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IJEKTPOOCAKIEHUE KOMIO3UITUOHHbIX IOKPBITUM Ni/Au
IHPU BO3JAEUCTBUU PEHTTEHOBCKUM U Y®-U3JTYUYEHUEM
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[IpencraBneHbl pe3ybTaThl HCCIACAOBaHMS BIUsIHUs peHTreHoBckoro (0.07 uM) u yaptpaduonerooro (207 Hm)
M3JIyYCHUS] Ha CKOPOCTH DJIEKTPOOCAXKICHUS, CTPYKTYpY U MEXaHWYECKHE CBOWCTBA KOMITO3MLIMOHHBIX TTOKPBITHIA
Ni/Au, hbopMUpYEMBIX 13 MPOMBIILICHHOTO 3JIEKTPOJINTA, COACPIKAIET0 HAHOYACTHIBI 30710Ta. B Xome uccnenosa-
HUH OBUIO YCTA@HOBIJIEHO, YTO JCHCTBHE YJIBTPa(hHOIETOBOTO M PEHTICHOBCKOTO M3ITyYCHHS Ha MPOIECC IIEKTPO-
OCXKICHUS] KOMIIO3UIMOHHBIX MOKphITHit Ni/AU PHBOIXT K BO3PACTAHUIO MAacCOBOTO HPHPOCTA Ha SIMHHILY ILIO-
A U CKOPOCTH HapaIIMBaHMA MOKPBITHH 3a CUCT YBEIMUYCHUS MTOTOKOB TU()()YHIUPYIOMNX HOHOB BOCCTAHABIIH-
BAaeMBIX METAUIOB K KaTOy, a TaKkKe CII0COOCTBYeT (JOPMHPOBAHMIO CIUIOLIHBIX KOMITAKTHBIX HMOKPBITHH. YcTa-
HOBJICHBI 3aBUCHMOCTH MacCCOBOTO MPUPOCTa MOKPBHITHI OT INIOTHOCTH TOKA OCAXICHUS, 3aKJII0YAIOIINecs B MOHO-
TOHHOM POCTE CKOPOCTH HapaiuuBaHus NOKpbITHi Ni/AU ¢ yBenmMYeHHEM IIOTHOCTH TOKa. Y CTAaHOBJICHBI, 3aBUCH-
MOCTH MUKPOTBEPJOCTH KOMITO3UIIMOHHBIX MOKPBITUH Ni/Au, MOSy4eHHBIX IPU PEHTTEHOBCKOM U Y D-n3iydeHuy,
OT IUIOTHOCTH TOKa OCAXIICHHMS, 3aKIIOYAIONINECs B YBEIMYEHHH MMKPOTBEPAOCTH MOKPHITHH C YBEIUYCHHEM
TUIOTHOCTH TOKA OCKAEHHsI, YTO 00YyCIIOBICHO (POPMUPOBAHUEM MEIKOKPUCTAIIIMYECKOH CTPYKTYpPbI TabBaHHYe-
CKHUX TOKpBITUI 1MoJI 00MydeHHeM. AHaAIN3 3aBUCUMOCTEH, MOJIYYEHHBIX JJs 00pa3loB, OCAKIACHHBIX B YCIOBUIX
00ydeHus], MoKas3all, 4To Bo3JeiicTBUe peHTreHoBCcKUM u3nydeHueM (0.07 uM) u Y®-uznydenuem (207 HM) Ha
3JEKTPOJIMT B IPOLECCE NEKTPOOCAKACHHUS KOMIO3UIIMOHHBIX NOKpbITHiI Ni/Au npuBoauT K (GOPMHUPOBAHHUIO T10-
KPBITHH C MOBBIIICHHON TBEPIOCTHIO B CPABHEHUH C HEOOIy4aeMbIMH 00OpasliaMu. YBEINYEHHE MHUKPOTBEPIOCTH
00JTyJaeMBIX MOKPBITHH CBSI3aHO C UX IUIOTHOCTHIO, KOTOPAsi B CBOIO OYEPE/b 3aBUCUT OT YCIOBHH 3JIEKTPOOCAXKIE-
HUS, B YACTHOCTH OT AJIMTEILHOCTU | HO3BI OOIy4EHHS, a TAKKEe KOJINYECTBA HAHOYACTHI] B TOKPBITHH.

Knroueesvie cnosa:. KOMIIO3UITIOHHOE IMOKPBITUEC; HAHOYACTHULIBI, DJICKTPOOCAKACHUC, yJ'IBTpa(i)I/IOJ'IeTOBOQ n3iny-
YCHUC; PCHTTCHOBCKOC U3JTyUCHUC.

