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JlabopaTopHas pabota Ne 1
KUCJIOTHAST KOPPO3Us1 METAJIIIOB

[{eap paboOTHI: MICCTIEOBAHHE BIWSHUS PA3NAIHBIX (PAKTOPOB Ha
CKOPOCTh KOPPO3UH METAJLIOB B PACTBOPaX KHCIOT.
[pubopbl M peakTHBBI: Bechl aHamuTHUeckue; pH-merp; mraH-

reHIupKyIb; TepmoMeTrp Ha 100°C; mieTka; mecTh 00pa3oB U3 CTAIU
Cr.3 wm Cr.20; mecth crakanoB Ha 100 Mi1; pacTBOpHI CEPHOM WIIH
constHoM kmcnotel 0,1 ®H mmm 1,0 H (H — HOPMaNBHOCTH PacTBOPA);
arleToH; (WIBTPOBAbHAS W HaxJadHas Oymara; CeKyHAOMeEp;
MarHuTHas MeIalka.

Xoa paGoThI

[Ipupona  KUCIOTHI, €€  KOHIEHTpalus, TeMIeparypa,
nepeMelIuBaHie, HaJlu4he pacTBOPEHHBIX MpHUMecel WM Ta3oB
OKa3bIBalOT CYIIECTBEHHOE BIUSHHE HA CKOPOCTh KOPPO3UH METAIJIOB.
B HEOKHCTUTENBHBIX KHCIOTAaX KOPPO3WS METAUIOB TMPOTEKAaeT C
BOJOPOAHOMN AECTIOJISPU3ALIUEH.

B Tpm crakaHa HanMBaKlOT OJHOW KHCIOTBI C HW3BECTHOM
KOHIIGHTpalyed, B TpU JPYyrux — Jpyrod KUcIoThl. Besne oObem
kuciotrel mo 100 mu. IllecTh 3amMapkupoOBaHHBIX OOpPa3IOB B BHIC
IUTACTUH C OTBEPCTUSMHU IS TOJBEHIMBAHMA 3a4YUINAIOT HAXKTAYHOM
Oymaroii 10 paBHOMEpPHOTO OJIecKa M U3MEPSIOT IITAHTCHIIMPKYJIEM HX
pasmeprl.  lloBepxHOCTH  00pa3smOB  OOE3KUPUBAIOT,  MPOTHPAL
(GUIBTpOBaILHOM OyMaroil, CMOUEHHOH alleTOHOM, CyIAaT Ha BO3AyXe
10-15 MUHYT ¥ B3BELIMBAIOT HA AHATUTUIECKUX BEcax.

[lonBemmBaOT OHOBPEMEHHO 00pa3lbl B CTAKaHBI C KUCIIOTOH
Ha CTEKJISTHHBIX WJIM IUIACTMAcCCOBBIX KpPIOUKax M 3acekaroT Bpems. Ilo
HUCTEYEHNH BPEMEHHM, YKa3aHHOro mpernopasarteneMm (oObryHo 1,5-2,5
qaca), U3BJIEKAIOT U3 pacTBOpa. BCe 00pa3Lbl, IPOMBIBAIOT MIETKOW 1MOJ
CTpyeH, TEIIoi BOAONPOBOAHON, BOABI, MPOTHUPAIOT aLETOHOM,
BBICYIIMBAIOT 15 MUHYT M B3BEIIMBAIOT.

Bce nanHble cBOAAT B TaOMHILY.



Kopposuonnas cpena

Bpewms onbiTa t, u

Temmnepatypa, °C

Marepuan 00pasroB

Homep o6pa3sima

Pasmepsnr obpasma, MM

TToBepxHOCTH 0Opasia S, M

Havansnas macca obpasma mg, T

Koneunas macca oOpasma my, T

VYo6bu1b Maccel, Am, T

o 2
MaccoBblii moKazarenb KOppo3uu, I/M"-4

2
CpenHee 3HaUeHUE MAaCCOBOTO MOKa3aTelsl KOPPO3HHU, /M-

Bruiusaror PpacTBOPEI B 6yTI)I.HB JJIA CJIMBa KUCJIOT U MOIOT CTaKaHBbI.
PaccuuThIBarOT /IS KOO0 00pa3iia MacCOBBIH MMOKa3aTelb
KOppO3uH 1o Gopmysie

rie AM - yObIIb Macchl; S - MIOIIAk 06pasia, M2, T - BpeMs OIbITa, .

HaxonsaT cpenHee 3HaueHWe MAacCOBOTO IOKa3aTelsl KOPPO3UH
JUIST KaKJIOW KHCJIOTBI, CAEJIaB IepecdyeT Ha TIyOMHHBIM IOKa3aTelb
koppo3uu (cM. pabora Ne 3, dopmyia (6)), HaxoaaT (1O HPUITIOKESHHIO
1) Gaym u TpymITy CTOMKOCTH. [[enaroT BBIBOJ O BIWSHHUU TIPUPOJIBI
KHCJIOTBI Ha CKOPOCTH KOPPO3UH.

Bo3MOXHBI BapuaHTBl 3TOW pabOThI: W3YyYUTh BIIMSHUE MEpPEMe-
[IMBaHMS, TEMIIEPATYPbl, KOHIICHTPAIMK OJTHOW U TOM K€ KHCIIOTHI Ha
OJIMH M TOT K€ METaJIJI WM 3TUX ke (DAKTOPOB Ha pa3HbIe METAJUIbI U
CILIaBHI.



Koumponsnsie eéonpocul

1. Kakue cBoiicTBa MeTajyla MOTYT MEHSTHCS NMpPU PAcCTBOPEHHH B
Kucnore?

2. YKaxuTe BO3MOXHBIE MPOAYKTH KOPPO3WH B BOAHBIX PacTBOpax
KHCJIOT.

3. Kakwue BemiecTBa MOTYT OBITh KATOAHBIMU ACTIOISIPU3ATOPAMH?

4. Kakoe BiHMAHHE Ha CKOPOCTh KOPPO3MHM MOTYT OKa3bIBaTbh
OKHCJIMTCIIM HWJIHW BOCCTAHOBUTCIIM, TMPUCYTCTBYIOIIHME B BHUIC
puMecet B Kuciore?

JNlabopaTtopHas pabota Ne 2 5
QJIEKTPOXUMNYECKASI KOPPO3Us1 C BOJOPOL4HOM
HAEMNOJISAPU3ALNEN

[lenb paOoThL: ompeneneHne CKOPOCTH KOPPO3UH METAIIOB MIIH
CIUIaBOB IO IOTEPE MACChl M IO O00bEMY BBIIEIMBIIETOCS BOJOPOAA,

COIIOCTABJICHUC PE3YJIbTATOB.
HDI/IGODBI W PCAKTHBBI! CKIIIHKH C HM>XKHHUM TY6YCOM " KpaHOM;

LWINHAPBI MEpPHBIE - 2 MIT.; NPOOKH PE3HMHOBBIE C AUAICKTPUUECKUMH
KpIOYKaMH - 2 MIT.; IKypKa HaXJauHast; 00pa3ibl METAJIOB U CIUIABOB,
Hanpumep, crans Cr.3, numek 1I-0, amomuuuit AMr-6 u gap.;
LITAHTCHLMPKYJIb; CepHas Wi a3zoTHas kucinora 0,1-0,7 M; rugpokcun
kanus 0,5 M (M — monsipHast Macca).

Xoa padoThI

CKOpOoCTh KOPPO3UU MOYKHO OTPENENIUTh PAa3IMUYHBIMI METOIaMH
— TrpaBUMETpHYECKH (MO YOBUIM MAacChl), BIEKTPOXUMHUYECKH (IO
MOJISIPU3AIMMOHHOMY ~ COTIPOTHBIICHUIO, [0  MOJSPU3AIOHHBIM
KpuBbIM). CKOPOCTh KOPpPO3HHM MOKHO YCTaHOBUTh W OOBEMHBIM
METOZOM, €CJIi B IIPOLecCe KOPPO3MM HJAET BbLIEIECHUE WIH
[OMJIOIIEHHE ra3a. TOYHOCTh 3TOr0 METOJa B s CIY4aeB BbIIIE, UEM
TIPH OTIPEJIeNIEHUH YOBLTH MacChl.

OJEeKTpOXUMHUYECKas] KOPpPO3Msl XapaKTepHa JUIsl MPOBOJIAIINX
cped W TIpoTeKaeT MpM HAIMYMKM Ha IIOBEPXHOCTU MeTajlla



MPOCTPAHCTBEHHO PAa3/ICJICHHBIX KATOJHBIX W AaHOJHBIX YYacTKOB.
KaromHble y4acTKM BO3HUKAIOT Ha OoJiee 3JICKTPOTOIOKHUTEIHHBIX
MPUMECSX, CTPYKTYPHBIX COCTABIISIONIMX CIUTaBoB. MHOTAa 00pa3yroTcs
MUKPOTAIbBAHUYCCKUE TIaphl BCIICJACTBUEC HEOJIHOPOJHOCTH BHEIIHEH
cpensl  (muddepeHuanbHas  a’dpanus, HEOJIUHAKOBOE OOJIydYeHHE
pa3HbIX yuyacTkoB). Ho maxke ¥ Ha COBEpIICHHO 3JIEKTPOXHUMHYECKH
OJTHOPOJTHOM TTOBEPXHOCTH MOXKET MPOTEKATh KOPPO3UsS B MPUCYTCTBUU
«4Y)KEPOJHBIX» HOHOB B pacTBOpe, KOIJa HapyliaeTcs OajlaHC IO
BEILIECTBY JIAHHOTO BUA (MOHAM KOPPOAUPYIOIIETO MeTaia). B Takom
cllydae pa3pylieHHe MeTajula MOXHO IMPEACTaBUTh ce0e KaK PEaKIIHMIO
ANIEKTPOXUMHUYECKOr0 OoOMEHa MEXKJIy METAIOM W PacTBOPOM
(manmpumep, 3aMEIICHUE METALTMYECKOTO ITMHKA HOHAMH MEIH U3
pacTtBopa).

B cnydyae BOgOpOIHON NENONspU3alMd CKOPOCTh KOPPO3UHU OIl-

penensieTcs B OCHOBHOM TEpEHAIpsHDKEHHEM Boaopoia. IHTeHCUBHOCTh
mporecca OymeT 3aBUCETh OT MPHUPOJbI  KATOAHBIX  yYacCTKOB,
Temmeparypel, coctaBa u pH cpemsl. Kopposus ¢ BoIOpoaHOM
JETNoJIsIpU3aled XapakTepHa Ui METa/UIOB 0oJiee OTPUIATEIIbHBIX,
YeM BOJIOPOJ, U TPOTEKAET B KHCIBIX CpelaX, OJHAKO AaKTHUBHEIE
METaJUIbl, TAKME€ KAaK MAarHui, aJlOMHHHMH, KOPPOAMPYIOT TaKUM K€
00pa3oM B HEHUTPANBHBIX U IETOYHBIX CPEIaX.
B neokuciutenphbix kuciaorax (HCI, HySO, o) YepHBIE MeTaLTbI
KOPPOAUPYIOT TPEUMYIIECTBEHHO NpHW aHOJHOM KOHTpone. B atmx
YCIIOBUSX KATOJHBIC MPUMECH YBEIMYUBAIOT aHOIHYIO MMOJISIPU3AIIUI0 U
o0JIer4aroT TaccWBalMI0 MeTaa. Hampumep, 4YyryH, WMEIOIIHMA
Ooipie yriepoga B BuAe TpadUTHBIX BKIIOYEHWH (KaTOIHBIC
BKJIFOUEHUS ), TACCHBUPYETCS JIETde CTAIH.

Ecnu Ha nmpumecH BBICOKOE TIEpEHAIPsKEHUE BOJOpO/ia (HAIIPH-
Mep, Ha CBHUHIIE), TO KOPPO3Us 3aMeisieTcs. Tak, IUHK C MPUMECHIO
CBUHIIA KOPPOAUPYET MEJICHHEEe, YeM IIUHK C TaKHM K€ KOJIUYECTBOM
nmpuMecHu Meau (Ha MeIu HU3KOe IMepeHarpsbkeHue Bomoponaa). C yee-
JIUYCHUEM IUIONIad  KAaTOAHBIX YYacTKOB CKOPOCTh  KOPPO3UHU



BO3pAacCTaeT, TaK KaK CHIKAETCs MepeHanpsbkeHre BOIOPOa.

