Technical sciences ISSN 2307-5732

DOI 10.31891/2307-5732-2020-289-5-286-290
VK 620.168.16 .
M.C. CTEYMIINH, I0.M. BUIUK, H.C. MAIIIOBEIIb, B.C. KYPCKOHU

XMeJbHULBKUI HalllOHAJIbHUH yHIBEpCUTET

3AJIEKHICTD 3HOCOCTIMKOCTI KOMIO3UIIMHUX
EJEKTPOJITUYHUX MOKPUTTIB BIJI OF’€EMHOI'O BMICTY
1 PO3MIPIB YACTHHOK 3MIITHIOIOYOI ®A3HN

Hocaidxceno  kasimayiiliHo-epo3iliHy  3HococmiliKicms — chOpMOBAHUX  KOMNOZUYIHUX — e/1eKmpOoAIMuU4HUX
nokpummie (KEII) 3 yacmunukamu kap6idy kpemHito (SiC) pizHuUXx zeomempuyvHux po3mipie 8 Helimpa/bHUX, KUCAUX ma
AyxHcHux cepedosuwax. Ilokasamo, wo KEII 3 wacmunkamu SiCuano i SiCs y cepedHbomy 6 6 pasie nideuwyroms
3Hococmilikicmb cmaui 45 HopmanizoeaHoi 8 scopcmkill 800i, y 11 pasie 6 3-eidcomkosomy pozuuni NaCl i 6inswe Hidxe 6 16
pasis 8 kucaomy cepedosuuyi. JlocaidxceHHs MAaKo®C NoKa3aau, wo 3i 3poCMaHHAM Kopo3iliHoi akmusHocmi cepedosuwa
egpexkmueHicms 0ii KEII 3pocmae, a 36iabweHHs1 po3mipie yacmuHok SiC 3meHwye kagimayitiHo-epo3itiHy 3Hococmilikicmb
nokpumms. /Jas uvacmuHok SiCsp i SiC2s makcumaavHi 3Ha4yeHHs KagimayiliHo-eposiliHoi 3Hococmilikocmi e ycix
docaidxnceHux cepedosuwyax docsiearomucst npu ix emicmi 8 Hikesesiti Mampuyi Co=22...25%.

Kaouoei cnosa: KEII, kagimayitiHo-epositiHa 3Hococmilikicmb, e1ekmpoi3, Hikeaeea Mampuys, Kapoio KpeMHir.
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DEPENDENCE OF WEAR RESISTANCE OF COMPOSITE ELECTROLYTIC COATINGS ON THE VOLUME
CONTENT AND SIZE OF PARTICLES OF THE STRENGTHENING PHASE

The aim of the work is to study the cavitation-erosion wear resistance of formed composite electrolytic coatings (CEC) with silicon
carbide (SiC) particles of different geometric sizes and different volume content in the nickel matrix in neutral, acidic and alkaline media. It is
shown that CEC with SiCnano and SiCs particles on average 6 times increase the wear resistance of steel 45 normalized in hard water, 11 times
in 3% NaCl solution and more than 16 times in acidic environment. Studies have also shown that with increasing corrosion activity of the
environment, the efficiency of CEC increases, and increasing the size of SiC particles reduces the cavitation and erosion resistance of the
coating. It was found that increasing the volume content of SiCnano and SiCs particles in the Nickel matrix increases the cavitation-erosion
resistance of CEC in all media. The effectiveness of the effect of SiCrano and SiCs particles on the wear resistance of CEC in 3% NaCl solution is
manifested at their volume content of the matrix C,210%. For SiCso and SiCzs particles, the maximum values of cavitation-erosion wear
resistance in all studied media are achieved when their content in the nickel matrix C,=22...25%. In the future, it is necessary to investigate
the influence of the stress-strain state of the hardened surface, the distance between SiC particles on the physicochemical and tribological
characteristics of CEC.
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HocTranoBka mpo6Jjemu. [loeqHaHHS pI3HUX MEXaHI3MIB 3MIIHEHHS MaTpPUI KPYMHAMHU 1 IpiOHUMH
YaCTHHKAMH HAaIIOBHIOBAYa MIPUBEJIO IO CTBOPEHHS rpaaieHTHHX Oaratomaposux KEII 3 «mmpsaMum» 1 «oGepHEHIM
rpajieHTaMy CTPYKTYPH IO TOBHIMHI mmiapy mokpuTts. 3actocyBanHs KEII rpamieHTHOro THIy mHifBHILyeE iX
3HOCOCTIHMKICT Bif 4 10 7 pa3siB, IO MOSICHIOETHCS CIIPUATIMBAM PO3MOIIOM BHYTPIIIHIX HAIPYKEHb, 0COOIMBO
nipu 3acrocyBanHi KEII 3 «npsiMmum» rpanieHTOM iX OyI0BH.