ELECTRODEPOSITION OF Ni/Au COMPOSITE COATINGS
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The results of the study of the effect of X-rays (0.07 nm) and UV (207 nm) radiation on the rate of electrodeposi-
tion, structure and mechanical properties of composite Ni/Au coatings have been electrodeposited from electrolytes
containing gold nanoparticles are presented. In carrying out research it was found that the effect of UV and X-ray
radiation on the electrodeposition process of the Ni/Au composite coatings leads to an increase in the mass gain per
unit area and the rate of growth of coatings due to an increase in the flux of diffusing ions of reduced metals to the
cathode and also promotes to the formation of compact composite coatings. The dependencies of the mass gains of
coatings over the current density are established. It is shown that mass gain- current density curves permanent in-
crease with an increase in the current density. The dependencies of the microhardness of Ni/Au composite coatings
effected with X-rays and UV radiation over the current density of deposition have been obtained. It is established
that microhardness of the Ni/Au coatings increases with an increase in the current density of deposition. This phe-
nomena is caused by the formation of a dispersed structure of composite coatings under irradiation. Analysis of the
microhardness-current density of deposition curves shows that exposure with X-ray radiation (0.07 nm) and UV
radiation (207 nm) of electrolytes during electrodeposition of Ni/Au composite coatings leads to the formation of the
coatings with increased hardness compare with non-irradiated samples. An increase in the microhardness of the irra-
diated Ni/Au coatings is associated with their density which depends on the crystallization modes and the quantity
of nanoparticles in the coating.

Keywords: composite coating; nanoparticles, electrodeposition; ultraviolet radiation; X-ray radiation.
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Beenenune

B cBsi3u ¢ MIKUPOKUM HUCHOJIH30BAaHHUEM B
MPOMBIIIJICHHOCTH  3aIIUTHO-AEKOPATUBHBIX
HUKEJIEBbIX MOKPBITHH aKTyalbHBIM SIBJISET-
csl pa3pabOTKa TEXHOJOTHH AJIEKTPOIUTHYC-
CKOTO MOJYYEHHS] KOMIIO3UIIMOHHBIX MOKPHI-
tuit (KOII) ¢ TpebyemMbIMH IKCILUTyaTallMoOH-
HeiMu  cBoiicTBamu [1]. OcoOblii mHTEpec
npencrasisier ¢popmupoanune KIII ¢ nano-
YyacTUllaMU OJaropojJHbIX METaJuIOB, MOJTY-
YEHHBIX METOJIOM JIa3e€pHOM alisuu, KOTO-
pbie MOIUGULIMPYIOT CBOICTBa rajibBaHUYe-
CKUX TIOKPBITHI Ojaromapsi CBOei HaHOpa3-
MEPHOCTH, a TakXe Oyaronapsi CBOUM CBOM-
CTBaM, NMPHOOPETEHHBIM B MpoIlecce Jas3ep-
Hol a6t [2].

OnHUM W3 TEPCHEKTHBHBIX HAlpaBIICHUH
B cdepe MoaubUKalUU MOKPHITUN SIBISIETCS
pa3pabotka meronoB (opmupoBanust KIII
MPU BO3JICHCTBUU HOHU3UPYIOIIUM H3TyYe-
HHUEM Ha OJJIEKTPOXMMHUYECKYIO CHCTEMY.
JlanHOe HampaBleHHE CBS3aHO B TEPBYIO
oyepesb C COBMECTHBIM COOCAXKIECHUEM
HMOHOB BOCCTAHABIMBAEMbIX METAJIOB U Ha-
HOYACTHUI[ OJIATOPOIHBIX METAJIOB HA KAaTO/IE
U3 KOMIUIEKCHBIX JJIEKTPOJIUTOB MpPHU 00IIy-
YEHUU DJICKTPOXUMHUYECKOW CHCTEMBI MOHU-
3UPYIOLIMM HM3JIy4€HHUEM U paclipejlelleHueM
HAHOYACTHI] MIOKPHITHIA IO 00BEMY .

Lenbto gaHHOM paboOTHI OBLIO HCCIIENOBA-
HUE BIUSHUS HOHU3UPYIOUIETO N3TYUYCHUS Ha
CKOPOCTb DJIEKTPOOCAXKICHUS, CTPYKTYpy H
CBOWCTBAa MOKPBITUA HAa OCHOBE HUKENS,
HAHOCTPYKTYPHUPOBAHHBIX  HAHOYACTHIIAMH
Au, MoJTly4yeHHBIX METOJIOM JIa3epHOM alus-
i [1].