Pabomy svinonnsiom credviowum 0b6pazom: B CKISIHKA ¢ HIDKHUM
TyOoycom (1) mpu 3akpeiTom kpane (2) HamuBaroT 1mo 250-300 mn
KOppo3uoHHO# cpenbl (3) — azorHoi kuciotel 0,7 M wim apyroro
pactBopa. CKISHKH C PacTBOPOM pacloyiaraloT TaK, YTOObI KOHIIBI
TpYOOK KpaHOB OBUIH OITYLICHBI B MEPHBIE IWIMHAPHI (CM. PUCYHOK).

Cxema ycmaHo8Ku:
1 - ckriAHKa C HUXHUM

myb6ycom; 2 - KpaH;

4 3 - KOppoO3UOHHas cpeda;

4 - MepHbIU UUITUHOP;
/_ 5 - npobka pe3uHosas;
6 - duanekmpu4eckuli
Kpro4yok; 7 — obpasey.

a

TG

TIRAE

[Ba obpasma meramia win ciiaBa (7) (Hampumep, uHK 1[-0 u
amoMuHud AMr-6) 3a4uMmaroT 10 paBHOMEpPHOro Ojecka MIKYpPKOM.
W3MmepstoT ¢ TOMOINIBIO IITAHTEHIMPKYJS IUIOMAAb TMOBEPXHOCTH
Kaxaoro odpasia. OOpasipl 00€3)KUPHUBAIOT AlETOHOM, BBICYIIMBAIOT
Ha BO3AyXEe M B3BEIIMBAIOT HAa AaHAJUTHYECKUX Becax. 3aTeM
MOJBEIIMBAIOT 00pa3usl (7) Ha IUAIEKTPUYECKHE KOPPO3HOHHBIE
KpIOUKH (6), YKpeIJIeHHble B Pe3MHOBBIX mpoOkax (5). IIpoOku c
o0pasnamy akKypaTHO BCTaBIISIOT B TOPJIBILKO CKISHOK (1) Tak, 4TOOBI
00pasipl MOJHOCTBIO MOTPY3HWJIMCh B arpeccUBHBIN pacTBOp. [lmoTHO
BCTABIISIOT NMPOOKY B TOPJIBIIKO CKIISTHKU U g00HO8pemenno (!!!) oueHb
OBICTPO OTKpBIBAIOT KpaH (2), IpU 3TOM arpeccuBHas XHIAKOCTH (3)
HAauWHAET BbITEKaTh B LUIUHIAP (4). OOBbeM BBITEKIICH >XUAKOCTH



OTMEUAIOT KaX/ble 5 MHUHYT. J[aHHBIE 3aHOCAT B TAOJHILY, MPHYEM W3
MepBoro o0beMa uepe3 5 MUHYT HEOOXOAMMO BBIYECTH 3 MJ — 3TO
00bEeM KHIKOCTH, BBITCKAIOIIEH B XOJIOCTOM OmbITe (0€3 BBIACICHHS
rasza):

T, MHH 5 10 30 45 60
V, Mi

[Tocne oKOHYAHUSI OMBITA CIMBAIOT ArPECCUBHYIO YKHIKOCTh
0o0paTHO B HCXOAHYIO €MKOCTh, T.K. pacTBOpbl MOTYT OBITh
HCIIOJIb30BaHbI MHOT'OKpaTHO. CkJHKY (1) [IPOMBIBAIOT
BOJONPOBOJHOM BOJOM.

OOpasupl MPOMBIBAIOT BOAOW TOJ KpaHOM, CHUMAas IICTKOU
MPOAYKTHI KOPPO3HUH, POTUPAIOT allETOHOM, BBICYIIMBAIOT HA BO3IyXE
10-15 MuHYT ¥ B3BEIIMBAIOT. PaccUMTHIBalOT OOBEMHBIN MOKa3aTelb
koppo3un Ky mo ¢opmyne (1), mepecyuThIBalOT €ro Ha MacCOBBIN
nokaszarenb py mo Gopmyine (2), 3aTeM PpacCUMTHIBAIOT MAacCOBBI
nokasareib pm 1o Gopmyne (3). CpaBHUBAIOT pe3yIbTaThl PACUETOB IO
dopmynam(2) u (3), T.e. py U pm. CTposAT Tpaduku B KOOpAUHATAX:
00BbeM BoJIOpoa—BpeMst. JlenaroT BHIBOIBI.

V-273-(P - P, )
T-r-S-760

rie P - atmochepHoe aaBnenne, MM pT. CT.; Py,o - ypyrocts napos
BOJBI TIPH TEMIIEPAType OIbITa, MM PT. CT.; V - 00b€M BBIJEIHBIIETOCS

K, =760-

[em®/em? 4] (1)

BOJIOPOAA, MIT; S - IUIOMA{b MOBEPXHOCTH 00pasia, cM’, T - BpeMs
omeITa, 4; T - Temnepatypa, K.
4
o, =K, ﬁ [r/m?-4] )
22429 -n
rae A - aToMHas macca MeTajjia; N - YUCIIO 3JIEKTPOHOB, TEPAEMBIX
METaJUIOM.



m,—m
To ©

rac mp - Macca 06pa3ua J0 ombITa; M, - Macca o6pa3ua IoCJC OIbITa, I';

Pm =

2.
S - IomIak NOBEPXHOCTH 00pasia, CM*; T - BpeMs OIbITA, .

Konmponwvnsie éonpocut
1. Kakue hakTops! BIUSIOT HA BEITUYUHY IIEpEHANPSHKEHUS Bogoponaa’?
2. B xkakmx ciydasx mpeoOiagaer KOpPpO3WS C  BOJOPOIHOM
Jenoisipyu3auein?
3. B xakux cimydasx pe3ylbTaThl, pacCuWTaHHbIe M0 (popmymam (2) u
(3), MOTYT 3HAYUTENHEHO OTIUIATHCS?

JNlabopaTtopHas pabota Ne 3 .
KOPPO3UOHHBIE MNAPbI AN®OEPEHLUNATIBHOU ASPALIMN
QCHB [!a6OTI>I: HU3YYUTH BJIUAHHUEC HCOJUHAKOBOIO OOCTYyIIa
BO3/yXa Ha CKOPOCTb KOPPO3UU B HEUTPAJILHOM Cpelie.
[pubopbl ¥ peakTHBBI: IUIACTUHKA U3 KPOBEJIBHOIO IKeje3a

pasmepamu 30x30 mm (3 mT.) u 100x40 mm (2 1mT.); MarHUTHas
MeIIaiKa; CTakaHbl XuMuaeckue Ha 200 mit - 2 mIT.; BaHHA U3 OPTCTeKIIa
¢ auadparMoii U TPyOKOW il MOJABOJA BO3JyXa; MHUKPOKOMIIPECCOP
BO3IYIIHBIN; Mukpoammepmerp M 906; mpoBoma ¢ KiIeMMaMH U
3a)KUMaMHU «Kpokoau» - 2 wT.; pactBop NaCl 3%-ublit; cMech 5 mi
3%-noro K3Fe(CN); u Tpex kamens pactBopa (QeHondranenHa B
KalleJIbHUIIe; alleTOH WU COJIOBBIA PacTBOp JUIsi OOE3KUPUBAHHMS,
¢unpTpoBanbHas Oymara.

Xoa padoThI
[Ipn BBIIONTHEHHWH NAaHHOM pabOTHI HEOOXOOUMO YYECThb, UTO
KOppO3Usl METAIJIOB B 3JIEKTPOJIMTAX SBIISETCS PE3YJIbTATOM PaOOTHI
MHOTOYHCIIEHHBIX MHUKPOCKOIMHYECKHX KOPOTKO3aMKHYTBIX
raJbBaHMYECKUX 3JIEMEHTOB HA HMX IOBEPXHOCTH. MUKPOAIIEMEHTHI
BO3HHUKAIOT BCJICACTBUE PA3HOCTH MOTEHIHAIOB MEXKIY OTICIbHBIMH
y4acTKaMu TOBEPXHOCTH MeTajula M3-332 Pa3IMYHOTO HX COCTOSHHS



(cTeneHp MacCHBHOCTH) WM CTPYKTYpPHON HEOAHOpoAHOCTH. Pasnuuue
B COCTaBe 3JIEKTPOJINTA, CONPUKACAIOLIETOCs C METalsIOM, HaIllpuMep,
pa3Has KOHLIEHTpaLMs pacTBOPEHHBIX COJEM M Ta30B, a TakKke
pa3iauyHas CKOPOCTh JBMKEHMS JJIEKTPOJIMTAa TOXKE MOXKET BbI3BATh
BO3HUKHOBEHHE Pa3HOCTH MOTeHUuanoB. HakoHel, nmeeTcs eme oJuH
BHJ TaJbBaHUYECKHUX Map, 4acTO BCTPEUYAEMBIH B IMpakTHKE. DTO Tak
Ha3piBaeMble mapbl auddepeHnranbHoi aspauru. OHM BO3HUKAIOT B
TOM Cly4ae, Kormga MeTaul (MM METAUIMYEeCKOe  U3JIEIHE)
MO/IBEpraeTcsi HEepaBHOMEPHOMY BO3JEHCTBHIO KHCIOPOAA BO3yXa.
[NoBepxHOCTh MeTajla, K KOTOPOH MPOHUKAET OOJbIIE KHUCIOPO.a,
CTaHOBUTCA KaTOAOM. Pomnb aHoJa BBIMMOJHACT YacCTb IMOBCPXHOCTH,
MEHee JOCTYIHAs KHCIOpPOIy. DTO SBISETCS CIEICTBUEM H3MEHEHUS
BCJIMYHUHBL JBJICKTPOAHOI'O0 IMOTCHIMalIa METaljla IIpu ILeI\/'ICTBI/II/I
kuciopoga. Hanpumep, noTeHnuai xese3a B HEUTpaIbHOU cpejlie PeE3Ko
COBUTAETCI B  IOJOXUTEIbHYIO  CTOPOHY IpPH  YBEIUYEHUH
KOHIEHTpAIllMK KHciopoga B pacTBope. Ilpu 3TomM moOBbImIaeTcs
YCTOWUYMBOCTh 3aIUTHOM KaTOJHOM IUIEHKHM HA IOBEPXHOCTH JKEJIEe3a.
Mexay KaTomHbIM (M30BITOK KHCIOPOAa) M aHOJHBIM (HEIOCTaTOK
KHCIIOpOJIa) yYacTKaMH IOBEPXHOCTH BO3HHMKAET TOK M HA4YWHAETCSH
KOPPO3HUsl aHO/THOTO y4acTKa B pe3yJibTaTre padoThl 3JEKTPOXHUMUYECKOH
napsl 1udpepeHnranbHON adparny.

AHOJHBIE YYacTKH, HMeEIoLIMe OoJee 3JIeKTPOOTPHULATEIbHbIH
MOTEHIIMAN, HAYMHAIOT AKTHBHO DPACTBOPATHCA. ATOMBI JKele3a IO
JefCTBHEM BO3HHKAIOIIETO TOKA ¥ THAPATUPYIOLIETO BIMSAHUS MOJIEKYIT
BOJIBI IIEPEXOAST B PACTBOP B BUJAE IMAPAaTUPOBAHHBIX HOHOB:

Fe + n-H,0 — Fe*" - H,0 + 28 Q)

OcBoOoamBiIMEecss ~ BJEKTPOHBI  IMEpeXoAsT  Ha  Oojee
AJIEKTPOTIOIOKUTENbHBIE KaTOIHBIE YYacTKM (Ha 3alacCUpOBAHHYIO
MOBEPXHOCTh JKeNe3a). OTOT H30BITOK 3JIEKTPOHOB HAa KaTOAHOM
MMOBEPXHOCTH MPHUBOJUT K CABHUIY €€ MOTEHLHala B OTPULATEIBHYIO
CTOPOHY, BO3HUKAET KaTOAHAs MOJIApU3aLHsL.

