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(KocTpoMckoii TOCy1apCTBEHHBIN TEXHOJOTHICCKUI YHUBEPCHUTET)

Paccmompen npoyecc 0ekopamuenoz2o 31eKmpoXuMudecKo2o mpasieHus
NOBEPXHOCMU MENbXUOPA 8 PACMBOPAX HEUMPAIbHbIX COJleU U pacmeope a3om-
Hou xucnomsl. [lokazano, 4umo uUcnoiv3o8amnue pacmeopa a30MHOU KUCLOMbl
npeonoumumenvHee U3-3a 3HAYUMeENbHO OoJlee 8bICOKOU CKOpocmu 0bpabomku
U B03MOIHCHOCU NOJIYYEHUS PA3HODAKMYPUPOBAHHOU NOBEPXHOCIU NPU 8APbU-
POB8aHUU AHOOHOU NIOMHOCMbIO MOKA.

KittoueBblie cioBa: oexopamuenas snekmpoxumudeckas 0opabomka

BBenenue

Menbxuop sBisieTCs OJHUM M3 HanboJiee PacHpOCTPaHEHHBIX CIIJIABOB
IPU U3TOTOBJICHUM W3JIEIUM MOCYJHOW M CYBEHUPHOM TPYIIbI U OMKYTEpUU.
Menbxuop — CIIaB MEIM C HUKEJIEM, HHOT/Ia ¢ J0OaBKaMH JKeJie3a U Maprasiia.
OCHOBHBIE XapaKTEPUCTUKHU: CEpeOPUCTHIN LIBET, BBICOKAsE KOPPO3HMOHHAS CTOM-
KOCTh, Temneparypa rmiasieHus 1170°C (3aBuUCHUT OT cocTaBa ciiaBa), Iuia-
CTUYHOCTb, XOpoIllasi 00padaTbIBa€MOCTh MO AaBICHUEM (IITAMITYETCSI, PEXKET-
Csl, YEKaHUTCS) B XOJIOJHOM M TOpSYEM COCTOSIHHH, JIETKAs MasieMOCThb U IOJIU-
pyeMocTb. MenbXuopbl yCTOMYUBBI B IIEJOYHBIX PACTBOPAX COJIEM U OpraHuyve-
CKUX coequHeHHH. [1o BHEITHMM XapaKTepuCTUKaM MEJIbXUOpP MOX0X Ha cepeo-

po, HO 00JIazaeT OOJIBIICH MEXaHUYECKOHM MPOYHOCTHIO. [1, 2]
PabGoTta mnoceslieHa WCCAEAOBAHUIO MPOLIECCa AIEKTPOXUMUUYECKOTO
tpasieHus (OXT) moBepxHoctu menbxuopa MHI19 ¢ nienpio BeIOOpa onTuManb-
HBIX PEKMMOB 00pabOTKH M COCTaBA AJNEKTPOIUTA JUIsl MOTYYEHUSI OJJHOPOAHOM

MEJTKOKPUCTAUIMYECKON CTPYKTYPBI MOBEPXHOCTH MeTajuia (MaToBOW u Ole-



CTAIIEH), TpeAHA3HAYCHHOW IS JEKOPUPOBAHHUS ITTOBEPXHOCTH IOBEIUPHO-
XyJI0KeCTBEHHBIX m3aenuil. Tepmun X T 00beAHHIET HECKOIBKO TEXHOJIOTHH,
OCHOBAHHBIX Ha aHOAHOM pacTBOpeHuU Metauia. DX T NpUMEHSIOT AJIsl OYUCT-
KM TTOBEPXHOCTH OT pa3HOOOpa3HBIX 3arps3HEHUN (OKCHIHBIX, KUPOBBIX U JPY-
TUX), B Ka4eCTBE MPEABAPUTEIHHON 00pabOTKU mepe] HAaHECCHUEM TIOKPBITHH,
npokaTkoi u Ap. DX T UCHoNab3yIOT I TaK HA3bIBAEMOTO JICKTPOXUMUYECKOTO
dbpe3epoBaHus C NETBI0 TOJYICHHS 3aJaHHOTO «PUCYHKA» Ha TIOBEPXHOCTH Jie-
TaJIA JJOKAIHHBIM aHOJHBIM PACTBOPEHUEM MeTajuia. MecTa, KOTOphIE HE JT0JIK-
HBI MOJIBEPraThCsl PAaCTBOPEHUIO, MOKPHIBAIOT CI0EM (POTOPE3UCTOPHOIO Mate-

puana Win CrelraabHbIM TpadapeToM U3 pa3INdHbIX MaTepHuasos. [3, 4]

