JIns. MOBBIICHUS KAadye€CTBA TOKPBHITUH W YCKOPEHHUS MPOIECCa BaHHBI
OCHAIIAIOTCS aBTOMAaTUYECKUMH YCTPOMCTBAMU JJIsl TOKAYMBAHUS KaTO/I-
HBIX IITaHT WIH JJI HETIPEPHIBHOTO MEPEMEIINBaHUS U (PUIBTPOBAHUS.

Cucremarnueckn koppektupyercs pH snexkrponurta. Koppektu-
poBaHUe oCyIecTBISIOT nobaBinenueM 3 % pacrBopa NaOH wm H.SO4
pA MHTEHCUBHOM MEpPEeMENINBAHUU deKTpoanuTa B TeueHue 30—40 mun
nociie koppekrupoanus. Onpenenenue pH ¢ BBICOKOW CTENEHBIO TOYH O-
CTH MPOU3BOIAT NOTCHIUOMETPUYECKH CO CTEKIISIHHBIM 3JIEKTPOIOM.
Menee TouHBIN, HO OoJee OBICTPBIN MeToA onpeaeneHus pH cyiecTByeT
C TIOMOIIbI0O WHIAWKATOPHBIX Oymar. Camble pacnpocCTpaHEHHBIE HEIO-
JaJKU TIpU paboTe C CEPHOKHUCIBIMHU AJIEKTPOJMTAMH aHAJIOTUYHBI MPHU-
BeaeHHBIM B Ta0m. 3.10.

Jns yBenuW4YeHUs 3alUTHBIX CBOMCTB M CHM)KEHHS TOJIIWHBI I0-
KpPBITUS TI0 CPAaBHEHUIO C OJIHOCIONWHBIM OJIECTSIIUM HUKEIUPOBAHUEM
pa3paboTaH 2JIEKTPOJHUT ABYXCIOMHOTO HHMKETWpOBaHUS. BHauane HaHO-
CUTCS TIOJYONECTSIIUNA CIIOW HUKEIS U3 3JIEKTpouTa 0€3 cepocojieprka-
mux OJieckooOpa3yrommux 100aBOK, a 3aTeM CIIOM OJIECTAIIEr0 HUKEIS.
Ecnu ipr 0MHOCIOMHOM HUKEJIMPOBAHUU KOPPO3US YE€PE3 MOPHI MPOHKUKA-
€T JO0 OCHOBHOIO Me€Tajula, TO MPHU JABYXCIOWHOM HUKEIUPOBAHUHU BEPX-
HUUW CIIOU SIBJISIETCSI AaHOJOM 10 OTHOUIEHHIO K HUKHEMY CJIOKO HUKEJS, TaK
Kak MoTteHuuan BepxHero cios Ha (0,2 B oTpuunarensHee noTteHOuana
HIKHETO. BcenencTBue 3TOro MmMpoUCXOAUT KOPPO3UsL BEPXHErO CJOS, a
HUXHUU CJIOW ¥ OCHOBA HE KOPPOAUPYIOT.
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Hwxauit monyOnecTanmi cioi HUKEIs MOoJIy4aeTcsl 3a CYeT YMEHb-
meHust copepxkanus 1,4-0yTuHAMONA 10 CpaBHEHUIO ¢ OnecTsimM. ToJi-
IIMHA TOJYOJIECTAIIETO CII0s COCTaBIISIET HE MeHee 2/3 OT oOIel TOIH-
HbI JBYXCJIOWHOrO HUKens (okojo 18 mkm). CocTaB saekTponuTa, /1, u

PEXUM pabOTHI CIEAYIOIINE:

CepHOKHUCTBIA HUKENb (KPUCTALIOTHIPAT) .eevvveenreennnnn. 250-300
XJTOPUCTBIN HUKEITb (KPUCTATUIOTHAPAT)  ©veenerreenneeannnnnn. 50-60
BOPHAST KACITOTA  vvveeiiiee e e e e ee e e 2540
1,4-0ytrHAMOT (100 %) eveeeeieee 0,05-0,1
07010} VE01:31 (S 1 51 (R 0,1-0,3
PH 4,0-5,0
TLIOTHOCTE TOKA, A/IIM? oo, 2-5
TeMIepaTyPa, C oo et 50-55

[IepemennBanyre OCYIIECTBIIAETCA OYHUILEHHBIM CKATbIM BO31yXOM
WM UHEPTHBIM Ta30M. [ToBepx ciiosi momyOnecTsIero HUKEIsl HAaHOCSAT HH-
K€JIb U3 3JIEKTPOJUTa OJIECTAIIEr0 HUKEIUpOBaHuUs. J[BOMHOE HUKEIMpPOBa-
HHUE OCYIIECTBIISICTCS O€3 MPOMEXKYTOUHOM MTPOMBIBKH, TaK KaK COCTAB JJICK-
TPOJIUTA TTOTYOJIECTSIIEr0 HUKEIMPOBAHUS HE COJIEPIKUT BEIIECTB, BPEIHBIX
JUISINIEKTPOJIUTA OJIECTAIIEro HUKEeTUpoBaHus. [IpuunHbl 1 criocoObl ycTpa-
HEHUS HETOJIaI0K IIPU HUKEJIMPOBAHUU PACCMOTPEHHI B Ta01. 3.12.

Crenyromum maroM B pa3BUTUHA COBPEMEHHOM TE€XHOJIOTUHM HaHECe-
HUS 3alIATHO-JICKOPATUBHBIX IMOKPBITUMN SIBISCTCS TPEXCIOWHOE HUKEIH-
pPOBaHUE, TP KOTOPOM METAJIT HAHOCUTCSA TPEMSI CIIOSIMU HUKEJSL U3 TPEX
Pa3HBIX JIEKTPOIUTOB. OT ABYXCIOMHOIO 3TO MOKPBITUE OTINYACTCS TEM,
YTO MEXKJYy HIWKHUM TMOJYyOJECTAIIMM W BEPXHUM OJIECTSIIUM CIIOSMU
HAHOCUTCSI TPOMEXKYTOUHBIN TOHKWW ciod Hukens (1-2 mMkm), comepxa-
i 0,15-0,2 % cepbl. CpegHuid c10i HUKENSI B KOHTAKTE C arpeCCUBHBI-
MU cpeaaMu (B MOpax MOKPBITHS) MPUOOPETAeT OTPUIIATECIbHBIN MTOTEHITHU-
aJl IO OTHOLIEHUIO KaK K HWKHEMY, TaK U K BEPXHEMY CJIOSIM, CUJIBHO 3a-
MeUIsIs. Koppo3uto o0oux. [Ipu 3ToM KOppo3us yepe3 mopbl BEPXHETO CIIOs
pacnpoCTpaHsIeTCs M0 MPOMEKYTOYHOMY CJIO0, a BEPXHHUM OJecTAIui 1

HIDKHHUHM TTOTYOJIECTSIINI CJI0M OCTAIOTCS HETTOBPEXKICHHBIMU.
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Tadoauma 3.12

Henonazmn IIPpH HUKCJIMPOBAHUH, UX IIPUYHHDbI

U CIIOCOOBI YCTPAHEHMS

Henonanku

[TpyuuHbI

CrniocoObl ycTpaHeHus

1

2

3

YacTuuHOE TTOKPBITHE
JieTanell HUKeJIEM
IIPU XOPOIIEM

Ka4CCTBC ITIOKPBITHUA

[Tnoxoe obe3xuprBanue

neTraen

THlaTeJII)HO IIOATOTOBUTD

IIOBCPXHOCTDH I[CTEUIGﬁ

OTcyTCcTBHE KOHTAKTa MOBE-
COYHOT'O MPHUCTIOCOOICHUS

CO IIITAHTOM

yﬂy‘IIHI/ITL KOHTAaKT
IMOABCCOYHOIO ITPHUCIIO-

COOJIEHUA CO IIITAHTOM

JleTany B3aMMHO SKPaHUPYIOT-
Csl Ha TI0JIBECOYHBIX

MPUCTIOCOOICHUSIX

N3mennTs pacnosioxeHne

neTajien

HenpaBunbHoe pacnosioxkeHue
AHOJOB WJIM HapyILICHHE

KOHTAaKTa OTACJIbHBIX aHOJO0B

VYIIy4muTh KOHTAKT

" PaCIIOJIOKCHUC aHOJOB

Maras ckopocTh

OCAXIACHUA HUKCIIA

Hwuskas remneparypa

AIEKTPOJIUTA

[Toporpers 2neKTpOIUT
no 18-25°C

Huxkens BHa neramsax
HE oca)kJgaeTcs,
YCUJICHHOE BBIJICJICHUE

BOJIOpOA

Mautas BenmmunHa pH
AIEKTPOIUTA (CIUIITKOM

KHCJIBII 3JIEKTPOJINT)

ITIposeputs pH
U OTKOPPEKTUPOBATH €TO
3 % pactBopom NaOH

Hwuskas remmneparypa
AIEKTPOJIUTA

[Tomorperp 3IeKTpOAUT
no 18-25 °C

Huxkens Ha neransix
HE oca)kJaeTcs,
oOpa3oBaHUe
Ha JIETalIsIX YEPHOTO

MaXyIIcrocsa HajcTa

Hwuzkag rioTHOCTE

TOKa

[loBEICUTE

IIJIOTHOCTB TOKa

HenpasunbHo€E BKIIFOUEHUE T10-

JJFIOCOB HAa BAHHC

[IpoBepUTH U NEPEKITIOYNTD
MOJIFOCA

Hanuuwue coiert a3oTHOU

KHCJIOTBI B 3JICKTPOJINTC

[Ipopabortath

HJI1 CMCHUTH BAHHY
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Ipoaoax. Tada. 3.12

1

3

[TokpeITHE NMEET
’KEJITBII OTTCHOK,

a Ha KpOMKax JeTalien
BO3MOKHO
obpa3oBaHue
3€JICHHBIX TUJIPATOB

OKHUCH HUKCJIA

Bricokas mI0THOCTh TOKA

CHM3UTH KaTOOIHYIO
IINTIOTHOCTh TOKa HWJIHN

YCUIINTDH NICPCMCITNBAHNUC

Bricokoe 3nauenme pH

IIposeputs pH
Y ITOJKHUCIIATD JIEKTPOJIUT
3 % pacTBOPOM CEpHOI

KHCJIOTBI

AHOIIBI IIOKPLITEI KO-

PHUYHEBOM WM YEPHOU

Bricokas dHOJHasA

YBenInuuTh IIOBCPXHOCTD

. IUIOTHOCTH TOKA aHOJIOB
IUIEHKON
Huzkas xonuentpanus NaCl Ho6asuts 2—3 r/n NaCl
OrtcrnanBanue
[Ipekpamienue mogaqn VY manuTe HUKEIh aHOIHBIM
MTOKPBITHUS

TOKa UJIM U3MCHCHHUC

IIJIOTHOCTH TOKa

pactBopeHueM B H,SOy

Y TIOBTOPUTH MOKPBITHE

II;moxast moaroToBka

K TIOKPBITHIO

OtcnanBaHue HHUKENIA
B BUJIE MEJIKUX
OJIECTAUIUX YEHTYEK,
JIETKO OCBINAIOIIAXCS

OT IIPUKOCHOBCHUA

CIMIIKoM KUCTBIA 3IEKTPOIUT
Y BBICOKAs KATOTHAS

IIJIOTHOCTH TOKaA

[ToamenounTp 3IEKTPOITUT
U CHU3UTH KaTOIHYIO

IIJIOTHOCTH TOKa

Huzkas xonnentpanus NiSO,
pu OOJIBIIIOM COJICPKAHUU

MPOBOJALIUX COJIEN

Jo6asuth NiSO,

Huxens nmeer cepsoiii
OTTEHOK, IIOXO
MOJIUPYETCS, AHOABI
0e3 Toka

ITOKPBIBAIOTCS MCIbIO

Hakonnenue B anekTposinTe

cousieit meau (6osee 0,02 /)

[ToakuCIUTh AAEKTPOIUT
U popaboTaTh ero
IIpY HU3KOU

IINIOTHOCTHU TOKa

Croii HUKensa O1ecTs-
U C MPOJOJIbHBIMU

IIoJIOCaMu

Haxonnenue B anexrponure

COJIEN KeJe3a
(6omee 0,1 /i)

[ToaKuCIUTh IEKTPOIUT,
BBectu H,0,, HarpeThb
U TepeMelIaTh, JOBECTH

1o pH 6 u ordunsTpoBaTh
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OxoHnu4. Ta0J. 3.12

1 2 3
[losiBneHne YepHbIX J100aBUTH U3BECTKOBOIO
WA KOPUYHEBBIX 3arpsi3HEHUE ANEKTPOJIUTA MOJIOKA WJIK MeJia
MOJIOC WJTK O0ITIee COJISIMU ITMHKA no pH 6,1-6,3
MOYEPHEHNE TIOKPBITHS 1 OTUIBTPOBATH O0CATOK
[TopucrocTh DIIEKTPOIUT 3arpsi3HEH aHO/I- OtdunbTpoBaTh JICK-
U IIePOXOBATOCTh HBIM IIJTAMOM M IPYyTUMH | TPOJIUT W HAJETh Ha aHOIBI
HUKESA MEXaHWYCCKUMH MMPUMECSIMH | YEXJIbI U3 JbHIHOW TKaHH

[loAKUCAUTE  ANEKTPOJIUT,
3arpsA3HEHUE IEKTPOIUTA
no6asus H,SO,; noBectn
OpPraHMYECKUMHU TPUMECIMU

Obpasoarue pH 10 paGoueii BeTMUHHEI

IIMTTUHTa

XOJIOOHBIN BIEKTPOIIUT [ToBeICUTH TEMIIEPATYPY

Bsectu B aneKkTpOoauT
Huxkenesoe nmokpeitue . .
U3MEJIbYCHHBIN IPEBECHBIM
XpynKoe u oecrsiiee,
3arpsi3HeHue dNIEKTPONIUTa | yrojib M3 pacdera 2—3 1/,
IIOPUCTOCTD, IIJIOXOE

OpPraHMYECKMMHU IPUMECSIMU | BBIIEP/KMBAs €r0 B BAHHE
CLICTUIEHUE OCaJKOB
. IIPU TIepEMEIINBAHUN
C OCHOBOM )
B TEUYEHHE OJHON CMEHBI

Jlsi HaHECEHUsS CPEIHETO CJIOS B JJICKTPOJUT OCHOBHOTO COCTaBa
BBOJSTCSA  CIEAYIOIIME OpraHuveckue J00aBku, T/1: n-AMHHO-
oenzocynpamun — 0,15-0,25; caxapun — 0,8—-1,5. IIpu onmHAKOBOI 00-
e TOJIIMHE HUKEIEBOIO CJIO0S TPEXCIOMHOE MOKPBITHE Oosiee yeM B 2—3
pa3a KOPPO3MOHHO-YCTOUYUBEE JBYXCIIOMHOTO U B 5 pa3 — OJIHOCIIOMHOTO.

boppmoposooopoouvie snekmporumer NJisI HAKSIUPOBAHHS yCTOM-
YUBBI 1 MEHEE UyBCTBUTEIBHBI K 3arPS3HESHHUIO TTOCTOPOHHUMH METajljlaMu
(kpoMe Menu). biaromapsi BEICOKOM pacTBOPUMOCTH OopdTOopuaa HUKENIS
Ni(BF4), u xopomreir OydepHOH CIOCOOHOCTH pacTBOpa MOXHO pabdo-
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TaTh NIpU OOJbLIEH IJIOTHOCTH TOKA, T.€. UHTEHCU(UIIMPOBATH IIPO-
necc. OCHOBHBIMM KOMIIOHEHTaMHU JJICKTPOJIUTA SABJISIIOTCS OopdTOopHa
nukens (300—400 r/a) u cBoOogHas GOpGTOPOBOAOPOAHAS KHCIOTA (10
pH =2,5~3,5). Ins cBsa3biBanuss HF, koTopslii MoXeT 00pa3oBaThCs MpuU
TUPOJIU3E COJIM HUKEIIS, I00aBJISIIOT OOPHYIO KUCIOTY. DJIEKTPOJIU3 MPO-
BoAT npu 30—-50 °C u mI0THOCTH TOKa 110 2 A/I[MZ; BBIXOJI HUKEJIS 110 TO-
Ky coctaBisiet 95,0-95,5 %

BBICOKOTIPOU3BOAUTEIBHBIMU SIBJISIIOTCS CYIbamamuvle 31eKmpoau-
mul, TIPU pabOTE ¢ KOTOPHIMU MOKHO TTPUMEHATh BBICOKHE paboune TI0T-
HocTH Toka (20 40 A/nm®) Gnarogapsi BBICOKON pacTBOPUMOCTH CyJIb-
damara HuKens B Boje. s mosydeHus cyiabdamMara HUKENSI B pacTBOP
CyJib(haMUHOBOM KUCJIOTHI MPU KOMHATHOW TeMIepaType 100aBIsSIOT Kap-
OOHAT HUKEJIS:

2NH_SO,H + NiCO, — Ni(SO,NH,), + CO, + H, 0.

B coctaB »3TuX D3JEKTPOJUTOB BXOIAT Cyjidb(amMar HUKENA
Ni(SO3NH;), -4H,O (200450 rv/m), xmopung wHukens NiCl,:6H,0
(2-15 1/m), Gopras xuciora (20-30 r/1) ¥ aHTUNUTTUHTOBas J00aBKa
«IIporpecc» (3 mn/n); pH Takoro snexkrponuta coctaBisieT 3—4,5. Dnek-
Tposin3 BenyT npu 50—60 °C u minotHoCcTH TOKa 4—15 A/nM°; BBIXOJL HUKe-
as o Toky 99-100 % (mpu nepememBanun). Cynb(paMaTHbIe 3JIEKTPO-
JUTHI 00Jaal0T XOpoInMu OypepHbIMU cBoiicTBaMu. VX 1ienecooopa3Ho
UCIIOJIB30BATh JJISI TTOTYUYEHUS TUIACTUYHBIX TOJICTBIX OCAJIKOB HUKEJISI, TaK
KaK 3TU MOKPBITHUS OTJIMYAIOTCS HU3KUMU BHYTPEHHUMHU HAMPSKEHUSIMU.

JI1s HUKeTMPOBaHUS IIMPOKO MPUMEHSETCS TTOKPHITHE, HA3bIBAEMOE
«CUJI-HUKEJbY, BKIIFOYAIOIIEE TEPBbIA OJICCTAIINN CIOW HUKEISI U BTOPOM
CJIOM, MOJTy4aeMbIi U3 JIEKTPOJIUTA, COJIEPIKAIIETO B BUJIE CYCIICH3UM Kao-
JIVH WUJIW APYTYE TBEP/ble UHEPTHBIE TOKOHENPOBOAIINE YacTUIlbl. B Xo-
7I€ 3JEKTPOJIM3a TOKOHEITPOBOISIINE YACTHUIBI OCAXKIAIOTCS BMECTE C HU-
KejeM, BKIYasich B ocagok 10 10 %. CoocaxieHrne mpoucXoquT BCIIE-
CTBHUE 3axBaTa WMHEPTHBIX YACTUIl PACTYIIUMH CJlOsiMHU Metaya. [lns

MPEIOTBPALLICHUS BOSHUKHOBEHHUS IEPOXOBATOCTU MOKPBITHS pa3Mep va-
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cturl coctaBiaet 0,1-3,0 MKM, a KOJIMYECTBO UX B HUKEJIEBOM OCAIKE 10°-
10° Ha 1 cm® rwromam NOBEPXHOCTHU. [lepeMemmBanme AIEeKTpOInTa 0Cy-
HIECTBIISIETCA C MOMOIIBIO BO3AyXa. JJI 3allIMTHO-IEKOPATUBHOM OTIIEIKU
MOYHO €I1I€ OCaXJaTh U CJIOM XpoMa, KOTOPBIM Oiarojiapsi HaJIU4UIO TO-
KOHEMPOBOSIIMNX YaCTHUI[ B HUKEJIE OCAXJAeTCsa ¢ 00pa30BaHUEM OYECHBb
GoIBLIOro uncia Menkux mop (ot 20000 xo 50000 ma 1 cm?). Y mokpbITHS,
MOJIy4YEHHOTO TaKUM CIOCOOOM, KOPpPO3Usl HUKENs MpoTeKaeT Oojee pas-
HOMEPHO TI0 BCEH MOBEPXHOCTH U 3aMEIJIsIeTCS B 00beMe MOKPHITHUS (TIep-
MEHIUKYJISIPHO K IIOBEPXHOCTU OCHOBHOI'O METAIINA).

PaznuuHble ONTHYECKUE J€Talu MOKPBIBAIOT YEepHbIM HUKeeM, Ta-
KHE TOKPBITHUS 00J1a/Iat0T 3HAYUTEIbHON CBETOMOTJIOMIAIOIIEH CITOCOOHO-

CThIO.
3.4.3. Xumuueckoe nukeauposanue

B HEKkoTOpBIX cilydasx, 0OCOOCHHO JJIs MOKPBITHS ACTalei OYeHb
CI0KHOTO TPOQUIISI U3 CTadd, AIFOMUHUS, MEIU, JIATYHHU, TPUMEHSICTCS
Xumudeckuti cnocob6 HUKEITUPOBAHUS 0€3 HAJOKEHHS JJICKTPUICCKOTO
TOKa.

OcCHOBHOE MPEUMYIECTBO XMUMHYECKOTO HUKEIMPOBAHHUS — PaBHO-
MEpHBIE MO TOJIIMHE OCAIKH Ha MOBEPXHOCTU U3JEIUN JTI000H KOHDUTY-
palyy ¥ Take Ha BHYTPEHHUX CTeHKax TpyO. Kpome Toro, mokpeitus o0-
JaJar0T EeHHBIMU CBOHMCTBAMHU: TOBBIIIICHHON TBEPIOCTHIO, YBEIHUHBAIO-
mielics npu TepmooopadoTke (400 °C), a Takke 3HAYUTEIBLHOU KOPPO3H-
OHHOM CTOMKOCTBIO U M3HOCOCTOMKOCThIO. O0J1a/1as Majoi MOPHUCTOCThIO,
MOKPBITHE XOPOIIIO 3aIUIIAET OT KOPPO3UH OCHOBHOM METaJLI.

[Ipormecc 3akmroyaeTcs B XUMHYECKOM BOCCTAHOBIICHHMM HMOHOB HHU-
ket B kucioit cpeae (pH = 4+6) no Metaiuia ¢ momoipio runodochuta
HaTpUsl:

NlSO4 +2NaH,PO, + 2H,0 — Ni + 2NaH,PO3; + H,SO, + Hy;
Ni** +2H,PO; +2H,0 — Ni+2H,PO, +2H" + H, .
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OaHOBpEMEHHO aHUOHBI TUMO(ocPuTa MOTYT BOCCTAHABIUBATHCS 10

anemeHTHOTO (hocdopa:

H,PO, +2H" +e- > P +H,0O,
o0pa3ymomiero ¢ HHUKEJIEeM XHUMHYECKOE COCIUHEHHE C COACpKaHUEM
oT 4 10 10 % P, Omaromaps yemy ocajku UMEIOT 00Jiee BRICOKYIO KOPPO-
3UOHHYIO0 CTOMKOCTh, H3HOCOCTOMKOCTh M TBEPAOCTH (IOCIIe TEPMUUECKON
00paboOTKM).

BoccraHoBneHue cojieid HUKENsE MPOTEKAET JIMIb Ha METajllax, Ka-
TaTU3UPYIOMUX JTOT Tporecc (Keae30, HUKEIb, KOOAIbT, aTlOMUHUU,
naninaauii). Belgenenre HUKeNsl HAa MEAU U €€ CIIaBaX BO3MOYKHO TOJBKO
MPU KOHTAKTE UX C METa/UIaMH, UMEIOIIUMH OTPHUIIATEIIbHbIC 3HAYCHUS
AIIEKTPOJHBIX MOTECHIIMAIOB (AJTFOMUHUEM, IIUHKOM) WJIM K€ TOCJEe KpaT-
KOBPEMEHHOM 00pabOTKH MOKPHIBAEMOI MOBEPXHOCTU PACTBOPOM XJIOPHU-
7a OJI0Ba (ceHcubunuzayus), a Takxke pazdaBICHHBIM PACTBOPOM XJIOpHU/IA
nannagus (akmueayus). Ha Takux merannax, Kak CBUHEIN, KaJMUM, [UHK,
0JIOBO, CypbMa, MPOIIECC BOOOIIE HE UJIET.