B melTpanbHON KOPPO3HOHHOW cpeme (pacTBOPHI COJICH THIIA
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NaCl, K,SO4 u T.1.) KOHIIEHTpAlLKs HOHOB BOIOPOJA CIHINKOM Maa,
YTOOBl OHM MOTJIM TOJIHOCTBHIO BBITIOJHUTH POJb JCTOISIPU3ATOPA.
[MoaroMy B Takux cpeaax B POIM JCMONSIPU3ATOPA BBICTYIACT
PacTBOPEHHBIH KUCIOPO.I BO3AyXa:

Y% O, + HyO + 28 — 20H™ 2

Oo6pasyrommecss nonbl OH™, sBIASCH TEPEHOCUMKAMU TOKa B
pacTBOpe, TEpeABUTAIOTCA K aHOJHBIM y4YacTKaM ITOBEPXHOCTH, TIE
B3aMIMOJICHCTBYIOT C MEPEIeITNMH B PACTBOP MOHAMH JKeJe3a:

Fe?" + n-H,0 + 20H™ — Fe(OH), - n-H,0 3

O6pa3syercs rumpokcu sxenesa (1) — coeaunenune Gemoro 1sera,
HEpacTBOPUMOE B BOZe. B MpHCYTCTBHHM pPacTBOPEHHOTO KHCIOPOAA
BO3/yXa HJET JalbHelIIee OKUCIICHHeE:

ZFQ(OH)Z -n-H,O0 +% 0, + H,O — ZFG(OH)g - n-H,O (4)

I'uapokcun xeneza (I11) takke He pacTBOpUM B BOje, Oyporo
usera. CMmech mpoaykToB peakiuii (3) u (4) U coCTaBIsIET OCHOBHYIO
MaccCy pKaBYUHBI.

W3 ypaBuenwmii peaxiuit (3) u (4) ciemyeT, 9YTO KOPPO3UOHHAS
cpena ocraercst HelTpanbHOU. [loaToMy Takoit mporiecc Koppo3uu (Ipu
MOCTOSIHCTBE APYrHX (PakTOpoB) MpOTEKaeT OOBIYHO C ONpPEeNICHHOM,
MOYTH MOCTOSTHHON CKOPOCTBIO.

W3meHeHne CKOPOCTH TMOCTYIUIEHUS KUCIOPOAa K MOBEPXHOCTH
MeTaJljla Ha TIPAaKTHKE Yallle BCETO HaOIIOIaeTCsl B IBYX CITydasx:

1) MeHsleTcss CKOpPOCTh TMPOTEKAHUS DIEKTPOJIHMTA  BO3JIE
MTOBEPXHOCTH U3JeNus (PacTBOp B TPyOONPOBO/IE, JIONACTH BUHTA WU
Hacoca B BOJIC );

2) wu3MEHSeTCS KOJIMYECTBO KHCIOpPOJa, IOCTYMAIOMEro K
Pa3IUYHBIM YacTsM padoTaromieii KOHCTPYKIUHU (CBad, BBICTYIIAIOIIUE
13 MOPCKOH BOBI; pe3epBYyaphl, BBHICIYMAIOININE U3 BIAXHOW MOYBBI U
T.0.).

Ecnu moBepxHOCT, MeTaia paspymiaeTcs Oojiee WM MEHee
PaBHOMEPHO, TO CKOPOCTh KOPPO3HH MOXET OBITh KOJIHMYECTBCHHO
OI[CHCHA MACCOBBIM IIOKA3aTeleM KOPPO3UH p [r/M°-u], PaBHBIM IO
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MacCe MCTaLly, MPEBPAIICHHOMY B IMPOAYKTHI KOPPO3WU 3a CAUHUILY
BPEMCHH C €AWMHUIIBI TIOBEPXHOCTU!

_am
p St ®)

riae Am - yObUTb MacChl METaJlIA, T; S - IIomaab o0pasia, M T - BpeMs
WCIIBITAHUS, 9.

B psanme cmydaeB (TpyOompoBonbI, pe3epByaphl) Ooliee IOJIe3eH
TIyOWHHBIA TIOKa3aTellb KOPPO3WOHHOTO pa3pyIleHHs B MeETae 3a
eanHUIly BpeMeHH (00braHO rox). Ilepecder maccoBoro mokasaresns Ha
ITyOWHHBINA (MM/TOJT) TIPOU3BOIAT TI0 (hopMyIie

[1=8,76-p/d (6)
rze d - INIOTHOCTB MeTallIa, I/CM-.

Ecmu m3MmepsioT BelMUYMHY KOPPO3HMOHHOTO TOKa (B cilydyae
AIEKTPOXUMHUYECKON KOppO3uHu), TO Ha OcHOBaHmM 3akoHa Dapanes
TaKKe MOYKHO PaCCUUTATh MAaCCOBBIH MOKa3aTeNlb KOPPO3HH.

[Mockonbky 1 @apaneit anekrpuuectsa (96500 Ki/mons i 26,8
A-4/MOTIb) pacTBOpseT Ha aHojae | TpaMM-DKBHUBAJIEHT METaila, TO
MacCOBBIH TIOKa3aTeh MOYKHO BBIPA3UTh TaK:

M, -1
_ 2 Kopp
P=— e o (7)
26,8-S
rac M3 - MacCa OJKBHBAJICHTA MfCTallia, F/MOJ'IB; S - iomanb

TIOBEPXHOCTH 00pasia, M*; |pp - BETMUNHA KOPPOHOHHOTO TOKA, A.

N3 dopmynsr (7) caenyer, yro BennuuHa ( lep, / S ) sBasgercs
IIOTHOCTBIO KOPPO3MOHHOTO ToKa (A/M°) Ha aHome, OT KOTOpOl
CKOPOCTb KOPPO3UU HAXOAUTCS B MPAMOM 3aBUCHMOCTH.

B Kkoppo3MOHHBIX mpoleccax ¢ KUCIOPOAHOM JAenossipu3anueit
KOHTPOJIMPYIOMIMMH (PaKTOPaMH SIBIAIOTCS KOHIIEHTpALKs KHCIOPoaa B
pacTBope u CKOpOoCThb Au(PYy31Un ero aTOMOB K KaTOJHOM MOBEPXHOCTH.
[lepBblii ¢pakTop AaeT OOBSCHEHWE TaKUX SIBICHHH, KOTZAa KOPPO3MS
MUHHMaJbHA ¥ BOBCE TMPEKpAIlaeTCs, €cld MEPeKPBITh IOCTYII
KHCJIOpOoJa W3 BO3AyXa B KOPPO3MOHHYIO cpeny. Bropoii daxtop
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KacaeTcs KUHETUKU KaTOAHOro mponecca. M3BecTHo, 4ro B Xoze
KaTomqHOW  peakuuu  (2)  BO3HUKAeT  NEpPEHANPKEHHE  TPH
B3aMMOJEHCTBUN aTOMOB KHCIIOpO/a ¢ 31eKTpoHamu. OHaKO BEIMYMUHA
3TOrO MepeHanpsHKeHNs CPABHUTEIBHO HEBENMKA, €CIM YUECTh BIUSHUE
nuddy3un KucIopoa Ha mpolecc B 1enoM. Bennunaa KOppo3nOHHOTO
TOKa CHJIBHO 3aBHCHUT OT MU3MEHEHMsS CKOPOCTH IOJa4M KHUCIOpOjAa K
MOBEPXHOCTH MeTaiia. Kpome TOro, MpUTOK KHCIOpOJAa BEAET K
MAaCCUBAIMM KAaTOJIHBIX YYaCTKOB, YBEJIIMYUBAETCA 3.7.C. KOPPO3ZHOHHBIX
aneMeHToB. IloCKOJBKY CONpOTHBIEHHE pAacTBOpa MPAKTUYECKH HE
MEHSEeTCsI, TO KOPPO3UOHHBIA TOK BO3pacTaeT.

3aoanue 1. Kauecmeennas peaxyus.

3a4NCTUTh 10 PaBHOMEPHOTO OJiecKa IMOBEPXHOCTh CTaJbHOM
IUTACTUHKHA IIKYPKOH, OO0E3KHUPHUTH AaleTOHOM, COIOW WIIM MEeJOBOH
Kalluied, TPOMBITh TEIUIOW BOAOM M BBICYIIMTh (HUIBTPOBANBHON
Oymaroii, He Kacasch MajJbllaMU OYHAIIEHHON TTOBEPXHOCTH.

Ha gnctyro moBepXHOCTh HAHECTH KAaIlJII0 CMECH, COCTOSIIECH U3
paBHbIX 00beMOB 3%-Hbix pacTBOopoB NaCl u K3[Fe(CN)s], k koTtopoit
nobarieH (enondranent (2-3 karm Ha 10 M1 cMech).

Ha sipkom cBeTy HaOIoaliTe TOSBICHUE Pa3IMYHON OKPAacKU B
LEHTpE KaILIH U TI0 €€ KpasiM. Y UUThIBas U PepeHINATBLHYIO a3paliHio
(pa3nMYHBIA JOCTYN KUCIOPOAA BO3/AyXa B LEHTPE W MO KpasiM KaIlIx)
COCTaBbTE CXEeMy pabOThl BO3HMKAIOUIEH rajbBaHONApPhl W HAIMILIUTE
YPaBHEHU MPOLIECCOB, IPOUCXOASIINX HA Pa3HbIX yyacTKaxX KaIlId.

3aoanue 2. Memoo cpasumempui.
[Ipurorosuts 300 Mi1 3%-ro pactBopa NaCl.

[logroroButh 1Ba oOAMHAKOBBHIX Mo pasmepam (30x30 mm)
o0pasla JMCTOBOTO Kejle3a C OTBEPCTHAMH JUIS MOJBECKH. 3aUUCTHTh
UX TOBEPXHOCTh UIKYPKOH, MPOMBITH TEIUIOW BOJOW C MBUIOM HIIH
nopoukoM (comoit), mporepers QUIBTPOBAILHON OyMmaroii, BBICYILIUTh
U B3BECHUTH C TOYHOCTBIO JIO YETHIPEX 3HAKOB IOCIIE 3aIsTOH.

C nm[oMOwmpBI0 TPOBOJIOYHBIX KPIOYKOB B XJIOPBUHHIIOBOM
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W30JISIMH TTOABECUTH 00pa3Ibl B CTAKAaHBI C 3AJTUTHIM B HUX PacTBOPOM
NaCl (o 150 M1 B Kax10M).

PactBOop B omHOM cTakaHe IepeMelIMBAaTh B TEUCHHE Yaca Ha
MarHUTHOM MeIasKe, IPYroi CTakaH OCTaBUTh B CIIOKOWHOM MECTe.

[lo oxoH4aHuM OmBITa OOpa3LBl AOCTATh, OMOJOCHYTH TEIJION
BOJIOH, MPOTEPETh (PUIBTPOBAILHOM OyMarow JJis yIaICHUS PIKaBYMHBI,
MPOCYIINTH U B3BECUTh Ha TEX JKE€ Becax.

Paccumrats crkopocth koppo3uu 1o ¢opmyiie (5) u cuenarb BbI-
BOJ MO pe3yiabTaraM ombiTa. CaenaB nepecder mo ¢opmysiie (6), onpe-
JEeNTUTh 0aJUl ¥ TPYIITY CTOMKOCTH (IO TPUIIOKEHHUIO 1).

3adanue 3. Dnexkmpoxumuyeckuil Memoo.

Co0OpaTb yCTaHOBKY, KaK [I0Ka3aHO Ha PHCYHKE.

JIBa o6pa3ua JHCTOBOIO eje3a (B BUAE XOPOLIO 3aYMIIEHHBIX
IUTACTHH JIUCTOBOTO kene3a pazmepoM 100x40 MM) IOMECTUTH B BaHHY
¢ 3%-ubM pactBopoM NaCl u ¢ OMOIIIBIO 32KHMOB PUCOCAUHUTD UX
K KIeMMaM MHKpOaMIepMeTpa, MpUYeM K IOJIOKHUTEIbHOW KiIeMMe
npubopa mnpucoeauHseTcss o0pas3el, OKOJIO KOTOPOro MpOayBaeTcs
BO3AYX.

K=

o+
~2208

Cxema ycmaHoseku: 1-mukpoamnepmemp M366;
2 - saHHa ¢ Quagbpaamol; 3 — KoMrpeccop.