MeToauka ucciae10BaHus

Buvibop snexmponrumos. Tak Kak UENbIO TPABICHUS SBJISCTCS TOTYYCHHE
OnecTsIIel 1 MaTOBOM MOBEPXHOCTEH, TO B OCHOBHOM IPHUMEHSIOTCS J[Ba THIIA
AIIEKTPOJIUTOB: BOJIHBIC PACTBOPHI HEHTPAILHBIX COJICH M pa30aBICHHBIC KUCIIO-
ThlL. [3-6]

B ycnoBusx mpou3BOJCTBA MPEIMOUYTUTEIIEHEH HUCIIOJIb30BaTh HEUTPAITb-
HbIE COJIM, TaK KaK OHM HE TPeOYIOT 0COObIX Mep 0€30MaCHOCTH, OKa3bIBAIOT
MEHbIIIEE BO3JCHCTBHAE HA OKPYKAIOUIYIO CPeAy M OOCITYKHBAIOIIUI ITepCOHAI,
TPOIIE B SKCILTyaTAIlMH U YTHIU3AIUH.

B akcrnepuMEHTaNBHBIX HCCICIOBAHUSX HCIIOIB30BAINCH AJICKTPOJIUTHI
CIICAYIOIIMX COCTaBOB, PEKOMECHIyeMbIX B iuTepatype [3—6]:

1. NaNO; — 80 r/n
2 NaNO; — 170 r/n
3 NaCl — 60 r/n
4, NaCl — 120 r/n
5 NaNO; (80 r/m) + NaCl (30 r/m)
6 NaNO; (120 r/m) + NaCl (60 r/n)
7 HNO; — 10 r/n



Iloocomoesxa snekmpoaumos. Heo6XoauMoe KOJIMYEeCTBO COJIU (B DJICK-
TposuTax Nel—6) B3BeIIMBaETCA HA BECAX U PACTBOPSIETCS B JUCTUIIMPOBAHHOM
BozIe. DneKTposuT No7 TOTOBUIICS CIAEAYIOIUM 00pa3oM: B AUCTHILIUPOBAHHYIO
BOJy TMOHEMHOTY, MepeMelInBasi, N00aBisieTCs KOHIICHTPUPOBaHHAs a30THas
kuciora (u3 pacuera 10 mMa kucioTel Ha 11 BOJbI) BO M30ekKaHHE MEperpena
pacTtBopa.

lloocomoeka sxcnepumenmanvubix 00pasyos. VIcnoyib30Baics JTUCTOBOU
MEJIbXHOpP, MOABEPTHYTHIA MPOKAaTy 4Yepe3 BaJbLbl U TOCIEOYIONIEMY PEKpH-
CTAJTM3AlMOHHOMY OTxUTY Tipu Temmneparype 700°C. [ToBepXHOCTh 3ar0TOBOK
Obu1a otuuMdoBana mKypkoil Ne280 u 600, 3areM OTHOJIMpPOBaHA HA CTAaHKE C
IIOMOIIBIO MYCJIIMHOBOI'O Kpyra. Taxkke I CPaBHUTEJIBHOIO aHAIW3a HUCIIOJb-
30BAJIMCh 3arOTOBKM C HEOOPAaOOTaHHOW MOBEPXHOCTHIO. TOPIBI 3arOTOBOK 3a-
HIUIIATUCH JIAaKOM, HeoOpabdaTbiBaeMas MOBEPXHOCTh — camokieromeiics [IBX
IIEHKON, oOpabaThiBaeMasi NMOBEPXHOCTh 00e3kupuBanack. i 3amuTsl mo-
BEpXHOCTU ((POpPMHPOBAHUA MACOK) MOKHO HMCIOJIB30BaTh JIFOOOH MaTepHal C
XOpOILIEH aare3neu K NOBEPXHOCTH, HO IS MOJYyYEHHUs CIOKHBIX PUCYHKOB XO-
poio 3apekoMeHaoBana cedsa camokieromascs [IBX miéHka u3-3a mpocTOTHI
HAHECEHHUS U BBICOKOW CTOMKOCTH B MPOLECCE MOCIEAYIOUIEH AIEKTPOXUMUYe-
CKOM 00pabOTKH.