CKOpOCTh XMMHYECKOTO HUKEIUPOBAHUSA CHUIIBHO BO3pAacTaeT C
MOBBIIIIEHUEM TEeMIIEpPaTypbl U YMEHBIIACTCS MPU YBEIUYECHUU KOHIICH-
Tpauu CBOOOIHON KHUCIOTHI. JJIs mojjaep>kaHus ONMPENCICHHOU KHC-
JIOTHOCTH U TIOBBIIIECHUS] YCTOWUYMBOCTU AJIEKTPOJIUTA B PACTBOP HEOO-
XO0JIMMO H00aBJIATh Oydepupylonme 1 KOMIUIEKCO0Opa3yrolue Bellle-
CTBa: alleTaT HATpHUs, UUTPAT HATPUS, AaAMUHOYKCYCHYIO, MOJIOYHYIO
KUCJIOTBI U JP.

XUMUYECKUM METOJIOM MO>KHO MOKPBHIBATh HUKEJIEM IJIaCTUYECKHUE
MacChl M pa3IMuHbIe AUANCKTpUKHU. [Ipu 3TOM HEeoOXoarMma, Kak y>Ke OT-
MeUajoch, IpeABapUTesibHas 00pabOTKa MOKPHIBAEMON TTOBEPXHOCTU Pac-
TBOpPAMU XJIOpHJa 0J0Ba (CEHCHMOMIM3AIUS) U XJIOpUJaa nauiaaus (aKTu-
Bausl). [[puMeHsI0T Tak’ke COBMEIIEHHBIN CITOCOO CEHCUOMIN3AINM U aK-
THUBAIlUU B CMEIIAHHBIX PACTBOPaX XJOPUJIOB 0JioBa U nawiaaus. OquH u3
PEKOMEHIyEMbIX PACTBOPOB JJII XMMUYECKOTO HUKEIUPOBAHUS UMEET CO-

cTaB, I/
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NlSO47HZO niin N|C126H20 .................................. 20-25

NaHoPOy e, 2025
CHBCOONA e 10-15
NH3CH2COOH ..o 10-20
PSS e 0,001-0,5
PH 5—6
TeMmepaTypa, ®C oo 90-95

Bonbiyio  BOCCTaHOBUTEIBHYIO CHOCOOHOCTh, 4YeM rumodocdur,
HMEIOT Oopcojiepkaliue coeauHeHus (0oporuapuapl 1 6opa3ansl). Beige-
JICHUE HUKENS MPOUCXOIUT MYyTeM XHMHUYECKOTO BOCCTAHOBJICHUS MOHOB
HUKeNs B npucyTcTBun O6opruapuna Hatpus Na[BH,] B menounsix pact-
Bopax (pH = 8+9) coneit HUKe.

Hcnonp3oBanue OOpcoAepKamux BOCCTAHOBHUTENIEH TaeT BO3MOXK-
HOCTh TIOJIy4aTh TOKPBITHE MPH OTHOCHUTEIHLHO HHU3KHUX TeMIepaTypax
(40 °C). DTo CcnOCOOCTBYET MX MPUMEHEHHUIO IS MOKPBHITHS HETEPMO-
CTOMKHMX HEMETaJUIMUYeCKUX MarepuaioB (ractMacchl). [loBwImeHHAs
TBEPJAOCTh HUKEIHLOOPHBIX MOKPHITUI (0COOEHHO TTOCIIE TEPMOOOPAOOTKH),
BBICOKAs TeMIieparypa IUIaBJICHHUsS, OOJIbIIas U3HOCOCTOMKOCTh M KOPPO-
3MOHHAs] CTOMKOCTh JTal0T BO3MOKHOCTh HMCIIOJIb30BAaTh 3TH MOKPBITUS B
Pa3IMYHBIX OTPACIISAX MPOMBIITUICHHOCTH.

CocraB pacTBopa C IUMETHWIOOpPa3aHOM B Ka4eCTBE BOCCTAHOBHUTEIIS

CIeAYIOIINN, T/

D61 107007 (00317 8217045 1 S 170
JIAMETHIT-00PABAH  ..veiieiieieeeteeiie e eeieeenaeeanens 37
BOPpHAS KHCITOTA  ...viiiiii i i 25
PH 4.3
Temmepatypa pacTBOPa, “C  ..ooviiiiiiii e e 18

[Iporiecc XMMHUYECKOTO HUKEIUPOBAHUS OOBIYHO OCYIIECTBIISICTCS B
SMAIIMPOBAHHBIX, KEPAMUYECKHX WM CTEKISAHHBIX eMKocTaX. Kop-
PEKTUPOBAHKWE BaHHBI MO TUMOPOCHUTY HATPUS U COJIU HUKEISI TPOU3BO-

IATCS IEPUOIUYECKH.
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HO,Z[FOTOBKE[ nepea XUMHUYCCKUM HUKCIWMPOBAHHUCM IMMPOU3BOAUTCA
IIpGSBI:I‘IaI\/’IHO TIaTCJIIbHO, yTOOBI HE OBLIIO OTCJIAUBAHUS IMOKPBITHUA. J_-[CTa-
JIMU HC JOJIDKHBI KaCaTbCA JHA WM CTCHOK BAHHBI, HHAYC MOKCT OBITH Ya-
CTUYHOC OCAKIACHHUC HUKCIIA Ha ITIOBCPXHOCTh BAHHBI.

I[JI}I PaBHOMCPHOI'O OMbIBAHHA z[eTaneﬁ pPacTBOPOM M HCKIIOUYCHHA
O6pa3OBaHI/IH ra3oBbIX MCIIKOB, BCAYIIHUX K HAJIUYHNIO HCIIOKPBLITBIX MCCT

Ha JeTalisaX, He0OX0AMMO ITPOU3BOAUTE BCTPSIXMBAHUE JETaJICH.
3.4.4. Inexmpoaumel 0,11 XPOMUPOBAHUSA

OCHOBHBIMU KOMIIOHEHTAMH JJICKTPOJIUTOB JJIs MOJYyUYCHUS 3a-
IIUTHO-JIEKOPATUBHBIX M H3HOCOCTOMKHX XPOMOBBIX ITOKPBITHH SIB-
JAOTCS

CrO; — 150-200 r/m;

HQSO4 - 1,5—2,5 F/J'I;

COJIb TPEXBAJICHTHOTO XpoMa — 3—6 T/11.

DIEeKTPOOCAXKACHUE XpOoMa MPOU3BOJUTCS U3 PACTBOPOB KHUCIOT
H,Cr,07 u H,CrOy4, koTopbie 00pa3ytorcs npu pactBopeHuu B Boae CrOs.
B snekTponuTe 3TH KUCIOTHI HAXOAATCSA B TMHAMUYECKOM PAaBHOBECHUHU:

2H,CrO, < H,Cr,0, +H,0 .

B 3aBucumoctu ot koHueHtpaiuu CrOz B pactBope mpeoOiiagaet
oxuH n3 annonoB HCrO,, CrO? nu Cr2072', B KOTOPBIX XPOM HaXOJUTCS B
IIECTUBAJICHTHON (popMme.

C yBennuenueM koHueHTpanuu CrO; paBHOBECHE CMEIIAETCA B CTO-
pony oopaszoBanus annonoB HCrO; u CrOZ.

[Ipu snexkTponu3e Ha KaToJ€ OJHOBPEMEHHO IPOUCXOJUT BOCCTa-
nosierne Cr'" no Cr*" u Merammueckoro XpoMa, a TakKe pa3psii HOHOB
BOJIOPO/IA.

OcHoBHasg J0Js1 DBJIEKTPUUYECKOrO TOKA PACXOAYETCs Ha BbIJIENIC-

HHE BOJOPO/a, TIOPTOMY BBIXOJ XpOMa I10 TOKY HU3KHWH U HE IPEBBIIIACT
15-25 % (puc. 3.14).
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XpOMHUpPOBAHUE — OYEHD
CJIOXHBIN MPOLECC U UMEET P
OCOOCHHOCTEN,  OTIMYAIOLINX
€ro OT IPOIIECCOB AJIEKTPOOCa-
XKJICHUS IPYTUX MeTamioB. s
HaJajla OCaKIACHUS MeTaJInye-
CKOTO  XpoMa  HEOOXOIUMO
HaJIMYME B DJICKTPOJUTE HeE-
OOJBIIOr0 KOJHYECTBA IIOCTO-

POHHUX AaHUOHOB SO, SiF> M
Ip. U XpoMa B TPEXBAICHTHOU

dbopme.
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Puc. 3.14. 3aBucuMOCTb BbIX0/1a XpoMa
10 TOKY OT COOTHOIIIEHUS COAEPKAHUI
CrO;u SO,* ipu pa3an4Hoii
koHueHTpamuu CrO; B 3j1eKTpoJIuTe

Opnnako, kak BUAHO Ha puc. 3.14, mpu yBeIWYEHUM KOHIIEHTPALMHU

SOf_ BBIIIC OIMPCACIICHHOTO IIPCACIa CHJIIBHO CHHUXXACTCA BbBIXOI XpoMa II0

TOKY; ONTUMaJIbHOE cooTHowmenue CrO,/SO; = 100.

XpoM BBIACISICTCS Ha Ka-
roJl¢ TOJIBKO TPU BBICOKHUX
mioTHOCTAX Toka (1000-10000
A/Mz), NpUYeM JUIi  KOKIOH
remrepaTypbl HMEETCS MHHHU-
MYM IUIOTHOCTH TOKa, HUXKE KO-
roporo xpom He ocaxnaaercs. C
IOBBIIIIEHHEM TEMITePaTyPhI
BRIXOJT MeETajula 10  TOKY
yMCHBIIIACTCS, a C IOBBIIICHHEM

UIOTHOCTH TOKa pacter
‘puc. 3.15).
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Puc. 3.15. Bausinue kaToaHOMH JIOTHOCTH
TOKA U TeMIlepaTypbl Ha BBIXOJ XpOoMa
10 TOKY B 2JIEKTPOJIUTE, COAEPKALIEM

250 r/n CrOzm 2,5 r/a H,SO,

Takast 3aBUCUMOCTb BbIXOJad 110 TOKY OT INIOTHOCTH TOKa 06YCJ'IOB-

JIMBACT OYCHb HU3KYIO PAaCCCHBAIOIIYIO CIIOCOOHOCTH SJICKTPOJINTA. Coue-

TaHUEe JEUCTBUS IUIOTHOCTH TOKAa M TEMIIEpaTyphbl OKa3bIBaeT OO0JbIIIOE
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BJIMSIHUC Ha CTPYKTYPY U CBOMCTBA MOKPBITUI XpoMoM (puc. 3.16).

7,°C e [Ipy NOBBIIEHHOW TEMIIE-

7 7/ ° -
Q patype (65 °C) B IIMPOKOM HH
¥y /W%

501 [ S8 /a7

{® S, (}(\? xS // TEpBaJ€ IUIOTHOCTEW TOKa IO-
S &7 e JIy4arOTCs MATKME  MOJIOYHO-
‘/ @&QQ’Q /.g,c.g“%t\f\“ oenple  ocagku. biecTsmve
40 N G TBEpABIE OCAJKH XpoMa o0pa-
V\R\g\?‘)@ '?,Jé/;;/::f’ 3yIOTCSA B HHTEpBAJe TeMIIepa-
L o Typ 45-60 °C npu MIOTHOCTAX

308 ,16 2!4 3’7 /:n 73 ToKa2000-6000 A,
L1072 Alr? TBepaOCTh OCANKOB XpOMa

BO3pAacTaeT C  IOBBIIICHUEM

Puc. 3.16. Ooaactu Oﬁpa3OBaHI/Iﬂ TEMIIEPATYPHI U INIOTHOCTH TOKA

XPOMOBBIX 0CA/IKOB B 3aBUCHMOCTH  1]0 HEKOTOPOTO MaKCUMyMa, IO-
OT TEMIIEPATYPHLI U IVIOTHOCTHA TOKA Cjie yero CHMUXKAcCTCH.

MakcuMyM H3HOCOCTOMKOCTH XPOMOBOI'O MOKPBITHS COOTBETCTBYET
TeMneparype anekTpoiaura 45—-65 °C. DnekTponau3 B pacTBOpPE XPOMOBOU
KHUCJIOTBI OCYIIECTBIISIETCS C HEPACTBOPUMBIMU aHOJIAMHU, KOTOPBIE H3TO-
TaBJIMBAIOT W3 CBUHIIA WM CIUIABOB CBUHIIA ¢ CypbMoH (6 % Sb) wmm
osoBo — cBuHell (90 % Pb). [Ipumenenne pacTBOPUMBIX aHOJIOB U3 METaJ-
JIMYECKOT0 XpOoMa HENEeIeco00pa3Ho, TaK KaK, BO-MIEPBBIX, XpOM OyJET Ie-
PEXOJUTH B PACTBOP B BUJIE MOHOB PA3JIMYHON BaJEHTHOCTH, UYTO 3aTPY/I-
HUT KOPPEKTUPOBAHUE AJIEKTPOJINTA; BO-BTOPHIX, AHOHBIN BBIXOJ MO TOKY
B 6—8 pa3 Ooiblle KaTOJHOTO, a 3TO OyJeT MPUBOJUTH K HAKOIUJICHUIO
XpoMma B 3JIEKTPOJIUTE.

OcaxneHue xpoMma M3 pacTBOpa TOJIBKO OJHOW XPOMOBOW KHCJIOTHI
HEBO3MOJKHO, TaK KaK B 3TOM clly4ae Ha MOBEPXHOCTH KaTojia oOpaszyercs
IJIOTHAs OKHUCHAs IUIEHKA, KOTOpasl MPEMSTCTBYET OTJIOKEHUIO XpoMa Ha
KaTOJI€, M B 3THUX YCIJIOBHUSX HA KATOJE BBIIEIAETCS TOJIbKO Bogopo. [Ipu-
O0aBlieHHE K PacCTBOPY XPOMOBOI'O aHTHJIPUJIA CEPHOUM KUCIOTHI U3MEHSET

COCTaB KaTOJHOM MJICHKHU U o0Ojergaer OCaXKJICHHUEC Ha KAaTOAC MCTAJIINYC-
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ckoro xpoma. IIpomecc XpoMHUpOBaHUSI OTIIMYAETCS BEChbMa HUZKHM Ka-
TOAHBIM BBIXOJOM MO TOKY (12—15 %). OcHOBHAsI 4acThb AIEKTPUUECKOU
SHEPTUM PacXxojyeTcs Ha MoOOYHBIE Mpolecchl. K HUM OTHOCUTCS 3JI€K-
TPOJIU3 BOABI, COIPOBOK/IAIOIIMIICS BBIAECICHUEM Ta30B (BOJOpOJa Ha Ka-
TOJE€ U KUCIOPOJia Ha aHOJIE) KaTOAHOE BOCCTAHOBIICHHE IIECTUBAIIEHTHO-
ro XpoMa JI0 TPEXBaJEHTHOIO W aHOJHOE OKHCIECHHE TPEXBAJIECHTHOTO
Xpoma JI0 IIECTUBAIIEHTHOTO.

ConepxaHue XpOMOBOIO AaHTUAPUAA B DJIIEKTPOJIUTE MOXKET KO-
ne0aThCsl B LIMPOKUX Mpejenax 0e3 CyIIeCTBEHHOTO BIUSHHS Ha KAYECTBO
MOKPBITUSI. YBEJIMUYCHUE KOHIIEHTPAIIUU XPOMOBOI'O aHTHIPH/Ia TOBBIIIACT
ANIEKTPONPOBOIHOCTh PACTBOpA U, CIEIOBATEIbHO, CHUXKAET HANPSHKEHUE
Ha BaHHE. BbIX0/ Xpoma 10 TOKY IIPU YBEJIMYEHUU KOHIICHTPAIUU XPOMO-
BOI'O0 AHTUJpHUJA MOHMXKAETCA. B rambBaHOTEXHUKE OOBIYHO MPUMEHSIOT
aeKTpoauThI, comepkamue oT 150 go 400 /1 CrOs. st moaydeHus mo-
KPBITHSI XOPOIIIETO Ka4yeCcTBa HEOOXOAUMO, YTOOBI OTHOIIIEHUE KOHIIEHTpa-
mui  CrOsz: H,SO, B 2JIeKTpoNUTE TOAACPKUBAIOCH IMOCTOSHHO Ha
ypoBHe 100. 3HaunTeIbHOE NOHMKEHHE KOHUCHTPALMU CEPHOM KHCIIOTHI
BBI3BIBAET OTJIOKEHHE CEPBhIX HEJOOpPOKAUECTBEHHBIX OCAJKOB XpoMa, a
MOBBIIICHUE €€ KOHLEHTPAIUK — OJIECTAIINX OCAJAKOB, HO TP HU3KOM BbI-
X0JI€ XpOMa IO TOKY.

[Ipouecc XpoMHpOBaHUS OYE€Hb CHIIBHO 3aBUCHUT OT TEMIIEPATYPHI U
IUIOTHOCTU TOKa. O0a »Tu ¢akTopa BIUAIOT HAa CBOMCTBA U BHEIIHUI BUJY
XpoMa, a TakkKe Ha BBIXOJ TI0 TOKY. C MOBBIIIIEHUEM TEMITePaTyPhbl BBIXO/T
10 TOKY CHM)KA€TCs, a C MOBBIIICHHEM IUIOTHOCTH TOKa — Bo3pacTaeT. M3-
MEHSISl PEXKUM AJIEKTPOJIN3a, MOKHO TMOJYYUTh Cephle, OJiecTsIIme U Mo-
JIOUYHBIE OCAJKH Xpoma. JJisi TEeKOpaTUBHBIX MOKPHITUN OYEHb BaXKHO, UYTO-
OBl OocagKku Xpoma ObUTH OJIeCTSIINE, TaK KaK XPOM TPYIHO MOJUPYETCS.
[Ipu Gosee HU3KUX TeMIEpaTypax W MOCTOSHHOW MIIOTHOCTH TOKA TMOJTY-
4aloTCsl Cephble OCAJKU Xpoma, IpH 0oJiee BBICOKMX — MOJIOuHbIe. Ecnu
IJIOTHOCTH TOKA CIIMIIIKOM HU3Ka, TO XPOM Ha KaTOJI€ MPAKTUYECKU HE BbI-

ACIICTCA, U B OTHUX YCJIOBHUAX IMPOTCKAKOT TOJBKO IMOOOYHEIE IMPpOoUCCChI
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(puc. 3.17).
Kak yxe oTMe4aloch, IPH YMEHBIICHHH TEMIIEPATyphl YBCIHYH-

BacTCs KElTO,Z[HbeI BbBIXO/ I10 TOKY, HO OJHOBPEMCHHO Ha6HIO,Z[a€TC${ YBCIIN-

-h-.___‘_‘q_h

10 TOKa OKa3bIBAKOT CHUJIBHOC BJINA-
HHUC Ha OJHO M3 CaMbIX Ba>XHBIX

140 - YeHHE XPYIKOCTH OCAIKOB XPO-
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‘ 2 ‘ Ma, TI03TOMY TeMIleparypa dJIeK-
120 3 2 § — TPOJIUTA HE JIOJKHA OBITh HUXKE
= z =
s 5 } 3 / 2 45 °C. TlpumeHsIeMBbIe TIPH XPO-
= 100 = 3 -
g g 3 / g MHPOBaHHH IJIOTHOCTH TOKa Jie-
. by - %
§ & 5 E : ’ar B mpexaeiax ot 10 mo 100
3 z 2 3 2
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CBOMCTB  JJICKTPOJIUTHUYECKOTO
Ocadxa Hem
| | XpoMa — €ro TBEPIOCTh. bie-

30 40 50 60 0 80
Teungpamypa, °C

0
CTSAUIMN XpOM HMeEeT Haubosee

BBICOKYIO TBEPJIOCTh M XOPOIIIee

Puc. 3.17. PacnoJio:kenue 30H CLIEIUIEHUE C OCHOBHBIM METAJI-

PA3JINYHBIX XPOMOBBIX 0Ca/IKOB JIOM. OC&HKI/I MOJIOYHOTO XpOMa

(CrO3—250 r/a, H250, 2,5 r/a) UMCIOT CPaBHUTCIIBHO HEBBICO-

KYI0 TBEpPJOCTh, HO 3HAYMUTEIbHO MEHBIIYI0 MOPUCTOCTh M Oraromaps
ATOMY 00Jie€ BHICOKYIO 3aIIUTHYIO CITIOCOOHOCT.

JIiis ocakaieHusT OJISCTAIIEr0 XpoMa B 3alTUTHO-IACKOPATUBHBIX IIEISIX
NPUMEHSIOT CTaHJAPTHBIN JJIEKTPOJIUT CIEAYIOIIETO COCTaBa, I/JI: XpOMO-
BbIi anTHapua — 250; cepHas kuciora — 2,5. Ilponecc Beayt mpu 45-55 °C,
KaTOJHAs! IIOTHOCT TOKa 25—55 A/IM°, a BBIXOJ 11O Toky 10-13 %.

JI71s1 HOpMaJILHOTO OCAXACHUS XpoMa HeoOXoauMa mpopadoTKa dJIeK-
TpPOJUTa TOKOM B TeueHue 3—4 4 u3 pacyera 6—8 A-u/1. DTO MO3BOJIAET
HAKOIMHUTh B JJIEKTPOJUTE HEOONBIIOE KOJIHMYECTBO HMOHOB cr* (24 1/n),
MPUCYTCTBHE KOTOPHIX OJIaronmpusITHO CKAa3bIBACTCS HA IMPOIECCE OCAXKIIEC-

3+
HHA XpoMa. HaXO)KI[eHI/Ie 1oHoB Cr° B OOJIBIIIOM KOJIUYECTBE IMPUBOIUT K
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CY)KCHHIO TIPEICNIOB, B KOTOPBIX MOJYYarOTCs OJIECTSIINE OCATKH, U YBEIH-
YEHUIO HampsbKeHUsl Ha BaHHE. i moajep)kaHus KOHIICHTpAIuy Cr'* B
HOPMAaNbHBIX Tpejenax He0oO0X0aUMO, YTOOBI CKOPOCTh OKHCICHUS XpoMma
Ha aHoJIe MPHUOINKAJIACh K CKOPOCTH BOCCTAHOBJICHHUS €T0 JI0 Cr’* Ha Ka-
tone. Jliist aToro ciemyer MoAACPKMBATh OTHOIICHUE MEXIY KaTOJHOW U
AHOJIHOW MOBEPXHOCTSAMHU B mpeaenax oT 2:1 mo 3:2. IIpu 3HaumTeIbHOM
Haxomiernn Cro’ ANIEKTPOJIUT MPOPadaTHIBACTCS TOKOM MPHU YCIOBHHU, YTO
IJIOIIA/Ib aHOJIOB B HECKOJIBKO pa3 OOJIbIIIE IO N KaToAa.

N3-3a BBICOKOM IMOPHUCTOCTH OJIECTAIIETO XpOMa CTajbHBIC ACTAlN
MIPEJIBAPUTEIIFHO MOKPHIBAIOT MEJbI0 M HUKEJIEM I10 OJHON M3 TEXHOJIOTH-
YECKHX CXEM:

1) menp (ocaxkaeHHass B LIMAHUJIHOM DJICKTPOJHUTE) — Meab (oca-
XKJICHHAsA B CEPHOKHCIIOM JIEKTPOJIUTE) — HUKEIb-XPOM;

2) HUKEIb-MeIb (OCaXKJICHHAs B KHCIIOM DJIEKTPOJIUTE) — HHUKEIb-
XpOM;

3) Meab — IBYX- WIH TPEXCIONWHBIN HUKEITb-XPOM.

B nmocnemHue roanl s 3alMTHO-JACKOPATUBHBIX II€JICH CTaIM IIH-
POKO TMPUMEHSATh MHUKPOIOPHUCTOE XPOMHUPOBAHUE, KOTJa MEXKIY CIO0EM
OJIECTSAIIETO HUKENA U XpOMa OCaKIACTCs CIEIUAIbHBIA TPOMEXKYTOUHBIN
cioit. IIpy 37eKTPOTUTHYECKOM MOKPBITUM TAKOTO CJIOSI XPOMOM M3 CTaH-
JAPTHBIX JIEKTPOJUTOB XPOMUPOBAHUS HA MUKPOUYACTHUIIAX XPOMOBOE I10-
KpPBITHE HE OCAXJACTCS M 00pa3yeTcsi MUKPOIIOPUCTAsl XpOMOBasl TIJIEHKa
(ceTka), obecneunBaroias paBHOMEPHOE paclpeaesieHue KOPPO3MOHHOTO
TOKa I10 BCEH MOBEPXHOCTU HUKEIEBOTO MOACIO0s. Takum 00pa3zom, KOppo-
3Usl HUKEJIS Topa3fo JO0JbIIEe MPOUCXOIUT B IMOBEPXHOCTHOM CJIO€, HE
MpPOHUKAsi OBICTPO B TJIyOMHY MOKPBITHS.