B teuenue 10 mMuHYT mpoayBaTh BO3AYX UEpe3 pacTBOp, HE

A0IyCKas pacCIlJICCKUBaHUA pacTBOpaA.
OHpC,ZLGIII/ITB HOCHY ACJICHUA IIKaJIbI an/I6opa Hh, 3aMCTUB
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MaKCUMAaJIbHYIO CHITY KOPPO3SHOHHOTO TOKA, PACCUUTAThH €0 BEIIMUHHY.

[lo ¢opmyne (7) BBIYMCIUTH CKOPOCTH KOPPO3MU aHOTHOTO
y4acTKa MaKkpO3JIEMEHTOB U CAEJaTh BBIBOJBI IO PE3YJIbTaTaM OIbITA.

CaenaB nepecuet 1o ¢opmyne (6), onpeaenuts 0aml U rpymnmy
CTOHKOCTH (10 TIPUIIOKEHHMIO 1).

[loBTOpUTH OMBIT, TNpEeaBAPUTEIBLHO PACTBOPHB B 3%-HOM
pactBope NaCl mnpemioxkeHHbI mpernogaBaTeieM HWHTHOUTOp B
yKa3aHHOW KoHueHTpanuu. ClenaTh BBIBOJ O BIMSHUM MHTHOUTOpA HA
CKOPOCTb KOPPO3HH.

Koumponsnsie eéonpocut

1 . CyurHocTh KOPPO3UOHHBIX MPOLIECCOB C KUCIOPOAHOM Jenospu3a-
112578

2. Kontponupyroiue (hakTopsl MPU KUCIOPOJIHOHN ACTIONSAPU3AIMHA U UX
BJIMSIHUE Ha CKOPOCTH KOPPO3UH.

3. CymHOCTh pacuera CKOpPOCTH KOPPO3WH (0 Macce W Ha OCHOBE
3axoHOB Dapazest).

4. Hanumure ypaBHEHHS MPOIECCOB, MPOUCXOIAIINX MPH OIMYCKaHUU
JKeJie3a B HeﬁTpaHBHLIe, KHCJIBIC 1 IIEJIOYHBIC PaCTBOPLI.

JNabopaTtopHas paboTta Ne 4
AHOOQUPOBAHUE AJTOMUWHUEBBLIX CI1JIABOB

”eﬂb [2360TBI: HAHCCCHHUC 3alIMTHBIX OKCHIHBIX IINICHOK U
HUCIIBITAHHUC X Ka4YCCTBA.

Hpubopbl u peaktuBbl: BempsmMutrens Ha 20 B um 1-2 A;

JJIEKTPOJIU3EP CO CBUHIIOBBIMH KAaTOJAMH; CEKYHJIOMEp; cepHas
kuciora, 100 1/1; pacTBop st o0exupuBanus (cM. Tabdj. 1); pacTBop
KpacCuTeiid; paCTBOP AJIA UCHBITAHUA KAa4€CTBa IVICHOK; 3JICKTPOIIMTKA,
tepmomeTp Ha 100°C.
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Xona padoThbl

[lpu BeIMONHEHMHU PAOOTHI CIEAYET YYECTh, YTO B YCIOBHSX
aTMOc(epHOH KOPpPO3WM CIUIAaBhI AIOMUHUS, JaXKEe NpPU OOTydeHUH,
OTJINYAKOTCA TOBBILIEHHOM CTOMKOCTHIO. Y CTOWYMBOCTH CILIABOB
QTIOMUHUS OOBSCHACTCS HAIMYUEM CCTECTBEHHOW OKCHIHOMW IUJICHKH,
nMeromen  TomumHy 0,02-0,10 Mxm. HecmoTpss Ha BBICOKYIO
XUMUYECKYI0 aKTUBHOCTh QTIOMUHHUA (CTaHIAPTHBIA OKHUCIUTEIHHO-
BOCCTAaHOBUTENbHBIM TOTEHIMal paBeH —1,66 B), ToHkasg M IioTHas
IJICHKAa OKCHJA 3allUINAaeT METaul WM CIUIaB. XHMMUYECKUWA aHaIU3
[OKa3aJl, 4YTO IUICHKA B OCHOBHOM COCTOUT U3 THIPATUPOBAHHOIO
okcuma Al,O3-n-H,0. Takas miieHKa yCToi4YrBa B HEHTPAIbHBIX BOIHBIX
pacTBOpax, OJHAKO B HEKOTOPBIX KHCIOTAaX M WIEJ0YaX OHA JIETKO
pacTBOpSIETCS, IPU 3TOM METaJJI UHTEHCUBHO KOPPOIUPYET.

IIpy nOpoXOoXXAEHUH SIEKTPUUYECKOTO TOKA 4YEPE3 SJIEKTPOJIUT
(damme Bcero pacTBOp CEpHOM WJIM IIIABEJIEBOM KHUCIIOT) Ha aHOME
MIPOUCXOUT OKUCIICHUE BOJIBI TI0 PEAKITUH:

2H,0 - 48 — 4H" + 0,1

Brigensronuics KHCIIOPOJ OKHCHISAET AIIFOMUHUEBYIO
MIOBEPXHOCTh W  TIOBEPXHOCTh MNpUMECEH, BBICTYHAIONUX W3
KPUCTAJUIMYECKON PpEeIIeTKH CIutaBa. biaromapsi 3ToMy MOBEPXHOCTH
QTIOMUHAEBOM  OCHOBBI ~ TIOJIHOCTBIO  TIOKPHIBAECTCA  YTOJIIEHHOM
IJICHKOM, BKJIIOYAs U ee Je(heKThl (IpaHUIlbl 36PEH OCHOBBI U TPAHUIIBI
OCHOBBI ¢ ipuMecsiMu ). [lorydaennast yToseHHast TacCUBHAS TUICHKA Ha
ATIOMHUHMU M €ro CIUIaBax 00JIajaeT BeCbMa BBICOKOH TBEPIOCTHIO U
KOPPO3UOHHOM CTOMKOCTBIO.

Jyis  BBIIONTHEHUS pPa0OTHI TMPUTOTOBHUTH 00pa3el] JIMCTOBOTO
crutaBa amoMuHUS AMr6 wim AMI M NpoBECTH C HUM OINEpaliu
coryiacHo Taou. 1.
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Tab6muna 1.

Ilopadok evitnonnenus aHoouposanus

Ne Ormeparus CocraB BaHH Pexxum paboThl Bpews,
/i MUH
1 | O6e3xupuBanue |NazPO, 50 1/ 1 t=60-70°C 3-5
NaOH 10 1/ 1
Nazsi03 301/ n
2 HpOMHBK% ° XonoxHas Boza 0,5
MIPOTOYHOM BOJIE
3 |AnommpoBanme |H,SO, 100 1/ 1 ITnoTHOCTE TOKA 20
1,5 A/nm?;
U=12B;
t = 18-25°C
4 HpOMHBK% ° XonoxHas Boza 0,5
MIPOTOYHOMU BOJIE
5 |OkpamuBanue 0,1% Konro-pot t=70-80°C 2
TJICHKH WJIH JpyTOit
KpacHuTeIh
6 Ip OMPIBK B XonoxaHas Boza 0,5
MIPOTOYHOU BOJIE
v YmnotHenue HuctunnupoBaHHast t = 90-100°C 20
TJICHKH BOJIA
8 |Cymika CymmnsHbeiit mkad | t=80-90°C 10-15

B cnyyae HeoOXOAMMOCTH TUICHKY CHHUMAlOT pacTBOpaMH
cienytomero cocrasa: 100 mn/n oprodochopHoit kucnotsl, 35 r/n CrO;

WM B KOHIEHTPUPOBAHHOU cepHoM kuciore npu +80°C.

Ucnvimarnue xawecmsea naccugHoll nieHKuU.

1. McriplTaHMIO TOJIJICKAT:
1.1. Mcxoanslii oOpazer alfOMUHMSA, HE MTOABEPTIIUIC KaKuM JH00
BHJIaM OOpaOOTKH W HWMEIOIHMKA €CTECTBCHHYIO TTAaCCHUBHYIO

TUICHKY;
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1.2. O6pa3elr, NOTYYCHHBIN aHOIHBIM OKCUIMPOBAHUEM.

2. JIns ¥CTIBITaHUSl KOPPO3UOHHOHN yCTOMYMBOCTH OKCHIHOM IUIEHKH Ha
MOBEPXHOCTh KAKAOTO 00pa3iia HAaHOCST (M3 KalelbHULIBI TUIETKOMN)
1-2 xannu pacTBOpa CIeIyIOLIEro COCTaBa:

HCI (mnotHocts 1,19) ...... 25 mn

KavecTBo mieHkn ycTaHaBIUBAeTCS MO BPEMEHH (IO YUCITY MH-
HyT), TPOTEKIIEMy JI0 Hayajla I[03eJIeHEHUs] HAHECEHHOW Karliu.
CornacHo Tab61.2 MOXXHO OUEHHTh TOJNIIMHY MACCHBHOM IUICHKH Ha
oOpa3siax.
Tabmuua 2.
Bpems, npoweouiee c momenma Hanecenus 00 nO3e1eHEHUA KAnu
npu moaujune nieHKu nopAoKa 5 Mkm

Temnepatypa, °C 11-13 | 14-17 | 18-21 | 22-26 | 27-32
Hopwma Bpemenn, MmuH 10 8 5 4 3

PesynbTarhl OMBITOB M OTYET IO BBIMOJHEHHOW paboTe Mpenbs-
BUTH IIPENIOIABATEIIO ISl IPOBEPKHU.

Konumponwvnuie sonpocuoi

1. Kakne XxuMHUYeCKHe MPOLIECCH MPOTEKAIOT MPY aHOAUPOBAHUN?

2. Kakue QakTopsl BIHSAIOT Ha TONIIMHY OKCHTHBIX TUIECHOK?

3. Kak moacumTath TOK, KOTOpPBI HEOOXOAMMO 3adaTh MpH
AHOIMPOBAHUH W3ICIHS?

4. B 4yeM COCTOMT CYIIHOCTh YIUIOTHEHHS M OKpPacKh OKCHIHBIX
IUIEHOK?

5. Kakoii XMMHYECKUI MpOLECC NPOUCXOAUT MPU KOHTPOJE KAYECTBa
wieHkn? Hamucats ypaBHeHHeE.
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JlTabopaTopHasn pabota Ne 5
SJIEKTPOXUMWYECKOE MEQHEHUE

[lenp paboTel: M3ydeHHE OCOOEHHOCTEH HAHECEHHS MEITHBIX
MOKPBITHI HA METAJIIBI U CILIABHI.

[IpuGopsl W pPEakTUBHI: BBIIpAMUTETs, Ha 12 B, 1-5 A;
AHAIMTUYECKHUE BECHI; MITAHTCHIUPKYJh; IEKTpoin3ep odremMoM 250-
500 mi; METHBIA KyJTOHOMETP; AIIEKTPOJIUT KHACIOTO Wiu mupodocdar-
HOTO MEJHEHUS; PACTBOPBI sl OOE3KHUPUBAHUS, TPABICHUS WU

NEKaIMpOBaHus ; HAKa4Has Oymara; ceKyHIoMep.

MeTton MEeKTPOXUMHYECKOTO MEAHEHNUS ABIISETCS CTapEHIINM U3
BCEX BHJOB T'aJIbBAHMUECKUX MOKPBHITHH, OH MOCITY>KHJI OCHOBOW IS
pa3BUTUSl TalbBaHOTEXHUKU. B  Hacrosimiee BpeMs MeIHEHHE
MpUMEHSAETCS Ul 3alllUTHO-IEKOPATUBHOM OTAEIKH MEeTaTTMYEeCKUX
W3/ B MAIlIUHO- U IPHOOPOCTPOCHUH.