BpaxoByroun, 10 KaBiTaliiHO-epo3iliHa 3HOCOCTIMKICTh 3yMOBIIEHa JBOMa (haKTOpaMH: KOPO3iHHHM i
MeXaHIYHUM, HeOOXiJHO AOCHIANTH He Juiie (i3UKO-MeXaHi4HI XapaKTepUCTUKH, alie 1 3MiHY IX eJIeKTPOXIMIYHHX
XapaKTEepUCTUK Ta KOPO3iMHY CTIMKICTh 3aJ€KHO BiJI TEXHOJOTIYHUX IapaMeTpiB eNeKTPOIidy, MNPHUPOAM i
TCOMETPUYHHUX PO3MIipiB YACTHHOK HAIIOBHIOBAYa, H1Oro BMIiCTy B MaTPHIII i T.JI.

AHagni3 octaHHix mochaimkens i myOmikamiii. ®i3uko-mexaniuni xapaktepuctuku KEIT Ha ocHOBI
HIKEJIEeBOI MAaTPHIIi 3 HAITOBHIOBAaYEeM, IO MICTHTH KapOin kpemHito (SiC) B 3HaUHIA Mipi BH3HAYAIOTHCS HE JIUIIIC
TEOMETPUYHUMHE po3MipaMu yacTHHOK SiC, aime i IX 00’eéMHHM BMICTOM B HikesieBiii Matpuni. Tak, B po6oti [1]
BKa3yeThCs, 1110 € MPONOPLiiHA 3aIeXHICTh MK TBEPIICTIO YaCTHHOK, 1X KinbKicTio B KEII 3 HikeneBolo MaTpuIero
1 MinHicTI0O. MakcuMaiibHe 3HAYEeHHS MIITHOCTI JOCSATA€ThCS NMPH ONTHMAIBFHOMY BMICTI YaCTHHOK B ITOKPHTTI,
MIEPEBHUIICHHS SIKOTO Pi3K0 3HIKYE (hizuko-mexaHiuHi xapakrepuctuku KEII. [Ing wactunok SiC pisHOTO po3mipy
ix 00’emuuit B™micT 20...25% B Hikeni 3a0e3nedye HAWBHUINY MIITHICTh. AHAIOTIYHUX POOIT MO0 KaBiTaIliitHO-
€pOo3iitHOT 3HOCOCTIHKOCTI HAMH HE BUSBIICHO.

lomoBHa w™era pgaHOi pOOOTHM TONATae B JOCHIDKCHHS KaBiTaliHO-epPO3iHHOI 3HOCOCTIMKOCTI
c(hopMOBaHMX KOMIO3UIIHHNX eneKkTpoiiThaHuX MoKpuTTiB (KEII) 3 wactnakamu kapbiny kpemHiro (SiC) pizHux
TE€OMETPUYHHUX PO3MIpIB 1 Pi3HOr0 00’€MHOro BMICTY B HIKENEBill MaTpulli B HEHTPaJbHUX, KHCIHX Ta JIy>KHHX
cepeloBUINaX.

MeToanka npoBeAeHHs AOCTiZKeHb. AHAII3 KOHCTPYKLill 1ab0OpaTOpHUX yCTAHOBOK Ui (hOPMYBaHHS
KEII noxkaszas, 110 371e0UIbIIOT0 BUKOPUCTOBYIOTHCSI YCTAHOBKH po3pobiieHi i onmcaHi B podoTax [1-3]. OcHoBHHUI
X HEOJIK — BIICYTHICTh KOHTPOJIIO PEKUMIB EJIEKTPOXIMIYHOTO OCa/KyBaHHs YaCTHHOK HAIIOBHIOBAYA MaTPHIIL.