JIst ycTpaHeHusi OCHOBHOT'O HEIOCTaTKa CYJIb(ATHBIX AJIEKTPOJIUTOB —
MaJjioro0 BBIXOJA IO TOKY — B CYJb(ATHBIN 3JIEKTPOJMT BBOJAT B M30BITKE
TpyAHOpacTBOpUMbIE coin: KpemHedropu kamus Ky[SiFg] v cepHOKuUCIbIiM
ctpoHruii SrSQO,4, KOTOphIE aBTOMATUYECKH, MOKa €CTh B BaHHE M30BITOK

ITHUX COJIGI>'I, NOAACPKUBAOT OIITUMAJIbHYIO KOHIOCHTPAIINIO AKTUBHBIX aHH-
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onoB SO,” u SiFs™ B pacTBOpe. DTH COJIM MaJlO pacTBOPSIOTCS B XPOMOBOM
KHUCJIOTE, TIOATOMY, HAaXOJCh B JJIEKTPOJIMTE YACTUYHO B TBEpJou (aze u
MOCTETIEHHO PAaCTBOPSSCh, OHU TOJICPKUBAIOT MPUOIU3UTEIILHO MOCTOSH-
HOM KOHIICHTPAIIUIO aHUOHOB SO,” u SiFs"" . Takoit AIEKTPOJIUT HOCHUT
HA3BaHUE camope2yiupyrouie2ocss U Mo3BOJSET OCYHIECTBISThL XpPOMUPOBa-
HHE ¢ BBIX0J0M 10 TOKY 710 18—20 %. CocTaB 31eKTpoauTa CaCayOITUi, I/J1:
xpomoBbid aurunpun  — 200-250; cepHOKHCHBIH CTpOHIMK — 6;
kpemuedTopua kamus — 20. [Iponecc BenyT npu temmnepatype 55 °C.

Ho y camoperynupyromuxcs 3J€KTPOJUTOB €CTh CEPbE3HBIM HE-
JOCTATOK: YYaCTKU XPOMHUPYEMBIX JAeTajed, KOTOphle HE TMOKPHIBAIOTCS
XPOMOM H3-32 HU3KOM IUIOTHOCTH TOKA, MOJIBEPTAIOTCS TPABJICHUIO JJICK-
TposuToM. [ToaTOMYy ydacTku aeTajiei, KOTOphIe B MPOIIECCEe XPOMUPOBA-
HUS MOTYT TIOJABEPTHYTHCS PACTPABIMBAHUIO, JOJKHBI OBITH OCOOCHHO
TIIATEJIBHO W30JIMPOBAHBI OT 3JEKTPOJIUTA KUCIOTOCTOMKUM MaTEpUATIOM,
O0COOCHHO B CJIy4ya€ HAHECEHHMs TOJCTBIX CJIOEB XpOMa Ha IMOBEPXHOCTH
CUJILHO MPOOUIMPOBAHHBIX U3/ICIIHM.

N3-3a CUJIBHOM arpecCUBHOCTH CaMOPETYIUPYIOIIUXCS DIEKTPO-
JIUTOB B OTHOIIICHWU CBUHIIA TTOCIEIHUN HE MOXKET ObITh UCTIOJIH30BAH JIJIsI
OOKJIaJIKV BaHH, & UCTOJIb3YETCSI BUHUILIACT. AHOABI JISI TUX AIEKTPOIIU-
TOB JENarT U3 criaBa ceuHIa ¢ 5—10 % onosa.

Xopomiel Kporllel CIOoCOOHOCThIO 00JaJat0T TeTpaxpoMaTHbIC
AJIEKTPOJUTHI, HO OCaJIKU XpOMa UMEIOT HU3KYIO TBEPJIOCTh (BABOEC HUXKE,
4eM OCaJKU U3 CYIb(aTHBIX 3JEKTPOJUTOB), 00Jiee BBHICOKYIO TIACTHY-
HOCTb U MEHBIIYIO ITIOPUCTOCTh. BHENMIHUN BUJ OCAaJIKOB MaTOBBIW, HO OHU
JIOBOJILHO JIETKO MOJUPYIOTCS U CTAHOBSITCS OJIECTAIINMU.

DTOT 3JIEKTPOJUT B CBOEM COCTABE, I/ COAEPKUT: XPOMOBBIN aHTU/I-
pun — 350—400; ruapokcua HaTtpusi — 50—60; cepHyO KHCIOTY — 2,5-2,7 1
TpexBaJIeHTHBIN XpoM (B nepecdere Ha Cry0s 10-15. Ilpu conepxanun B
ANIEKTPOAUTE OoJjiee 3 T/ CepHOM KHUCIOTHI OCAJKH XpOMa CTaHOBSTCS
XpYNKUMU U oTciauBatotcs. [TokpbiTHEe XpOMOM TOJIIIUHONW 0KOJIO SO MKM

N3 TCTPAXPOMATHOI'O JJICKTPOJIMTA 3alluIIacT OCHOBHOM METAIJI JaXKE B
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TPOMUYECKUX YCIOBUSX, a TAKKE MIPU LIEMEHTALIMH BMECTO METHCHUS.
[IepCIEeKTUBHBIMH  DJIEKTPOJUTAMHU XPOMHUPOBAHHUS  SBJISIOTCS

AJIEKTPOJIUTHI C BBEACHUEM TSKEIBIX METAIOB (Kaamus, 1iuHkKa). [lu-

POKO HCIIOJIb3YETCS B MPOMBIIIJIEHHOCTU 3JEKTPOJIUT ¢ J00aBKOM Kai-

MU cOCTaBa, I'/II:

XPOMOBBIA AHTHIAPHIL  «.vveereenneennnanneeanneanneannesn 180-200
(@1570) B8 (07 (00) (01 v 0,8-1,1
KpeMHeDTOPUT HATPHSA  ..o.vvvienieeiiieeiieeenaennns, 4,5-5,5
BUXpOMAT HATPHS  ..oovviiiiiiiiiiiiieiie e e, 25-35
Kanmuii (B mepecyeTe Ha METAIT)  .ovvvvnvvennnnnnns 13-17
TemmepaTypa, °C  ..ooiiiiii e 60-70
KartoaHas mioTHOCTH TOKa, AIM® 95-40

[lepen HavyamoM XpOMUPOBAHUS IETATN JOJIKHBI OBITH IPOTPETHI 110
TEMITEPATypbl IEKTponuTa. CTadpHbIE U YYTYHHBIEC JIETAJd HArpeBarOTCA
B XPOMOBOM BaHHE, a JIETaJM U3 MEAU U €€ CIUIABOB MPOTPEBAIOTCA B T'O-
pA4Yei BOAE, TaK Kak MEAb XUMHUUYECKH PACTBOPSIETCS B KOMIIOHEHTAaX XPO-
MOBOT'O 3JIEKTPOJIATA.

[Ipu xpoMupoBaHuHU pelibe(hHBIX IeTaleii PEeKOMEHIyeTCsl B Haualie
ANEKTPOIU3a NPOU3BECTU «TOJUOK» TOKA (CHJIA TOKA JOJIKHA OBITH BIIBOE
OOJIbIlIe pacuyeTHOM), a CIyCTsl |—2 MUH CHIIy TOKa CHUXXAIOT 0 pacUyeTHO-
ro 3HayeHus. C TOMOUIBIO «TOTYKA» MOKHO OCaJIUTh XPOM Ha yriyOJIeH-
HBIX y4acTKax JETaJIH.

Hopucmoe xpomuposanue. XpoOMUPOBAHHBIE JIE€TAIN MAIIWH HeE-
JOCTAaTOYHO CMAUYMBAIOTCS CMa30YHBIMU MacjiaMd M IIOXO MpUpadaThi-
BAIOTCSI, MIO3TOMY IPHU BBICOKHUX TEMIIEpATypax U JAABJICHUAX XPOMOBBIC
MOKPBITUST OBICTPO WM3HAIIUBAIOTCS. [J1s1 ycTpaHeHUs 3TOro HelocTaTKa
MPUMEHSAIOTCS TOPUCTHIE XPOMOBBIE OKPBITHUSA. [lopHUCThIe 0canku Xpo-
Ma, CoJAEep Kalliue MHOTO TOHKUX KaHAaJIOB, JETKO YJIEPKHUBAIOT OOJIBIIOE
KOJIMYECTBO CMA3KH, KOTOpPasi MPU TPEHUHU TTOCTYNAET K y4acTKaM, TJI€ €€
HEJIOCTATOYHO. B pe3ynbTaTre 3TOT0 M3HOCOCTOMKOCTH HW3JIEIUUA TOBbI-
mraercs B 5—7 pas.

CylIHOCTh 3TOro crnoco0a XpOMHUPOBAHUS 3aKITIOYAETCS B aHOJIHOM
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TpaBJICHUU TOJCTHIX ocaakoB xpoma (200—300 MKM) B OOBIYHOM 3JIEKTPO-
JUTE JU1s1 XPOMHUPOBAHMS TTPpU TJI0THOCTH ToKa 3500—4500 A/M 1 52-58 °C
B TeueHue 6—10 muH. Bo Bpemsi Takoi aHOAHOW 0OpabOTKH MOPHI U TpeE-
IIMHBI OCaKa XpoMa YIyOJsStoTCS U YBEIUYHBAIOTCS, & BCSA MMOBEPXHOCTH
MeTajlla MOKPBIBAETCS CETKOM Y3KHUX KaHAJIOB.

Yepnoe xpomuposanue NpUMEHSIETCS IS JETaNCH, KOTOPbIE HAPSAY
C KOPPO3MOHHOM CTOMKOCTHIO TOJKHBI UMETh MOBEPXHOCTD, 00J1a1al0IIY IO
HU3KUM KO3 (UIIMEHTOM OTpPaKEHUsI CBETA, HAPUMEP B ONTUYECKHUX CHU-
ctemMax. JIJ1si MOKPBITUS YEPHBIM XPOMOM MPUMEHSETCS CIEAYIOIMIHNMN dJIeK-

TPOJIUT, T/J1, U PEXKUM Tpoliecca:

XPOMOBBIA AHTHIAPHIL  «.vvenreennneenneanneenneenneennns 300-500
YKCYCHOKHUCIBIN OQPUI  ....ovvieeiiiiiiieeannennns, 57
ABOTHOKHUCIIBIA HATPHM  ..evvvieeniieenieaaneeennnnnn, 7-10
BOpHAS KHCITOTA  ....oivviiiiiii i 12-15
[IIOTHOCTD TOKA, A/IIMZ  +eeveeeeee e 40-80
TemmepaTrypa, °C .oooviiiiiiii e 3040

[Toxcnoit MOJIOYHOTO Xpoma TOJ YEPHBIM JOJXKEH OBITh OKOJIO
10 mxm. Tonmmuua ciost yepHoro xpoma o0bryHO 1,5-2 Mkm. Ilocrne
HAHECEHMS YEPHOTO XpOMa — JIeTaJIl MPOMBIBAIOT BOJOM, CyIIAT U MOJI-
BEeprarT TepmooOpadboTke B Macie npu temueparype 110-120 °C B rte-
yeHue 30—60 MuH.

B mocnennee BpeMs MOJYyYUIIU PACHPOCTpAaHEHUE B MPOMBIILICH-
HOCTH HOBBI€ COCTaBBl AJIEKTPOJUTOB: CBEPXCYIb(GaTHBIH U MHOTOKO M-
MOHEHTHBIC AJIEKTPOJUTHI. XPOMHPOBAHUE B CBEPXCYJIb(aTHOM 3IJICK-
TPOJIUTE TO3BOJISIET MPUMEHATh MIOTHOCTH TOKa 10 300 A/nm® (onTu-
ManbHO 80—100 A/I[MZ) 1 HAHOCHUTH TOJICTHIE (10 1 MM) U3HOCOCTOMKHE
MOKPBITUS. DTOT JBJCKTPOJUT COJCPXKHUT, T/JI: XPOMOBBIM AHTUAPHUI —
250-300; cepuyto kucnoty — 8—10; tpexBaneHTHbIlt XpoMm — 20-22. Jlns
MOJy4YeHUsS] HEOOXOJAUMOIro KOJMYECTBA TPEXBAJICHTHOTO XpoMa B pac-
TBOp BBOAST 8—10 r/71 mepexkucu Boaopona. M3-3a HU3KOW paccenBaro-
e COCOOHOCTH JTAHHOT'O AJEKTPOJIUTA PEKOMEHIYETCS UCIOJIb30BaTh
JAHHBIA AJIEKTPOJUT JJISI MOKPBITUS AeTayned, umeromux Gopmy Ten
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BpaIIeHUs.

MHOTOKOMIIOHEHTHBIE AJEKTPOJIUTHI COACPKAT KaK HEOPraHUYECKHUE,
TaK U OpraHuYecKue JOOABKH K CTaHAAPTHOMY 3JIEKTpoauTy. OcoOeHHO MH-
TEPECEH DJICKTPOJIMT, MTO3BOJISIFOIINN BECTH XpoMHpoBaHue Ha xoiozae. Co-
CTaB AJIEKTPOJIUTA, I/1: XpoMOBbIN aHruapua — 400—420; yraexkuciblii Kajib-
Ui — 6/-75; cepHokucibii kK00anbT — 15-20. [1IOTHOCTH TOKA COCTaBIISIET
150400 A/I[MZ, BBIXOJ] XpoMa 1o ToKy — 3842 %. 13 oprannueckux 100a-
BOK MCTIOJIB3YIOT TUAPOXUHOH, OCH30MHYIO KUCIOTY U T.JI.

Bo3mosxHbie BUBI A€(EKTOB XPOMOBBIX MOKPHITUH M MPUYHHBI UX
BO3HUKHOBEHMS MIpUBEACHBI B Ta0. 3.13.

Tabauua 3.13
OCHOBHbBIE HEMOJIAIKHA TPU XPOMUPOBAHUHU, X TPUYHHBI

U CIOCOObI YCTPAHEHMS

Henonanku [TprunHbI CriocoObl ycTpaHeHus

1 2 3

Inoxas Mmexanmnuyeckas

NI XUMHUYCCKasd
yﬂy‘IIHI/ITB Ka4yCCTBO IIOATOTOBKH
IIOoArOoTOBKA

nepe]i MOKPhITHEM
OrciianBaHue

JleTanb HEAOCTATOYHO

HOKPRITHE porpenach O6ecneunTh HOpMaJIbHBIN
B DJIEKTPOJIUTE, IPOrpeB JAeTanel, yCTpaHUTh

nepephIB TOKa B IpoLiecce HepepbIBbI B TOKE

XPOMHUPOBAHUSA

Bricokas KOHIIEHTpalusl | Y MEHBIINTh KOHIIEHTPAIIUIO CEPHOMU
Hwuzkas kporomas

CEPHON KUCIIOTHI KHUCJIOTBI WU OTIIUTH YacTh
CIIOCOOHOCTH
B DJICKTPOJIUTE anexTpoauta u 106aButh CrO
Cepoe Bricokoe conepxanue
. [IpopaboTarh 37EKTPOIUT
C paBHOMEpPHOI B AJIEKTPOJIUTE

Y YBEJIUYUTh OTHOIIEHUE S, S,

CBIINBIO ITOKPBITHUE TPCXBAJICHTHOI'O XpOMa
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Kporomas 3arpsi3HeHHe

CITOCOOHOCTh QJICKTPOJIUTA

CHMIKCHA KCJIC30M NI MCABIO
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Oxonu4. Ta0J. 3.13

1 2 3
UpesmepHO HU3Kas
VYBEIMYUTh TOK Ha BAaHHE
OtaenbHbIE IUIOTHOCTB TOKa
Y4aCTKH MOBEPXHO- DKpaHHpOBaHUE [Iepepacnpenenuts neranu
CTH JeTanei OTJENbHBIX YYaCTKOB  [HA MOJABECOYHOM MPHUCIIOCOOTICHHH,
HE MOKPBIBAIOTCS MOBEPXHOCTH AeTalIeh YCTPaHUTh 3KPAHUPOBAHUE
XpOMOM ['a30BBIE MELIKN N3mMeHnTh pacnosiokeHue
IPU XPOMHUPOBAHUH JeTaneu

VY nanenre HenO0OPOKAYECTBEHHBIX XPOMOBBIX MOKPBITUM OCYIIECTB-
JISIETCSI B COOTBETCTBUM C OCHOBHBIM MaTEpUaNIOM JeTajiu. XpOMHUPOBAH-
HBIC JCTaJIM, U3rOTOBJICHHBIC U3 CTAJIM U CIUIaBa Ha MEIHOW OCHOBE, 00pa-
O0aThIBalOT B MHTUOHMpOBaHHOM cojigHON kucioTe (1:1) Ha xomome. s
XPOMHUPOBAHHBIX JETalIe, KOTOPhIC HEJb3sl HABOJOPOKUBAThH, MPUMEHSI-
€TCsl aHOJIHOE pacTBOpeHue xpoma B BanHe ¢ 15-20 % pactBopom NaOH
Ha XOJIOJE U aHOIHOM IUIOTHOCTBIO Toka 10—15 A/nm°. Katonamu CIIyXKatT

CTAJIbHBIC TIJIACTUHBI.
3.5. ®ochaTupoBaHue, aHOAHOE U XUMHUYECKOE OKCUIHPOBAHNE

Heoprannueckue pocdarHbie U OKCUIHBIE TOKPHITUS MOJYyYaroT IMy-
TeM XUMHUYECKOH WJIM DJICKTPOXMMHUUYECKONH 00pabOTKM H3JIEIUM, B pe-
3yJIbTaT€ KOTOPOW HA MOBEPXHOCTHU METAJLIOB OOPa3yrTCs MPOYHBIC
COJICBBIE WJIM OKCHJIHBIE TUICHKH.

B 3aBUCHMOCTH OT YCJIOBUU IPOBEACHUSA IMPOLECCOB MOIydaeMble
MJICHKU MOTYT 00JiaiaTh BBICOKOM aJICOPOIIMOHHON CTIOCOOHOCTBIO, AJICK-
TPOU3OJISALIMOHHBIMU CBOMCTBAMU, MOBBILIEHHOW TBEPAOCTHIO U M3HOCO-
CTOMKOCTBIO U T.A. [Ipu yCcloBUU UX JOMOJHUTEIbHON 00pabOTKU MyTeM
HAITOJIHEHUS MMACCUBUPYIOIIMMHU PACTBOPAMH WJIM MPOIUTKU CMa30YHbI-
MM MarepuajaMyd HEOPraHUYECKHUE IUIEHKHU IOBBIIIAIOT KOPPO3UOHHYIO

CTOMKOCTh METAJIJIOB M CIJIABOB.
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docdarupoBaHue M OKCUAMPOBAHUE MPUMEHSIOT ISl YEPHBIX U

OBCTHBIX MCTAJIJIOB.

3.5.1. @ochamuposanue

Docghamuposanue — MeTo1 MOMydeHUsI GocPaTHBIX IJICHOK Ha U3Je-
JUSX U3 YEPHBIX M IBETHBIX METAJUIOB, KOTOPHIM COCTOMUT B OOpa30BaHUU
MajiopacTBOPUMBIX (hocdaToB xeje3a, MapraHiia Wi [UHKA.

docdopHas KUCIOTa KaK TPEXOCHOBHAsI 00pa3yeT 0JHO3aMEIICHHBIC
conin — guruapodocdaret MH,PO,4, nByx3aMenieHHbie — ruapodocdato
M,HPO, u tpex3amemennsie — pocharsr M3PO, (rne M — onHOBaNIeHT-
HbI MeTaul). B Boze pacTtBopsitoTCsl TOBKO (ochaThl aMMOHUS U 1II€-
JIOYHBIX METAJJIOB, a TaKke AUruApodocdaTsl ABYyX- M TPEXBaJICHTHBIX
MeTaioB. JByXx- u Tpex3ameineHHbie ¢hocdartsl xxene3a, Mapraiiia u IuH-
Ka MaJopacTBOPUMBI.

[Iporekanue QocdarupoBanusi B pacTBOpax MapraHia M Kelesza
MOXHO TIPEJCTaBUTh cieayronmM oopazom. [lpu B3aumopeictBuu Qoc-
(OpHOI KUCIOTHI ¢ METAIJIOM 00pa3zyroTcs AUruapodocdaTsl U BbIACIS-
€TCsl BOJOPOJI:

Me + 2H3PO4 — MG(H2PO4)2 + Hz.

[Ipu cHwkeHUM KOHIEHTpamuu (GOCHOPHOM KHUCIOTHI TMOIYYaroT

TPYJIHOPACTBOPUMBIC JIBYX3aMEIICHHbBIC M HEPACTBOPHUMBIC TPEX3aMEIICH-

HBIC COJIN.

MH(H2PO4)2 <~ MnHPO, + H3POy; (31)
3MH(H2PO4)2 > Ml’lg(PO4)2 + 4H3PO4 (32)

B ob6pa3zoBanuu (pochaTtHOM MIECHKH y4acTBYeT HE TOJbKO docdop-
Has KHUCIIOTa U MPOJIYKTHl €€ B3aUMOJICHCTBHS C METAJUIOM, HO U BXOJIs-
mue B pactBop (ocdarupoBanus ¢docdaTel Kemesa W Mapraia
MH(H2P04)'H20, MHHPO4, FG(H2PO4)2.

Oo6pazoBanue ¢ochaTHON IIIEHKH MOXKHO CYUTaTh  BTOPUYHBIM
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MPOLECCOM, KOTOPOMY MPEAIIECTBYET JIEKTPOXUMUUYECKOE PACTBOPEHUE
xene3a. Ha aHoqHbIX ydacTKax MPOUCXOJUT PACTBOPEHUE HKENE3A:
Fe — Fe®" + 2e;
Ha KaTOJHBIX YYaCTKax BbIJEISACTCS BOJIOPO:
2H" + 2e —» 2H — H,.

Tak kak >xene3o0, Mepelieee B pacTBOp, CBA3BIBAET (HOCPOpPHYIO
KHCJI0TY, TO paBHOBecus (3.1) u (3.2) cMemaroTcsi BIpaBo, YTO MPHUBOIUT
K BBINIAJICHUIO B OCAJ0K JABYX- U TPEX3AMEIICHHBIX COJIEH MapraHia 1 xe-
ne3a. BelmazieHue ocaaka OpOUCXOUT TPEUMYIIECTBEHHO B CIIOE, TPUMBI-
KalollleM K MOBEPXHOCTH (ochaTupyeMoro npeamera.

ITo Mepe pocTa pocdaTHO MIEHKU CKOPOCTh MPOLIECCa YMEHBIIAET-
Csl, MOCJIE 3aKPBITUSL BCEH MOBEPXHOCTHU IIEHKON PocaTupoBaHHe 3aKaH-
YUBAETCS, MPEKpAIAeTCs BbIJIEICEHUE BoAopoaa. Mexay dochaTHON
IJIEHKOM ¥ METAaJIJIOM CYIIECTBYET T€CHAasi KPUCTANIOXMMHUYECKAS! CBS3b —
HMOHBI pochaTupyeMoro MeTajia IBISIOTCS 4acThio (OoCPaTHOM IIICHKHU.

KoHI1ieHTpaius HOHOB BOJOPOJa BO BpeMsl Ipoliecca OCTAeTCs MOUTH
noctosiHHOW. Kak npasuno, 3Hauenue pH mensercs B npenenax 0,1. Ilo-
BBIIIICHHAS! KUCJIOTHOCTh CABUTAeT paBHOBecue (3.1) BiIEBO, UTO MPUBOIUT
K 00pa30BaHUIO XOPOIIO PACTBOPUMBIX OJIHO3aMeEIIeHHBIX ¢dochaToB. B
pe3yJIbTaTe MJIEHKA MOJIy4aeTCsl HECIUIOIHOW WK BOBCE HE 00pa3yeTcH.

[Ipy HOpManbHOM BelleHMM Tiporiecca ¢ocdarHas IUIEHKa HMEET
MEJIKOKPUCTAINIMYECKYIO CTPYKTYpy. BenmumHa KpHUCTalIOB 3aBHCUT OT
pH docdaTnoro pactBopa u 0coOEHHO OT XapakTepa MoJAroOTOBKUA MeTalia
nepen dhocharuporanreM. OOpa3zoBaHUE MEIKOKPUCTATIMNYECKOMN TIICHKH,
KaK OoJiee TUIOTHOW M CIUIONIHOW, 3aBEPIIAETCS PaHbIle U JJIUTCS OKOJIO
30 MUH, B TO BpeMs Kak IpuU OOpPa30BAHUU KPYMHOKPUCTATUTMYECKOU
TUICHKU JTUTEIBHOCTH IIpoliecca COCTABIISIET HHOT1a 6osiee 1 4.

