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Jocnimkeni KOMOO3UIIIHI eNeKTPOIITUYHI TOKPUTTS, OCADKEHI 13 HIKEJIEBOTO EJNEKTPOJITY, IO MICTUTh YIbTpaauclIepCHi

anMasn. BukopucraHHs cromydeHb HaHOAIMa3iB i3 MOAN(IKOBAaHOIO TOBEPXHEIO HIKEIIO BILIMBAE Ha (JOPMyBaHHS CTPYKTYPH

1 M ABUIITYy€ MIKPOTBEPAICT IIOKPHUTTIB.

Researched composite electrolytic coatings deposited from nickel electrolyte containing ultrafine diamonds. Use of compounds

of nanodiamonds surface modified nickel affects the structure and increases the microhardness of coatings.
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1. BCTYII

Pecypc Oinbiiocti MexaHi3MiB 1 JeTaneil B
3HaYHI Mipi BU3HAYAETHCS  JIOBTOBIYHICTIO
30epekeHHsT  eKCIUTyaTalliiHUX  BIACTHBOCTEH
nmoBepxHi. OmHUM 3 BIIOMHX  CHOCOOIB
MOKpAIIeHHS MEXaHIYHIX BIIACTUBOCTEH
MOBEepXHI — Ie 11 eNeKTpoNiTHIHa MOIU(DiIKAIis
OCaPKEHHSM METaJIEBOI IUIIBKU 3 HEOOXIOAHUMHU
eKCIUTyaTalliiHUMHu ~ apaMeTpamu.  Haibinbm

BOXIMBI 3 HHUX — 3HOCOCTIMKICTh, KOpO3iiiHA
CTIMKICTh, PIBHOMIPHICTh MOKPHUTTS IO TOBLIWHI
(3abe3neuyeThest BHUCOKOIO PO3CI0I0YO0I0

3IATHICTIO eeKTpoiTy). OfHAK TUTIBKH METAaiB i
CIUTaBiB IO CBOIX (Di3MKO-XIMIYHHUX BIACTHBOCTSIX
4acTO HE€ BIAMOBIJAIOTH MIABUIEHUM BHUMOIaM
cydacHoi TexHiKH. BupimenHsm npoOieMu
3MIIIHEHHSI TOBEpXHI € Moau@ikaiis MeTaneBoi
MaTpUIll YaCTMHKaMHM JUCIepcHOl ¢asu 3
OTPUMaHHSM KOMITO3UIIIHHUX €NEKTPOIITHIHIX
nokputTiB (KEII). Bimomo, 1m0 BBeA€HHS TBEPIUX
JTUCTIEPCHUX  YacTUHOK  (YJNBTPaJUCIEPCHUX
anmvazie (YA)) B €JEKTPOJITHYHI TOKPHUTTS
MiJBUIIYE iX MIKPOTBEPHICTh 1 3HOCOCTIHMKICTB.
[lpyuman  1BOTO —  3MEHIIGHHS  PO3MIpIB
KpHUCTaiB METaly, 110 OCaJKYEThCS, 1 HASBHICTD
B MIOKPUTTI HaATBEPANX YaCTUHOK [1-4].

Mera pgaHOi po0OoTH €  JOCHIKEHHS
CTPYKTYpH i MEXaHIYHUX BIIACTHBOCTEH
CJIEKTPOOCAKCHUX KOMITO3UIIIMHUX HIKEJICBUX
MOKPUTTIB, IO MICTITh YIBTPaIUCIIEPCHI aMasH.

2. MATEPIAJIM TA METOJIUKA

Jst JIOCHIKEHHS BUKOPHCTOBYBaJIU
CTaHIapTHUN cynbhaTHHHA SJIEKTPOIIT
HactynHoro ckiany: NipSO, — 300 r/n, H3BO; —
30 r/n, Na,SO4 — 50 r/n, pH- 5. KonuenTtpariiro
(n) YJIA y BOIHOMY PO3YUHI EJIEKTPOJITY
3MIHIOBaJIM B [ilama3oHi Bix 2 g0 15 1/m.
OcamkeHHsI TPOBOAUIM TOCTIHHUM CTPYMOM