B ycranoBui IIIM im. .M. ®pannesnua HAH VYkpainm BnamroBaHuil NpHCTpid, B SKOMY YMOBH
KpHUCTami3alii 3aJafoThCs 3a JOMOMOTIOI0 MOIYJIAIIl YacTOTH 1 aMIUITYIH IMIyJIbCiB TOCTIHHOTO CTPyMy, SKi
MTOTAI0THCS HAa POOOYHIA €NIEKTPO/T 33 JOMOMOTOI0 IMITYJIbCHOTO TeHeparopa [4].

B ocHoBy ycranoBku mis ¢opmysanas KEIT ctBopenoi Ha kadenpi mammuo3znaBctBa XHY mocTaBiieHO
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3aBIaHHA KOHTPOJIIO 1 PEryJIOBaHHA INBHJIKOCTI OCQDKYBaHHS  CJICKTPONPOBITHUX 1  CEeIMMEHTaIlii
HEEJIEKTPOIIPOBIAHUX YAaCTUHOK IIOPOLIKIB HAllOBHIOBAaYa s IMIABUILEHHS CTYNEHIO HAIOBHEHHS MaTpuL,
0co0OJMBO HAHOYACTUHKAMH B IIOE€JHAHHI 3 MOpOMIKaMu Outell rpyoux ¢paxuii npu ¢opmysanni KEII
rpazgieHTHOrO THIy. lle 3aBmaHHA NOCSATHYTO 3aBISKH TOMY, IO B HPOLECI €IEKTPONi3y UIBHAKICTH IOCTABKU
YaCTMHOK HAllOBHIOBaYa KOHTPOJIOETHCS 1 PETyJIOEThCS 3MIHOIO  HAIIPY)KEHOCTI  €IEKTPUYHOTO  MOJIs
MPHUETICKTPOAHOTO LIapy 3pa3ka (AeTaji) 3a JONMOMOIol0 HMOTEHIIOCTaTy, a OAHOPIAHICTh CycHeH3ii 1 crabimizaris
YMOB EJIEKTPOJI3y JOCSTaeThCs BCTAHOBJIEHHSM JBOX MIIIAJOK Ta JBOX OXOJIO/PKYBaJIBHUX PI3HOHANPABICHUX
3MiHOBHKOBHX KOHTYPIB [5].

B3aemonist MakpopiBHS Bij JIomaTeBoi i MiKpOPIBHS IepeMINIyBaHHS BiJ] MPOIEIEPHOI MIMIaJIOK TapaHTye
PIBHOMIPHICTh PO3NOZTy HAaBITh HAHOYACTHHOK B O0’€Mi EIIEKTPONITY Ha MPOTA3i BCHOTO Hacy eNeKTPOIIi3y.
HeoOximHy gacToTy 00epTaHHS MIIIaJOK 3HAXOAWIH BIAMOBIIHO 0 TYCTHHHU 1 AMHAMIYHO{ B’SI3KOCTI PO3YHHY, IO
3aJIeKUTh Bi 00’€MHOTO BMICTY YacTHHOK Ta iX ()paKmiifHOCTI 3a yMOBH 3a0e3rnedeHHs TypOyJIeHTHOTO PEXAMY
nepeMinryBaHHs [6].

®opmysanns KEII 3 po3mipamu 4YacTMHOK HamoBHIOBaua Oinblie HiK 10 MKM 3xiiicHIoBanmacs Ha
TOPU3OHTAILHOMY KaToJl NPH IMIyJIECHOMY PEXHMI NEpeMillyBaHHS EJICKTPOJITy MarHiTHoOw0 Mimankowo. Ilpu
posmipax yacTuHOK MeHie 10 MM (50 HM Ta MS MKM) opMyBaHHS HOKPUTTS IPOBOIWIIACS HA BEPTUKAILHOMY
KaTO/i 3 HElIepepBHHUM II€PEMIllyBaHHSIM €JIEKTPOJIITY MarHiTHOIO MIIIaJIKOIO.