TonmuHa MIEHKU ¢ MEJIKOKPUCTAIUTMYECKON CTPYKTYPOH COCTABIISIET
1-4 MKM, TONIIMHA K€ KPYMHOKPHUCTAUIMYECKOW TIeHKn — 9—11 mkwm,
MpUYEM KOPPO3UOHHASI CTOMKOCTh IUICHKA C MEJIKOKPUCTAINYECKON

CTPYKTYPOU BO BCEX CIIydasix BBIIIIE.
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docdaTupoBaHre OCYIIECTBISECTCS B BOJAHOM pPACTBOpPE Mpenapara
«vaxed» (I'OCT 6193-52) ¢ xonuentpanueit 20-35 r/n. Ilo Mmunepanb-
HOMY coctaBy B «Maxked» Bxomar Mn(H,PO,),-3H,O0, MnHPOy,,
Fe(H,POy),. Ilpu docharnpoBannu NOIACPKUBAIOT TEMIIEPATypy PacTBO-
pa, OJIM3KYIO K Temmeparype ero kunenus, 1.e. 96-99 °C. ITpoaomKuTens-
HOCTh (pocaTupoBaHus 3aBUCUT OT COCTABA CILJIaBa, €r0 MPEABAPUTEIHLHOMN
MOATOTOBKHU U OMPEAEISIETCS BPEMEHEM, [0 UCTEUEHHH KOTOPOTO MpEKpa-
1IAETCS BBIJEIEHUE BOJOPOIa ¢ TOBEPXHOCTH (00buHO 40—60 MUH).

®docdaTHbie TWIEHKH 00pa3yIOT BBICOKOPA3BUTYIO IIEPOXOBATYIO IIO-
BEPXHOCTh, 00JIaAIONTyI0 MHOTUMHU IIEHHBIMU CBOMCTBaMu. biaromapsi xo-
poiiieil aare3uoHHONM crocoOHOCTU (hocdaTHbIE MOKPHITUS JIETKO YAEPIKU-
BalOT MPOMUTHIBAIOIINE CMa3KH, KOTOPhIC MPOHUKAIOT B MOPHI U KaIluJ-
JSIPBI TUIEHKU. 3allUTHAsE CIIOCOOHOCTh MX MPU 3TOM 3HAYMTENIHHO IOBBI-
maercs. @ocdaTHbie MOKPHITUS ABISIOTCS XOPOIIUM TPYHTOM JUTsl HAHECe-
HUS JJAKOKPACOUYHBIX IMOKPBITUNA. VX UCIIONB3YIOT I U3AEIUN, SKCILTyaTH-
PYIOIIUXCS B OYEHB JKECTKUX YCJIOBHUAX, HATPUMEP B MOPCKOM BOJIC UJIU B
Tponuueckux paioHax. OObryHO mocie docdaTupoBaHusl ACTAIU IPO-
MBIBAIOT TOpsiYel BOJIOM, BBIJCPKUBAIOT 2—4 MUH B KHUIISIIIIEM PacTBOpE
MbLIa (20-30 r/i1), MOJHOCTBHIO BBICYIIMBAIOT, 3aT€M MPOMACIUBAIOT WIIH
MOKPBIBAIOT JJAKAMU UJIM KPaCKaMH.

docdaTHbIE MICHKU 00JIaal0T TAKKE XOPOIIMMH 3JIEKTPOU3OJISIIIUOH-
HBIMU CBOMCTBamH, BblJepuBasi HanpspkeHue 1o 301000 B, mpemoxpa-
HSIOT METa/UIbl OT CMAaYMBaHMS pacIUIaBIICHHBIMH MeTautamu (Sn, Zn).
HenocratkoM (ocdaTHbIX TIECHOK SIBISETCS HU3Kash MPOYHOCTh U 3Jia-
CTUYHOCTb, B PE3yJIbTAaTE YEro OHU JIETKO uctupatorcsa. Kpome Toro, B mpo-
necce gochaTupoBaHUsl BO3MOKHO HABOJOPOKMBAHHE METAJIOB, T.C. yBe-
JUYUBACTCS XPYIKOCTh METAJIIOB.

Bpemst ¢pochaTupoBanrs 3HAUUTEIBHO COKPAIAETCS B MPUCYTCTBUU
pa3IMYHBIX 100aBOK, TAKUX, KaK OKUCIHUTENIN (HUTPUTHI, HUTPATHI, XpOMa-
Thl U JIp.), COCJJMHEHUSI METAJJIOB, UMEIOIIUX TMOJOKUTEIbHbIC 3HAUCHUS

AJIEKTPOJHBIX MOTEHIIMAIOB (Meb, cepeOpo, HuKenb). IIporecc yckopeH-
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Horo (ocharupoBanus 3akanuuBaercs 3a 10—15 Mun u Menee. 3aniuTHas
criocoOHOCTh (hoc(aTHBIX MICHOK, MOTYYEHHBIX NMPU YCKOPEHHOM (ocda-
TUPOBAHUU, HECKOJIBKO HIKE, YeM IUICHOK, OCaXJACHHBIX 0€3 yCKOpsIo-
IMX T00ABOK.

Xonoonoe ¢ocpamuposarnue TPOBOAAT € TOMOIIBI  (hoc-
baTupyromux pacTBOPOB C MOBBIIIEHHBIM cojiepkaHnueM GhocPopHOi Kuc-
notel 1 HUTpaToB npu 15-30 °C. IlneHku, mosy4eHHbIE CIOCOOOM XOJIO-
HOTO (pocaTupoBaHus, MCIOIL3YIOT B KA4ye€CTBE TPYHTa IOJ OKPACKY.
Xonoguoe (ocdaTupoBaHue MPUMEHSIOT TaKXKe NI HAHECEHUS ITMHKO-
BBIX M KaJIMHEBBIX MOKPBITUHA, 00JIaTAOIIUX TOBBIIIICHHOMN 3aIIUTHON CITO-
COOHOCTBIO.

O6miass 1 CcBOOOJHAsT KHUCIOTHOCTH pacTBOPoB (dochaTupoBaHus
YCJIOBHO BBIPAXAaEeTCAd B BHJE «TOUYCK», T.€. YMCIOM MWLIWIHTpoB 0,1 H
pactBopa NaOH, momenmiero Ha tutpoBanue 10 mu docdaTupyromero
pacTBopa B pUCyTCTBUU (peHosndTanenHa (001as KUCIOTHOCTh) U METH-
JIOBOTO OpaHXeBOTro (CBOOOJHAS KUCJIOTHOCTH). OTHOIIIEHUE OOIIeH Kuc-
JIOTHOCTH K CBOOOJHOM JOJIKHO OBITh B mpenenax 4,5-5,5.

docdarrupoBaHre MOKHO TTPOBOIUTD U IAEKMPOXUMULECKUM CHOCO-
O6om B pacTBOpax Uil HOPMAJIBLHOIO M YCKOpEeHHOro ¢ocdaTtupoBanust ¢
HCIIOJIb30BAaHUEM KaK MOCTOSHHOTO, TaK W MEPEMEHHOT0 TOKa. DTOT CIIO-
co0 MPUMEHHUM TOJIBKO Jii HAHECEHHUsS MOKPBITUH Ha JACTaIM MPOCTOMN
dbopMBI, TaK KaK pacceuBaroIias CriocoOHOCTh (HocaTHOTO AIESKTPOIUTA
HU3Kas, U KauyecTBO (pocdaTHON IICHKH Ha Pa3WYHBIX y4acTKaxX KaTojaa
MOXET ObITh HEOJUHAKOBBIM. [[1s1 dhocaTupoBanusi yriaepoauCThIX HU3-

KO- U CPEJIHEJIETUPOBAHHBIX CTAJIEN pEKOMEHIYETCSl pacTBOp COCTaBa, I/J:

Zn(H2P04)2 ......................................................... 28-36
Z(NOS)D oo 42-58
HaP Oy 9,5-13,5

OOmias KUCJIOTHOCTh TaKOro pacTBOpa COCTaBisieT 65—75 «To-
4eK»; CBOOOJIHAs KUCIOTHOCTh — 12-15 «rouek». IIporecc BenyT mpu
8595 °C B teuenue 10-25 muH.
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3.5.2. Okcuouposanue cmaiu

OkcuaupoBaHUE HU3KO-, CPEHE- U BBICOKOJIECTUPOBAHHBIX CTAJNEH
MIPOBOJIAT € HEIBI0 3AIIUTHO-ACKOPATUBHON OTJICJIKU ITOBEPXHOCTH H3JIe-
aui. J{JI8 XMMHYECKOro OKCHAWPOBAHHUS MPUMEHSIOT TOpsSYhe KOHIICH-
TPUPOBAHHBIC PACTBOPHI IMICTOUYH, COJEPKAIINE OKUCIUTEIN — a30THUCTO-
KUCJIBIM HATPUWA M a30THOKMUCIIBIM HATpUK. MeTasi, NorpyKEHHbIA B OK-
CUJIUPYIOLIUM COCTaB, IPU B3aUMOJCUCTBUM C €KUM HAaTPUEM M OKHUCIIH-
TeJIeM PacTBOPSETCS ¢ 00pa30BaHUEM 3aKHCHOTO M OKMCHOTO COSAMHCHUN
Na,FeO, u Na,Fe,O4 mo peakuusM:

Fe + O + 2NaOH = Na,FeO, + H,0;
2Fe + 30 + 2NaOH = Na,Fe,0, +H,0.

CoenuHEHUs 3aKMCH U OKCHJA JKeJie3a B3aUMOJECHCTBYIOT MEXKIY
co0oii ¢ 00pa3zoBaHUEM IJIEHKM MarHuTHOro okcupaa FezOy:

Na,FeO, + Na,FeO, + 2H,0 — Fe30,4 + 4NaOH.

B 3aBUCUMOCTH OT yCJOBUN OKCHUIUPOBAHUS MOTYT MPEUMYIIIE-
CTBEHHO Kpuctamiu3oBaTtbcs Fe30,4, 6€3BoaHbIN Fe,0O3 B BUjae remaTuta
WM MarHuTHOTO okcuiaa Yy-Fe,O3 i 4acTU4HO TUAPATUPOBAHHBIN OKCH/T
FGQOg’HgO.

XapakTep KpUCTAJUIM3AllMM OKa3bIBACT BIIMSHUE Ha IIJIOTHOCTD,
IIBET, KOPPO3MOHHYIO CTOMKOCTb MJICHKH, €€ TOJIIIMHA U Ka4yeCTBO 3aBU-
CAT OT COCTaBa pacTBOpa.

Kpucrannuzamus npoucXoAuT CcHayaja Ha OTASIbHBIX aKTHUBHBIX
y4yacTKax IMoBepXHOCTH. Ilo Mepe pocTa KpucCTaaibl 3alOJIHAIOT BCE
OOJIBIIYIO TLIOIIAAb TMOBEPXHOCTH. HakoHel, KpHUCTaJUIbl CMBIKAIOTCH,
00pa3ys CIUIOMIHYIO IUIEHKY. IIpyu o4eHb BBICOKOW CTENEHH JUCIIEPCHO-
CTU POCT U (POPMUPOBAHUE TIJICHKU 3aKaHUMBAETCS MIPU OYCHBH MAJION €¢
ToJKUHE. B uTore monydaercs ToHKas, Ipo3payHas MicHKA.

[Ipu MamoM coaep>kaHUM OKUCIUTEIIA POIEeCC MPOTEKAET MEJIEHHO,
B pE3yJIbTaTe Yero CO3/1aeTCs phixjas, HerpoyHas IeHkKa. C yBeIudeHUeM

COACPKAHUA OKHUCIIUTCIIA INNICHKHW ITIOJIYYarOTCsA BCC 0oJtee IMPOYHBIMH H
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onectamymu. [Ipu NOBBIIEHUH KOHIIEHTPALUK LIEI0OYU TOJIIUHA TIJICHKH
YBEIIMYUBAETCS, OJTHAKO MPH YPE3MEPHO BBICOKON KOHUEHTPALMUA MOXKET
00pa3oBaThCs PHIXJIBIA OCaJOK THMAPOKCHUIA KeJle3a, U 3alluTHas CIoco0-
HOCTb MOKPBITUS YXYAIIUTCS.

OkcuaHas MICHKAa Ha MaJOyIJIePOJUCTBIX CTANISIX UMEET IIyOOKui
YEpHBIM I[BET, @ Ha BHICOKOYTJIEPOJAUCTBIX — YEPHBIA C CEPOBATHIM OT-
TEHKOM.

3ammTHas CIOCOOHOCTh OKCUAHBIX IIJIEHOK HA CTajd YBEIUYUBACTCS
MOCJIE MPOMUTKHA UX MacjlaMU U CMa3KaMU WM MOKPBITHS JJAKAMU U Kpac-
Kamu. {711 TpONUTKU OKCUIUPOBAHHBIC U3JCIHS MOTPYXKaIT B TpaHCHOP-
MatopHoe win MamuHHoe macio npu 105-115 °C na 5-7 mun. Ilocrne
ATOM Omepaluy MOBEPXHOCTb MOKPBITHUS CTAHOBUTCS OJIECTSAIIEH, C paB-
HOMEPHOU YEPHOU OKPACKOU.

{1 XUMUYECKOTO OKCHUJUPOBAHHS HU3KOYTJIEPOJAUCTBIX CTajeu U

YyT'YHOB PEKOMEHJIYETCSl pacTBOP COCTaBa, I'/J:

NaANO 3 o 50-100
NaANO ) o 200-250
NaOH ..o 550-700
TeMrmeparypa, ®C ..o 145-155
BpeMs, MUH ... 40-60

3.5.3. Okcuoupoeanue antOMuHusA U €20 CH1ACO8

AmoMuHnii  o0JlagaeT 3HAYUTEILHOM XHUMHYECKOH aKTHBHOCTLIO;
HOPMAJIbHBIN TOTEHIMAN ero paBeH -1,67 B. OxaHako B OOJIBIIMHCTBE Cpe
BEJIMYMHA 3JICKTPOHOTO MOTEHIIMAIa OKa3bIBaeTCsl 00Jiee MOJIOKUTEIIBHOM,
U3MEHSISICh 10 3HaueHu -0,5 B, 4To CcBsi3aHO ¢ 00pa3oBaHUEM Ha MOBEPX-
HOCTH aJIIOMHHHSA U €r0 CINIAaBOB OYEHb TOHKOM IJIeHKH OKCHA0B Al,03 nin
A1,03:nH,0, xoTopast He ABJISIETCS 11 HETO HAACKHOM 3aIUTON OT KOppO-
3um. [lo BO3AEMCTBUEM KOPPO3UOHHBIX areHTOB AIFOMUHHUN pa3pyllIaeTcs,
MOKPBIBASICh CJIOEM PBIXJIBIX O€JbIX IPOJYKTOB KOppo3uu. I 3amiuThl

AJIIOMHUHHUA OT KOPPO3HUHU U HGKOpaTHBHOﬁ OTACIIKHN €TO ITIOBCPXHOCTH IIPH-

154



MEHSETCS XMMHUYECKOE M DJICKTPOXUMHUYECKOE OKCHUIAMPOBAHHE — IIPOIIECC
HCKYCCTBEHHOT'O 00pa30BaHUs TOJCTHIX OKCUIHBIX TJICHOK.

Xumuueckoe okcuoupogauue MPOBOJAT B CIa0OMIETOYHBIX PACTBO-
pax XpoMaToB (MOJIy4eHHE OKCHIHBIX IUICHOK) WJIM B XPOMOBOKHCIIBIX
pacTBOpax, coaepKaliuX XpOMOBYIO KUCIOTY U (PTOPHUILI (TIOJTyUYSHHUE OK-
cunHo-pochaTtHeIX MIeHOK). Ilporecc odeHb NMpPOCTOM, OBICTPBIA U HE
TpeOyeT crnenuaibHOro 000pyA0BaHUS.

OKcuaHbIC IUICHKH, MOJYYEHHbIE XUMUYECKUM METOJ0M, OOBIYHO
toHkue (0,5-2 MKM) ¢ MajJoll MEXaHUYECKOW MPOYHOCTHIO U TBEPIO-
cThi0. VX bame Bcero MCHoyib3yIOT B Ka4eCTBE TPYHTA IO JJAaKOKPacoy-
HBIE TTOKPBITHS.

Jl1s HaHeCEeHHMS OKCHIHBIX W OKCHUAHO-(POC(hATHBIX MOKPBHITUH pe-

KOMEH/IYIOTCS pacTBOPHI COCTaBa, I/

OxkcuaHad IJIeHKA

NACO3 i 40-50
N O e 10-15
NaOH 2,0-2,5
TeMmepaTypa, ®C ..ot 80-100
BpeMs, MUH ... .o 3-20
Oxcuano-docharHas njieHka

HaP O o 40-50
£ 57
HF (40%) NaF, Ma/m ..., 3-5
TeMIepaTypa, CC ... e 20-25
BpeMs, MUH ... ..o 10-15

[Ipu aunoonom snexkmpoxumuyeckom OKCUOUPOBAHUU HA AJTIOMHU-
HUM oOpaszyeTcst 0oJiee TOJICThIA OKCUAHBIN CJIOM C BBICOKUMH aJIcOPO-
IIMOHHOM CITOCOOHOCTHIO, TETJIO- M AJIEKTPOU3OJISIIIMOHHBIMU CBOMCTBAMU
Y TIOBBIIIEHHON TBEPAOCTHI0. OKCUIHBIC IJICHKU JIETKO OKPaIINBAIOTCS
BO BCEBO3MOXKHBIEC 1IBETa. biarogaps 3TUM IIEHHBIM CBOMCTBaM MOKpHI-
TUN aHOJHOE OKHCJICHUE ATIOMHHUS U €ro CIUIAaBOB HAIUIO MIMPOKOE

MNPUMCHCHHUC B ITPOMBIINIJIICHHOCTH JIA 3allIUTHO—ACKOPATHUBHBIX ueﬂeﬁ.
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JIs aHOAHOTO OKMCJICHUS AJIFOMUHHS WCIIOJB3YIOT JBa THIA DJICK-
TPOJIUTOB: @) PACTBOPHI CIAOBIX OPTaHUYECKUX U HEOPTAaHUYECKUX KUCIIOT
(OopHOI, BUHHOM, IMMOHHOMN) U MX COJICH, B KOTOPBHIX OKCHIHAS TUICHKA
HE pacTBOpsieTCs; 0) pacTBOPHI CEPHOI, XPOMOBOM U I1aBEJICBOM KUCIIOT, B
KOTOPBIX MPOUCXOAUT YACTUYHOE PACTBOPEHUE OKCHUIAHOW IJICHKU ato-
MuHUs. [TOKpbITHSI, TOTy4aeMble U3 PAaCTBOPOB CIA0OBIX KUCJIOT, OECIOpHU-
CThI€, IJTIOTHBIE, HE MPOBOIAIINE AIEKTPUUYECKUIN TOK, TOJNIIMHA UX JOCTH-
raeT | mxMm. Takue mieHku (0apbepHOro TUIA) UCIHOJIB3YIOT B Ka4ECTBE
ANEKTPOU3OJISIIUOHHBIX MOKPBITUM B MPOU3BOACTBE KOHAEHCATOpPOB. U3
AJIEKTPOJUTOB BTOPOTO THUIIA TOJYYAOTCA MOPUCTHIC TJICHKU TOJIIMHOMN
ot 1 1o 500 MxM.

Bo3HUKHOBEHUE M POCT OKCHAHOW MJICHKH Ha QJIIOMUHHUU WILIIO-
ctpupyet puc. 3.18. IlepBoHayanbHO Ha aHOJE OOpa3yeTcs MIOTHas
(0,01-0,1 MKkM) TUIEHKA OKCHJIa ATFOMHUHHUS 0apbepPHOTO TUIIA 110 PEAKITHH

2A1+3H,0 — Al1,03+6H" +6e .

G0 -G msss 1-500snm

7

Puc. 3.18. Cxema o0pa3oBaHusi OKCUAHOM MJIEHKH HA AJIOMUHUHU:

1 — njoTHas IEHKA; 2 — MOPUCTAas MJIEHKA

BHeurHsst cTOpoHA 3TOM INIEHKA YaCTUYHO PACTBOPSIETCS B BJICKTPO-

JUTE U CTAHOBHUTCS MOPHUCTON 2. POCT MJIEHKU MPOMCXOIUT Ha BHEITHEH

MTOPUCTOM YaCTH €€, IIPU I3TOM OapbepHBIN CIION MOCTEIIEHHO OOHOBIISICTCS

U Kak Obl mepememiaercss B r1yOb Meramia. CKOpPOCTh pocTa IUICHKU
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YMEHBIIIACTCSI C YBEIIMYECHUEM KOHIIEHTPAIIMU KUCJOTHI U TeMIIepaTyphl,
TaK KakK MpHU 3TOM BO3PACTAET paCTBOPUMOCTb OKCHJA.

[TosTOMY ISl TIOTTY4YEHHSI TOJCTHIX TUICHOK AJIEKTPOJIU3 MPOBOAT TIPH
Hu3KoM Temreparype (okojio 0 °C) B 3JE€KTPOJIUTE C MEHEe BBIPaKECHHBIM
TPaBSIIMM JICHCTBUEM, T.€. B YCIOBHSIX, KOT/Ia CKOPOCTh 00pa30BaHuUs ILJICH-
KU OOJIBITIE, YeM CKOPOCTh €€ XUMUYECKOTO PACTBOPEHUSI.

[Tpu MOBBITIIEHNH TUTOTHOCTH TOKa CKOPOCTh POCTa OKCUIAHOW TICHKH
YBEJIMYHUBACTCS, HO OJHOBPEMEHHO TOBBIIIACTCS PACTBOPUMOCTH €€ BCIIE/I-
CTBHE MECTHOTO pa3orpeBaHms djekTpojuta. [loaTomMy c yBenudeHHEM
MPOJODKUTEILHOCTH AJIEKTPOJIM3a TIPU JAaHHOW TJIOTHOCTH TOKA W TEMIIe-
paType TOJIIMHA MJIEHKH PacTeT TOJIBKO 0 OMPENeICHHOTO Ipeena.

[Tociie 06pabOTKHM MOPUCTHIX OKCHUIHBIX IMICHOK HAa QJIFOMUHUH B T1ac-
CHUBHPYIOIIMX PacCTBOPAX COJIEH XpoMa IMapoM WIIA Topsueii BOJOW 3aIlUT-
Has CIIOCOOHOCTH IUICHOK TIOBBIIIIACTCS BCIIEACTBHE THApATAIIMKM OKCHIA, a
TaKKe aicopOImu Xxpomara u oopazoBanus coequHenuit Tuma (AlO),CrO,.

AHOJHOE OKHCJICHUE IFOMUHHUS M €T0 CIUIABOB IMPOBOJIAT B PacTBO-
pe cepHoit kuciotbl (180-200 r/m) mpu 15-23 °C U IJIOTHOCTH TOKa
80-200 A/M® B Teuenue 15-60 muH. KaToIbl BBIIONHAIOT U3 CBHUHIIA WIN
cramn mapku 12X18HO9T. Hanpsbkenue Ha kinemMmax BaHHbI — 10 24 B.
[ToBbIIEHHOE HAMPSDKEHWE BBI3BAHO OOJIBIIMM OMHYECKHUM COIPOTHBIIC-

HHUCM OKCMHHOﬁ IIJICHKH.

KoHTpoabHbIEe BOIPOCHI

1. Kakue 0CHOBHBIE IPYIIIbI TEXHOJOTMYECKUX ONEpalliii Bbl 3HaeTeE?

2. KakoBbl OCHOBHBIE CXEMbI IPOMBIBKH JeTajeil B Bojie?

3. KaxoBo HazHaueHue u 00JaCTH MPUMEHEHUS IIMHKOBBIX M Kaj-
MUEBBIX OKPBITUI?

4. YeM MOXHO OOBSICHUTH BBHICOKYIO PACCEUBAIOIIYIO CIIOCOOHOCTD
LIUAHUJIHBIX 3JIEKTPOJIUTOB ISl IUHKOBAHUSA?

5. CpaBHHUTE CTPYKTYpPY OCaJAKOB M3 KUCIBIX U KOMIUIEKCHBIX 3JIEK-
TPOJIMTOB LMHKOBAHUSA M KaAMUPOBaHUA. KakoBO Ha3zHaueHUE KOMIIO-

HEHTOB PacTBOPOB?
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6. KakoBbl Pu3NKO-XUMHUYECKHE CBOWCTBA M 00JIACTH NMPUMCHEHUS
TIOKPBITUNA OJIOBOM Y CBUHIIOM?