MeToauku ucc/ie10BaHusA

IToxpeiTus Ni/Au mosyyanu U3 TPOMBIII-
nerHoro »yextponuta, (NiSOs —170 /a3,
MgSO4 — 40 r/am®, NaxSOs — 60 r/mm, NaCl
— 7.5 t/nm®, H3BO3 — 27.5 r/)1M3). Kouren-
Tpalusi HaHOYACTUI[ 30JI0TA B AJIEKTPOJIUTE
cocrassia 0.5 /v,

[ToKphITHS OCAXKAATUCH NMPHU IUIOTHOCTAX
toka ot 1 10 3 A/mm>.

MukpoTBepA0CTh MOKpHITUN Ni/Au n3me-
psnack Ha 1udpoBom TBepromepe KASON
59-HV, cornacuo I'OCT 2999. Hccnenosa-

JUCh TOKPBITHS, CPOPMUPOBAHHBIE B TOJIE
pentreHoBckoro (0.07 um) u Y ®-u3inyueHus
(207 um).

Pe3yabTaThl U MX 00Cy:KIEeHUE

Ha pucynke 1 npuBenens! rpaduku 3aBu-
CUMOCTEN HCCIIEA0BAHUS MAacCOBOI'O IPHUPO-
cta Ni/Au NOKPBITHIA, MTOJTYYEHHBIX U3 3JIEK-
TPOJIUTOB C KOHLIEHTpalMed HaHo4YacTull Au
0.5r/nM%,  0ONy4eHHBIX  PEHTTCHOBCKHM
(0.07 um) u Y ®@-uznyuenuem (207 um).

OOHapyKeHO, YTO C YBEJIUYEHHEM ILIOT-
HOCTU KaTOJHOTO TOKa OCA&XJIEHHUS Macco-
BBl MPUPOCT MOKPHITUM yBennunBaercs. Ha
pucyHke 1 BUIHO, YTO M3MEHEHHUE MacCOBOTO
npupocta MokpsiTuil Ni/Au ¢ yBenmuueHueMm
MJIOTHOCTH TOKA OCAXKJIEHUS YBEITUYMBACTCS
MPAKTUYECKH JIMHEHHO, YTO KOPPEIUPYET C
3akoHamu Papaznes.
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Puc. 1. 3aBUCHMOCTH MaccOBOTO MPUPOCTA HA €IHHU-
Iy IUIOMaau NOKPBITHI Ni/Au OT IUNIOTHOCTH TOKa B
none wm3nydenus (1 Ko.; 2 - o6mr UV,
3 — 061 X-ray)
Fig. 1. Dependencies of the mass gain per unit area of
the Ni/Au coatings over the current density in the field
of radiation (1 — control; 2 — UV; 3 — X-ray)

OO6napyxeHno, uto aeiicteue Y D- u peHT-
TE€HOBCKOI'O M3JIy4eHMsI Ha IIPOLIECC IEKTPO-
KPUCTAUTU3AIMH KOMIIO3HIIMOHHBIX TOKPBI-
it Ni/AU U3 BOIHBIX 3JIEKTPOJIUTOB IPHBO-
T K YBEJIMYCHHUIO CKOPOCTH HapallWBaHUS
MOKPBITUH 3a CUET YBEIUYEHHUS IOTOKOB
TubyHAUPYIOMUX HOHOB BOCCTaHABJIMBae-
MBIX METAJIJIOB K KaTOy.

[Toka3zaHo, 9TO NP BO3JECHCTBUU PEHTTE-
HOBCKMM H3JIy4YEHHEM Ha D3JEKTPOJUT, CO-
JIep>Kaliie HaHOYaCTHUIbl 30JI0Ta, CKOPOCTh
OCAXJIEHUS] KOMIO3MIIMOHHBIX TOKPBITHI
3HAYUTEIBHO BHINIE, YeM TPH BO3ACHCTBUH
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yIbTpaduONeTOBBIM U3My4YeHHeM. JlaHHas
3aKOHOMEPHOCTh HAOII0/aeTCs Ui BCEX HC-
CIIEyeMbIX IIJIOTHOCTEH KaTOAHOIO TOKa
ocaxxieHus. [lpeanonoxuTenbHo, AaHHBINA
ekt oOycnoBneH 0Ooyiee WHTCHCHBHBIMU
paavanMOHHO-XUMUYECKUMH TIPEBpAILCHMSI-
MU, MPOTEKAIOIIUMU B BOJHBIX 3JIEKTPOJIH-
Tax 0pU BO3JACHCTBUM HMOHU3UPYIOLIETO
PEHTTEHOBCKOTO H3JIyYE€HUs HEXEIU IpHU
BoszelicTBun Y O-uznyuenus [3].