KagiTauiitno-epo3iitna 3Hococriiikicte KEIT mocmimpkyBanacss Ha yCTaHOBII 3 MAarHiTOCTPUKLIHHHM
BiOpaTopom (MCB). VYcraHoBKa ckiajganacs 3 ymbTpa3BykoBoro reseparopa Y3JIH-A mortyxkwictio 150 Br,
YacTOTOIO KOJMBaHb 22 K[ IT 1 aMIUTITYTOFO KOJIMBaHb KOHIIEHTpATopa 5...85 MKM.

Kinetnky BTpaT Macu mpu KaBiTaliitHO-epO3iifHOMY 3HOIIYBaHHI 3HAXOIMIIHN IUISIXOM 3BaKyBaHHS 3pa3KiB
3 MIOKPUTTSIMH JO 1 MicIIs KaBiTarii Ha aHamiTHYHUX Barax BJIP-200.

Juis GULIbII eTampHOTO aHali3y MEXaHi3MIiB KaBiTalliifHO-epO31MHOTO 3HONIIYBaHHA, BIUIMBY CTPYKTYPH,
(ha30BHX CKIIQIOBHX ITOKPUTTSA B 0araTboxX pod0Tax HaroJoIIyeThCs Ha OLIHII 3HOIIYBAaHHS HE 32 BTPATaMH MacH, a
3a MIBUIKICTIO PYWHYBAaHHS TOBEPXHEBUX IIapiB, M0 0COONMBO e(EKTUBHO TPHU OIMHI[ 3HOCOCTIHKOCTI
OararonrapoBux NOKpHUTTIB [3, 7]. ToMy IIBUIKICTH (iHTEHCHBHICTH) 3HOLIYBaHHS IMOKPUTTIB OIHIOBAJIM 3a

dhopmyioro (1):

_ AG, - AG, )
b
r SAt
ne AG;,AG;_, — BTpati Macu 3paska, Mr; S — IUIOLIA OBEPXHI 3pa3ka, cM” (B Hammx fociigax S=1 cM?); T

— yac KasiTauii.

B po6oti nocnimxytorbess KEII Ha Hikeneiit ocHOBI 3 HamoBHIoBaueM SiC pi3HUX (pakxiiid Big po3mipy
100/80 MKM 0 HaHOYACTHHOK po3MipoM MeHmie 50 uHM. Takum umHOM, B poOOTI BHKOpHCcTaHO mopomku SiC 3
po3mipamu meHIre 50 HM — HaHodacTHHKH;, M5; 28/20; 50/40; 100/80 MxMm. BiamosigHo 10 po3mipiB yacTHHOK SiC
B MOJIANBIIOMY MPUiHATO Taki no3HaueHHS: Ni-SiCyano; Ni-SiCs; Ni-SiCas; Ni-SiCso; Ni-SiCigp.

Hdus  ¢opmyBanns KEII mHa HikeneBid Marpumi 30e0iIbIIOT0 BHKOPUCTOBYIOTH Cyib(artHi abo
CyIb(paTXIIOPUCTi ENEeKTPONiTH HikemoBaHHS [1, 2]. HemomikoM Takmx eJNEKTPONITIB € HEBHUCOKa IIBUAKICTH
ocamkyBanHa Hikemo: 20...40 Mxm/ron mpu rycrturi crpymy 0,2...0,5 kA/M2. 36iIbIIEHHS TYCTHHH CTPyMY
NPUBOAMTH JIUIIE JO0 MOTIPIIEHHS SKOCTI TOKPHUTTSL.

B namiii poOOTI BHKOPHUCTOBYBABCS XJIOPHCTHH €JICKTPOJIT HIKEIIOBAHHS, MO J03BOJISE IMiABHIIUTH
KaTOJIHY T'YCTUHY CTPYMY, 30UIBLIMTH HIBUIKICTh OCa/KyBaHHs Hikelto [8].

Jlo mepeBar 00paHOTO €JIEKTPOJIITY HIKSIIOBAHHS BIHOCUTHCS CTAOUIBHICTh BEIHYUHU PH MPOTIAroM ychoro
4acy eNICKTPOIIi3y, 110 BUKIIIOYAE BILIMB 3MiHM KUCJIOTHOCTI Ha 00 €MHUI BMICT YaCTHHOK HanoBHiOBavya B KEII.