7. Kakol s1eKkTpoiuT IIMHKOBaHUS 00JIajaeT caMOW BBICOKOM pac-
CEUBAIOILIEH CITIOCOOHOCTHIO?

8. Jlyig 4dero BBOASTCS MOBEPXHOCTHO-AKTHWBHBIC BELIESCTBA B IIMH-
KATHBIN SJIEKTPOIUT IIMHKOBAHUSA?

9. Kakue npeumyIiecTBa UMEET IIECTOYHON DJICKTPOJIUT JTy>KEHUS
repet KUCIbIM?

10. [Toyemy OJOBSIHHBIE MOKPBHITHS, B OTJIMYKE OT IIUHKOBBIX U Kaj-
MHUEBBIX, IITUPOKO UCTOJIb3YIOTCS B MUIIIEBOM MTPOMBIILICHHOCTH?

11. CpaBHUTE CTPYKTYpPy OCAJKOB M3 KHUCIBIX M IIEIOYHBIX JJICK-
TPOJIMTOB OJIOBsIHUpOBaHUs. KakoBO Ha3HaueHHUE KOMIIOHEHTOB DJICKTPO-
nura’?

12. 3aueM BBOIAT MOBEPXHOCTHO-aKTHBHBIC BEIIECTBA B KHUCIIBIC
AJEKTPOJIUTHI OJIOBIHUPOBAHUSA?

13. HazoBute Hanbojsiee pacnpoCTpaHEHHBIC JJICKTPOJUTHI JIJIS
cBuHIIeBaHUs. KakoBO Ha3HaUeHUE KOMIIOHEHTOB AJIEKTPOJIUTA?

14. Kak mOBBICUTh XUMHUYECKYIO CTOUKOCTh IIMHKOBBIX U KaIMUEBBIX
MTOKPBITUIA?

15. Ha3zoBurte 00s1acTH NMPUMEHEHUSI MEHBIX, HUKEJIEBBIX U XPOMO-
BBIX [OKPBITUN.

16. Kakue nBe OCHOBHBIE TPYMIIBI AJICKTPOJMTOB METHCHUS BbI 3HAC-
Te? KakoBbI UX MPEUMYIIECTBA U HEJIOCTATKU?

17. TloueMy Hemnb3sl B CEPHOKHUCIIOM 3JIEKTPOJIUTE MEIHEHUS MOKPHI-
BaTh CTaJIbHbBIC JCTAIN?

18. CyiecTBYIOT JI¥ 3aMEHUTEIHN [TUAHUCTBIX DJIEKTPOITUTOB?

19. HazoBute 0COOEHHOCTH KAaTOJHOTO Mpoliecca MPHU dJIEKTPOOoca-
XKIeHnHu Hukens (BausiHue pH pacTBopa, TemnepaTypsl, INIOTHOCTH TOKA).

20. JIyst yero B CEPHOKHCIIBIN 3JICKTPOJUT HUKEIUPOBAHUS J100aB-
JISIFOT TMTOBAPEHHYIO COJIb U OOPHYIO KHUCIOTY?

21. Yto Takoe MUTTUHT U KaK C HUM OOpPOThCs?
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22. B 4yeMm mpuYMHBI MAaCCUBUPOBAHUS HUKEJIEBBIX aHOJOB U KAKOBBI
MEpBI Er0 NPEAYNPEKICHUA?

23. UeM MHOTOCJIOMHOE HHUKEJIEBOE MOKPHITUE OTIMYAETCS OT OJHO-
CJIOWHOTO TOU K€ TOJIIIUHBI?

24. KakoBo Ha3HauYe€HHME OTIEILHBIX CJIOEB B MHOTOCJIOMHBIX HUKE-
JICBBIX MOKPBITHIX?

25. Kak 3aBUCHUT BBIXOJ TIO TOKY XpOMa OT TUIOTHOCTH TOKa U TeMIIe-
paTyphbl SJIEKTPOJINUTA?

26. B yem BbIpakaeTcs MPEUMYIIECTBO XMMHYECKOTO HUKEIUPOBA-
HUS TIEPe]T dJCKTPOXUMUYECKUM?

27. KakoBbI OCHOBHBIE OCOOEHHOCTH XPOMHPOBAHHUS 110 CPABHEHUIO C
JIPYTHUMH TaJIbBAHUYECKUMH TIpoIieccaMu’?

28. HazoBuTe OCHOBHBIE KOMIIOHEHTHI JJIEKTPOIUTOB XPOMHUPOBAHMSI.
KakoBa ux poinb?

29. B yuem oTimuMe CTaHAAPTHOTO XPOMOBOIO AJIEKTPOIUTA OT CaMO-
perynupyoierocs?

30. Kakme mepnl mpeIoCTOPOKHOCTH HEOOXOJIMMO MPUMEHSATH IIPH
paboTe ¢ XpOMOBBIM aHTHUAPUJIOM?

31. KakoB mexanu3m o0pa3oBanus GpochaTHBIX MIICHOK U UX COCTaB?

32. Kak ocymiecTBisieTcs KOHTPOJb Tpoiecca GochaTUpoBaHUs 1O
OTIPEICTICHUIO KHUCIOTHOCTA PAcTBOpa M KAKOBBI MPU3HAKA OKOHYAHHS
npoiiecca ¢pochaTupoBaHus?

33. HazoBuTe crnocoObl OKCUAUPOBAHHUS CTAIM U CBOMCTBA 00pa3ylo-
IIMXCS OKCUJTHBIX TJICHOK.

34. B yem 3akrogaeTcs nocieayromas oopadoTka OKCUAHBIX MOKPHI-
THU C LEIBIO TOBBIIICHUS WX 3alIUTHONU CIIOCOOHOCTH?

35. OxapakTepu3yiTe CBOMCTBA U COCTaB OKCHUIHBIX IIJICHOK Ha TIO-
BEPXHOCTH AIIOMUHUSA U €0 CILIaBOB.

36. KakoB MexaHW3M pOCTa OKCHIHOM IUICHKH Ha QJIIOMUHHH TPU

aHO/IHOU 00pabOTKE B CEPHOM KUCTOTE?
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4. JKCHEPUMEHTAJVIbHAA YACTb

4.1. PacyeT OCHOBHBIX MaPAMETPOB IJIEKTPOJIN3A

YcnoBHbIE 0003HAUEHHS B PaCUETHBIX (hOopMyIIax:

M,; | Macca BBIJICIUBIIETIOCS Ha KaTojie (WId pacCTBOPUBIIETOCS Ha aHO-
JIe) MeTajla Ipyu dJICKTPOIU3E, T

. XMMHYECKHI SKBUBAJICHT OcaxkaaeMoro Merasa (3 = A/z)

A aTOMHAas Macca Merajia

Z YUCJIO BJEKTPOHOB, MPUHUMAIONIUX YYaCTHE B DJICKTPOXHUMHUYE-
CKOU pEaKkIuu

K5 | DJIeKTpOXMMHYECKHN SKBUBAJIEHT MeTasuia, I/ A-u (mr/Kir)

Mc, | Macca MeJliM, BBIJETMBIIEHCS HA KaTOJI€ MEJTHOTO KYyJIOHOMETPA, T

K5 cy | DIEKTPOXUMUYECKUN DKBUBAJIICHT MEM, BBIICIUBIICHCS HAa KATOE
KYJIOHOMETpA, I/A-4

Q KOJIMYECTBO MPOIIEIIETO YEPE3 PACTBOP AICKTPUYECTBA,

(Mey / Kseu=1-7), A4

Q KOJIMYECTBO JJIEKTPUYECTBA, 3aTPAYCHHOI0 HA JAHHBIM MpOILECC,
A-u

I cuia Toka, A

T MPOJOJKUTEIIBHOCTD AJICKTPOIN3a, 4

7] MPOJIOJKUTEIBHOCTD AJIEKTPOJIN3a, MUH

I miotHocTh Toka (I =1/ S), A/nm®

M KaToAHAasl IUIOTHOCTh TOKA IIPU BJEKTPOOCAXKICHUU MeETasia,
Alam®

S IJIOIIA/Ib TIOBEPXHOCTH MOKPBITHUS, m°

BT | BbIx0A no TOKY, %0

h TOJIIIMHA ITOKPBITHS, MKM

d MJIOTHOCTh METaJllIa OKPBITHS, r/em’

M7y | TEOPETUUECKOE KOJUYECTBO BEIIECTBA, KOTOPOE MOJHDKHO BbIJIE-
JUTHCS Ha KaTojie, €CIu OBl BCE DJIEKTPUUYECTBO PACXOI0BAIOCH
TOJIBKO Ha 3aJJaHHBIN MIPOLIeCC, T

F yucio Papazes (26,8 A-u/akB win 96487 Kir); npu mpoX0oKICHUN

9TOIr0 KOJHYCCTBA JJICKTPHUYCCTBA HaA JJICKTPOAAX IIPOUCXOAUT
IMPCBPAICHHUC OAHOT'O 'PAMM-OKBUBAJICHTA BCUICCTBA
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B Tabn. 4.1 npuBeneHbl AIEKTPOXUMUYECKUE KBUBAJIEHTHI HEKOTO-
PBIX METAJUIOB, UCITOIB3YEMBIE JJISI PACUETOB.

PacueTsl BbIXO/1a MO TOKY METaJa, TOJIIIWHBI HOKPBITHS U MPOJIOJI-
YKUTEIIbHOCTH JJIEKTPOJIM3a OCHOBaHbI Ha 3akoHax Mapazes.

Brixon o Toky, %:

M, 100 < M 100 _m,, -100.
m K, Q I-7-K,

m

BT =22 100=
Q

Taoauna 4.1

BJIeKTpOXI/IMI/I'-IeCKI/Ie IKBHBAJECHTDBI HEKOTOPLIX MECTAJ/1J10B

DIIeMEHT ATOoMHas BaneHTHOCTD | DNEKTPOXUMUYECKUN DKBUBAJICHT
Mmacca mr/Kn /A4
Keneso 55,84 2 0,289 1,042
3 0,681 2,452
Kanmnii 112,41 2 0,582 2,097
Kobanbt 58,94 3 0,204 0,733
Mexs 63.57 2 0,329 1,186
1 0,658 2,372
Huxens 58,69 2 0,304 1,095
OJ10BO 118,70 4 0,307 1,107
2 0,615 2,214
XpoMm 52,01 6 0,190 0,324
3 0,180 0,647
nnk 65,38 2 0,339 1,220

Ecmu AJist OIMPCACIICHHUA KOJIMYCCTBA JJICKTPUYCCTBA HCIIOJIb3YIOT

MEJIHBIN KYJIOHOMETP, TO

m, -K .
7= M Moo 1992 MeJeu 100 =
m m

m,, -31.785
m

100 %.
cu ™5 cu ~um cu ~um

HpI/I CTa6I/IHBHOM COCTaBC 3H€KTpOHI/ITa BbBIXOO IIO TOKy B HpOHCCCC
3H€KTPOHI/I33 — BCIIMYHUHA ITIOCTOAHHAA. B 2TOM Cﬂyqae KOJINYECCTBO METAall-

Jla, BOCCTAHOBUBIIIEECS HA KATOJIE, PACCUUTHIBAIOT 1O (hopMmyJie
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My, =0,01- BT- K5 lg-S -7,

TOJ'IH_II/IHa CJIoA MCTaJllla, OCAaANBIICTOCA HAa KaTOAC, MKM:

K,BTigt K,-BT-i -t
d 60-d

CpenHIOK TONMHY NOKPBITUS MOXKHO OINPENEIUTh TPABUMETPHUY €-

h

ckuM MmeToaoM. [l aToro obpaszer maccout He 6oiee 2000 r B3BemMBa-
0T Ha aHAIIMTUYECKHX BEcax JI0 U IIociie HaHeceHus mokpheithus. Cpe -

HIOKO TOJIIUHY MOKPBITHS Nep pacCUMTHIBAIOT 1O (hOpMYJIE, MKM:
h. = M 106
CcP S d !
Tac ml, m2 — Macca o6pa3ua A0 U ITIOCJIC HAHCCCHUA HOKpBITI/ISI COOTBECT-
CTBCHHO.
[Ipoa0KUTENBHOCTD AJIEKTPOIN3a, Y, MUH, HEOOXOAUMYIO IS TO-
Jy4eHUs CJI0Sl MeTajlla 3aJJ]aHHOM TOJIIIHUHBI, PACCUUTHIBAIOT 1O Popmysiam
h-d 60-h-d
T = —; T,= —.
KQ.BT-ZK Ka.BT.lK

Benuuunbl mioTHOCTEH HCKOTOPBIX MCTAJIJIOB U CIIVIABOB IIPCACTAB-

JIeHBI B Ta0II1. 4.2.
Taoauna 4.2
IL10THOCTH 0 HEKOTOPBLIX METAJLIOB, HX OKHCJIOB

3
u ciiaBos npu 20 °C, r/cm

AIIIOMMHUH ........ 2,70 | Kagmuit .............. 8,65 | ImHK .......cc0unn..... 7,13
Al,O3 ool 4,00

Kemezo ............. 7,87 | KoGanpr ............. 8,84 | bponza bpA7 ......... 7,80
FeO ............... 5,70 Jlatyns JIGS ........... 8,60
FesOs v 510 |Meabp ....vvvnnnnnnn... 8,96 | Jlatynp (TomMnak) .... 8,78
Fe,O3 il 5,24 Crans 12X18H9T ... 7,80
D €010)Y S 7,19 | Hukenp .............. 8,90 | Ctanmp C13 ............ 7,84
CrO3 ovvevennnnnn. 521 Crams X13 ............ 7,715
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4.2. IloaroroBKa MOBEPXHOCTH METAJJIA

nepea HAHECCHUEM IMMOKPbLITUSA

TeXHOJIOTMYECKUN MPOLECC HAHECEHUS TAIIbBAHUYECKUX MOKPBITUN
Ha METaJUIMYECKUE U3JEIUs COCTOUT W3 CJEAYIOIIUX OIeparuii: MOAro-
TOBKa MOBEPXHOCTH U3JIEIHI, HAHECEHUE TTOKPBITUSI 1 00paOdO0TKa MOKPHITUS
(cM. pasz. 3.1).

HernpeMeHHBIM yCIIOBHEM TOOPOKAUYE€CTBEHHOCTU MOKPBITUH SIBIIAECTCS
HAJKHOCTh MX CIEIUICHHs] ¢ OCHOBOM. Cuiia CUEIIeHUs, BO3HUKAIOIIAsl Ha
IPaHUIIE MEXAY KOHCTPYKIIMOHHBIM MaTEPUAIOM M TOKPBITHUEM IIPEXIIEC
BCEro onpeaensercs: GU3nKO-XUMHUUECKOW MPUPOJON JTAHHONW KOHKPETHOM
napbl. OHAKO TP TIPOYUX PABHBIX YCIOBHUSX HAJACKHOCTH CICTUICHUS 3a-
BUCUT OT CTENEHW YUCTOTHI U OJTHOPOJHOCTH MOKPHIBAEMOI MOBEPXHOCTH,
T.€. OT OTCYTCTBUSI Ha MOBEPXHOCTU ACTAIM PA3NIUYHBIX BKIIOYEHUN U 3a-
IPSA3HEHUN MUHEPAIBHOTO U OPTraHUYECKOrO MTPOUCXOXKICHHUSI, KOTOPBIE MO-
I'YT MPENSTCTBOBATh BOSHUKHOBEHUIO KOHTAKTa MEXKTy MaTEpUaioM OCHOBBI
U TIOKphITHEM. UeM OoJibliie OTHOIIIEHWE UCTUHHON MOBEPXHOCTU ATOTO KOH-
TaKTa K TEOMETPUUECKON, TeM HaJIeKHee creruieHue. [loaroMy B Tex ciyda-
X, KOrjaa (PU3NKO-XUMHUYECKOE CPOJICTBO MEXK]y MTOKPHITHEM U OCHOBOM He-
JOCTaTOYHO, CUEIJIEHUE MOKHO MOBBICUTH 33 CUET CO3JaHUs MIEpOXOBATON
MOBEpXHOCTU. OYEBUIHO, YTO HAJIEKHOCTh CUEIIJIEHUS TIOKPBITHUS C OCHOBOM
B 3HAUUTEIBHON Mepe ONpeesieTcs NPaBUILHBIM BEIOOPOM CIIOCOOOB TMOJI-
TOTOBKH IMOBEPXHOCTH U TIIATEIILHOCTHIO X BBITIOJTHCHMS.

Takum oOpazom, npolecc npeaBapuTEILHON MOATOTOBKUA MTOBEPXHO-
CTU COCTOUT U3 MEXAHUYECKOM M XMMHUYECKON (DJIEKTPOXHUMHUYECKOM) 00-
pabOTKH, MpUYEM TepBasi HE BCEr/a SIBJSECTCS 00s3aTeIbHOM.

[ToBepXHOCTh MOCTYNAIOIIUX HA MOKPBITHE U3JCTUN MOKphITa pas-
JMYHBIMA XKUPOBBIMH 3arpsA3HCHUSIMH — CMAa30YHbIMU MacllaMH, OCTaTKa-
MU 1UTM(GOBATBLHO-TIOIMPOBAIBHBIX TACT U T.I., OKCUIHBIMU U APYTUMU
MJIEHKAMU HEOPTraHUYECKOTO MPOUCXOXKIACHUS, KOTOPbhIE MOSBISIOTCS B

MPOLIECCE U3TOTOBIICHUS, XPAHEHUS U TPAHCTIOPTUPOBKH U3JIEITUN.
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4.2.1. Obezrcupusanue

JKupoBble U MacIsIHbIE 3arpsi3HCHUSI Ha MOBEPXHOCTU M3JICIIHM CO-
CTOSIT U3 BEILIECTB JBYX KJIACCOB XMMHUUYECKUX COCTUHEHUN:

— CJIOXHBIE 3PUPHI BHICOKOMOJEKYJSPHBIX KUPHBIX KHUCJIOT U TJIH-
1eprHa (KUPbI U Maclia PaCTUTEILHOTO U KUBOTHOTO MPOUCXOXKICHUS),
KOTOpPBIE OABEPratoTCsl PEaKIui OMbIJICHHUS:

(C17H35COO)3C3H5 + 3NaOH — 3C;7;H3sCOONa + C3H5(OH)3,

— YII€eBOI0pOAbl (MUHEPAIbHBIE Maciia), HE TTOABEPratoIIUecs peak-
MU OMBUICHUS, HO CITOCOOHBIE IEPEXOAUTH B OMYJIbCHUH.

[Iporecc 00€3KUpUBAHUS MOXKET OBITH OCYIIECTBJICH CIIECIYIOIIMMU
OCHOBHBIMH CITIOCOOAMH.

1. O6paboTka B aKTHBHBIX >KUJKUX WM MapOOOpa3HBIX OpraHUYe-
CKHX PACTBOPUTENSIX, B KOTOPBIX PACTBOPSIOTCS XKUPHI U Macjia o0eux
rpynn. Hanbomnee s3phekTUBHBIMU U3 HUX SIBISIOTCA XJIOPUPOBAHHBIC YT-
neBosiopoabl. OMHAKO BBUAY MX TOKCHYHOCTH YacCTO HCIOJB3YIOT JIETKHE
(dpakiuu nepepadboTku HePTH, 0COOCHHO OCH3UH U yaUT-CIUPUT.

2. XuMHu4ueckoe 00e3KUPHBAHUE B TOPSYUX IIECITOYHBIX PACTBOpax.
Bce onu comepxar KOMIIOHEHTBI, CIIOCOOHBIE 3MYJIBITUPOBATh U OMBUISIThH
pa3JIMYHbIC KUPOBBIC 3arpsisHEeHUs. /[ oTpbIBa U AYMYJILIUPOBAHUS Karle-
JIEK KUpa UCTOJIb3YIOTCS Pa3JIUYHbIE MOBEPXHOCTHO-AKTUBHBIE BEIIECTBA
(ITAB), a oMbUIsAIOIIIUM JACMCTBUEM OOJAJAIOT IIEJIOYM WU COJU, UMEIO-
1€ PE3KO BBIPAXKEHHBIM OCHOBHOU XapaKTED.

s o0e3KupUBaHUS YEPHBIX METAJIJIOB HCIOJIB3YIOTCS PacTBOPHI,
conepxamue menoub (NaOH), comy (Na,COs3), tpunarpuiidpocdar
(NazPQ,4), B kadectBe smymnbratopa — Na,SiOz, MBUIO, CHHTETHYECKHUE
ITAB, TMC. IIponecc mposoasat npu temneparype 70-90 °C B Teuenue
5-20 muH. l{BeTHBIC MeTa/UIbl M CIUIaBBl, OCOOCHHO CIIJIaBhl Ha OCHOBE
ATIOMUHUS U IIMHKA, 00padaThIBalOTCS B CIA0OIIEIOUYHBIX PACTBOpAX, MC-
KJIFOYAIOIIUX 3aMETHOE PACTBOPEHUE OCHOBHOI'O METAJLJIA.

3. DNEKTPOXUMHUECKOE OO€3KHMPHUBAHHWE B AHAJOTHUYHBIX TOPSYUX

IICJIOYHBIX PaCTBOpPaAx. CYHIHOCTB €TI0 3aK/IIO4YacTCA B TOM, YTO MCKIY I10-
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IPY’KEHHBIMU B PacTBOP HA CHEHHAIBHBIX MOJABECKAX JIETAISIMUA M BCIIO-
MOTaTEJbHBIMU 3JIEKTPOJAAMHU MPOMYCKAETCS MOCTOSAHHBIN AJIEKTPUYECKUI
TOK, INIOTHOCTb KOTOPOTO COCTABIISIET 5—8 A/, [Ipu 3TOM B pe3ynbTare
AIEKTPOXUMHUYECKOTO PA3IOKEHUS BOJbI HA OTPULATEIBHO 3aAPSIKEHHOM
ANEKTPOIe OYPHO BbIJEIAETCA Ta3000pa3HbId BOAOPOM, & Ha MOJOKUTEIb-
HO 3apspKEHHOM — Kuciopoj. Korja aeranu sSBASIFOTCS OTPUILIATEIbHBIM
MOJIOCOM (KaTOJ0M) 3JIEKTPOIU3EPA, OHH OMBIBAIOTCS TMOTOKOM ITy3bIPb-
KOB Bojiopoza. Ilocie n3MeHeHUsT MOJAPHOCTH OHU CTAHOBSITCA aHOAOM,
Ha HUX pa3pspkaeTcs Kuciaopo. Takum oOpa3zoM, XMMUYECKOE JEHCTBUE
pactBopa 3P(HEKTUBHO YCKOPSAETCSA MOTOKOM BBIACISIIOUIErocs rasa, KoTo-
pBIil CIIOCOOCTBYET OBICTPOMY U MOJHOMY YJIQJICHUIO C MOBEPXHOCTH JI€-

TaJiek MJICHKU KUPOBBIX 3arpsI3HEHUIM.
4.2.2. Tpasnenue

TpaBnenue o0benUHSIET B ceO€ JBA MOHATHS: COOCTBEHHO TPaBJICHUE
u akTuBanuio. CoOCTBEHHO TpaBJEHUE MpEIHA3ZHAYCHO AJIS YJaJeHUs C
NOBEPXHOCTH JAeTayei 0oJjiee WM MEHEE TOJICTBIX OKCHUJIHBIX IJICHOK TUIIa
OKaJIMHBI, P’KABUMHBI, JUTECHHBIX KOPOK T.N. AKTHUBAaLMS — 3TO JIETKOE
KpaTKOBPEMEHHOE TPABJICHHUE, LENb KOTOPOTO — YNAIUTh C MOBEPXHOCTH
J€Taneil TOHKHME HEBUAMMBIE BOOPYKEHHBIM TIJIa30M OKCHJHBIC IUICHKH,
KOTOpPbIE MOTYT MPEMSITCTBOBATh HAJEKHOMY CLEIUICHUIO OCHOBBI C HAHO-
CUMBIM MTOKPBITHEM.

JInst TpaBieHUs CTad, MEAW U €€ CIUIABOB MPUMEHSIIOT PaCTBOPHI
HCI, H,SO4, HNO3, amomunus — NaOH. Jlns npenoTBpalieHus mepe-
TPaBJIMBAHUS OCHOBHOI'O METaJIa pACTBOPBI COAEPKAT UHTMOUTOPHI TPaB-
nenust — cuatanon JC-10, npucagku UM, I1b-5, KIIM-1 u np. TpaBnenue
BCEI/1a OCYILECTBIISETCS MOCIE 00€3KUPUBAHUSL.