CrannapTHBIA TOTEHIIUAT MEU (pgu =+ 0,34 B. IIpu nane-

2+/Cu0

0
CEHMH MEIM Ha JIETajli U3 CIUIABOB JKEje3a (goFeZ+ RS T 0,44 B)

MIOKPBITHE SBIsIETC KaToAoM. [losTomy mpw HapymieHWH MEIHOTO
TIOKPBITUS B DJIEKTPONPOBOJSIICH Cpe/ie BO3HHKAET TallbBaHUYeCKas
napa, B KOTOPOH aHOAHO pa3pyIaeTcs CIUIaB JKemesa:

Fe® - 28 = Fe*' 1)

Ha noBepxHOCTH MEIHOTO MOKPBITHA B 3TOM CIIy4ae MPOTEKaoT
BOCCTaHOBUTENbHBIC (KaTojgHbIe) mpormecchl. Ecim pH < 7, To
MIPOUCXOAUT Pa3psig HOHOB BOJOPOJA:

2H" +2& = H,T (2)

B mweititpansHoit m memounodt cpeme (pH > 7) Ha wMeam
BOCCTaHABIINBACTCS PACTBOPEHHBIN KHUCIOPO/T;

Y50, + 28+ H,O0=20H" (3)

Takum o00pazom, MO XapakTepy CBOeH «paboOThD» MeIHOE

* JACKANMUPOBAHUEC — JICTKOC TPABJICHUC IJIA YAAJICHUSA TOHKUX MMaCCUBUPYIOMIUX
OKCHUIHBIX ITIJICHOK
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MOKPBITHE SBISETCA KaTOJHBIM M HE 3alllMIIaeT MeTall JeTalu
(>xene30) OT KOPPO3HWHU B ClIyyae YAaCTUYHOTO MOBPEKICHHS MOKPBHITUS
Wi ero mnopuctocTd. IloaToMy K KauecTBY MEAHBIX MOKPBITUH
MPeabABISIOTCA 0cOOBIe TpEOOBAHUSI.

TonmmHaa METHOrO MOKPBHITUS BBHIOMpAeTCs B 3aBUCUMOCTH OT
HazHa4yeHHsd (MOACION B MHOTOCIONMHOM MOKPBITHH, 3aIluTa OT
LEMEHTAIINH, TaJbBaHOIJIACTUKA U T.J.), YCIOBUH U PETJIAMEHTUPYETCS
I'OCTom 9.073.

Ilepen HaHeceHWEM TOKPBITHS TMPOBOAUTCS —0O0s3aTeNbHAs
MperBapUTeNbHasl MOATOTOBKAa IOBEPXHOCTH JeTajel, BKIIOYaromas
OOBIYHO  00€3KUpWBAHHWE, TpaBlICHHE M  JEKaNHpPOBaHHE C
MIPOMEKYTOYHBIMU IPOMBIBKAMH (CM. MIPUIIOKEHUE 2).

MeaHeHre OCYIIECTBISIIOT B MPOCTBIX WIM KOMIUIEKCHBIX
aekTponuTax. Hanbonee pacnpocTpaHeHHBIM SBIISETCS CEPHOKHUCIBII
AIIEKTPOJIUT, JJIs KOTOPOTO MPUHSTHI CIAESAYIOUIHI cOCTaB (T/1) U pexkuM
OCaX/ICHUS:

CuSO4S5HYO o 200-250
HoSOy4 oo 50-70
Pabouas Temreparypa ...............o...n. 15-25°C
KaronHas miioTHOTH TOKA «..vvvveeeennnn... 1-2 A/,Z[MZ
BBIXOZ 1O TOKY ...vvvvveiiiiieeeenaen, 95-98 %

[Ipu mepeMenMBaHUM SIEKTPOIIUTA CKATHIM BO3IAYXOM WIJIHM €T0
OUPKYJSIUA C HENPEPhIBHBIM (IIIBTPOBAHUEM MOXKHO TIIOBBICHTH
IIOTHOCTB TOKA 710 6-8 A/mv’,

Menp W3 KHCIBIX 3JEKTPOJIMTOB paspspKaeTcs Ha KaTole U3
MPOCTHIX THAPATUPOBAHHBIX HOHOB TI0 CXEME

Cu® +2&=Cu° (4)

[losTomMy st TipeOTBpamIeHus] [IEMEHTAINN CTabHbIE JIETalH
HY>KHO OITyCKaTh B BaHHY IO/ TOKOM. DJIEKTPOXUMHUYECKHI SKBUBAJICHT
Menn cocraniser 1,186 r/A-u. Kucnble 3JIeKTpouThl XapaKTepH3yOTCsI
HHU3KOH paccemBaronmieil CIIOCOOHOCTBIO WM BBIJICIICHUEM KOHTAKTHOM
M€ Ha IOBEPXHOCTH CTAIBbHBIX JETAIeH, B CBSA3U C YeM IPU METHEHUHU
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CTall B O3TOM Ciydae HEOOXOJMMO TpPENBAPUTEILHOE OCaXKICHHE
MOJICIIOST HUKEIST MM MEAW M3 MAHUCTOTO DJIEKTPOJINTA TOJIIMHOW He
MeHee 2-3 MKM.

HAns  monydeHWss TAAKUMX ¥ ONECTSAIIUX  IMOKPBITUH B
CEpHOKHCIBIA DIEKTPOIUT BBOIAT pa3linuHble 100aBKH (STHIIOBBIN
CIHUPT, THUOMOYEBHUHY, AWUCYIbQOHA(PTAIMHOBBIM HaTpuih W J1p.) B
HeGombIX KomumuecTsax: 5-107° — 5.107" /.

Menee pacmpocTpaHeHbl 6opdropucroBogOpOIHBIE u
KpEeMHE()TOPHCTOBOIOPOIHBIE  DIIEKTPOIUTHI,  XapaKTePHU3YIOIIUeCs
Gonee BBICOKOH JOMYCTHMOil IUIOTHOCTBIO ToKa (10 10-30 A/nm%) u
BBIXOJIOM TI0 TOKY, Omm3kuM K 100%. OHaKko 3T 3IIEKTPOIUTHI Oojiee
CIJIOKHBI TI0 TIPUTOTOBIICHHIO U SKCILTYaTaI|H.

Uro kacaercsi aHOJIOB, TO HaJM4YHE B MX COCTABE MBIIIBbSIKA WIIH
3aKUCH MEOU MOXXET MPHUBECTH K CEPhe3HBIM HEMoNaJKaM B paboTe
BaHH. [Imomans aHOMOB MOKHA OBITH B 2 pa3a OoOJbIIe TUTOIIAIM
KaTo/I0B, MHAYE MOXKET HACTYIUThH MTACCUBAIIMS aHOJIOB.

Takum 00pa3oMm, KHUCIIbIE 3JIEKTPOJIMTHI HawOoJiee JemieBble U
MPOCThIC, HE SJIOBUTHI W YCTOWYHBBI, JOITyCKAIOT IPHUMEHEHUE
MTOBBIIIIEHHBIX TUIOTHOCTEH TOKa B psje CIydaeB, HO 00Ja1at0T HU3KOH
paccenBaroIieil CHoCOOHOCTHIO.

Cpenn KOMIUIEKCHBIX  OJJIEKTPOIIMTOB Hauboyiee W3BECTHHI
IIeNIOYHbIe, IIMAHWUCThIE, W3 HUX BO3MOXHO HEIOCPEICTBEHHOE
OCJICHHE MeIW Ha CTaib, a 3aBENIMBAaHWE JeTaieldl B BaHHY MOXHO
OPOM3BOAUTH  NPH  BKIIOYEHHOM  TOKE. OTH  3JIEKTPOJHTHI
XapaKTepU3YIOTCs BBICOKOM paccenBaroneit CHOCOOHOCTBIO,
MEJIKOKPHCTAJUIMYHOCTBIO  Ocalka. BblneneHne Meau Ha KaTofe
MIPOUCXOANT U3 KoMIuiekca ogHoBajgeHTHOH Meau [Cu(CN),], mpu 3TOoM
JJIEKTPOXUMHUYECKUH SKBUBAIEHT paBeH 2,372 1/A-u. Ilostomy
CKOPOCTh OC@KJEHHUS MEIU M3 KOMIUIEKCHBIX JJIEKTPOJIUTOB HAMHOTO
BBIIIIE, YeM M3 KUCJBIX, XOTS BBIXOJ[ MO TOKY He mpesbimaer 70 %.
OCHOBHO#l HEIOCTATOK IMAHUCTBIX JJEKTPOIUTOB — HX TOKCHUYHOCTH,
OJTHAKO TIPH CTPOTOM COOJTIOACHUH TPeOOBAaHUN TEXHUKH O€30MacHOCTH
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OHH 00€CIeUnBaIOT BEICOKOE KAYeCTBO MOKPBITHA.

st 3aMeHBl IUAHUCTBIX DIIEKTPOJIUTOB MEHEEe TOKCHYHBIMH OBLI
OpeUIO’KEH LeNblid  pAJ  COCTaBOB  (aMMHAYHbBIC, POJAHUCTHIE,
TPUATAHOJIAMHUHOBBIE u ap.). HaubGounee pacmpocTpaHeH
nupodocdaTHbIid, A7 KOTOPOro NPUMEHSIOT CIEAYIOMUN cocTas (I/1)
U peXXuUM paboThI:

NasP,07 -10H,O ..o 120-145

WA NagPoO7 oo 70-90
Na,HPO4 -12Ho0 oo 85-95

CuSOs 5HO .o 30-35
Pabouast TeMIepaTypa ...........cveuenne 20-30°C

PH .. 7,5-8,9
KarogHast mioTHOCTE TOKA ............... 0,3-0,4 A/nm®
BBIXOZ IO TOKY ..vvveveniiiiiiiieenenns 75-80%

B ykazanHOM pekuMme CKOpOCTb OCaXKJIEHHS MU HE MPEBHIIIAeT
3—4 MM/ 4.

[Tnomanb MOBEPXHOCTH MEIAHBIX aHOJIOB JIOJDKHA OBITh B 2-3 pasza
0oJbIIIE MJI0IIa U TOKPBIBAEMBIX JieTaJIEH. uTencusHoe
MepeMenIuBaHie OJJIEKTPOINTA TIO3BOJISIET TOAHATH JOMYCTUMYIO
IJIOTHOCTH TOKa 10 1 A/mM°.

IIpu cocTaBieHUH DIEKTPONIUTA KaXAbIH €ro KOMIIOHEHT
PacTBOPSIOT OTJIENBHO B ropsiuell JUCTUIUTMPOBAHHOM BOJIE, ITOCIIE YETro
CIIMBAIOT BMECTE NpPU NEPEMEIIMBAHUU. ['OTOBBIM 3JEKTPOJIUT TEMHO-
CHHETO IIBETA COJAECPKUT KOMIUIEKCHBIE HOHBI JBYXBAJECHTHOM MeIu.
[Ipu MenHEeHUM cTanbHBIX JeTajlel B YKa3aHHOM PacTBOPE OHH JOJKHBI
3aBElIMBaThCSI B BaHHY II0A TOKOM. PaccemBaromasi crocoOHOCTb
nupodocGaTHOro AMEKTPOIUTA JIUIIb HEMHOTO HUXKE, YEM y LIMAHHUCTHIX
BaHH.

KoppexTtupoBka mnupodocaTHoro 3J1eKTpoiIHMTa CBOJUTCA K
NoJIep’KaHuI0  3afjaHHOro MHTepBajda pH mocpenctBom no6GaBok
pa30aBIeHHOrO PACTBOpa THUAPOKCHIA HATPHUsl WM OpPTOPOCHOpHOI
kucnotel. Ilpn Bemnumne pH > 8,9 aHomel maccuBHpyrOTCA C
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o0pa3oBaHMEM Ha HHUX PBIXJIOTO OCajJka, a Ha METHOM IOKPBITHU
BO3HMKAIOT II0JI0CHI U KOpUuHeBbI HaneT. [lanenue pH < 7 npusoaur k
BBIIEJICHUIO KOHTAaKTHOM M.

Hakonnenue comneit AByXBaJIGHTHOTO Kele3a, a TAKKe YaCTUYHOE
BOCCTAaHOBJICHHE MEIU 10 OJHOBAJICHTHOW BEAET K IIEPOXOBATOCTH
NOKpBITUS. [IIsl  yCTpaHEHHMs STOro SBJIEHHUS JKEIE€30 OCAXKIAoT
LIEJI0YbI0, @ MEJIb OKUCIIAIOT BBEACHUEM IIEPEKUCH BOJIOPO/IA.

[t KpaTKOBPEMEHHOM 3aIUTHI MEAHBIX MIOKPBITUI OT KOPPO3HH,
€ClId MEJIHEHHUE SABIAETCS OKOHYATEJbHBIM BHUJOM OTIENIKH, AETalH
HEIMOCPEACTBEHHO TIOCIE TIOKPBITHSA IAacCUBUPYIOT B PacTBOpax,
cogepxkammx 100 r/n Oomxpomara kamus (K,Cr,07) mnm xpomoBoro
aarugpuna (CrOz) ¢ mobakoit 10-15 r/m cepHoi kucnoThl. Jleranb
MOTPYKAIOT B yKa3zaHHBIM pacTBop Ha 10-15¢ ¢ mokauuBaHweMm WU
BCTpsIXMBaHUEM. 3aTeM JIeTajIl IPOMBIBAIOT B BOJIE U CyIIIAT.