rycruuoo Bix 100 1o 300 A/M2 XapakTepHOIO
BJIACTHBICTIO BOJHOTO PO3YHMHY EJEKTPOIITY
HIKETIOBaHHS €  HHU3bKa  CeAMMEHTaliiHa
CTIMKICTh, IO TPHUBOJUTH 10 HEPIBHOMIPHOTO
pO3MOAITY YacTHHOK HaHOaIMa3y B MeTajeBii
Matpuiti. Jys BupilIeHHs 1€l mpoOiieMu OyJ10
3aCTOCOBAaHO MEXaHIYHE TIepeMIilIyBaHHs BOHOTO

pO34UHy CJICKTPOJIITY B nporeci
€JIEeKTPOOCAIKEHHS. Mertanorpadivni
JOCI/UKEHHST ~ TPOBOJMJIM 33  JIOTIOMOTOIO
ONITUYHOTO MIKpOCKOTIa MIM-8M.

MikpoTBepAicTh HOKPHUTTS  BUMIpIOBaIM  Ha
MmikpoTtBepaoMipi [IMT-3. EmemenTHuMii cximag

MOBEPXHI MOKPUTTS BU3HAYAIN
MIKpOPEHTT€HOCTIEKTPAJIbHUM ~ aHalli3oM 32
JIOIIOMOT' 010 pacTpoBoro €JIEKTPOHHOTO

Mikpockora PEMMA-102-02 3 po3aiibHOO
3IaTHICTIO 5 HM. Bwmict 1 posmomin
YIIBTPAIUCIIEPCHOTO aJIMa3y BU3HAYANH TI0 JIHIAX
BYTJIEIIO © XapaKTepUCTHYHOT O
PEHTTeHIBCHKOTO BUIIPOMIHIOBaHHSI. Jlost
JocTiKeHHsT  (a30BOTO  CKJany 1 CTPYKTypu
IUTIBOK HIKEII0 BHKOPHCTOBYBAJM PEHTICHIBCHKE
oOmagHanHs - gudpakromerp JAPOH-2.0 i3
3aCTOCYBaHHSAM CIMHTHIALIAHOK PEECTPALIIED
PEHTIeHIBCHKUX TpOMEHiB. 3iioMka Ha (hazoBHid
CKJIaJl HIKEJIeBMX IUIIBOK 3JiHCHIOBaJIaCS Y

MOHOXPOMAaTU3UPOBAHOMY Cu K-
BUIIPOMIHIOBAHHI.
3. PE3YJIbTATH TA Ix
OBI'OBOPEHHA
JlocaimkeHHs 3pa3kiB HIKEJIEeBUX
MOKPHUTTIB, SKI MICTATh aJiMa3W, IOKa3ajlu
3aJICKHICTh CTPYKTYpH TTOKPHTTS, 10
0CaDKYETBCS, Bl CKJIaLy CJICKTPOJITY 1 PeKUMY
€JIEKTPOOCAIKEHHS. [Ipu MIPOBE/ICHHI
MeTanorpapiyHux JOCIIIKEHD HIKEJIEBUX

MOKpHUTTIB 3 nobaBkamu YJIA, ocakeHHX 3a
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JIOTIOMOT'O10 MTOCTIHOTO CTPyMY 0e3
TIePEMIIITyBaHHS BOIHOTO PO3YHMHY EIICKTPOJITY,
CIIOCTEpIraeTbest YTBOPEHHS PO3BHHEHOTO
penbedy i3 ciaigaMd  TIOBEpXHEBUX JIe(EKTiB
(mituary) (puc. 1 a, 2 a). Buxopucranus
MEXaHIYHOTO TEePEeMIlTyBaHHS BOIHOTO PO3YHUHY
CIIEKTPOJIITY  TpH HE3MIHHUX  pEeXUMax
€IeKTPOOCA/DKEHHS 1 KoHmeHTtparii YA
TI03BOJTHIIO OTpHUMATH KOMITO3HITI i HI
CJIEKTPOJIITUYHI HIKeJIeBl MOKPUTTSI 3 MEHIIOHO
KUTBKICTIO TOBEpXHEBUX JAe(eKTiB, aIsi SIKUX
XapaKTepHE YTBOPEHHS OAHOPIMHOI 1 piBHOMIpHOL
Mo BCi MOBEpXHi 3pa3zka cTpykTypu (puc. 1 0,
20).