B enexrpoiit nogatkoBo Beomwin ITAP-naypuncynbgar warpiro B kimskocti 0,01...0,02 r/m, sxwuii 3a
JaHUMH [3] cripuse BKIIOUEHHIO YacTHHOK SiC B MOKPHTTS Ta MOKPAIIye YMOBH HAPOIyBaHHS HiKeJIEBOT MaTPHILL.

Jlo kap0izniB KpeMHiIo B SIKOCTI HallOBHIOBaYa J10JaBajl TAaKOX MOPOIIKH aMOoppHOro O6opy po3mipom Oinst
1 MKM, IO TMOSICHIOETHCSI MOKIIMBICTIO B3a€MOJIii OOpY Ta HIKEJI0 NMpH HACTYHHIH TepMidHil 0OpoOI MOKpUTTS i
OTpHUMaHHS HOBHX HOTO CTPYKTYp (TBEp/i pO3UMHH, EBTEKTHKA, AUCTIEPCIHHO-TBEPII CIUIABH).

Iopomku SiC ta B BBogunu B enekrpoiit 6e3nocepennso nepen popmysanusm KEIT B xinbkocri Big 10
1o 110 xr/m® 3a5exHO Bifl pO3MILIEHHS KaTOy, PEXKUMIB €JIEKTPOIII3Y i HEOOXiHOr0 06’ €MHOTO BMICTY YaCTHHOK
HAINlOBHIOBAYa B HiKEJIEBI MaTpPHIIi.

3pasku s HaneceHHs KEII Burorosmsny 3i crami 45.

Excrutyaramiifai, B TOMy dwHcii TpUOOJOTiYHI i 0COONHMBO KaBiTalliifHO-epO3ifiHI XapaKTepUCTHKH
3r0cocTiiikocTi KEII 3anexaTs Bix MiIHOCTI 34erieHHs (aaresii) mokpurts 3 ocHoBorwo. Cuia 3ueruieHus KEIT 3i
CTaJIbHOIO OCHOBOIO (CTaJb 45) 3ajekaTh BiJl CTYNEHS OYUCTKH IIOBEPXHI BiJ OKHCIIB Ta IHIINX XIMIYHUX 3’ €THAHb.
Tomy mepen nanecenHsM KEII 3pa3ku 3HEKHPIOBAIHCS BiICHCHKAM BAaIlHOM Ta MiAJaBalld aHOMHIHA 00poOIi
npoTsarom 3...4 xB y 20-BiJICOTKOBOMY PO34HHi CipUaHOi KUCIIOTH MPH I'yCTHHI CTpyMy 2 KA/M?

Buxsag ocnoBnoro marepiamy. ®@opmyBanHs KEIT 3 Ni-SiCuano 1 Ni-SiCs, a Takox 3 BKIIOYSHHSIMH
amopdHoro OoOpy NHpOBOJWIM Ha BEPTHKAIBHOMY KaTOAl 3 HEMEpPEepBHUM IEpPEeMillyBaHHSIM CycHeH3ii Ha
po3po0ieHiit Hamu ycraHoBIi [2]. @opmyBanns KEII 3 wactuakamu SiCos, SiCso, SiCigo 13 J0gaBaHHSIM MOPOIIKIB
amopdHoro Gopy 3ilicHIOBaIM Ha TOPU30HTAJIBHOMY KaTOAl. 3MiHa BMICTY YacTHHOK B MAaTpHIIl peryJoBaacs
3MIHOIO BITHOIIEHHS 7,/7,, Ta 3MiHOIO KOHLeHTpawil yacTuHOK SiC i B B enexrpouriTi.
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KinbKicTh 4acTHHOK OOpY 1 KPEMHIO B TIOKPUTTI BH3HAYAIH METOaMH XiIMITHOTO 1 MeTajorpadidqHOro aHami3is.

OO0’eMHMI BMICT YaCTHHOK HAIlOBHIOBAaYa 3aJICKUTh BiJl F€OMETPUYHHMX po3MipiB yacTHHOK. CopmoBaHi
namu KEITu mictnnm makcumanbHo 15 % 06. 118 SiCano 1 16...18 % 006. ms SiCs.