Jnd nuTensHOM 3alUThl OT KOPPO3UHU JETadd OKCUIUPYIOT B
aMMHMaYHBIX pacTBopax yriekuciol wmeau. B 3aBucuMocTH OT
KOHIEHTPAIMN PAcTBOPa U BPEMEHH BBIIEPKKH JETAIH B HEM MOXKHO
MOJIyYUTh KPACHBYIO OKCHJIHYIO IIJICHKY OT CHHETO JI0 YEPHOTO IIBETA.

[TopucTocTs MEIHOTO TMOKPHITHS HA CTAJd MOXKHO OTPEAETHUTH
METOJIOM HAJOXEHHS Ha CBEKEMOKPBITYIO U MPOMBITYIO MOBEPXHOCTH
netand GuIbTpoBaIbHON Oymaru, cmoueHHoU B pactBope KzFe(CN)g —
10 r/n, NaCl — 20 r/n Ha Bpemst — 5-10 MuHyT. 3aTeM GHUIBTPOBAIbHAS
Oymara mnpoMbIBaeTcsi BOAOHM M BbIcymmBaeTcs. [loncumTsiBaercs
CpeaHee KOJIMYECTBO CHHUX TOYEK Ha €JMHHMITY TIIOMIA/IH.

Xox padoThI

[Tomyuator y mpernonaBatens 3aJaHie Ha MOKPBITHE JATYHHOH,
OpOH30BOM WJIM MEAHOH JETANH U3 KUCIOTO 3JIEKTPOINTA MIIM CTATbHOM
JeTanu u3 mupodochaTHOTO FISKTPOIIUTA.

[IpeaBapuTenbHO MOATOTOBICHHYIO (CM. TIPWIOKEHHUE 2) IETalb
B3BCHIMBAKOT HA TCXHUYCCKUX BECAX U INOJAKIOYAOT B KAYECTBE KAaTOAa
AJIEKTPOJU3HOM BaHHBI. [lociieoBaTeIbHO C AJIEKTPOJIM3HON BaHHOM
BKJIIOYAIOT MEIHBIA KYJIOHOMETpP C IPEeIBapUTENHHO B3BEIICHHBIM
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karomoM  (cM.  mpuiokeHue — 3).  PaccuMThIBalOT  BEJIMYMHY
HEOO0XOIMMOT0 TOKa IO PEKOMEHIYyeMOW MIIOTHOCTH TOKA W IJIOLIAIH
MOBEPXHOCTH JETalH. 3aBellMBaHHE ACTAIM B BaHHY MPOU3BOJHUTH
TONBKO TP HEOONBIIOM BKJIIOYEHHOM Toke. Ilocme momHOro
MOTPY>KEHHS JIeTalH 3aJal0T PACCUNTaHHBIA TOK. DJIEKTPOIHU3 BEAYT B
TEUeHHWE BpEeMEHH, yKazaHHoro mpenogasareneM (10-30 wmwuH).
3anuchIBalOT yCTAaHOBUBILEECS HampsbKeHHe Ha BaHHe. [[o OKoHYaHUM
3JIEKTPOJIN3a BBIKIIOYAOT TOK, IIPOMBIBAIOT IIPOTOYHOW BOJOHM AETallb,
BHICYIIMBAIOT ¥ B3BEIIMBAIOT, OMNpEAeNsss m, — [PaKTHYECKH
MOJYYeHHOE YBEJIMUYCHHE MAacchl, T. €. Maccy MEIHOTO MOKPBITHS.
IIpoMBIBarOT MPOTOYHOM BOJON, BHICYIIMBAKOT M B3BEIIMBAIOT KaTOJ
KYJIOHOMETpa, OTpe el yBeTUUEeHIE MacChl KaTo/ia KYJIOHOMETpa M.
[IpousBoaaT cienyromye pacueTsl.
1. BbIUHCHAIOT TEOPETHYECKYIO MACCY MEIHOTO OKPBITHS:
m,=2-1-t/F,

rae O - 3KBUBaJIeHTHAs Macca Menw, 31,8 r/Moub; I - cuita Toka, A;

T - BpeMs BJIEKTPOJIN3a, Y WU C, B 3aBUCHMOCTH OT BBIOPAHHOTO

3HaueHus moctosHHoM Dapanes; F - mocrosauas Dapanes (26,8

A-u/monb unu 96500 Ki/mons).
2. PaccyMTBIBaIOT TOJNIMHY TOKPBITHSL:

8=m,-10°/ (p-S),

rze m, - MpaKTHYeCcKas Macca MEIHOTO MOKPBITH, T; S - IUIOMAdb

MIOKPBITHSI, am% P - WIoTHOCTH MeTamia, Kr/m® (mns memu p = 8960

kr/m); 10° - nepeBoaHO# K0d((HIMEHT.
3. Haxogsr BeIXOJ 1O TOKY:

A=m,/m,.
4. BbIUUCISIOT YAETbHBIN PacX0/l 3JEKTPOIHEPTHH:
W=I1U;t/m,,

rne U, - HanpsbkeHue Ha BaHHe, B.
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Bce ganHbie 3aHOCST B Ta6n1/1uy:

Cuna toka I, A

IInTHOCTH TOKA 1, A/nv®

IImomame moKpeITHS S, AM2

Bpewms snextponuza 1, u

IIpakTuyeckas Macca MOKPBITUS My, , T

Teoperuueckast Macca MOKPBITHS M, , I

TonmuHa TOKPHITAS O, MKM

Brrxon mo Toky A, %

Hampsxenue na Banne U, B

Y nenbHeIA pacxon anekTpodHeprun W, Bra /T

VBennueHne Macchl KaTo[a KyJIOHOMETpA My , T’

KonnuecTBo amexkTpuuecTBa 1o KyJIoHOMETpy g , A4

KonnuecTBo anekTpruecTBa 1o yacam 1 ammnepMeTpy q', A-a

Konmponwvnsie sonpocot
1. Kakue nporecchl MpoTeKaroT NMpH HAPYIIEHUH METHOTO MOKPHITHS Ha
CTAJILHOM JICTAJIU B CPeJIe DIICKTPOIUTA?
2. [laiiTe CpaBHUTENBHYIO XapaKTEPUCTHUKY IEKTPOIUTOB METHEHUSI.
3. Kak moBBICUTH KOPPOZHOHHYIO CTOWKOCTH METHOT'O TIOKPHITHSA?
4. Kak ompemenuTs MOPUCTOCTh MEIHOTO TOKPHITHS Ha CTAIBHOU
JeTann?

NabopartopHas pabota Ne 6
SJIEKTPOXUMUYECKOE LUWHKOBAHUE

ﬂeﬂb [za6OTI)II O3HAKOMJICHUC C MPOLECCOM DJICKTPOXUMHUYCCKOT'O
IMUHKOBAaHUWA, OCBCTIICHUA U IMAaCCHUBALMU, U3YUCHHUC BJIIMAHUA PCKUMaA
DJICKTPOJIM3a Ha KaUYCCTBO MOKPBITUSA U BBIXOM I1O TOKY.
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[IpuGopbl W peakTHBBI: BbmpsMuTeNbs Ha 12 B, 1-5 A;
aHaJMTUYECKUE BECHI; MITAHTCHIUPKYJb; 3JEKTpoiu3ep oobeMoM 250-
500 ma; MemHBIH KyJTOHOMETD; 3JEKTPOJMTHl KHCJIOTO IUHKOBAHHSA,
ocBeTiieHMs, (ocdaTupoBaHus; PacTBOPbl Al OOE3IKUPUBAHHA,
TpaBJICHUS M JIEKAaNMpOBaHUS* (CM. cchUIKy B paszzene «lIpubopsr u
peakTuBbl» paboThl Ne5); HaxkauHas Oymara; CeKyHIoMep.

3anMTHRIE METAJUIMYECKUE MOKPBITHSA, K KOTOPBHIM B TEPBYIO
oyepesb OTHOCITCS LMHKOBBIE IMOKPBITHS, HMIMPOKO NPUMEHSIOTCS B

MalIMHOCTPOCHUA M TPUOOPOCTpocHHH. L[MHK SBISETCS aKTUBHBIM

. 0
METajIoM, CTaHIAPTHBIA mMoTeHIMan ero (@, = -0,76 B)

2+/Zn0

3HAYUTENBHO 3JIEKTPOOTpHUIlaTeIbHEee MOTEHIMAIa Kee3a ((P|262+ I Eed
—0,44 B) u npyrux 4epHBIX METAUIOB. B mape ¢ HUMH IUHK SBISETCS
aHOAOM H IPH KOPPO3HH, €CJIU MOKPBITHE HAPYIIEHO, HOHU3UPYETCS 110
peaxumu:

Zn® - 28 = Zn*" . (1)

Ha nmoBepxHocTn kene3a B 3TOM  Cclydyae IPOTEKAlOT
BOCCTaHOBHUTeNbHBIE (KaTogHble) mpoueccel. Ecimm pH < 7, To
pa3pspKaroTCa HOHBI BOJOPO/A:

2H" +28=H,T. )

B wetitpanpHOM m mienmodHod cpemax (pH > 7) Ha xenese
MIPOMCXOANUT BOCCTAHOBIIEHHE PACTBOPEHHOTO KHCIIOPO/a:

Y2 0, + 28 + H,O =20H" . (3)

[loBepxHOCTh XKene3a NpU 3TOM (B LapaluHe WIH TpPELIWHE)
paspymartbcss He Oyaer. Takum o0pa3oM, MO XapakTepy CBOEH
«paboThl» IUHKOBOE TIOKPBITHE SIBISECTCA AHONHBIM U 3allHUIIAcT
OCHOBHOM MeTail (KeJie30) U B CIIydae MOPUCTOCTU MJIM YaCTHYHOTO
MOBPEXKICHUS YUaCTKa IMOKPHITHSI.

LIMHKOBBIE TOKpBITHS MOTYT OBITH HAaHECEHBl HECKOJIBKUMHU
cnocobamu. Yamie Bcero MNPUMEHSIOT TEPMUYECKOE IUHKOBAHHE
(wwepapausanys), METOA OKYHAHHS B PACIUIaBICHHBIA IIMHK, TIOKPBITHE
pacijaBieHHbIM [IMHKOM B CTPy€ TOpSYero Bo3Ayxa (LIOOMUPOBAHHE)
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WIM TJa3MEHHYI0  METalIM3alluIo, a TakkKe TajlbBaHUYECKOe
LIMHKOBaHHE.

Ilpu ranpBaHMYecKOM  (JEKTPOXMMHUYECKOM) IIMHKOBAHWUHU
MOKPBITHE TIONTy4YaeTcsi OECIOPUCTBIM, PABHOMEPHBIM, YHCTBIM H JIETKO
perylIupyeMbIM IO TOJIIMHE, 3 MEXaHUYECKHE CBOMCTBA MOKPHIBAEMOTO
W3JIeNHs HE U3MEHSIOTCS.

TonmHaa THHKOBOTO TMOKPHITHS BEIOMPAIOTCS B 3aBUCUMOCTH OT
yCcIOBUH OKcIuTyaTanuud. Yem Oonblie TONIIMHA, TEM JIOJIbIIC
MOKPHITHE 3alUIIAcT OCHOBHOW MeTaul. B jkecTkux ycioBusax (B
atMocepe SO,, CO,, Apyrux arpecCHBHBIX raszax, B MPHCYTCTBHU
XJIOPUJIOB) CKOPOCTh Pa3pyLICHUs] LUHKOBOTO IMOKPBITHS COCTaBISET
6,0-20,0 mxm/roa. IToBbIIIEHHONW KOPPO3HOHHOW CTOWKOCTBIO B psilie
ciryyaeB 00J1a1at0T OJeCTAINE IIMHKOBBIE MIOKPBITHSI.