AHami3  peHTreHorpaM  KOMIIO3HUITIHHUX
CICKTPOIITHIHNX HIKEJIEBUX ITOKPUTTIB IIOKA3aB
BIJICYTHICTh aliMa3HO1 a3y BYTJICIIO B HiKeNeBil
Matpui (puc. 3), MATBEpAKYIOYH BUCHOBOK [1]
npo Te, WO 4YacTMHKU YA He € LeHTpamu
KpUcTamizamii. Y TOKPUTTAX YHUCTOTO HIKEI0
CIIOCTEpIraeTbest nepeBakHa opi€eHTAaIis
kpuctanmitiB B Hampsami (111) (puc 3 a) i
dopMyeTbCs  akciallbHa TEKCTypa pocTy i3
KpuctanorpadgiyHuMu iHAEKCaMH [111].
Beenenns YJIA He mpuBeno a0 3MiHH (a30BOTO
ckmary KEII (puc. 3 6, B), ame Ha
nudpakTorpamMax CHOCTEPIracThbesl Mepepo3noIin
IHTCHCHMBHOCTI ~ JIiHIM, 10  CBIAYUTH  IPO
(GOpMyBaHHS B TOKPUTTSX, EIEKTPOOCAHKEHUX 3
BOJHOTO  PO3YMHY  EJIEKTPOJITY, MOJBIHHOT
akciameHOi TekcTypu: [111]+[100] mpu n(YIA)=
2 r/n (puc. 3 6) i [111]+[110] mpu n(VIA)=15 r/n
(puc. 3 B).

Mertanorpadiuni JIOCITIJPKEHHS
KOMITO3UIIIHAX  HIKENIEBUX  EJIEKTPOJITHIHUX
MOKpHUTTIB 3 nmobaBkoto YJIA mokaszamu, mo 3a
BiJICYTHOCTI PYXy YaCTUHOK YA,
3a0e3MeuyBaHOr0  MEPEMIllyBaHHSM  PO3YHHY,
CTPYKTYypa  TOKPUTTS  (QOPMYEThCS  OLIbII
KpynmHOKpHucTamiyHoto  (puc. 4 a). Ilpm
MepeMilllyBaHHI BOJHOTO PO3YHMHY EIEKTPOIITY
pO3MIp 3epHa 3MEHIIYETHCS, IO TOSICHIOETHCS
OLITBIN MIBHU/IIMM TiBEICHHSIM 10HIB 10 TIOBEPXHi
KaToJa, mo 3abe3nevye OUTbITY KiIbKICTh IIEHTPIB
kpuctamzauii (puc. 5 a). OcHOBHa KiJbKICTh
BYIJIELIO PEECTPYETbCA y BHIVIAAI TEMHHUX
BKJTIOYEHB (puc. 4 6, 5 0).

[opiBusHHES pe3yibTaTiB
MIKPOPEHTI€HOCIIEKTPAJILHOTO aHami3y (puc. 6 a,

0) mokaszajgo, MO0 HAWOUIBITMIT BMICT BYIJICIIO
(manoammasy) BiIMiYeHUH B 3pa3Kax,
€IIEKTPOOCA/KCHUX TNPH  KaTOAHIH  TyCTHHI
ctpymy 300  A/M®° 3 gmobaBkoro  VJIA
KOHIeHTpamiero 15 T1/m i3  3acTocyBaHHAM
MEXaHIYHOTO TEPEeMINTyBaHHS BOJHOTO PO3YHHY
EJIEKTPOJIITY B MPOIECi eJIEKTPOOCaIKEHHS (pHC.
6 0). Y mmx 3pa3kax TaKoX CIOCTEpPIra€ThbCs
OUTBII ONHOPITHUN IO TIOBEPXHI  PO3MOIILIT
BYIJICLIO, MpPOTE€ WOro KilbKICHUH BMICT He
nepesuinye 0,14 at.%, ame cnocrepiraroTbes
OKpeMi IinsHkw, sSKki 30arageni mo 0,31 ar. %
ByrieueM (tabim.).