BunpoOyBaHHs1 Ha KaBiTalii{HO-epO3iifHy 3HOCOCTIMKICTh MPOTATOM 1 TOJ MOKa3ajH, 10 i3 301IbIICHHIM
BMicTy yacTHHOK SiC B HiKeJeBii MaTpHILi BTpaTH Macu 3pa3KiB 3MEHIIYIOTHCS B JKOPCTKiil BOAI, PO3YHHI XJIOPUAY
HATPIIO 1 B KMCIOMY MOJAENBEHOMY cepenoBuili. OcoOinBo pi3ke MajiHHSA BTpaT MacH MaeMo IpH BUIPOOYBaHHSX B
3%-My po34mHi XJopuIy HaTpito. EdexTHBHICTH 3MilHIOIOYOT Mii YacTHHOK SiC MpOSBISETHCS MPH iX 00’ €MHOMY
BMICTi moumHaro4uM BiX 5% 1 3poctae mpu ii 30inbIneHHI. BHACHiZOK TOTO, IO MOKPUTTSA 3 BMICTOM YaCTHHOK
SiCuano, SiCs 1 amopdrOTO O0OpY B HiKENEBiil MaTpui 3 iX BMicToM Oinbure 20% TEXHOIOTIYHO HOCATHYTH BaKKO, B
MTOANTBIIAX TOCTiKeHHAX BUKoprucToByBanu KEII 3 00’eMHUM BMiCTOM TakuX 9acTHHOK 14...18%.

PesynpraTn KaBiTamiiiHOT 3HOCOCTIHKOCTI MPHUBECHI HA pHC.] BKIIOYAIOTh pe3ynbTaT BuiipoOyBans KEII,
mo MicTmh 5...18% wactuHOoKk Ni-SiCs. O1xe, i3 30UIbIIeHHSM 00’ €MHOI KOHIEeHTpamii yacTuHOK SiCs B MaTpuIi,
KaBiTaliliHO-epo3iitHa 3HococTiikicTs KEII migBuulyeTscst (3MEHIIYIOThCS BTPAaTH MacH) B JKOPCTKIH Boxi, 3-
BifcoTkoBoMy po3urHi NaCl i B KHUCIIOMY MOJEIBHOMY CEpEOBHUINI. BHACTIIOK TEXHOJOTIYHUX TPYIHOIIIB B
MOJATBIINX JOCTIKeHHAX BUKoprcToByBanucs KEIT 3 06’emHnM BMicTOM Y4aCTHHOK SiCiano 1 SiCs B cepeTHbOMY
15+ 1.5%.

AG/A 10, me/ert
R oR2

[=]

0 5 10 15 20
Ca, %
Puc. 1. Kineruxa Brpat macu KEII ckaany Ni-SiCs 3asexno Big 06’eMHoro BMicTy yacTHHok B Ni: 1 — skopeTka Boaa; 2 — 3% po3unH
NaCli 3 — kucae cepenopume

®opmyBanasa KEII 3 wactuakamu SiC OiMbIIMX TE€OMETPUIHUAX PO3MIPIB TO3BOJISIE 3MIHOK TEXHOJOTTIHUX
mapaMeTpiB eneKTpoizy (puc.l), 3MiHOIO BiTHOIIEHHS 7,/7., 3MiHOIO KOHIEeHTpaii 9actTuHOK SiC 1 B B enekrpomiti
Ta TYCTHHHU KaTOJHOTO CTPYMY ix TO3BOJIS€ B OUTBIINX Me)KaX 3MIHIOBATH iX 00’€MHHIA BMICT B HIKEJIEBi MaTpPHIIL.
Takum uyuHOM, Oymu oTpuMaHi MOKPUTTA 3 BmicTom dactuHOK SiCso Co, %: 7,5; 15,6; 18,7; 28,6 ta 43,2.
BumpoOyBanHs Ha KaBiTalliifHO-epo3iiiHy crTiiikicTh chopmoBanmx KEII mpoBommnmm Ha mporssi 1 roxm B
HEUTpaJbHUX 1 KHUCINX MOJCIBHHUX cepenoBrinax. OTpuMaHi pe3yibTaTi HaBeaeHi B Tadu. 1.