Hanecenue ranbBaHMYeCKOTO TOKPBITUS OCYIIECTBISIIOT IOCHE
00s13aTeIbHON TPEBAPUTEIILHON IOJATOTOBKY TOBEPXHOCTH JCTajCi
(cM. mpunokeHne 2) B MPOCTBIX WM KOMIUIEKCHBIX JIICKTPOJIMTAX
UMHKOBaHMUA. K TIPOCTBIM AIIEKTPOJIUTAM OTHOCSATCSI CEPHOKHUCIbIE U
00pTOPUCTOBOAOPOIHBIE. ODTH  BIIEKTPOIUTHl  XapaKTePU3YIOTCS
BBICOKMM BBIXOJIOM 10 TOKY, BBICOKOW MOJISIpU3aLUEN U pacCeuBarOIEN
CrocoOHOCThIO. [IMHK M3 3THX 3JEKTPOIHUTOB BBIJIENSIETCS HA KaTOZe
TIpH pa3psijie IPOCTHIX THIPATUPOBAHHBIX HOHOB 10 CXEME:

Zn* +2&8=7n".

KoMmrutekcHple  3NMEKTpPONUTHI —  I[MAHHUCTHIC, I[UHKATHBIE,
aMMHakaTHble, nupodocdaTHble M Jp. XapaKTEPU3YIOTCS BBICOKON
pacceunBaroleii crnocoOHOCTBIO (BCJIEACTBUE BBHICOKOM MOJSIPU3ALMU H
MaJIeHuUsI BEIXOJIA 110 TOKY C MOBBIILIEHHEM INIOTHOCTH TOKA).

Jis  TIOKpBITHS JleTaied HecIOoKHOW (OpMBI  damie Bcero
MPUMEHSIIOT KHUCJIBIH 3JIEKTPOJIUT CIIEAYIOIIEro cocTana (B I/7):

ZnSOy4 -THO o 200-300
Na;SO4 -10H20 ..vvvniiiiiiinne 50-100
AlSO, - 18H0 v, 30

D1 (S :001y o)1 U 8-10
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KOTOpI)II‘/'I HCIOJIB3YIOT MPHU CIACAYIOMUX YCIIOBUAX!

PH oo 3,5-4,5
TeMmepaTypa ......ocvveveveeenneennnnn. 18-25°C
Karonnast miIoTHOCTB TOKA ............ 1,0-2,0 A/nm?

[IpuroToBieHne 3IEKTPOIUTA ONUCAHO B MPHIIOKEHHU 4.

B stoM anektponuTe cynbpar LWHKA SBISETCS HCTOYHUKOM
WOHOB IIMHKa MpH 00pa30oBaHUM MOKPHITHA Ha KaToje. CynbhaT HaTpus
BBOJUTCA C LIETBIO0 YBEIHUUEHHUS BJIEKTPONPOBOIHOCTU DJIEKTPOIMUTA, a
9TO MPUBOAMT K TIOBBILICHUIO PACCEUBAIONICH CITOCOOHOCTH.

CylIlecTBEHHYI0 pPOJIb B CEPHOKHUCIBIX JJIEKTPOJIMTAX WIPaeT
KHCIIOTHOCTh, ONTHMabHOE 3HaueHue pH nexwur B npenenax. 4,0-4,5.
IIpn ymenpmenun pH nmajgaer BbIXOA IUHKA 10 TOKY M3-32 YCUJIEHHOTO
paspsiia MOHOB Boaopoaa. B To e BpeMs pacTeT aHOAHBIN BBIXOJ
LIMHKA I10 TOKY M3-3a YCWJIEHUs Koppo3uu aHonoB. IIpu 3Hauenuu pH 5
BO3MOXHO 00pa3oBaHHE MaloOpacTBOPHMBIX OCHOBHBIX COJIEH W
THJIPOKCHJIA IIMHKA BCIIEACTBHUE IMOJIIICTAYMBAHUS TIPUKATOIHOTO CIIOSL.
BxitoueHne 3THX TBEpABIX MPOAYKTOB B IIMHKOBOE IMOKPHITHE PE3KO
CHIKaeT ero kadectBo. Jlns craOwinM3anue KUCIOTHOCTH B
CEpHOKHCIIBIA DIEKTPOIUT BBOJAT OydepHylo no0aBKy — cyibdar
amomuaua. B wunrtepBame pH 3,5-4,5 3ta comb THApOIM3yeTCS C
00pa3oBaHUEM CEPHOM KHCIIOTHI:

AIQ(SO4)3 + 6H20 Ad AI2(OH)3 + 3H2SO4 y
YTO MOAJCPKUBAET KUCIOTHOCTD 3JIEKTPOJIUTA Ha HY’KHOM YpPOBHE.

Bce comu 37eKTpOIONIOKUTENBHBIX METAIOB (MEIH, CBHHIA,
ojoBa, cepedpa) yXyIOIIAIOT KayecTBO  IOKPBITHS,  MOITOMY
HaKalUIMBaloOIMecs B mpouecce pabOThl TaKue MNPUMECH YAAISIOT
MPOpabOTKON 3JEKTPOIIUTA MPH HUIKUX TUIOTHOCTAX TOKA.

Jo6aBk1 OpraHMYecKHX BeUIECTB (ICKCTPHH, TyMMHapaOuK)
CHOCOOCTBYIOT YBEIMYEHHUIO KAaTOAHOM MONApH3alMU M 00pa30BaHUIO
MEJIKOKPUCTAJUIMYECKUX CBETIBIX MOKPBHITHH. brectsmuye HOKpBITHS
MOKHO TIOJIyYUTHb BBOJS IUCYNb()OHA(DTAIMHOBYIO KHCIOTY WM €€
comu, a Takke OneckooOpazoBatern Y-2 u JIY — npoaykrsr
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KOHJICHCAIIUU TUITaHaMuIa ¢ (POPMabICTHIOM.

Kucnpie ameKkTpoiauThl HauboJee NPOCTHIE U JICHICBBIC, OHU
YCTOHYMBEI, HE SJOBWTHI, JOMYCKAIOT MPUMCHEHHE IOBBIIMICHHBIX
IJIOTHOCTEH TOKa MpPH IMEPEMEIIMBAHUN W IMOBBIIICHHON TeMIepaType.
OCHOBHOI HX HEOCTATOK — HU3Kasl pacCEerBaIOIIasl ClIOCOOHOCTb.

BcenenctBue  BBICOKOW XMMUYECKOW aKTHMBHOCTH IIMHKA BO
BIIQKHOH Cpele JaKe YHCTBIM 3JIEKTPOJIUTHYSCKUN IMHK OBICTPO
KoppoaupyeT. [Ins TNOBBIIEHHS 3alllUTHBIX CBOMCTB IIMHKOBOTO
IOKPBITUA OLNMHKOBAHHBIC JACTAJIM OCBCTIAIOT B A30THOKHUCIBIX
pacTBOpax U 3aTeM IaCCHBHPYIOT (XpOMAaTHUPYIOT) B pPacTBOpax
XpOMOBOM KHUCIOTBI W ee cojeidl. COBMECTHTh OCBETICHHE W
MMaCCUBUPOBAHUE MOXKHO B PaCTBOPE CJICAYIOIIEro cocTaBa (B I/J):

NasCroO7 v 25-35
HNO3 ..., 4-7
Na,SO4 -10H,O ..o 9-15

[pomomxurensHocth  0o0pabotkn  30—60c. Ilocme  Takoit
00pabOTKH W MPOMBIBKA B XOJIOJHOH IMPOTOYHOH BOJE TOBEPXHOCTH
MOKPBITHST IPUOOpETAaeT 30JI0TUCTYIO OKpPAacKy, M3Jelne MpHoOperaeT
JNeKopaTuBHBIN BHJ. JloOpokauecTBeHHass XpoOMaTHas IUICHKA He
JOJDKHA CTHpaThes MSTKOM KapaHAalmrHOW pesuHKoil. (B mporecce
OCBETJIICHHUSI M IaCCUBUPOBAHMs IOKPBITUE YaCTHYHO PpaCTBOPSETCH,
MO3TOMY IPY HAHECEHUH MOKPBITUS JENAI0T MPHUITYCK 2—3 MKM)

Eme ommH MeTox TOBBIMIEHUS KOPPO3MOHHOM CTOWKOCTH
LUMHKOBBIX TOKPBITUH —  ¢ochaTHpoBaHHE C  MOCIELYIOLIUM
okpamnBanueM. PocaTUpoBaHHE OCYLIECTBISIIOT, MOTPYKas JAeTallb
Ha 20-30 MUH B OZIVH U3 CJISYIONIUX PACTBOPOB (B I/):

Pacmeop Nel Pacmeop Ne2
[Ipemapatr MAXKE® ..... 30-40 Zn0 .............e. 20-35
Zi(NO3)2 v 30-60 HPOy oo 20-30
Temnepatypa ............. 85-95°C NaNQ; ............ 1,5-2,0

Temmepatypa .... 15-25°C

29



[Tpu B3aMMOIEHCTBUM LIMHKA C KUCIBIMHU COJSIMH OpTOQochaToB
Mapranua u jkeje3a o0pa3yloTcsi HepacTBOpuMble (GochaThl HUHKA H
JKejesa B BHJE NPOYHOH IUIEHKM TEMHO-CEpOro LBeTa. B mpouecce
¢dochaTrpoBaHUs TUHK YaCTHYHO PACTBOPSETCA, W MPH ILMHKOBAHHUU
HYKHO JIeNaTh NPUITyCK Ha 6-9 MKM.

Xoa paGoThI

[IpenBapuTenbHO TOATOTOBICHHYIO (CM. MPHIOXKEHHE 2) AeTallb
B3BEIIMBAIOT Ha TEXHUUECKUX Becax M MOIKIIOYAIOT B Ka4eCTBE KaToa
3JIEKTPOJM3HOM BaHHBI. Ilociie0BaTENBHO € 3JIEKTPOJIU3HOM BAHHOM
BKJIIOYAIOT MEIHBIA KYJIOHOMETpP C IpeIBAPUTENHHO B3BELICHHBIM
KaTooM (cM. mpwiokenuwe 3). BriarodaroT U 3a4ar0T HYKHBIH TOK,
MIpeIBapUTEIHHO PACCUUTaB €ro MO PEKOMEHAYeMON MIOTHOCTH TOKa U
IUIOINAAM ITOBEPXHOCTH AETalId. 3aMeyaloT BpeMsl Hadasa 3JIeKTPOIn3a.
OneKkTponu3 BeAyT B TeUEHHE BPEMEHH, YKa3aHHOTO IpPErojaBaTeleM
(10-20 muH). 3amUCHIBAaIOT yCTAaHOBHBIIEECS HANpsDKeHUE Ha BaHHE. [1o
OKOHYaHWM JJIEKTPOJIN3a BBIKJIIOYAIOT BBIIPSIMHUTENb, MPOMBIBAIOT
MPOTOYHOW BOJOW J€Tanb, BBICYIIMBAIOT M BHOBb B3BEIIMBAIOT,
ompeaensas m, — MPAaKTUYECKH IOJIyYeHHOE YyBEITHYEHHE MacChl, T.e.
MacCcy LMHKOBOIO IOKphITHs. [IpoMBIBalOT IIPOTOYHOH BOJOH,
BBICYIIMBAIOT ¥  B3BEUIMBAIOT KaTOJ KYyJIOHOMETpa, OIpenesss
YBEJIUYEHHE MacChl KaToa KyJIOHOMETPA.

Pacuerst mpoumzBomAT 1O  QopMmynaMm, NPHUBEICHHBIM B
naboparopHoii padote Ne 5 B pasmene «Xon paboTbl», NPUHSB VI
LIMHKA WIOTHOCTB p = 7100 Kr/M°. YCIIOBUS 3I€KTPONN3a U apaMeTphl
MOKPBITUS 3aHECTU B TAOJIUILy, aHAJOTHYHYIO TabJuLe B 1JaOOpaTOPHOM
pabote Ne 5.

JlenaroT BBIBOJL O BHEIIHEM BHJAE U KAa4yeCTBE IOKPBITHS.
OcBeTNIAIOT M MAacCUBHPYIOT MOKPBITHE, TPOBEPSIOT  KauyecTBO
MACCUBHOM IUIEHKHU.