PexkomeHyeMble 111 MOArOTOBKM MOBEPXHOCTU OOpas3LoB MeEpen

HAaHECCHWEM TIIOKPBITHH COCTaBbl M PEXHUMBI pPaOOTHl IPHBEICHBI
B Ta0. 4.3.
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CocTaBbl pPACTBOPOB U PE:KUMBI Pa0OTHI

AJIA Oﬁ@?ﬁKIflpI/IBaHI/Iﬂ H TPAaBJCHUSA

Taoauma 4.3

3
CocTtaB pacTBOpOB, I/AM

KommoHeHTsI 00e3KUpUBaHUS TPaBJICHHUSI

1 2 3 4 5 6 7 8
Hatpwuit enkwmii 30 — 30 — . — - -
Tpunatputicdoc-
bar 30 — 30 30 30 - — -
Coma KaJlbIMHH-
poBaHHas 30 — 30 30 30 — — —
CunTtanon J1C-10 5 — — 5 — 3-5 3-5 —
TMC-31
(TMC-70) — 70 - - — - — -
Kucnora cepnas — — — — — 150 175 170
Kucnota comstHas — — — - — - 80 -
Temneparypa, °C | 60-70 | 70-80 | 60-80 | 60-80 | 60-80 | 40-80 | 40-50 | 50-80
IImoTHOCTH TOKAQ,
Alav® - - 4-10 - 2-10 | - - -
Bpewms, mun: o yra-
- Ha KaToje 10-20 | 5-10 3-10 5-20 | 3-10 | 10-30 | 10-15 | yieHma
- Ha aHOJIe — — 13 — 1-3 — — OKCHTIOB

PactBops! 1 1 3 nmpuMeHstoTCs AJ1sl 00€3)KUPUBAHUS JIeTallel U3 CTa-
71, pacTBOPBl 4 U 5 — I LIMHKA, aJlOMUHUSA, MEAU U UX CIUIaBOB. Pac-
TBOP 2 IPUMEHAIOT Il 00€3)KUPUBAHUS TOBEPXHOCTH BCEX METAILIOB MO-
cjie NUIM(OBAHUS U MOJUPOBAHUA C UCIOJIb30BAHUEM COOTBETCTBYIOIINX
nact. [{nsa TpaBiieHus cTajed MOJIb3YIOTCS pacTBopamMu 6 U 7, 1Jisl TpaBJie-
HUSI MEJIH U €€ CIIaBOB — PaCTBOPOM 8.

JIJis akTUBAlMU CTalbHBIX U3JCIUA MPOBOAAT OOpabOTKY MpPU KOM-
HaTHOM TemmepaTtype B TteueHue 15—60 ¢ B 3—10 % pactBope cepHOU Wi
COJITHOM KHMCJIOTBI, JJIsl aKTUBALIMA MEIHBIX M JIATYHHBIX JI€Taled UX 00pa-
OatbiBatoT B 5—10 % pacTtBope cepHOU KUCIIOTHI P KOMHATHOM TeMIIepa-
Type B TeueHue 1545 c.

CyniecTBEHHOE 3HAYEHUE B TEXHOJOTWH HAHECEHHUS TajlbBaHUYECKHX
MOKPBHITUM MMEET MPOMBIBKA M3JEIUN TMOCie Kaxaou onepanuu. O0e3xu-
PEHHBIE B IIEIOYHBIX PACTBOPAX JeTall IpoMbiBaioTes B Temoi (60-70 °C)

BOJIE, TOCKOJBKY MPU 3TOM C MOBEPXHOCTH JIYUIIE YAAISIOTCS TPOTYKThI

166



peaknu OMbUICHHS U 3MyJibcHs. [locne TpaBiieHHs MPOMBIBKY CIIEIYET Be-
CTH B BOJI€ KOMHATHOU TemriepaTypsl. Bpems npomsiBku 0,5—1 MuH.
[{luHKOBBIE U KaIMHEBBIE OKPHITHUS C LIEJIbIO OBBIIEHUS UX KOPPO-
3MOHHOM CTOMKOCTH TMOJBEPTaIOT JOMOJHUTEIHHON 00pab0OTKE — OCBETIIE-
HUIO B PacTBOPE a30THOM KHUCIOTHI U MACCUBUPOBAHUIO B PACTBOPE XPO-

MOBOI'O aHTHUApHIA.

4.3. OnpeaeseHne BHIX0AA 110 TOKY NPH MOMOIIHA

BE€COBOI'0O MCIHOTO KYJIOHOMETPA

Kynonomerp — mpubop, Ko- —
TOPBIN MCTOJB3YETCS I OIpelie- >
JeHUSI KOJUYECTBA MPOIIEIIIETO % :T, +
4yepe3 AIIEKTPUUYECKYIO I1IeTb AJIeK- ?i f; f
TpudectBa. OH TpPEACTABISET CO- =§ 3
ool snektponuzep (puc. 4.1), Ha i; E
pabounx AJEKTpoJax KOTOPOTO
(0OmHOM WM JABYX) MPOTEKAIOT 3
AIIEKTPOXUMHUYECKUE PEAKIHUU C
oOpa3oBaHHeM ONPCHACICHHBIX  Pyec. 4.1. CxeMa BeCOBOI0 MeIHOI0
MPOIYKTOB. KYJIOHOMeETpa:
Pacuer KoIMYECTBA DJIEK- 1 - snexTposnsep;

TpUYECTBA MPOU3BOAUTCA C MHC- 2 — MelHBIE AaHOABI;

3 — MeIHbI WM JIATYHHBIH KaTox / - /

MOJIb30BAHUEM YPABHEHUN 3aKOHOB
Cu | CuSQO,, H,SO,, C,HsOH | Cu / +/

®dapaes.

HeoOX0oauMBIMI YCIIOBUSIMH TIPH 3TOM SIBJISIIOTCS: 1) NpoTeKaHMe
AIEKTPOXUMHUECKOU peakIiMu Ha pabodeM 3JIeKTpoie (KaToie Uil aHOIC)
¢ BbIxoAoM 1o TOKy 100 %; 2) mocTaTo4HO MPOCTOM M TOYHBIA METO[
OTIPE/ICIICHUS MAaCChl BEIlIeCTBA, 00pa30BaBIIECTOCS Ha 3TOM 3JICKTPO/JIE.

Peakius Ha pabodyeM 3JIEKTPOJIe — KaTO/Ie:

Cu®* + 28 — Cu.
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JIBe aHOAHBIE TJIACTUHBI, COCIMHEHHBIC MAPAIIICTBHO U MOMEIICH-
HBIE 10 Pa3HbIE CTOPOHBI OT KaTOJa B BJEKTPOJIUT. AHOJAMH U KaTOAOM
BECOBOT'O MEJIHOT'O KYJIOHOMETpA CJIY>KaT MEIHbIC IUIACTUHKH, TIIATEIHHO
00e3:XKUPEHHBIE U MPOTPABJICHHBIC TIepe AIeKTpoian3oM. Karon nepen mo-
IPY’KEHUEM B JJIEKTPOJUT KYJOHOMETpAa W MO OKOHYAHUU 3JIEKTPOJIM3a
MOCJIE€ TIPOMBIBKM M CYIIIKH HaJl cJIa0bIM IJIAaMEHEM B3BEIIMBAIOT HA aHa-
JUTHYECKUX Becax ¢ TouHocThio J10 0,1 mr. Ha karome obpasyercs poso-
BBII OCaJIOK MEH, a MEJIb aHOJ1a PaCTBOPSETCS.

HeobOxoauMo y4ecTb, YTO MNPOAOIIKUTEIBHOCTh 3JIEKTPOIM3A MpHU
onpeaeneHun BT cinexyer BbIOMpaTh C y4e€TOM MacCChl BBIJEIUBIIETOCS
metamia He meHee 0,05 r. YcmoBus, HeoOxoaumbie st 00€CTICUCHUS
100 % BBIXOJA 1O TOKY Ha KaTOAE MEIHOTO KyJIOHOMETpPA, CIACAYIOIINE.

CocraB ayekTpouTa:

cyabdat meau CuSO,4 5H,0 — 125 /M

cepHas kucyiota — 50 /M’

ATUJIOBBIN CIIUPT — MJI/JI;

Temneparypa — 18-25 °C;

KaToJHasl INIOTHOCTH Toka — 0,5-1,5 A/I[MZ.

CepHasi KHCJIOTA CIYKUT JJi TIOBBIIICHHUS SJICKTPOIPOBOIHOCTH
pacTBOpa, a STWIOBBIM COUPT — JUIsl PEIOTBPAIICHUSI KATOAHON MEIH OT
OKHUCJICHUS.

Tounocte mokazanuiit kynonomerpa 0,1 %. Mcrounmkamu ommuOOK
ABJISIFOTCSL PACTBOPEHHE KAaTOJAHOW MEIH B KUCIIOM PacTBOpPE MPH JOCTYIIE
KHUCIIOpoJia Bo3ayxa, oOpazoBanue Cu,O B HeHTpalbHOM, a TaKXkKe Oca-
XKJECHUE MEU Ha KaTOJAE B BUJE MOPOIIKA MTPU BHICOKOH MIOTHOCTH TOKA.

[ToaToMy 117151 OBBIIIIEHUSI TOYHOCTH MMOKa3aHUN KyJIOHOMETpa HE0O-
XOJIMMO HCTOJIb30BaTh CIA00KHUCBIN pacTBop CUSQ,, comeprkammuii 3TU-
JIOBBIM CIIUPT, @ TAKXKE BECTHU DJICKTPOJIU3 IPU KATOJHOW MIOTHOCTH TOKA
He BbIIE 2 A/,Z[MZ. B cBA3M ¢ 3TUM [UIsI OJTHOTO KYJIOHOMETpPa CJIEAYET
MMETh Ha0Op KaTOJ0B Pa3HOro pasMepa, KOTOpbIe UCIIOIL30BATh B 3aBU-

CHUMOCTH OT CHJIBI TOKA B IICIIN.
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Pabora 1. HaHeceHMe 3aIIMTHBIX U 3AIIUTHO-ACKOPATUBHBIX

raJjJbBaHN4YC€CKHUX lIOKpI)ITI/Iﬁ Ha MeETaJlJIbl

i I /

5
Ilens paboThl — O3HAKO- s

MHTBCS C TEXHOJOTHEH DJIeK- (@4 | |

TPOJIUTHYCCKOIO ITMHKOBAHMAI,

KaaMUpOBaHUs, MCIAHCHUS, HU-

KCIIMPpOBAHUA, JY>XKCHHA, XPO-

MHUPOBAHUA. I/ISY‘II/ITL BJIMSIHUC 5 5 2

COoCTaBa JJICKTPOJIUTA U PCIKHUMA

QJICKTPOJIN3a Ha Ka4yc€CTBO,

o Puc. 4.2. Cxema nuTaHus
CTPYKTYpPY IIOKPBITUH U BBIXO[

IJICKTPOJIHN3EPA TOKOM:

no TOKy. [lnst mpoBeieHust pa- ¢ _ ool TOKA; 2 — 2JEKTPOJIH3Ep;

00TBI COOMpPAIOT Ta00PATOPHYIO 3 — peocrart; 4 — amnepmerp;

yCTaHOBKY (puc. 4.2). 5 — katoa; 6 — aHox; 7 — BHIKJIIOYATEND

3aodanue 1. I3yunTh BIUSHHUE TUIIA AJIEKTPOJIUTA HA BBIXOJ IO TOKY
M KauyeCTBO IMHKOBOTO (KaJIMUEBOTO, HUKEJIEBOTO U T.J.) MOKPBITHUA.

3adanue 2. VI3yunTh BIUSHHAE KAaTOJHOW IJIOTHOCTH TOKA HAa BBIXO[
10 TOKY M KQYECTBO MOKPBITHSL.

3aodanue 3. ViccienoBaTh BIHMSIHUE 0JIECKOOOPa3yIOIINX, BHIPABHU-
BAIOIIMX U JPYTUX J00ABOK Ha Ka4€CTBO MOKPHITHS.

3aoanue 4. VI3yunts BIMsiHUE YCIOBUU 3JIEKTPOIU3a (TEMIIEpaTypHhl,
KHUCJIOTHOCTH, TIEPEMENTMBAHM) HA KAYECTBO MOKPBITUS U BBIXOJI 110 TOKY.

3aodanue 5. ViccnenoBath BIUSHUE TOJIIIMHBI TOKPBITHS HA CBOMCTBA
HOKPBITHS (HOPUCTOCTh, TPOUYHOCTh CLUEIUIEHUS C OCHOBOM U T.1.).

B pazn. 3.2—-3.4 npuBeAeHBI COCTaBbI JIEKTPOJIIUTOB U PEKUMBI IJICK-
TpOJIn3a.

Jlnst mpenoXxpaHeHus OT KOPPO3UMU M COXPAHEHHUS BHEIIHEro BHJA
OLIMHKOBAHHBIX W KaJIMHPOBAHHBIX U3JIEIUNA HEMOCPEACTBEHHO IOCIE
HAHECEHUSI TOKPBITHS M IPOMBIBKM OOpa3lbl MOJBEPral0T XUMHYECKON

00paboTKe B pacTBOpaxX OCBETJICHUS U MTACCUBUPOBAHMS (CM. pas3f. 3.2).
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Bb160op cocTaBa 3JEKTPOJIMTOB U PEXHUMA DJIEKTPOJIU3a B KaXKIOM
OTBITE OMpENENAeT MmpenogaBaresb. Bo Bcex ciaydasx HEOOXOAUMO MOJ-
NEPKUBATh 3aJJaHHYI0 TeMIlepaTypy dJektponuta. [Ipu mocnenoBarenb-
HOM COCJIMHEHUU HECKOJIBKUX 3JIEKTPOJU3EPOB pA3IUYHAS TIOTHOCThH TO-
Ka B HUX JIOCTUTAETCsl IPUMEHEHUEM 00pa31i0B, OTINYAIOIIUXCS Pa3MEPOM
MMOBEPXHOCTH, Pa3IUYHAS TOJIIMHA MOKPBITUS JTOCTUTAECTCS HEOIHOBpE-
MEHHBIM BBIKJIIFOUCHUEM BaHH.

B KaxIplid 3JEKTPOJIA3EpP NMOMEMIAT JBA COCAUHEHHBIX MEXIY CO-
0ol aHoma. Martepuan aHOAOB: NPU IIMHKOBaHUU — HMUHK Mapku 1O, mpu
MeIHEeHUd — Meab Mapok MO win AM, npu HUKEIUPOBAHUU — HUKEIb
Mapok H-1 wnm HITA-1, npu onoBsHupoBanun — o010B0 Mapku Ol, nipu
KaaMupoBaHUU — KaamMuii Mmapku KnO.

Ilopsaook evinonnenus padbomot

1. AHOIBI OYMINAIOT HAXTAYHOMW OyMaroi, mpu HEOOXOIUMOCTH
TpaBAT B 10 % pacTBOpe cEpHOM KUCIIOTHI, TPOMBIBAIOT BOJIOM.

2. TimaTeabHO MOIOT JICKTPOIU3EP Il HAHECEHUS MOKPBITUS U T10-
MEIIAIOT B HETO aHOBI.

3. B COOTBETCTBUU C 3aJjaHWEM HM3rOTaBJIMBAIOT HECKOJIBKO 00pa3IioB
KarofoB. Karoj nobKeH MMETh TaKylo JJIMHY, YTOOBI €ro HIKHHM Kpai
HAXOJIUJICS B AJIEKTPOJIM3EpE Ha 5—8 MM HIMKE HUYKHETO Kpasi aHOJIOB, B IIPO-
TUBHOM CITy4ae Ha HI)KHEM KOHIIE KaToAa 00pa3yeTcsl «Harap» — epoxoBa-
TBIM OCaJ0K C HapOCTaMHu KpUCTAIOB. OpUEHTUPOBOUHBIE pa3Mephbl 00pa3-
na: pHa — /0-90 mm, mmpuna — 10-15 mm. [ToBepxHOCTH 00pa3OB 04M-
MIAIOT MEJIKOW HaXKIauyHOM Oymaroi; npyu HAaHECEHUM OJIECTSIINX MOKPBITUI
MOJIMPYIOT HAa BOWJIOYHOM Kpyre HUIM(OBAIBHO-TIOJIMPOBATILHOIO CTaHKa C
nactoii 'OM. Ha nmoBepXHOCTh KaTO/1a HAHOCAT YepTy, (PUKCUPYIOIILYIO TTy-
OWHY €ro MOTrPyXEHUs B JIEKTPOUT. 3MepsIoT pazMephl yuacTka o0pasiia,
MOTPY>KAEMOTO B AJIEKTPOJIUT, U OMPEACISIOT €ro pabouyto MOBEPXHOCTh S €
Y4€TOM TOT'0, YTO KaToJ B BAHHE «paboTaeT» 00eUMH CTOPOHAMMU.

4. TIpou3BOAST XUMUYECKOE WJIU DJICKTPOXUMHUUYECKOE 00€3KUpUBa-

HUE B COOTBETCTBHUH C 3aJJaHHEM B OJTHOM M3 pacTBOPOB (cM. Ta0. 4.3).
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Xumudyeckoe 00€3)KUpUBAHUE BCEX IJIEKTPOJIOB BeayT B (papdopo-
BOM CTakaHe, MOJOrpeBaeMOM Ha d3JeKTporuinTke. Ecnu B kadecTBe 00-
pasiia KaToJ0B UCIIOIb3YyETCA KeJie3Hasl JlaMellbHasl JIEHTa, OOUJIbHO CMa-
3aHHAss MUHEPAIbHBIM MAacjoM JJIsl 3alllUThl OT KOPPO3UH, TO €€ IIEJIECO-
00pa3Ho 70 00€3KUPUBAHUS B IICJIOUYHOM PACTBOPE MPOTEPETh TKAHBIO,
CMOYEHHOW OEH3MHOM WJIM alleTOHOM, MOJ TAroi. OOE3KUPEHHBIE DIICK-
TpPOABI XpaHAT B 3 % pacTBOpE COJBL.

DAEKTPOXUMUYECKOE 00€3KUPUBAHNE MMPOBOIST B JICKTPOJIUZEPE CO
CTaJIbHBIMHM BCIIOMOTATEJIbHBIMU AJIEKTPOJIaMH (aHOIAMU UJIM KaTOAAMU).

ITocne obGe3xupuBaHus 00pa3Ilbl MPOMBIBAIOT TEILJIOM M XOJOJHOMN
MIPOTOYHOM BOJOM.

5. IloAroTaBIMBaOT YCTAHOBKY JUIsl HAHECEHUS MOKPHITUH. [IuTanue
ANEKTPOJIUZEPOB TOKOM OCYIIECTBISIIOT YE€pPE3 BBINPSIMUTENb MO CXEME,
MpUBEICHHON Ha puc. 4.2. AMIEepMeTp U PeocTaTr BHIOMPAIOT B COOTBET-
CTBHHM C CHJIOW TOKA, MPOXOASIIETO Yepe3 IECKTPOIU3EP, KOTopasi onpeae-
nsieTcd 1o paboueli MOBEPXHOCTH KaToa S ¥ 3aJaHHOM IUIOTHOCTH TOKA .

6. DIEKTPOJIM3Ep 3AMOTHAIOT JICKTPOJIUTOM, KOTOPBIA TIPU HE0OXO-
JTUMOCTH TIOAOTPEBAIOT A0 HYXKHOU TemmepaTypsl. [Ipu padote ¢ anekTpo-
JUTaMU HUKEJIUPOBAHUS TMpEJl HA4YaJlOM JJIEKTPOJIU3a C IOMOIIBIO
pH-MeTpa onpenenstor ux KUCIOTHOCTh. B cinydyae He0OXoAMMOCTH MOA-
KHUCJISIIOT PacTBOP AJIEKTPOJIUTA 0 HYKHOTO 3HadyeHus pH noOamieHuem
1 H pacTBOpa CEpHOU KUCIIOTHI.

7. O0e3XUpeHHBIM 00pa3ell — KaToJl HEMOCPEACTBEHHO Mepel HaHe-
CEHHEM TOKPBITUS aKTUBUPYIOT B 5 % pacTBOpPE CEpHOW KHUCIOTHI B TEYE-
Hue 0,5-1 MuH, OPOMBIBAIOT NIPOTOYHON BOJIOM, TOMEIIAIOT B AJIEKTPOIIHU-
3ep, BKJIIOYAIOT TOK W PEOCTaTOM 3 YCTAaHABIWBAIOT €ro HEOOXOIUMOE
3HaYCHUE.

8. [TpoBOAAT OCaxJieHNE METaJlJla B TCYEHUE BPEMEHH, PACCUUTAHHO-
ro UCXOJIA U3 3aJJaHHON TONIIMHBI TOKPBITHS.

9. OTkIO4a0T UCTOYHUK TOKa. OOpasel ¢ MOKPHITUEM MPOMBIBAIOT

MPOTOYHON BOAOM, OBICTPO CHUMAIOT OCTATKU BOJBI C BJEKTPOJia (Puib-
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TPOBaJILHOW Oymaroi u cymar B CylmuibHOM Iikade. CoriacHo 3a/1aHuIo,
MPOBOJSAT KOHTPOJIb KAYECTBA MOKPBITHUS.

10. Ecnu, coriacHo 3a/laHuio, HEOOXOIUMO MOABEPTHYTh MOKPHITHE
XUMHUUYECKON 00paboTke (Hampumep, NaCCUBUPOBAHUIO), TO 3apaHee I0/I-
roTaBJIMBAIOT COOTBETCTBYIONIUE AJEKTPOJIU3EPHI U PACTBOPHI, B KOTOPHIE
MOTrPY>KalOT o0pasel] Mnocje TIATeIbHON MPOMbIBKU. CyIIKY TPOU3BOIAT
MOCJIe OKOHYATEJIbHOU 00paboTku oOpasiia.

KoHTponb KauecTBa MOKPHITUN MPOBOJUTCS B COOTBETCTBHUHM C 3aj1a-
HHEM TIpenojaBaTesiss IO CIEAYIOINIUM OCHOBHBIM ITOKAa3aTEJsIM:
1) BHEeIIHUI BHT; 2) TOJIIIMHA CJIOS; 3) MOPUCTOCTD; 4) MPOYHOCTH CIICII-
JICHUSI C OCHOBOM WJIU TIOJICII0EM; 5) CTENeHb OJiecKa U mp.

Onpeodenenue nopucmocmu noxkpvoimuii. 11oOpucTOCTh MOKPBITUN
ONPEACIISIIOT CIEAYIOIMMH CIOCO0aMMU.

1. Ha moBepXHOCTh HUCHBITYEMOHN AETAIM HAKJIAABIBAIOT (UIBTPO-
BaJIbHYI0 OyMary, CMOYEHHYIO >KMIKOCTBbIO ONMPEAEIEHHOr0 cocTaBa. by-
Mara OCTaeTCsl Ha MOBEPXHOCTH JICTAJU B T€UEHHE HEKOTOPOrO0 BPEMEHH,
3aTeM €€ CHUMAIOT, MPOMBIBAIOT BOJOM, pacpaBisiOT Ha YUCTOM CTEKJIE U
BBICYIIIMBAIOT Ha BO3ayxe. MecTa mop B MOKPBHITUM (PUKCUPYIOTCS Ha OyMa-
re B BUJIC MATEH. DTH MSATHA MOJCYUTHIBAIOT U U3 MOJYYEHHBIX TAHHBIX BbI-
YHCISIOT CPEHee Mo [op Ha 1 cM” ompeersieMoil TOBEpPXHOCTH.

2. JleTtanb MOMEMIAIOT B CTEKJISIHHBIM COCY/l M 3aJIMBAIOT PACTBOPOM
OTIPEACIICHHOTO cocTaBa. Uepe3 HEKOTOpOE BpeMs MOJACUUTHIBAIOT KOJIHU-
YeCTBO O0Opa30BaBIIMXCS IMATEH, MPUXOISIINXCS B cpeaHeM Ha 1 eM’ He-
CJIeAyeMOM MOBEPXHOCTU MOKPBITHSL.

Onpeoenenue nopucmocmu MeoHvlx nokpelmuil. J11s oOHapyxe-
HUS MEJIKUX MOpP B MEJHOM MOKPBITUU MPUMEHSIOT PACTBOP, Ha3bIBAEMBII
«hepoKCIT-UHANKATOP» COCTaBa, T/J: KaJIHil xene3ocuHepoaucThiii — 10,
HaTpui xjJopucthii — 20.

[IpuMeHeHre 3TOro peakTUBa BHI3bIBAET B MECTaxX MOp pabOTy MHK-
PORJIEMEHTOB, B KOTOPBIX JKEJIE30 OCHOBBHI SIBJISIETCS aHOAOM. B pesynbraTe

pa6OTBI MHUKPOIJICMCHTOB IIOCTYIIAIOIIHUC B PACTBOP HMOHBI JKCJIC3a pCaru-
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PYIOT C BXOJSIIMM B COCTaB PEAKTHBA KEJIE30CHHEPOJUCTHIM KAIHEM WU
00pa3yroT TypHOYJIEBY CHHb:
2K3 [Fe(CN)g] + 3 Fe** — Fes[Fe(CN) ], + 6 K.