[Tocne 3aBepiieHMs Mpolecca TPaBIEHUS KaXblid oOpasel] TIIAaTeIbHO
MIPOMBIBAJICS TIOJI CTPYEN BOJBI U XUMUYecKu obezxupuBaics B 10% pactBope
CEpHOM KUCIIOTHI B TeueHue 10 MuH.

Memoouxa npuecomosnenus muxpouiiug)os. Jljis BBISBICHUS MHUKPO-
CTPYKTYPBI HCHOJIB30BAJICS TPABUTEIb CIEAYIOLIET0 cocTaBa: 3% pacTBOp a3oT-
HOU kucnoTel B ciiupTe [7]. Mccnemyemsrii oOpaser nutudoBaics Ha mKypke No
280 u nomemmancs Ha S MUHYT B pacTBOP.

Obopydosanue u npucnocodnenus. JIst npoBeneHUs: IKCIEPUMEHTOB HC-
MOJI30BAJICS PETYIUPYEMbIM UCTOYHUK TOKa 70 10 A (C BBIXOJHBIM Hampsike-

HueMm 10 15 B). B kadecTBe KaTo10B MPUMEHSTUCH IJIACTUHBI U3 HEPIKABEIOIICH



ctanu Mapku 12X18HI9T ¢ mnomansio nmoBepxHoctu npumepHo B 10 pa3 mpe-
BBIIIAIONIEH TI0IaAb 00pabdaTeiBaeMoro oopasua. Ha HEKOTOphIX pexxuMax uc-
M0JIb30BaIaCh MEXaHW4YecKass MeIlajka Ui MepeMEeNIMBaHus SJEKTPOJIUTA B
BaHHE.

JI1s1 u3MepeHusi BBICOThl MUKPOHEPOBHOCTEN MOBEPXHOCTH UCMOJIb30BAI-

cst nBoriHOM Mukpockon MUC-11.

JKCNepUMEHTAJbHbIE Pe3yJabTAThl H HX 00CYKICHUE

PCBYJIBTaTBI OKCIICPUMCHTAJIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ IIPpUBCACHLI B Ta6JII/IHC

XapakTepHOil 0COOEHHOCTBIO BCEX PEKUMOB 00pabOTKU sIBisieTcs OoJiee
CWJIbHOE MPOTPABIMBAHUE METalla Ha TpaHUlaX PUCYHKA, YTO, B MPHUHIIMIIE,
ABJIIETCSI OCOOCHHOCTBIO JI000H 3JEKTPOXUMHYECKOW 00pa0OTKU MOBEPXHOCTH
[8, 9].

[loBbIlIEHNE KOHLIEHTPALMU 3JIEKTPOJIMTA BO BCEX CIy4asxX MPUBOJIUT K
YBEIMYECHHUIO CKOPOCTH MPOLECCA TPABJICHUs], HO Ha KAYE€CTBE ITOBEPXHOCTU OT-
pa)xaeTcsi HE3HAYUTENBHO.

Ha Bcex oOpa3uax BUJIHO, YTO HanOojiee MHTEHCUBHOE TPaBJIEHHUE MPOHC-
XOJIUT MO IpaHunaMm 3€peH. Takke 4YETKO IMPOCIEKUBAETCSA, YTO HUKEIb, KAK
HanOoJiee XUMUYECKA YCTOMUMBBIA KOMIOHEHT JAAHHOTO CIUIaBa, TPABUTCS XY-
ke (Ha doTorpadusx Oosiee CBETIIbIC YUACTKH).

JIns yCTaHOBJIEHUS KOPPEISLUU HAYaJIbHOU IOBEPXHOCTU U MOJYYEHHOU
B pesynbrare DX T (pakTypsl ncciaeaoBalaCh MUKPOCTPYKTYpa CIUIaBa.

MukpocTpyKTypa cIijiaBa npezcTaBieHa Ha puc. 1. Pe3ynpraT ananuza

MUKPOCTPYKTYPBI IIPEACTaBJIeH B TaOIULIE 2.