Ta6muns 1
KagsitaTauiiino-epo3siiina 3nococriiikicrs KEII Ni+SiCso 3a71e2H0 Bi 00°€MHOr0 BMiCTy YaCTMHOK
HAMOBHIOBAYA
06’ eMHMI BMIiCT YaCTUHOK HAIOBHIOBa4a f, %0
Cepenosuuie 7,5 I 15,6 I 18,7 I 28,6 | 432
Brparu macu, AG / A-10™* mr/cm?ron

JKopcTtka Bona 10,8 13,4 8,6 8,7 19,2
3-BiICOTKOBUI  PO3YMH
NaCl 17 6,7 5,2 5,8 20,8
KHCJIe 18 13,4 11,4 12,4 24,1
JIyKHE 14 8,1 4,1 4.4 22,8

Amnani3 pesynbraTiB Tabi. 1 mokasye, 0 € NEBHUH ONTUMaIbHUN BMICT 4acTHHOK SiCso B MaTpuii Hpu
SIKOMY JIOCSITA€ThCSI MaKCUMallbHa KaBiTaliiHO-epo3iiiHa 3HococTiikicTs KEII, mo oco6ianBo noOpe mposBiseTses
Ha KPMBHX BTpaT MacH NpH Kasitamii (puc. 2). MiHIMaibHI BTpaTH MacH, a OTXKe 1 HaWOuIbIIa 3HOCOCTIHMKICTH
JIOCSITAETHCSI B 1HTEpBalli 00’€MHOT0 BMICTY 4acTHHOK Bix 22 nmo 27 % B ycix JocnijpkeHux cepenosuiax. Ilpu
MOJTANTBIIIOMY 301bIIeHHI 00’eMHOr0 BMicTy 4YacTHHOK SiCso 3HOcocTidkicTe mamae. Jlimst dactuHOK SiCioo B
HiKeJIeBii MaTpHUIli MaKCUMaJIbHa 3HOCOCTIMKICTh TP TEPTi BiAmOBinae ix 06’ emHOMYy BMicTy 21% [3] i mpakTHaHO
HE 3MIHIOETBCS 10 BMICTY 9acTHHOK 27%.
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Puc. 2. Kineruka Brpat Mmacu KEII cknany Ni-SiCsy 3a71exH0 Big 00’€MHOro BMicTy YacTHHOK : 1 — skopcTka BoJa; 2 — 3% po3uuH
po3unH NaCl; 3 — kucie cepenoBuile i 4 — J1y:KHe cepeoBUIIe

Maxcumansaa 3HOcocTilikicTs KEIT B skopcTkiit Boai 3 yactuHKamu SiCrg TOCSTAETHCS MPH iX BMICTI B
marpuni 6ins 25% (puc. 3). Tomy Oinblmi BTpaTé MacH B JKOPCTKIH BOAI MOPIBHSHO 3 BTpaTaMd Macu B 3-
BincoTkoBoMy po3unHi NaCl MOXHa MOSICHUTH JaleKo HEONTHMaIbHUM BMicTOM dacTHHOK SiCas (Cux15,6 %) B
KEIT npu HeodxinaoMy ix BMicTi Cox25% (puc. 3).

-4

AG/A 10, me/em

5 10 15 20 25 30
Ca, %

Puc. 3. Kinernka Brpat macu KEII ckiaxy Ni-SiCps 3a/1€KHO Bijt 00’€MHOI0 BMiCTy YaCTHHOK B JKOPCTKil Bo/i

3rigao 3 [4] npu popMyBaHHI HIKEICBOi MATPHII 3 XJIIOPUCTOTO EIEKTPOINITY HPH BiJICYTHOCTI B HHOMY
CHiBOCA)KyBaHMX YacCTHHOK, EJIEKTPOKpHCTAli3allis NPOXOAWTh NUIIXOM HApPOLIyBaHHA OJHOYACHO MO YCiH
MOBEPXHI OKPEMHUX KPHCTAIIB JIIH30BUIHOI 1 MipaMiganbHOI GopMH, cepelHs BENIUYWHA SKUX OIS OCHOBH CSTa€
5...6 MxM. ExcriepuMeHTanbHI 1aHi CBiAYaTh TAKOX PO Te, 10 PO3MIpH KPHCTAIIIB HIKEIIO 3MEHIIYIOThCS 3aJIEKHO
Bl IPUPOJIH, PO3MIpIB 1 KOHIEHTpAIllil YaCTHHOK HAIlOBHIOBAYa B €JIEKTPOJITI.