30iMbIICHHST KOHLEHTpalii y BOIHOMY
PO3UYHMHI EIEeKTPOJITY YaCTHHOK TUCTIepCHOI (haszm
i, BIAMOBIAHO, BMICT BYTJEmIO B MOKPHTTI
OPUBOJUTE 10 (OPMYBaHHS MUTKOKPUCTATIYHUX
OLTBII  IMITPHOYITAKOBAHWX  TOKPHUTTIB, IO
BA3HAYUIIO I IBANICHHS MEXaHIYHUX
xapaktepuctuk  KEII.  Tlpu  ¢opmysanHi
HIKEJNEeBUX IOKPHTTIB, SIKi MICTATh aiMasu, IpH
KaTomHiii ryctmmi crpymy 100 AM® i3
30inpLIeHHsM KoHueHTpauii YIA y BogHOMY
po3uMHI  eJeKkTpoyity Bim 2 go 15 /0
MIKpOTBEpIICTh TOKPUTTIB  3poctae Bim 1800
MIIa no 2200 MIIa. 3pocTaHHsl TYCTUHU CTPYMY
Big 100 10 300 A/m> MPUBOJUTH 10 301IbIICHHS
MIKpPOTBEpAOCTI MOKPHUTTIB Hikenb-Y JA Big 2200
MITa go 2700 MIla. Heo0xigHO BiA3HAYUTH, IO
OlMpII  ONHOPINHUKM pO3MOAIN  BYIJIEIIO IO
MOBEPXHI  3pasKiB, EJIEKTPOOCAHDKEHUX  MpHU
KaToHiH rycTuHi ctpymy 300 A/M® 3 106aBKOIO
YA xonneHtpariero 15 r/71 i3 3acTOCyBaHHSM
MEXaHIYHOTO TEepEeMilllyBaHHS BOJHOTO PO3UUHY
SNIEKTPONITY B  MPOILECI  EIeKTPOOCaHKEHHS,
[M03HAYAETHCS HA OLTBIN MOCTIHHOMY IO TTOBEPXHI
3pa3KkiB 3HaYCHHI MIKPOTBEPIOCTI MOKPHTTS, MPO
110 CBI4aTh pe3ynbTaTi 3aJI€KHOCTI
MIKpOTBEpZOCTI TpH CKaHyBaHHI  MOBEPXHIi
KOMIIO3MINIMHAX  HIKEJICBUX  CJIEKTPOJIITHUHUX
HIOKPHUTTIB 3 KPOKOM 2 MM (pHc. 7).

TakuM YHMHOM, JIOCHIPKCHHS HIKEIEBHX
ITOKPHUTTIB, MOAN(DIKOBAHUX YIBTPAIUCTIEPCHUMHU
alIMa3aMH, TOKa3all 3alieKHICTh CTPYKTYypH 1
MmexaHiuHux BiactuBocTeii KEII, a Takox
SIKICHUH 1 KUTBKICHHUIA PO3IOJIIIHN CIIBOCAKEHOTO
HaHOAJIMAa3y, BiJI CIOCO0Y eNEKTPOOCaKEHHSI.

bioaiorpagiuni nocunanns
[1]. Hommaro B.1O., Bypkar I'.K. VaprpaaucrnepcHbie anMasbl JETOHAIIMOHHOTO CHHTE3a KaK OCHOBA
HOBOTO KJlacca KOMITO3UIIMOHHBIX METajl-aIMa3HbIX TaJbBaHUYECKUX NOKpbITHH // Céepxme. Mamepuansi. -

Nel.—C. 84-95 (2000).

[2]. Hommaror B.YO. Yasmpaoucnepcuoie armasvr oemonayuonnozo cunmesa. —CII6: Msp-so CIIBITIY. -

344 ¢. (2003).



[3]. Xiangzhu He, Yongxiu Wang, Xin Sun, and Liyong Huang Preparation and Investigation of Ni-
Diamond Composite Coatings by Electrodeposition // Nanosci. Nanotechnol. Lett. -4 (1), pp.48-52 (2012).

[4]. Bypkar I'.K., JonmatoB B.}O. VabrpagucnepcHbie aimasbl B rajibBaHOTEXHUKE // Qusuka meepooco
mena, 46, Boim. 4. —C. 685-692 (2004).

V.V. Dudkina
Research of structure and properties of nickel coatings, modified ultrafine
diamonds
Dnepropetrovsk national university of railway transport

dudkina2@ukr.net
Researched composite electrolytic coatings deposited from nickel electrolyte containing ultrafine
diamonds. Use of compounds of nanodiamonds surface modified nickel affects the structure and
increases the microhardness of coatings.



mailto:dudkina2@ukr.net