Tabnuna 1 — Pe3ynbrarsl 00pabOTKH MOBEPXHOCTU MEBLXUOPA B PA3IUUHBIX

DIIEKTPOJIUTAX
é s QNE 2%z
sl 22 |8 E&| IlomyueHHas MOBEPXHOCTS,
55| E:|55S % 200 [Ipnmeuanus
ZE| 5% |585
S | EePE
1] 2 3 5
001 TpaBiieHue 110 BCE MOBEPX-
1105 HOCTH HE UJIET, OJJUH KOM-
2 MIOHEHT CIUTaBa TPABUTCSI
ObICTpee IPyroro
CuIIpHO 3aIUTaMITUBASTCS
11 4 |0,01 AJIEKTPOJIUT. PrIxitas Heo -
HOPOJIHASI CTPYKTYpa T0-
BEPXHOCTH
[Tpu MoOBBIIIEHNN KOHIICH-
TPAIMU AJICKTPOJINTA TIOBHI-
21 31004 1aeTcsi CKOPOCTH Tpoliecca
10 0,04 mm/mMuH. OcTanbHbBIE
XapaKTePUCTHKH MOCTOSIHHBI
Ha obpabaTsiBaemoii 1mo-
BEPXHOCTH 00pazyeTcs
IUIOTHBINA OCcagokK, rmocie 4
MUH MPOIIECC TPABJICHUS
3|1 2 1002 MPaKTUYECKU MPEKpaIiaeTcs,

HEO0OXOAMMO yAaNATh OCa-
nok. [Ipumenenne mexaHu-
YECKOW MEIIAJIKU YBEINYHU-

BaeT BpeMsi OecpephIBHON




00paboTKH 10 6 MUH

[Tponomxenue Tabmuib! 1

4

CunpHOE pacTpaBIMBaHUE
MOBEPXHOCTHU

Ha mManbIx mI0THOCTSAX TOKa
MPOLIECC UAET OUYECHb ME-
JIEHHO, P NOBBIIICHUU
IUIOTHOCTHU TOKa 10 4-5
A/cMm? cuIbHO pacTpaBivBa-
€TCs IOBEPXHOCTh, HEBO3-
MOYHO TOJIyYUTh YETKUE
TpaHULbl PUCYHKA

bonee ongnopoiHas moBepx-
HOCTb, OCTaJIbHbIE XapaKTe-
PUCTUKHU HE U3MEHUJIUCH

2 3
6 | 0,16
4,5 | 0,06

6 | 01

8 | 0,25

bnectsamas, onHopoHas,
MEJIKOKPHUCTAJUTNYECKas T0-
BEPXHOCTh C YETKUMU I'pa-
HUIIAMH PUCYHKA, HE Tpe-
Oyrommas mpeaBapuTeIIbHON
00paboTKH.

[Tpu MIIOTHOCTH TOKA CBBI-
e 8 A/cM? U IIpOOIIKH-
TeIBHON 00paboTKe 1o-
BEPXHOCTh pPacTPaBIINBACT-
Csl, TIOSIBIISTIOTCST HEPOBHO-
CTH, BUJTHbIC HEBOOPYIKEH-
HBIM TJ1a30M
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Tabnuua 2 — AHanuM3 MUKPOCTPYKTYpbI Menbxuopa MH19

CTpyKTypHEIC Kpucranisl nepBuyHbIe
COCTaBJISIFOIINE
CyOcTpyKTypa OpnunopoaHas TéMHas (HET CyOCTPYKTYpHI)
Popma BKIIIOYEHUHN JleHapuTel
JennputHas nukBauus. HeoqHOpOAHBIN IO XUMUYECKO-
Onmcane My COCTaBY TPOMHOM TBépJ:_[LIIZ pactBop. CBeTibie ocu
neHaputoB oboramieHsl NI, TEMHBIE MEXKOCHBIE TTPO-
cTpaHcTBa (Marpuna) odoramierns Cu

Takxe MpOBOAMIUCH UCCIIEIOBAHUS TI0 BBISBICHUIO BO3MOXKHOCTU (hop-
MUPOBaHUs OJeCTsIel MOBEPXHOCTH 00Pa3IOB B Pe3yIbTaTe UX JAOMOTHUTEb-
HOUM 00pa0OTKU B AJIEKTPOJIUTE. Y CTAHOBJIEHO, YTO OJiecK (OpMUPYETCS HA TIO-
BEPXHOCTU BCeX (PaKTypupOBaHHBIX 00pa3LoB (MpU COXPAHEHUH HEPOBHOCTEM
MOBEPXHOCTH ), €CJIM UX JOTOJHUTEILHO 00paboTaTh B:

- anektpoaute Ne2 (NaNOs; — 170 r/m) B Teuenue 1 MUH MPU aHOIHOM
IUIOTHOCTH TOKA 2 A/CMZ,

- anekTponute Ne7 (HNO; — 10 r/n) B Teuenue 10 ¢ npu aHOIHOMU
IJIOTHOCTH TOKa 3,5 A/em?.