[TopucToCcTh MEAHOTO MOKPHITHS HA YKEJIE3HBIX 00pa3iiax OnpeestoT
cneayronmM oopazoM. OOpasipl (KaToibl) pacloiaraloT Ha YUCTOM CTEKIIC
Y Ha MOBEPXHOCTHU KAXKJIOTO U3 HUX HAKJIAJIBIBAIOT (PUIHTPOBAILHYIO OyMa-
Iy, CMOYEHHYIO J0 BJIKHOCTH (0€3 M30bITKA) PEaKTUBOM MPHUBEICHHOTO
BbIIIe cocTaBa. Pazmep GuibTpoBasibHOM OyMaru J0DKEH OBITH MpeaBapu-
TEJIbHO 3aMEpPEH W 3amucaH. Pa3Mmepbl JHOHKHBI ObITh TAKUMH, YTOOBI MPHU
HaKJaJblBaHUM OyMaru Ha oOpasel] ee Kpas OTCTald OT KpaeB 00Opasla
Ha 5—7 mMm. [{ns yjaneHus my3bIlpbKOB BO3/1yXa MEXKIy Oymaroil u o0pas3iom
HAJIOKEHHYIO Ha oOpa3zell OyMary cljierka MpoKaThIBAOT YUCTOM CTEKJITHHOU
nano4ykoil. bymara ocraercs Ha kaxxom oOpasiie (katozae) 20 MuH, 3aTeM €e
CHUMAIOT, IPOMBIBAIOT BOAOW B OTAECIBHOM COCYJI€ U OCTABJISIIOT COXHYTh Ha
JIPYyroM, MPEABAPUTEIHHO 3aHYMEPOBAHHOM YUCTOM M CyXOM CTEKJIe (HOMeEp
Ha CTEKJIE IOJDKEH COOTBETCTBOBATh HOMEPY 00pasia).

Mecta nop B MOKPHITUM (PUKCUPYIOTCS Ha Oymare B BUJE TOYEK U
NATeH TYpHOyJeBOoM cuHU. Pe3ynbTar mojcuera CMHUX TOYEK 3aHOCST B
TETPa/ib.

Takum xe 00pa3oM OMPENESIOT YUCIO TOp Ha MPOTHUBOMOJIOKHOU
CTOPOHE HccleAyeMbIXx 00pa3ioB. CTekiio, Ha KOTOPOM OyIyT BHOBb pa3-
MeIaThCcsi 00pasiibl, CIEAyeT THIATEIbHO MPOMBITH BOJONW U TPOTEPEThH

HacyXxo (PUIBTPOBaJILHON OyMaroi.
Bunmanue! Bo Bpemsi padoThI HeJIb351 KACAThCA 00PA3L0B PYKAMM.

Onpeodenenue nopucmocmu aHOOHBIX (UUHKOB020, KAOMUEBO20)
noxkpotmuil. TIOKpBITBIA ITMHKOM WA KaaMHEM CTaJbHOW OoOpasel] 3aBe-
IIMBAIOT B KayeCTBE aHOJa B BaHHY C pacTBOpoM, cojepxkamum: Ks
[Fe(CN)¢ ] — 40 r/n, Na,SO4 — 2 r/n. KarogoMm ciy>kuT HepacTBOpHMas
CBHUHITOBas IUIacTHHA. AHOJHAsE 00pab0TKa OIIMHKOBAHHOTO 0Opasiia Mpo-

M3BOJINTCS B TEUCHUE 5 MUH IPU HANPSHKEHUH HA KieMmax BaHHbI 4 B. B
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Iopax IMHKOBOI'O MOKPBITHUS MPOMCXOJUT 00pa3oBaHUE TypHOYJIEBOM CHU-
HU TI0 BBIMICTIPUBEACHHON peakiun. Yepes maTh MUH 00pa3ell BRITPYKaAIOT
13 BaHHBI U OCTOPOKHO YAQISAIOT ¢ HEro Biary (puibTpOBajJbHON OyMaroi.
3aTeM MOJICUMTHIBAIOT KOJMYECTBO MOP, MPUXOAAIIMNXCS Ha | cm’ MOBEPX-
HOCTH oOpa3slia.

[IpumeHsieMble PAacTBOPbI M MPOAOJDKUTEIBHOCTh HCHBITAHUS IS

Pa3JIMYHBIX OJHOCIONHBIX MOKPBHITUHN MTPUBEACHBI B Ta0. 4.4.

Taoauna 4.4
Bun Meramnn Cocran Bpewms [Ipumeuanue
TIOKPBITHS | OCHOBBI |  PacTBOpa, I/ | BBIAEPKKH,
MUH
Ni Craip 5 CuHuUEe TOUKHU-TIOPHI 10 CTaIU
Cu Menp | K3 [Fe(CN)g] - 10 KpacHo-0ypbie TOUKH-TTOPHI
- 10NaCl - 20 10 MEIN
Cranb 20 CHHME TOYKU-TIOPHI 10 CTaJIH
Sn Crans | K3 [Fe(CN)g] - 60 CuHHUE TOYKH-TIOPHI
-10 NaCl -5 IO CTaJIn
Cu, Ni Al I'emartoxcrima-1 5 ®H0JICTOBBIC TOYKH-TTOPHI
o Al
Sn, Pb Cu, Kz [Fe(CN)g] - 5 U=4+0,4B
Jlaryss | - 10Na,SO, - 10 i=0,55+0,05 Alom%;
karona — Pb

IKcnpecc-onpedenienue Koppo3uoOHHOU CHIOUKOCHMU HEKOMOPbIX
noxkpetmuil. Ha BaTHBIN TaMIIOH HaHOCHUTCS 10 2 Karu 1 % pacTBopa au-
METHJITJIMOKCUMA B 3TUI0BOM cnupte U 10 % pacTtBopa amMmmuaka B BOJE.
B teuenue 30 ¢ cMOYEHHBIM TaMIOH JOJDKEH HAXOJIUTHhCS B KOHTAKTE
(TpeHue) C UCCIeYEMbIM METATUTUYECKUM MTOKPBITUEM.

Eciau TaMIoH okpammuBaeTcs Ipu TPEHUU HUKEJIEBOT'O MOKPBHITUS B
KpPaCHBIN IIBET, IPH TPEHHUH KEJIE3HOTO U KOOATBTOBOTO MOKPBITHS — B KO-
PUYHEBBIN I[BET, @ IPU TPEHUHU METHOTO U JATyHHOI'O MOKPBITUS — B OJIUB-
KOBBIM IIBET, TO 3TO 3HAYHUT, YTO MOTEPU METAIINUYECKOTO MOKPHITUSA OY-

nyT 6ounbiie 0,5 MKT/cM? B HEJIEITIO.
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Pabora 2. HaneceHue JIAKOKPACOYHBIX NOKPBITHHI

METOAOM IJICKTPOOCAKICHUA

[lenp pabOThl — MOJYYUTH 3AMMTHOE JIAKOKPACOUHOE MOKPHITHUE C
MMOMOIIBI0O METOJIA 3JEKTPOOCAXKICHUS U MPOBEPUTH KAYECTBO MOITYUECH-
HOW TEPMOOTBEPKIACHHOU MJICHKH.

TEexXHOIOrnYeCKni MPOLECC AIEKTPOOCAKICHUS BOAOPACTBOPUMBIX
JTAKOKPACOYHBIX MAaTEepUAJIOB 3aKJII0YaETCs B cieAyroleM. B BaHHy, Kop-
MyC KOTOPOH OOBIYHO CIY>KUT KAaTOJIOM, 3aJIMBAETCS JAKOKPACOYHAsS KOM-
MO3ULIKS; BTOPBIM 3JIEKTPOIOM-aHOJIOM SIBJISIETCSI MIOKPBIBAEMOE U3JIEIHE.
3aTeM OT MCTOYHWKA MUTAHUS MOJAETCS] MOCTOSHHBIA TOK CO CTaOMJIbHBI-
Mu napametrpamu (Hanpsioxenue 30-50 A/MZ), Y B T€YeHHe 1—2 MUH Ha U3-
JEJINE OCAXKIAACTCSA JIJAKOKPACOYHAS TIEHKA TOMUHONW 20—-30 MKM.

AHOIHOE DHIEKTPOOCAKICHUE OCYIIECTBISECTCS W3 3SIJIEKTPOJIUTOB,
KOTOPBIE COJIEP’KAT OJUTOMEPHI HA OCHOBE IOJUKAPOOHOBBIX KHUCIOT
(3MOKCHUIBI, aJIKUJIBI, TOJTMOYTaAUEHbI U T.1.). BomopacTBOprUMOCTh 1OJIH-
KapOOHOBBIX KHUCJIOT JOCTHUTAETCSl TMEPEBOJIOM IIJIEHKOOOpa3oBaTesis B CO-
JeByr0 GopMy myTem q00aBiieHHS aMHMHOB, aMMHaka Wid 1mesnoud. B pe-
3yJbTaTe 00pa3yroTCs COJU:

RCOOH+NH,OH=RCOOH,+H,0,
KOTOpPBIE JUCCOLMUPYIOT HAa UOHBI, CIIOCOOHBIE MTEPEMENIATHCS K COOTBET-
CTBYIOILIEMY 3JIEKTPOAY:
RCOONH,;=RCOO+NH,".

[Tomuannonst RCOO™ amcopOupyroTcsi Ha MOBEPXHOCTH YACTHI] IUT-
MEHTOB MPHU MEPETUPE €0 € MIEHKOOOPA30BATEIIEM U YBJICKAIOT UX K IO-
BEPXHOCTU METajyla B MPOIECCE DICKTPOOCAXKACHUS, Onaroaapsi 3TOMY
MOKHO TIOJTYYUTh OKpaIlIeHHbIC TUICHKH.

OxoHuarenabHOE (HOPMUPOBAHUE JTAKOKPACOUYHBIX MOKPBITUIA MPOUCXO-
JUT TIPU MOBBIIIEHHBIX TEMIIEPATypax, HECMOTPS Ha TO, YTO B pe3yJIbTare
MPOTEKAHUs JEKTPOOCMOCA TUICHKU CTAHOBSTCSI MPAKTUYECKH 00€3BOXKECH-

HbIMU. HeoOXoAMMOCTh CyIIKM 0OYCJIOBJIEHA TEM, YTO CKOPOCTh y/IaJICHUS
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OCTAaBIIICHCS] BOJBI OMPENETAETCS CKOPOCThIO MU Py3un ee u3 TIIyOMHHBIX
CJIOEB TOKPBITUS K TOBepXHOCTH. J[J1s1 yckopenus nuddy3un u ucrnapeHus
BOJIbI TPEOYIOTCS OMOJHUTENbHBIE 3aTpaThl sHepruu (2,6 xJx/T BMecTO
0,59 xJIx/T B ciiy4ae pacTBOPOB B OPraHUYECKUX PACTBOPUTEIISX), a CICH0-
BaTEJIbHO, MOBBIIICHUE TEMIIEPATypPbl U YBEIUYCHUE JIIUTEIBHOCTH OTBEP-
xKaeHus. B 3aBUCHMMOCTH OT MPUPOJIBI IJIEHKOOOpA3oBaTelis W YCIOBUMN
AIIEKTPOOCAXKICHHS TEMIIEpaTypa noaaepxuBaercs B npenenax 140-180 °C,
a IPOJIOJKUTENBHOCTH Tiporecca cocraiseT 0,5—1 .

DIEKTPOOCAXKICHUE JTAKOKPACOUYHBIX MATEPHUATIOB Ha METAJITMYECKUE
MOBEPXHOCTH UMEET CIEAYIOIINE MPEUMYIIECTBA M0 CPABHEHUIO C IPYTHU-
MU IIAPOKO U3BECTHBIMU METOJAMU OKPACKHU:

1) oOecrieunBaeTCsl BRICOKAS aJire3usl IVICHOK K MMOBEPXHOCTH METall-
na (mpu cioMe o0pasios noxa yrioM 180° He HaGIOmaeTCs OTCIIAMBAHUE
MOKPBITHI);

2) Onarojapsi TJIOTHOCTH MOKPBITUS 00J1adal0T BBICOKMMH 3alllUT-
HBIMU CBOMCTBaMU;

3) npu ompeaeleHHBIX YCIOBHUSX IPOBEICHHUS Iporecca GpopMupy-
IOTCSl PAaBHOMEPHBIC TTOKPBITUS JJaXK€ Ha M3JIEIUSIX CI0XHON KOHUTypa-
L

4) maJible TIOTePH JIAKOKPACOYHOTO MaTepHalia, COCTABJISIONINE MPH
UCIIOJIb30BaHNH yiabTpadmibTpoBanus 1-2 %;

5) oTHOcHUTenbHAS TOXapoOe30MacHOCTh Tporiecca, 00yCIIOBIICHHAS
IPUMEHEHHEM BOJbI B KAYECTBE PACTBOPUTEIIA.

Jlnst mpoBeaeHusl pabOThl MCIMOJB3yEeTCA JadopaTopHas yCTaHOBKA,
npuBeeHHas Ha puc. 4.3.

[ImacTUHKY W3 aIFOMUHUS WK IPYroro Metajuia pasmepoM 3 x4 mm
TIIATEJbHO 3aYUCTUTh MIKYPKOW, 00€3KUPUTh OPraHUYECKHUM pPACTBOPHU-
TeneM (TonyosioM), npotpaButh B 10 % pactBope NaOH (40 °C), u Ha
CIEIMaIbHON TMOJBECKE 3arpy3UTh B BaHHY D3JEKTPOOCAXKIACHUS C BOJO-
paz0aBisieMOM JTAKOKPACOYHOM KOMITO3UIMEM Ha OCHOBE TPYHTOBKHU

BKY-0207 (monmuOyTaanoHOBKIH TIJIEHKOOOpa30BaTeib M MUTMEHTHI).
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Puc. 4.3. Cxema yCTAaHOBKHM 15l 3JIEKTPOOCAKICHUS
JIAKOKPACOYHBIX MOKPBITHIA:

1 — BaHHA 3JIEKTPOOCAKAEHUsI; 2 — AHOIHAS IITAHIa;

3 — MecTO KOHTAKTAa ¢ KOPIMYCOM BaHHbI OTPHIATEIHHOTO MOJTHCA
HCTOYHHUKA MOCTOSTHHOTO TOKA;
4 — MeCTO KOHTAKTA MOJIOKUTETbHOI0 MOJII0CA HCTOYHUKA
MOCTOSTHHOTO TOKA ¢ AHO{HOM IITAHIOM;

5 — nokpbIBaeMblii 00pasen

CocTaB BaHHBI I OJICKTPOOCAKACHUSA, MACC. %:

I'pyatoBka BKY-0125 ... ..o, 19
UIIC 40
B o 40
AMMHUAK (25 % PACTBOP)  +envveeeiieiiieeiieeeiieeeieeananns 1

C IMOMOIIbIO BBIMPAMHATECIIAA HA BAHHY IMOHACTCA 3aaHHOC HAIIPSKC-
Hue (U ot 10 mo 100 B), u B Teuenue 60 ¢ BeayT mpolecc 3JIeKTpooca-
xKaeHus. B To e camoe BpeMs CIIemsT 3a MOKa3aHUsSIMHU aMIIiepMeTpa.

Ecnu Tok co BpeMeHeM majaeT, TO Npolecc MpoTekaeT 0e3 OCI0KHe-
Hui. Ecim ke Bo3pacTaeT, TO MOXKHO CUMTaTh, YTO MOKPBITHS MOJy4YaTCs

HEJI0OpOKAUYECTBEHHBIE U DKCIIEPUMEHT Ha/10 TOBTOPUTH.

177



Uepes 120 ¢ mporecca HaNpsKeHUE ¢ BaHHBI CHUMAETCs, 00pasell
M3BJIEKAETCS U3 BaHHBI 1 HEKOTOPOE BPEMS BBIAEPKUBAETCS HAJ 3€PKaJIOM
JUIsl TOTO, YTOOBI CTEKAJIM U3JIMIIKUA KPACKH, YBIEKAEMbIC 32 CUET TTOBEPX-
HOCTHBIX CHJL.

3aTeM 00pa3zell MPOMBIBAIOT BOJIOIIPOBOJHON BOJON U 5—8 MUH NOJ-
CylIMBarOT Ha Bo3ayxe. [lociie moACylKy NpOBOASIT OTBEPKICHUE TLIEHOK
B Tepmomikade mpu 120 °C B Teuenue 20-30 mMum.

OOpa3iibl ¢ MOKPHITUEM MPOBEPSIIOT HA XUMHUYECKYI) CTOMKOCTh Ka-
MEJIbHBIM CIIOCOOOM. ATPECCUBHYIO XPOMOBYIO CMECh HAHOCST Ha IIO-
BEPXHOCTb 00pa3lia U ONPEACISIOT BpeMs MOSIBIICHUS ITy3bIPHKOB BOJOPO-
71a B pe3yJIbTaTe B3aUMOJICUCTBHS KHUCIOThI C YACTHIM AITFOMUHUEM.

CTposAT 3aBUCUMOCTb CTOMKOCTU TMOKPBITHS OT HANpPsIKEHUS (CKO-
POCTh pa3pylICHUs] MOKPBITHS B MUHYTax OT HampspkeHus). Pe3ynbrarsl
AKCTIIEPUMEHTA 3aHOCST B Ta0II. 4.5,

Taoauna 4.5

No U, B | Bremnuii BUa niaeHKH Koppo3noHHast CTOMKOCTh, MUH
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Pab6otra 3. 3amura crajied 0T KOPPO3UU BHEHIHUM TOKOM

ens paboTbl — uccnenoBarb dPHEKTUBHOCTD IEKTPOXUMUUYECKOM
3alUThI CTAJICH OT KOPPO3UU B JIEKTPOIUTAX B 3aBUCUMOCTH OT IJIOTHO-
CTH HaJIaraeMoro 3JIEKTPUUECKOT0 TOKa.

PaznuyaroT cienyromnme JBa BUJa 3JIEKTPOXUMHUYECKON 3alIUThl Me-
TaJJIOB OT KOPPO3UH C MOMOIIBIO MOCTOSTHHOTO 3JEKTPUYECKOrO TOKA OT
BHEIIIHETO UCTOYHMKA: 1) KATOAHYIO U 2) aHOJHYIO.

Kartonnast 3amuTa BHEIIHUM TOKOM — 3alllUTa METAJIJIa OT KOPPO3UU
C MOMOIIbIO MTOCTOSTHHOT'O AJIEKTPUUECKOT0 TOKA OT BHEIIHETO UCTOYHUKA,
P KOTOPOM 3allUIIaeMblii METa/ul MPUCOCIUHSIOT K OTPUIIATEIHBHOMY
MOJIIOCY BHEIIHETO MCTOYHUKA MOCTOSHHOTO TOKa (T.€. B KAUeCTBE KaTO-
1a), a K MOJIOXKUTEIbHOMY IIOJIOCY MNPUCOEIUHSIOT JOTOJIHUTEIbHBIN
ANEKTPOJ, MOoJsipu3yeMblii aHoaHO. IIpy TakoM MOpOMyCKaHWM TOKa IO-
BEPXHOCTH 3alIUIIAEMOr0 METallIa MOJSPU3YETCs KaTOJAHO; €€ MOTEeHIUAI
IIPU OTOM CMEIIIAETCS B OTPUIIATEIBLHYIO CTOPOHY, YTO MIPUBOAUT K OCJa0-
JICHUIO PaOOTHI JIOKATBHBIX aHOJOB MJIM K UX IIPEBPAILICHUIO B KATObI, T.€.
K YMEHBIICHUIO WJIM MOJHOMY MPEKpaIieHUI0 KOPPO3UOHHOTO pa3pyliie-
HUsI. AHOJHBIN MPOLIECC TPU 3TOM MPOTEKAET HA JOTOJHUTEILHOM 3JICK-
TpoAe-aHoAe. [ MoaHOro npekpameHus 3IeKTPOXUMUYECKON KOPPO3UU
MeTaJlJla €ro HY»KHO KaTOJIHO 3amloJIsIpU30BaTh J0 3HAYEHUS OOPaTUMOTro
MOTEHIHUANIA Pye o6p, @ CIUIAB — JI0 3HAYCHHSI OOPATHMOTO IOTEHIMAJIA €TO
HanOoJsiee OTPUIATEILHOM aHOTHOW COCTaBISIONICH.

AHOJIHas 3alIuTa BHEUIHUM TOKOM — 3allUTa METAJIJIa OT KOPPO3UU C
MOMOIIBI0 MOCTOSIHHOTO 3JIEKTPUYECKOTO TOKAa OT BHEUIHETO MUCTOYHUKA,
IpU KOTOPOM 3alIUIaeMblid METa/l MPUCOCAUHSIOT K MOJIOKUTEIHBHOMY
MOJIIOCY BHEITHETO UCTOYHHMKA MTOCTOSTHHOTO TOKA (T.€. B KAUECTBE aHO/A),
a K OTpUIATEILHOMY TOJIFOCY MPUCOCAUHSIOT TOMOJIHUTEIbHBIA 3JIEKTPOI,
noJIsipu3yeMblil kKaToHO. [Ipn TakoMm MpOMyCKaHWU TOKa IMOBEPXHOCTH
3alUIIAEMOr0 MeTajjia MOJISIPU3YeTCsl aHOJHO; €€ MOTEHIMAl MPU 3TOM

CMEIIIAETCS B MOJOKUTEIBHYIO CTOPOHY, YTO OOBIYHO MPUBOJIUT K yBEIH-
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YEHUIO DSJIEKTPOXUMHUYECKOTO PACTBOPEHMs] MeTajlla, OJHAKO IIPH JI0C-
THXKEHUM OMNPEJCICHHOTO 3HAUYCHHUS MOTEHIIMAJa MOXKET HACTYyNUTh Mac-
CHBHOE COCTOSIHHME MeTajuia (UTO HaOMI0aeTCs IPU OTCYTCTBUM JICTIACCH-
BaTOPOB B KOPPO3UOHHOM cpejie M MIPUBOIUT K 3HAUYUTEIILHOMY CHUXKEHHUIO
CKOPOCTH DJIEKTPOXUMHUYECKON KOPPO3UM METajljia), JIs JJIMTEILHOTO CO-
XpaHEHHUsI KOTOPOro TpeOyeTcs He3HaUuTelIbHas MIOTHOCTh aHOJHOTO TO-
ka. Ha AOMONHUTENBHOM 3JIEKTPOJIC-KATOAEC IMPU 3TOM MPOTEKAET IIpe-
MMYIIIECTBEHHO KaTOAHBIN mpoliecc. [Ipu O0JbIIMX MIOTHOCTSIX aHOAHOTO
TOKa BO3MOYHO JIOCTHKEHUE 3HAYCHUM MOTEHIIMAIA, TPU KOTOPHIX HACTY-
MaeT SBJICHUE MepernaccuBaluu (TPaHCIACCUBHOCTH) — PACTBOPEHUE Me-
Tajjia ¢ IePeXoJ0M B PACTBOP MOHOB BBICIIEH BaJEHTHOCTH, B PE3yJIbTaTe
4ero 00pa3yroTcs paCTBOPHUMBIC UM HEYCTOMYMBBIE COCAMHEHUS (KEIe30 U
XpOM 00pa3yroT UOHBI FeO,” u CrO,”, B KoTopbix Fe u Cr mecTuBajieHT-
HbI), YTO TPUBOJUT K HAPYIICHUIO MACCUBHOIO COCTOSHUS U YBEIUYCHUIO
CKOpPOCTH PAacCTBOPEHHUS METaJjlja.

DPhHeKTUBHOCTD JIEKTPOXUMUUECKON 3alIUTHl METAIJIOB OT KOPPO-
3UM, B TOM YKCJI€ M 3alllUThl BHEIITHUM TOKOM, MPUHATO XapaKTEPU30BaTh
BeJIMUUHOW 3amuTHOTO 3Pdexta Z, %, u KOodPPUIMEHTOM 3aIUTHOTO

neiictBus Ks, 1/A:

L _Ku, Ky,

Ky, ’
rae K, =~ — OTpUUATEIbHBLIM II0Ka3aTellb U3MEHEHHUS MacChl METajja B
ANEKTPOJIUTE O€3 3alUTHI, r/(M2~q); Ky,  — OTPHUIATENILHBIA II0Ka3aTellb

M3MCHEHHMS MacChl METalllla B TOM JK€ JJICKTPOJIUTE IMPH IMPUMCHCHUU
o 2

AIIEKTPOXUMHUYECKOM 3aIIMThI, I/(M”4).