[Tpouec oca/pKyBaHHsS HIKENIO, YaCTMHOK aMoOpQHOro Oopy 1 KkapOily KpPEeMHII0 HPOXOAWUTH MUIIXOM
YTBOPEHHS BEJIHMKOI KiITBKOCTI HamiBCPEePHUUHUX arperatis, M0 CYHIPOBOIKY€ETHCS MOAPIOHEHHAM J0Ope OrpaHeHuX
mipaMiJadbHUX 1 JIyCKaTUX KPHCTANIB HiKeMO 10 po3MipiB Bixg 1,5 mo 3 mxwm [4, 5]. YactuaKE 60py i KpeMHiIO
JUCIIOKYIOTBCS, B OCHOBHOMY, IO TPaHHISIM MDK KpPYNHHMH KpucTtaimitamu. OTXe, TpH MIKpOyIapHOMY
HaBaHTaxeHHI 9acTUHKY SiC 1 B GyioxyroTs mommpeHHs AedopMariiii Ha cycCiiHi KPUCTAIH 1 CIPUHMAIOTh YaCTHHY
yIapHUX HaBAaHTAXXEHb KaBiTAI[IHHUX XBWIb. [IpH 1bOMY, YaCTHHKHM OiIBIIMX T€OMETPUYHUX PO3MIpiB B OLIBIIIH
Mipi CIpUHMAlOTh YAAapHI HABAaHTAXXEHHS, a MEHIII KPYIIHI, pPO3TAIIOBaHI HAa TPAHUISIX KPUCTANIB HIKeI0, OJIOKYIOTh
noJist epopMarii i pyx IUCIIOKAIii Yepe3 rPaHuIF0 KPUCTAIB.

BucnoBku. JlocnipkeHo KaBiTaliitHO-epo3iiiHy 3HococTiiikicTh cpopmoBannx KEII 3 wactunkamu SiC
PI3HMX TEOMETPHUYHHMX pPO3MIpIB B HEHTpaJIbHUX, KHCIMX Ta JIy)KHHX cepenoBumax. [lokasano, mo KEII 3
gacTHHKAMHU SiCyamo 1 SiCs B cepemaboMy B 6 pasiB MiABHUINYIOTH 3HOCOCTIHKICTH cTami 45 HOpMami3oBaHOi B
XKOpCTKid Bomi, B 11 pasiB B 3-BimcorkoBomy po3unHi NaCl i 6inpimre HidXXK B 16 pa3iB B KHUCIOMY CEpEIOBHIII.
JlocmipkeHHsT TaKOX TOKa3ald, 10 i3 3pOCTaHHSIM KOpO3idHOI akTHBHOCTI cepemoBuina edextuBHicTh nii KEII
3pocTae, a 301IbIeHHs po3MipiB yacTHHOK SiC 3MeHIIye KaBiTalliifHO-epo3iiHy 3HOCOCTIHKICTh IIOKPHUTTSI.

BceranoBneHo, mo 36ibmeHHsT 06’€MHOTO BMICTy 9aCTHUHOK SiCyano 1 SiCs B HIKeJIEBi MATPHI ITiBUIIYE
KaBiTaliiiHo-epo3iiiHy cTidikicte KEII y Bcix cepemoBumax. EdekTuBHICTP BIUIMBY IIMX YacTHHOK Ha
3HococTikkicTh KEII B 3-BincotkoBoMy po3uuni NaCl nmposiBisieThest ipa ix 06’ eMHOMY BMicTi Matputi Co>10%.

Jnst gactuHOK SiCso 1 SiCys MakcHMamnbHI 3HAYEHHS KaBiTaIlifHO-€pPO3iMHOT 3HOCOCTIHKOCTI B yCix
TOCITIHPKEHUX CepeOBHIINAX JOCATAIOTHCS TIPH iX BMICTI B HikeneBit Marpuii Co=22...25%.
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