Ha mpousBoacTBE MpennouTUTENbHEE HCIONb30BaTh YHHUBEPCAIBHBIHN

AJIEKTPOJIUT, OTBEUAIOIUN BCEM TPEOOBAHHSIM.




W3 Tabnuipl 2, BUAHO, YTO HAanOOJIee ONTUMATBHBIMU XapaKTEPUCTHKAMHU
obOnamaeT OnecTsas MOBEPXHOCTh, oOpaboTanHas B anekrposmte No7. [Toarto-
MY CJIEIYIOIIMM ATAarioM MCCIIEOBaHUN OBLIO OIpe/esieHHe PeKUMOB 00paboT-
KU B d5eKkTposute No7 ¢ 1enbio (hOpMUPOBAHHS B HEM TakKe M MaTOBOH (DakTy-
PUPOBAaHHOM ITOBEPXHOCTH.

Pe3ynbTaThl mpuBeaeHbI B TAOIMIE 3.

BbIBOABI M peKOMeH AU

HecMoTpst Ha TO, yTO pa3z0OaBlieHHAs a30THAsl KUCJIOTA SIBISIETCS AOCTa-
TOYHO arpeCCUBHBIM DJICKTPOJIUTOM H TPEOYeT JAOMOIHUTEIBHBIX Mep Oe30mac-
HOCTH U MOCJEAYIONIEeH yTHIn3aluu, o0paboTka B HEM MMOBEPXHOCTH MEIbXHOPa
MIPEATIOYTUTEIIBHEE.

Bo-nepBbix, TpoA0HKUTETLHOCT 00paOOTKH OIIyTUMO coKpaiaercs (¢ 1
MuH 110 10 ¢);

Bo-BTOphIX, MOBEPXHOCTH U3JIENUNA HE TpeOYIOT MpeIBapUTEIHHON MOI-
TOTOBKH.

Takum o0pazom, B snekrposnure ogHoro cocrtaBa No7 (HNO; — 10 r/m)
MOXHO C(HOPMHPOBATH MOBEPXHOCTh ¢ HEOOXOJMMBIMU XapaKTEPUCTUKAMH B
OJTHOM BJIEKTPOJIUTE 0€3 OCTAaHOBKH Ipollecca MPU BapbUPOBAHUH TOJIBKO BEJH-

YUHOMW IIJIOTHOCTHU TOKA.

Tabnuua 3 — @opMupoBaHre HEOOXOAUMOM MOBEPXHOCTHU B dJIEKTposiuTe Ne7

[1noT-
[Ipomomxu-
HOCTb TO-
Neo| TtenbHOCTB a CdopmupoBanHas moBepxHOCTh |  [IpuMeuanus
00paboTKH, ¢ ’
p ’ Alem®
1 2 3 5
dopMupoBaHue
(2JIEKTpOXUMHYE-
1 — 10 ckoe (pesepona-
HUE) STYeUKHU He-
00X0MMOM TITy-




Ounsbl (Ha GoTO
Mpe/icTaBlIeHa
I'paHUIIA TYCHKH)

1 2 3 4 5

Ucnonwiyercs
MEXaHW4YecKas
Memaika. [lo-
BEPXHOCTb MaTO-
Basi OJTHOPOIHASL.
CrnaxuBarorcs
HEPOBHOCTH, T10-
JTy4YEeHHBIEC TpU
YepHOBOM 00pa-
00TKe, BEIpAaBHU-
BaeTCs rpaHuIla
SIYeUKU (PUCYHKA)

Hcnonbp3yercs
MeXaHu4YecKas
Melanka.
[ToBepXHOCTH
OsecTAIas.
IIpu oTcyrcrBun
nepeMenIiBaHus
AJIEKTPOIUTA
0JIeCK TOSIBIISIETCS
HE 10 BCEU MO-
BEPXHOCTHU
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