_ Am, — Am,

- ; ,

re Am, — yjAelibHas yObUIb MAacChl METaula B 3JEKTPOJIUTA O€3 IEKTPO-

K3

o 2.
XUMHNYCCKOU 3allIMTHI, /™M , Am, — yaCJIbHasA Y6BUIB MacCChl M€TaJlJla B TOM
(V) 2. H
JKC JJICKTPOJIMTA IMPHU IJICKTPOXUMHUYCCKON 3alIHUTC, /M , J — IINIOTHOCTDH

2
TOKa, A/M".
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[Ipu BBIOOpE ONTUMAIBHOM TJIOTHOCTH TOKA JJIS 3alIUThl BHEIIHUM
TOKOM HCXOJST U3 HEOOXOJUMOCTH JOCTHXKEHHS BBICOKOTO 3aIlUTHOTO
sbdexra Z mpu JOCTATOUHO XOpouieM Kod(PGUIIMEHTE 3alIUTHOTO JEi-
ctBus K, oOecrieunBaromieM 3HAYUTEIBHOEC YMEHBIIICHUE KOPPO3UOHHBIX
MOTEPh HA KAXKIYIO0 €ANHUILY 3aIllIUTHOTO TOKA.

Ilopaook evinoanenusn padomwl. B 3aganve BXoauT (MO yKa3aHUIO
MpENoJaBaTes) UCCIEAOBAHUE KATOAHOM 3alllUThl YTIE€POAUCTON CTalu
ot Koppo3uu B BogHOM pactBope 1 % NaCl (mmm 1 % NaCl + 0,01 %
H,0,) nnun anogHoi 3amuThl XpomoHukeneBor ctanu X18HIT B 20 %
BoJIHOM pactBope H,SOy.

[Tocne moaAroTOBKM MOBEPXHOCTH 00PA3II0B MO CTAHIAPTHOW METO/U-
KE COOMparoT cxeMy ycTaHOBKH (puc. 4.4) u, 3aJ1aB CHIIy TOKa 2 WIH 5 MA,
B T€UEHHUE 3 Y BBIACPKUBAIOT 00pa3lbl B 3TOM pexume. [1o okoHuaHuu

Mpoliecca yAJISIOT CIIeAbl KOPPO3UU C 00pa3loB M MPOU3BOST B3BEIIH-

7 B 4
BN IS

BaHUC.

<

Puc. 4.4. Cxema yCTAaHOBKM JJIS HCCJIEIOBAHMS
3JIEKTPOXUMHUYECKOM 3aIMTHI CTaJIeil 0T KOPPO3UM:
1 — paGouue 3J1eKTPOAbI; 2 — BCIOMOTIaTeJIbHbIE JJIEKTPOAbI;
3 — xJiopcepeOpsiHbIi 3J1eKTPO/; 4 — BBLINPSIMUTENb; 5 — MIJLJIMAMIIEPMETP;
6 — nudposoii BoabTMETP; 7/ — peocTat

IIpu uccnenoBanun anogHou 3amuthl ctanu 12X18HI9T Bce snek-

TPOJIbI OBICTPO aKTHBHUPYIOT, yCTaHABIMBAIOT criry Toka 60—70 A (Bcien-
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CTBHE TACCHBAITMU YaCTHU UCIBITHIBAEMBIX 00pa3Il0OB OHA JOJKHA CAaMOTIPO-
W3BOJIBHO CHU3UTHCS), a yepe3 1 muH cHuxkaroT ee 10 0,1 MA. Yepe3 1-3 u,
yAAJIMB CIeAbl KOPPO3UH ¢ 00pa3IOB, MPOU3BOIAT B3BEIINBAHUE.

VYcraHoBIIEHHYIO B LieNU CHIIy ToKa (2 wiaum 5 MA — JJIS KaTOJHOM
3alIUThl yriaepoaucTor craad U 0,1 MA 19 aHOAHOW 3alIMTHI CTaJIH
12X18HIT) ¢ momoIpio JBHKKOBOI'O peocTara / MOAACPKUBAIOT IOCTO-
SHHOW B TEYEHUE BCETO ONBITA.

Korga 3HaueHue cwibl TOKA B LEMU CTaOUIIM3UPYETCS BO BPEMEHH,
MEPEHOCAT OT CTaKaHa K CTaKaHy JJIEKTPOJ CpaBHEHUs 3 (I KaTOAHOU
3aIMUTHI — HACHIIIIEHHBIN XJIOPCEPEOPSIHBIN DJIEKTPO/I, a JJIsl aHOAHOM 3allly-
Thl — €ro €, HO C MPOMEKYTOYHBIM DJICKTPOJIUTUYECKUM KIHOUOM-
KOHYMKOM C HACHIIIEHHBIM pacTBopoM K,SO,), a 3aTemM, BCTaBIsIsS €ro KOH-
YUK B TPYOKYy W TMOJKIIOYMB BTOPOW MpPOBOA IU(PpoBOTO BOJbTMETpa 6
(MepBbIN MOCTOSIHHO MPHUCOETUHEH K XJIOPCEPEeOPSHOMY JJIEKTPOAY) K CO-
OTBETCTBYIOIIEMY 00pa3ily, U3MEPSIOT YCTAHOBUBIIMNCA MOTEHIMAT KaXK-

JI0TO CTabHOTO 00pasia. MizmepeHHbIe 3HaUEHUsI 3aMMChIBAtOT B Ta0. 4.6.

Tao6auua 4.6

Homep obOpa3siia

P 0
€3yJIbTaThl 00pa3LOB 1 5 3 A c 5

PaGouast MOBEpXHOCTh S, cM”

Hagansnas macca m,, r

[InotHOCTE ToKa | = I/S, A/M®
IToTeH1ua mo OTHOIICHUIO

K 3ekTpony cpaBHenus U, B
[ToreHman mo BOAOPOAHOM IIKAJIE
V=U+Vom B

Koneuynast Mmacca my, T

VY nenpHas yobub Macchl AM, /M
OTpunatenbHbli MOKa3aTesb

M3MEHEHHS Macchl Metamia Ky, T/(M° 1)
3amuTHbIN 3G dexT Z, %

Koaddumuent 3anmurHOTO nevicteus K, /A
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[To ucteyennu 1-2 4 BBIKIIOYAIOT PYOUILHUKH, BEIHUMAIOT BCE 3a-
KpPEIUICHHbIC Ha IJIaHKE-JAeprKaTesie AJIEKTPOAbl U3 AJIEKTPOJIUTA, OBICTPO
U3MEPSIOT MacIITaOHOM JTMHEHKOM pazMephl pabounx (COMPUKACAIOITUXCS
C PacTBOPOM) MOBEPXHOCTEU MCIBITHIBAEMBIX 00pa3IlOB, MPOMBIBAIOT BCE
AJIEKTPOJIbI BOJOM U CylIaT, IpoTupas puibTpoBaaIbHOM OyMaromu.

PacTBOpBl M3 CTaKaHOB BBUIMBAIOT B OyThUIb JUJISl CJIUBA KUCIOT U
OTIOJIACKUBAIOT JOTIOJHUTENBHBIE AJIEKTPOAbI M CTAKaHbl BOJOM.

3aTemM ynmansioT ¢ 00pa3loB U3 UCCICAYEMOW CTalM YBIAKHEHHOU
MATKOM (KapaHJalTHOW) pe3NHKON MPOAYKTHI KOPPO3HUH, OOPaA3IIbl POMBI-
BalOT BOJIOH, TIIATEIHLHO MPOTUPAIOT (PUIBTPOBAIIBHON Oymaroil u B3Be-
IIMBAIOT HA AaHAJIUTUYECKUX BECAX.

Oopadomka onvimubix 0aHHbIX. Pe3ylbTaThl ONbITA 3aMKCHIBAIOT B
Tabu1. 4.6.

PaccunteiBator:

- OTpUUATEIBHBIE TOKA3ATENM W3MEHEHUS MAacChl, r/M>4, Meraia

K, o ypaBHEHHIO

- 3aIUTHBIC 3PPEKThI Z;

- KOA(DOUITMEHTHI 3aIMUTHOTO JeUCTBUS K.

Ha ocHOBaHWM NOJYyYEHHBIX OIBITHBIX JAHHBIX CTPOST Trpaduku
V=1, Z=1{)uK,=1(i).

B BBIBOAaX KpaTKO CYMMHPYIOT pe3yiabTaThl OMBITOB M JIEJAIOT 3a-
KIIOYEHHE 00 ONTHUMAJbHOW IUIOTHOCTH TOKAa, PEKOMEHAYEeMOU s 3a-
IIUTHI JAHHOMN CTAJIM BHEIITHUM TOKOM OT KOPPO3UHU B ATOM 3JICKTPOJIUTE, a
JUISl aHOHOM 3aIlUThI, KpOME TOTO, 3aKJII0YEHHUE O MNIOTHOCTH TOKa, HEOO-
XOJIMMOM JIJT TTpeaBapuTeNbHOM naccuBanuu cranu 12X18HIT.,

Mapka ctanu u ee TepMooopadboTKa
DJEKTPOIUT
TeMmeparypa 3MeKTPOJIUTA, L= ... ..., °C

JITATETbHOCTD UCTIBITAHUS, T = ........vvu. . o 9



Pabora 4. 3amuTa cTaj M 0T KOPPO3UH

C IOMOIIbIK0 AHOJAHOI'O MPOTEKTOPA

Lenr paboThl — uccienoBaTh (H(PEKTUBHOCTh KATOMHON DJICKTPOXH-
MHUYECKOM 3aIlUThI CTaJIM OT KOPPO3UU B HEUTPATILHOM DJIEKTPOJIUTE C TIOMO-
IIbI0 AHOIHOTO MPOTEKTOPA 1 KOJIMYECTBEHHBIX TOKa3aTesel paboThl aHOAHO-
r'0 MPOTEKTOpA.

Pabora cocrout B onpenenacHun yobsutn maccel B 1 % pactBope NaCl
unn 1 % NaCl H,O, He3amuIiieHHoro ctanbHOro oopasia, CTaaibHOTO 00-
pasiia, 3allUIIEHHOTO C MOMOIIBI0O AHOIHOTO MPOTEKTOpa, W AHOIHOTO
MIPOTEKTOPA U COMPOBOXKIAACTCS U3MEPEHUEM JJICKTPOJHBIX MOTEHIINAIOB
Y CHJIBI 3AIIIUTHOTO TOKA.

Karomnas mpoTeKkTopHasi 3allliTa METAUIMYEeCKUX KOHCTPYKIIMHA OT
AIEKTPOXUMHUYECKON KOPPO3UU COCTOMT B TOM, YTO K 3aIlMINAEMON KOH-
CTPYKIIUU TPUCOCAUHSIETCS aHOIHBINM TPOTEKTOp — KAKOW-THOO MeTall
WIH CIJIaB, UMCIOIIUK B JaHHOW KOPPO3MOHHOM cpejie MOoTeHIHan Ooee
OTPHUIIATENIbHBIN, YEM MaTepHaJ 3allnIaeMOl KOHCTPYKITHH.

MexaHu3M KaTOJHOW 3aIllMThl METAJJIOB OT KOPPO3HH C ITOMOIIBIO
aHOJIHOTO TPOTEKTOpa aHAJIOTMYECH MEXaHW3MY KaTOJHOW 3aIlUThl BHEIII-
HUM TOKOM. MeEXIy 3alllMIaeMbIM METaUIOM M aHOJHBIM MPOTEKTOPOM
NPOTEKAET JIEKTPUUSCKHUIA TOK. [Ipr ATOM MOBEPXHOCTH 3aIIUIIIAEMOTO Me-
TaJlJIa MOJISIPU3YeTCs KaTOIHO, €€ MMOTCHINANI CMEIAeTCs B OTPUIIATEIBHYIO
CTOPOHY, YTO MPUBOJUT K OCIAOJCHNIO paOOTHI JIOKAIBHBIX aHOJOB WM K
UX TPEBPAIEHUIO B KATOJIbI, T.€. K YMEHBIIECHUIO WM TIOJTHOMY TIPeKpaIiie-
HUIO KOPPO3UOHHOT'O pa3pylIeHUs. AHOIHBIA MPOIECC IMPH ATOM MPOTEKAET
Ha aHOJTHOM TIPOTEKTOPE, KOTOPHIH MTOCTETICHHO PaCTBOPSICTCS.

[locne mMOMHOTO PacTBOPEHHSI aHOMHOTO MPOTEKTOpa WM TOTEPU €ro
KOHTAKTa C 3alllMII[aéMbIM METAJJIOM MTPOTEKTOP HEOOXOTMMO BO30OHOBIISTH.

D} heKTUBHOCTH TPOTEKTOPHON 3aIIUTHI METAJNIOB OT KOPPO3UU TaK
e, KaK ¥ IPYTUX METOOB JIEKTPOXUMHUECKON 3aIIUThI, TPUHITO XapakK-
TEPU30BATh BEAIUUUHOL 3AWUMHO20 dpgekma T U Kodpduyuenmom 3a-

wummnoeo oeticmsus K.

184



OTH TIOKa3aTeJIW 3aBUCAT OT SJICKTPOXUMHNYCCKUX XaAPAKTCPHUCTUK
IIPOTCKTOPA, HAYAJIBbHOI'O JJICKTPOAHOI'O IIOTCHIHAJA, IIOJIAPHU3YCMOCTH,

BCJIMYMHBI ITIOBCPXHOCTH, CTaOMIBHOCTH pa6OTBI BO BPpCMCHHU U JIP.

Km — K™
Z=—To_ " .100%,
My
rie K, — OTPHUIATEIbHBIA TOKa3aTelb U3MEHECHHUS MacChl MeTala B
Lo 2
ANEKTPOJIUTE 0€3 ANEKTPOXUMHUYECKON 3alllUThl, I/M 4; K v — OTpHUIIA-

TEJIbHBIM MOKA3aTENb U3MEHEHU MACChl METAJJIA B TOM K€ 3JIEKTPOJIUTE

MPY MPUMEHEHHUH 3JIEKTPOXUMHUYECKOM 3aIUTHI, /M

Am, — Am,
]

r7ie Am, — yAelbHas yObIJIb MacChl ME€TaJJIa B DJICKTPOJIUTE O€3 DJIEKTPOXUMHU-

K, =

(93 2_
YECKOM 3aIlHTHI, I/M”; Am, — y/IeJbHas yObUIb MacChl METAJIIa B TOM K€ DJICK-
. 2. . 2
TPOJIUTE MPH ICKTPOXUMHUUECKOM 3allUTe, IT/M”; j — INIOTHOCTH TOKa, A/M”.

TQOPQWIMUQCKMI;Z 8bIX00 MOKdA AHOOHOI'O IPOTCKTOpa — BCIMYHHA,

oOpaTHas >JEKTPOXUMHYECKOMY SKBUBATEHTY C,,, METAILIA IPOTEKTOPA,
T.€. 1/C)pe0p, AU/T.

. 1
lIpaxmuueckuti 6b1X00 Moxa aHOJAHOTO MPOTEKTOpa —— , A4 /T
npaxkm
1 | Iz
C Am '

npakm

1€ Cypaom — TPAKTUYECKUN DIECKTPOXUMHMYECKMI DKBUBAJIEHT METaJljla
npoTekTopa, I/A-4; | — cpeaHss cuia TOKa, JdaBaeMasi MPOTEKTOpoM, A;
T — BpeMs padOThI MPOTEKTOPA, U; Am, — YOBLJIb MAacChl aHOJJHOT'O TIPOTEK-
TOpA, T.

PacxoxaeHre Mexay TEOPEeTHYECKHM W TMPAKTUYECKHUM BBIXOAaMU
TOKa OOYCJIOBJICHO TJIaBHBIM OOpa3oM caMOpacTBOPEHHEM (KOPpO3UEH)
MeTaJljla aHOJAHOTO IpoTekTopa. Takum o0pa3om, yObLUIb MAaCChl aHOJTHOTO
MPOTEKTOPA CKIAABIBACTCS W3 MOJIE3HBIX MOTEPh, CBA3AHHBIX C FEHEpaIU-
€l 3alIMTHOTrO TOKA B IIEMH rajlbBAHUYECKONW MaKpOIapbl MPOTEKTOP - 3a-
IUIIAEMbIM METAIIJI, U HEMPOU3BOJUTEIBHBIX MOTEPh MACC, CBSI3aHHBIX C
CaMOpPacTBOPEHUEM aHOAHOTO IPOTEKTOPA.
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Koaghguyuenm nonesnozco oOeticmeuss aHomHOTO TpoTeKTOpa 7, %,

MOXET OBITh paccuuTaH no ¢popmyiam:

\
7= cl 2L 110006 = €Mt g000p

meop npaxkm n _wteop

rae (4mn)ypaom — AEACTBUTENBHAS MOTEPS] MACCHI AHOJHOTO IPOTEKTOPA, T;
(4mn) peop — TEOPETHUUECKAS TIOTEPS] MACCHI AHOJHOT'O IIPOTEKTOPA, T.

MeTo/ 3aIIuThl ¢ TOMOIIBI0 aHOAHBIX MPOTEKTOPOB — d(H(HEKTHUBHBIN
U DKOHOMUYECKH BBITOJHBIA METOJ 3al[UThl METAIIMYCCKUX KOHCTPYKIHH
OT KOPPO3UH B MOPCKOM BOjIe, TPYHTE M APYTHUX HEUTPAIbHBIX KOPPO3HOH-
HBIX cpenax. B KHCHBIX cpegax BCJIEACTBHE MaJlOM KAaTOMHOHM IMOJSpHU3Ye-
MOCTH B HMX METAJIOB U OOJBIIOI0 CaMOPACTBOPEHHUS METajlla aHOIHbIX
IIPOTEKTOPOB IPUMEHEHUE KATOIHOMN MPOTEKTOPHOM 3aI[UThI OTPAHHYECHO.

KaToaHy0 MPOTEKTOPHYIO 3alIUTy IIMPOKO MPUMEHSIOT KaK JOIOJI-
HUTEIbHOE (K H30JIMPYIOIIEMY IMOKPBITHIO), a TakKe CaMOCTOSTEIIHHOE

CpCACTBO 3alIUThI MCTATINIIMYCCKUX HOKpI)ITI/Iﬁ OT KOPpO3HH.

Ilopaoox ewvinonnenusa pa-

Oomupl. YKPEIUIAIOT OAUH CTaIbHON

obpazen 1 u mpoTekTop 2 B IMIAHKE

ACPIKATCIIA 4 HaJd OOJHHUM H3 CTaKa-

HOB, a Haad APYruM CTAaKaHOM

YKPEIUISIOT BTOPOW CTajJbHOM 00-

pazen 1 (puc. 4.5). HanuparT B

crakanbl 1 % pactBop NaCl (wmm

1 % NaCl + 0,01 % H,0,) u omyc- Puc. 4.5. Cxema ycTaHOBKH

AJIS1 HCCJIeJ0BaHUA 3allIUThI CTAJIN
KaloT BCC J3JICKTPOIbI, 3aKPCIJICH-

OT KOPPO3HH C NOMOUILI0 IPOTEKTOPA:
Hble B IUIaHKe-aepxkarene. Ilpu
1 —3yekTpoa; 2 — NpoOTeKTOP;

Pa3OMKHYTOM KIIHOUYC HU3MCPAIOT C 3_ xnopcepeﬁpﬂnblﬁ JIEKTPOLL;

pa YCTaHOBMBILHECS DIIEKTPOIHbIE 5 — MHLIHAMIIEPMETP

MOTEHIMAJbl CTANIBHBIX 00pa3lioB 1 M mpoTekTopa 2, momenias Xjaopce-

PEOPSIHBIN AIEKTPO CPaBHEHMSI TOOUYEPETHO K COOTBETCTBYIOIIEMY H3MeE-

paeMoMy 3JIeKTpoy. I3MepeHHbIe 3HaUYCHUS 3JIEKTPOJIHBIX MOTEHIIMATIOB
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3anuchiBalOT. IloToM 3aMBIKarOT O cCIlb KJIIOYEH M 3aIllMCHIBAIOT 3HAUYCHUS

SJICKTPOAHBIX ITOTCHIHUAJIOB 3allIUIIACMOTI'O O6p213].[3, H TOK IIO ITOKAa3aHUIM

MUJIIHaMIIEpMETpa O.

OnswiT BeayT 1-2 4, oTMEYass W 3aNKCHIBAS KaXbI€ 5 MUH 3HAYCHUS

CHWJIBI 3aIIIUTHOTO TOKA B IEMU MPOTEKTOP — CTAIBHOM 0Opasel] u 3HAaUCHUS

AJICKTPOJHOTO IMOTEHI[MANMa 00pa3loB y MPOTEKTOpa. 3aTeM o0pasibl u3-

BJICKAIOT U3 pacTBOpPa, MPOMBIBAIOT, CYIIAT, YAAIAIOT TPOAYKTHI KOPPO3UU

M B3BCIIMBAKOT HAa dHAJIMTHYCCKUX BCCax.

Oopadbomka onvimuplx O0anHbix. Pe3ynbTaThl U3MEPEHUMN 3aIKUCHI-

BaroT B T1a0J1. 4.7 1 4.8.

Taoauna 4.7
[TokazaTenu OO0pa3upl
Crasib Mapku. .. IIporekTop
0€e3 3aIUTHI B KOHTAaKTe
C IPOTEKTOPOM
Hauvanpnas macca mg, T
PaGouast MOBEPXHOCTD S, M°
Koneunas macca my, T
YObUIE Maccel AM, T
VY ObUTE MaCChI C €IMHULIBI
noBepxHocTH AM/S, T/cm®
OTpunartenbHbIid MOKa3aTelNb
n3MeHeHns Macehl Ky, r/(M°1)
Tabauua 4.8
Bpemsa | Cuna IloTeHmnuamn mo OTHOIIEHUIO [ToTeHman mo BOAOPOAHOU
OT TOKa K XJIOpcepeOpssHOMY mkane V = U + V,opeepess B
Hayana | |, A anexktpony U, B
OIbITA T, Crainp Cramp | IIporek- | Cranp Cranp | IIporek-
MUH 0e3 3a- | B KOHTaK- TOP 0e3 B KOHTaK- TOp
IUTBl | T€ C Opo- 3alllUThl | T€ C MPO-
TEKTOPOM TEKTOPOM
1)) (5314 ) 010 111 s NPT
Temneparypa snekrpoaura t=.............. T O
JUIMTENBHOCTD OIBITA = e 9




JAK/IIOYEHUE

[Ipy mOATOTOBKE HWHKEHEPOB-CTPOUTEIIEH OCHOBBI AHTUKOPPO3U-
OHHOM 3aIllUThl METAJUIOB U CIIJIABOB JIOJIKHBI OBITH MPEINOJaHbl Ha CO-
BPEMEHHOM YPOBHE M B JIOCTaTOYHOM 00BEME, T.K. DJIIEKTPOXUMHUYECKUE
WCCJIEIOBAHUS ONPEAEIAOT HAYYHO-TEXHUUYECKAM MPOTrPECC BO MHOTHX
OTPACIISIX MPOMBIIIJIEHHOCTH, B YACTHOCTU B CTPOUTEIILHON UHAYCTPUH.

Bricmias mkosia 1aet AOCTATOYHO IIMPOKYH) TEOPETUUYECKYIO IOI-
roToBky. OQHAKO MO OKOHYAaHUK By3a MOJIOJIbIC CIENHUAIHUCTBI 4aCTO
YyBCTBYIOT c€0sl HEYBEPEHHO, CTAIKUBAACH C MPAKTUUYECKUMU TPOoOIIe-
MaMH ¥ 3a7adamMu. BoT moyemy B JAaHHOW KHUIE€ HapsAy C TEOpETHYE-
CKHUMH BOIIPOCAMHU KOPPO3UHU METAIIIOB PACCMOTPEHBI MPAKTUYECKUE
npoO0JIeMBbl DIEKTPOXUMUU: METOJAUKU U CIIOCOOBI HAHECEHUS TaJIbBaHU-
YECKHUX MOKPBITUM HA METAJUJIBI U CIJIABBI.

DKOHOMMYECKHUE MOTEPU OT KOPPO3UM METAILIOB U CIUIABOB CpaB-
HUMBI C BJIOXXEHUSMHU IOCYIapCTBa B Pa3BUTUE KPYIHBIX OTPACIIEH IPO-
MBIIIUIEHHOCTH W CTPOUTENBCTBA. JTH NMOTEPU MOKHO PE3KO CHU3UTH,
NPUMEHSSI NPUA W3TOTOBJIEHUM W3JEIUN TajJbBAHWYECKUE TMOKPBITUSA,
AHOJHYIO M KaTOJHYIO 3aIuTy. ['asibBaHMYeCcKas 3aluTa OT KOPPO3UU —
ATO HamOoJee MePCIeKTUBHAS METOJAMKA MOBBIIICHUS WX HAJAEKHOCTU U

JOJI'OBCYHOCTH.
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