Konumponvnsie eéonpocut
1. [l 4ero HaHOCSIT rajJbBaHUYECKUE MTOKPHITUSA?
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2. Kakue MOKPBITHA HAa3bIBAKOTCS aHOAHBIMU, a KAKUC KaTOI[HBIMI/I?
3. B yeMm 3akmrodaeTcs npeaBapyuTeiibHad MOATOTOBKaA I[eTaIICﬁ nepen
MOKPBITUEM U JI1 YETO OHAa BBINOJIHACTCS?

4. TloueMy pacTBOpBI JUIsl OC&KICHWS TalbBAHUYCCKHX TTOKPBITUH
UMEIOT CIIOXKHBIN cOCTaB?

. Uto Ha3bIBaeTCA IIOTHOCTHIO ANEKTPUUECKOTO TOKA?
. Kak onpenenuts BBIXOM MO TOKY?
. Kak paccunraTh yaenpHbIN pacxo 3JeKTpOo3HepTrun?

. KaK OHpCZIeJ'II/ITI) TOHHH/IHY TaJIbBAHUYCCKOT' O HOKpI)ITI/ISI Ha HJ'IOCKOFI
neranu?

0 3 N W

9. Kak paccuurtaTh NpOJOIKUTEIBHOCTh 3JEKTPOSIN3a MPHU 3aJaHHOU
TOJIINHE HOKpI)ITI/ISI? B kakux CIydadx JAejacTCa IIPUITYCK II10
TOJILUHE TTOKPBITHS?

10. Kak moacyuTath TEOPETUUECKYIO MACCy OCaXKICHHOTO MeTasuia?

11. ITouemy He Bce METAUTBI MOXXHO MOJYYHTH DJIEKTPOJIM30M W3
BOJTHOTO pacTBopa?
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lMpunoxeHue 1

JecaTudannbpHas IKAJIA KOPPO3HOHHOI CTOKOCTH MeTAJVIOB
(craperit TOCT 13819-68).
(B mHoBoM I'OCTe 9.908 - 85 nanHast mikana OTCYTCTBYET)

I'pynmna croiikoctu CkopocTh Koppo3uu MeTaiia, | bamn
I1, mm/Ton

1. CoBepiiieHHO CTOHKHE 0,001 1
2. BecbMma cTolikHe 0,001 - 0,005 2
0,005 -0,010 3

3. Crotikue 0,010 - 0,050 4
0,050 - 0,100 5

4. TToHM>XEHHO CTONKNE 0,100 - 0,500 6
0,500 - 1,000 7

5. Manocroiikue 1,000 - 5,000 8
5,000 - 10,000 9

6. Hecroiikue 10,000 10
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IMoaroroBka NOBEPXHOCTH 00Pa3IOB

lpunoxeHue 2

IToaroroBka IMOBEPXHOCTU UMECT PEIIAOIMICE 3HAYCHUEC U1 KaUu€CTBA
HOKpI:ITPIfI. HOBCpXHOCTL JCTaJIn JOJIXKHa OBITH TIDATCJIBbHO OYHUIIICHA OT
MCXAaHUYCCKUX, JKUPOBLIX U OKCUAHBIX IIJICHOK.

Ilocnheooeamenvrnocmo onepauuﬁ npu noozomoeke noeepxnocmu
CmajlbHblX 06pa3uoe nepet) HAHeCeHUuem 2ajib6aHUYEeCKUX noprlmuﬁ

Ne Konuen- | Temne- | Bpewms,
/1 Oneparus CocraB pacTBOpa | Tpauus, | paTy- MHH
r/n pa,’C
O06e3KuprBaHUe: NaOH 5-15 60-80 5-20
Na3PO4 . 12H20 15-35
a). XUMHUYECKOE Na,COj3 15-35
Cunranoi JIC-10 3-5
0). NaOH 2040 | 60-80 | 23 ma
IJIEKTPOXUMHUYUCCKOE,
L. IJIOTHOCTE ToKa  |NazPO, - 12H,0 20-40 KaToJe,
5-10 A/nm® Na,CO;3 20-40 a 3atem
1-2 na
aHoje
B). POTUPKA BEHCKOMH - - -
H3BECTHIO
IIpomBIBKa BO/IOH HOC- | HEIPOTOYHAS - 60 1-2
2. |ne onepanuii lau 16 | npoTounas - 18-25 1-2
ITocne oneparu 1 B — - — —
3. |TpaBnenue* HCI nim H,SO4 150-200 | 18-25 | 3-10
4. |IIpoMbIBKa BOAOH MPOTOYHAS - 18-25 1-2
5 IIpoTtupka BeHCKOI — — - -
H3BECTHIO
6. |IIpombIBKa BOIO MPOTOYHAS - 18-25 1-2
7 AXTHBaIUA H,SO, 50 18-25 | 0,5-1,0
" |(nexanupoBanue)
8. |IIpombIBKa BOMO MIPOTOYHAS — 18-25 1-2

* TIpumeuanue. Omeparuu 3-6 NMPOBOIAT TPU HAIWYUU Ha 0Opasmax
BHMMBIX CIICJIOB OKHCIICHUS.
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lMpunoxxeHue 3

Onpenene}me KOJIMYECTBA JICKTPUYECTBA, IIPOIIEALICIO Yepe3
3JIEKTPOJIN3EP, C IOMOIIBIO METHOI'0 KYJIOHOMETPA

MenHblii KyJIOHOMETp HanOoiee paclpoCTpaHeH B MPaKTHKE
nabopaTOpHBIX HW3MEPEHM, Tak KaKk OH MpOCT B HW3TOTOBJICHUH,
JerkogoctyneH u goctatoyno ToueH (0,1%). Brixoa mo Toky B MeaHOM
kynonomerpe 100%, T.K. OTCYTCTBYIOT MMOOOYHBIE mporecchl. OH
mpeacTaBisieT co0Oil CTEKISHHBIM WM TJIaCTMAacCOBBIM cocyll, B
KOTOpOM HaxofsTcss 3 MeaHble IUTACTUHKM — JBa aHoJa BO3Je
MIPOTUBOIONIOKHBIX CTEHOK, a MEXJIy HHMH Ha pPaBHOM pacCCTOSHUU
KaTo/. DJIEKTPOJIMTOM SIBJISIETCS. BOAHBIN pacTBOP COCTaBa:

HySO4 e, 50 r/m;
CuSO,-5H,0 ............ 125 1/m;
CHOH .................. 50 mu/m.

l'oToBAT 3nEKTpONUT, pacTBOPSs KOMIIOHEHTHI B HEOOJBIIOM
KOJIMYECTBE BOJBl B OTHACIHBHBIX COCydaX, W 3arTeM CIUBAIOT
MOJTyYEeHHBIE PACTBOPHI BMECTE, 100aBIIsIsl BOJOH JI0 HYXKHOTO 00BbeMa.

KynoHomerp BKiIIOWaeTcss B  LeNb  IIOCIEAOBATENBHO  C
ANIEKTPOJIM3HOM BaHHOM. KonnyecTBo mpolieamiero yepe3 KyJIoHOMETp,
a CJEIOBATE]bHO, M 4Yepe3 ODJICKTPOIM3HYI0O BaHHY JIICKTPUYECTBA,
ONPEIEISIOT [0 YBEIUYSHUIO MACChl KaTo1a KYJIOHOMETpa:

Q=l-1=m¢-F/D [Au]

rjie My — yBEIIMYCHUE MacChl KaTojia KyJIOHOMETpa, I'; F — mocTosHHas
®dapanest (26,8 A-u/monp wim 96500 Ki/monp); D — SKkBUBasleHTHAS
macca meau, 31,8 r/mMob.

Pa3smepsr kaTtoma KyJOHOMETpa BBIOMPAIOT TaKHUM 00pa3owm,
4TGB! KATO/HAS [UIOTHOCTH TOKA Oblia B mpegenax 0,2-2,0 A/nv’. [pu
0oJjiee BBICOKOI IIIOTHOCTH TOKAa OCAJIOK MEIU Ha KaToJe KyJIOHOMETpa
OyJeT pBIXJIBIM, B BHJE IOPOINKA, W TIPU IPOMBIBKE, CYIIKE H
B3BEIIIMBAHUU MOTYT OBITh OOJIBIIIME TIOTEPH.
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lMpunoxeHue 4

l'[pnromnne}me 3JICEKTPOJUTA KHCJI0I'0 IHHKOBAHUSA

Kaxnplii M3 KOMIIOHEHTOB B3BEUIMBAIOT B COOTBETCTBUM C
3aJaHHBIM COCTAaBOM W OOBEMOM BaHHBI, PAaCTBOPSIOT B OTIEIIBHBIX
EMKOCTSIX B TOpSiYeH AUCTHIUIMPOBAHHOW BOJE, (QHUILTPYIOT M 3aTeM
CIIMBAIOT BMecTe B pabouylo BaHHY, JOJHMBas BOAOH J0 TpeOyemMoro
obbema.

HaBecky pmekcTpuHa pacTBOPSIIOT OTAENBHO B HEOOINBIIOM
KOJIMYECTBE  XOJIOMHOM  BOJbI, IIOJYYECHHBIA MYTHBIA  pPacTBOp
NO0aBJISIOT B BaHHY (Tepen JJOJMBKOW e BOJOH 10 TpebdyeMoro
o0beMa) W MOAOrpeBaroT o Temmepatypsl 70°C mpu HempepbIBHOM
nepememuBanuy. Ilocie Takoro momorpeBa 3JMEKTPOJIUT CTAaHOBUTCS
MIPO3PAYHbIM.

B cBexenpuroToBI€HHOM 3JIEKTPOJIHUTE OIPENESIOT BEIMUYNHY
pH. Ilpyn OTKJIIOHEHHMM OT YCTaHOBIEHHBIX IpezenoB pH npowusBousar
KOPPEKTHUPOBKY TPEXIPOIEHTHON cepHoi kuciotoit (ecmu pH > 4.5)
WIK TSATUNPOUEHTHBIM eakuMm HatpoMm (ecimu pH < 3,5). CHusuth
KHCIIOTHOCTb MOJKHO, OCTaBHB B OJJIGKTPOJIUTE IIMHKOBBIE aHOJBI,
KOTOpBIE TIpU XUMHUYECKOM pAcCTBOPEHHHM CBS3BIBAIOT  H3JIHUIIEK
KHCIOTBI.

CBeXENPUIOTOBICHHBIA ~ 3JIEKTPOJIMT  MPOpadaThiBalOT — Ha
CTANBHBIX KATOAAX HpH IIOTHOCTH Toka 0,7—1,0 A-aM° 0 monmyuenus
[JIAJIKUX U CBETIIBIX TTOKPBITHH.
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lMpunoxeHue 5

CranaapTHbIe 3JIeKTPOIHbIE MOTEHINAJIBI
(pan Hanpsiskenwmii), B

Lif/Li  K'K Ba*/Ba Na'’/Na Mg*/Mg Be*/Be Ti*/Ti
-302 -292 -29 -271 -234 -18 -1,75

AP /AL Mn*/Mn  Cr®*ICr  zZn*'IzZn  Cr¥/Cr Fe?'/Fe
~ 1,67 ~1,05 -0,90 - 0,76 ~0,71 — 0,44

KOPPOIUPYIOT AaXe B HEHTpanbHBIX cpefax 0e3 oKuciauTenen

Cd*/Cd Co*/Co Ni**/Ni Sn**/Sn  Pb*/Pb Fe¥*/Fe 2H+/H,
~040 -028 -025 -014 -013 —0,036 +0,00

KOPPOIUPYIOT B HEUTPAIBHBIX cpefax B nmpucyrctsuu O ,
B KUCITBIX cpenax u 6e3 O;

Bi**/Bi  Cu”/Cu Co*/Co Cu'/Cu Hg*/2Hg Ag'/Ag
+0,20 +0,34 +0,40 +0,52 +0,79 +0,80

KOPPOAUPYIOT B HEUTPAIBHBIX M KHCIBIX CPEAax
B npucytcTBun O, U OKHCIUTENEH

Hg**/Hg Pd*/Pd Pt**/Pt Au*/Au Au‘/Au
+0,85 +0,99 +1,20 +1,50 +1,70

KOppO,I[I/Ip}IIOT TOJIBKO B KHUCJIBIX CpE€Aax B MPUCYTCTBUU 02 ,
OKHCJIUTEIICH UIn KOMHHCKCOO6paSOBaTCHCﬁ
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