[IpencraBisyio MHTEpEC MCCIEAOBAaHUE
BJIMSHUS HWOHU3HUPYIOLIErO M3JIy4YEeHHUs Ha
CTPYKTYpPYy U CBOWCTBAa NOKPBITUH U3 3JIEK-
TPOJIUTOB, COJIEpX AIIUX HAHOYACTHUIBI OJa-
TOPOAHBIX METALIOB. MeTonaMu pacTpoBOU
3JIEKTPOHHOW MMKPOCKONHMHU  HCCIEI0BAHA
CTPYKTypa HUKEJIEBBIX MOKPBHITUNA C HaHOYa-
CTHIIAMH 30JI0Ta, cPOPMHUPOBAHHBIX B IOJIE
pentrenoBckoro (0.07 um) u YO (207 um)
U3IIy4YECHHUS.

beuto obHapyxeHo, uTo Mop(hosorus mo-
BEPXHOCTH O0pPa3IoB, CHPOPMHUPOBAHHBIX B
YCIOBHAX OOJlydeHHs] PEHTTEHOBCKUM U
YO - uznyyeHueMm, OTIMYACTCA OT KOH-
TpOoNbHBIX Ni/AUu METKO3EpPHUCTON CTPYKTY-
pOii ¥ HaJIMYMeM MEIKOAHMCIIEPCHBIX 00pa3o-
BaHUM, YKAa3bIBAIOIIMX Ha IOBBIIICHHYIO
TJ1aIKOCTb.

PesynbpTaThl M3MepeHHs: MUKPOTBEPIOCTH
Ni/Au, MoJIy4eHHBIX MPH Pa3IUUYHON MJIOT-
HOCTH TOKa, OOJYYEHHBIX B IPOIECCE DJIEK-
TPOOCAXIEHUSI PEHTTEHOBCKUM U Y O-
W3IyYeHHUEM, TIPUBEICHBI HA PHUCYHKE 2.

Ha npencraBieHHbIX 3aBUCUMOCTSIX MHK-
POTBEPAOCTH OT IJIOTHOCTU TOKA OCAXKACHMUS
KOII Ni/Au BUJHO MOHOTOHHOE yBEJIMYEHHE
MUKPOTBEPAOCTU MOKPBITHI C PpOCTOM ILIOT-
HOCTHU TOKa OCaXIEHHS, 4YTO CBsI3aHO (hop-
MHPOBAaHUEM MEJIKO3E€PHUCTBIX MOKPBITUIA
IPU TOBBIILIEHHOW CKOPOCTBIO 3JIEKTPOKPH-
CTAJNTM3alliu B MHTEpBaje padouyux IIOTHO-
CTEH TOKa.

AHanu3 3aBUCUMOCTEH, MOJYYEHHBIX IS
00pa310B, OCAKICHHBIX B YCIOBHSIX 00iIyde-
HUS, YKa3bIBAa€T, YTO BO3JECHCTBHE PEHTIE-
HOBCKUM wu3iyuyeHueM (0.07 um) u YO-
uznydeHueM (207 HM) Ha SJEKTPOJIHT B MPO-
necce anekrpoocaxaeaus KOII Ni/Au npu-
BOJAUT K (HOPMHPOBAHHIO MOKPHITHI C TO-

BBIIICHHOW TBEPJOCTHIO B CPAaBHEHUU C HE-
00sTy4aeMbIMH 00pa3IaMH.

Muxkpotsepaocts HV, MIla

200 A

T

1,0 1,5 2,0 2,5 3,0
TInoTHOCTH TOKA j, Alnm?

Puc. 2. 3aBucuMMOCTH MHMKPOTBEPAOCTH HOKPHITHI
Ni/Au OT MIOTHOCTH TOKA B oJjie u3nyuenus (1 — k.0.;
2 — 061. UV; 3 — 061. X-ray)

Fig. 2. Dependencies of the microhardness of Ni/Au
coatings over the current density in the field of radia-
tion (1 — control; 2 — UV; 3 — X-ray)

YBenu4eHne MHKPOTBEPAOCTH 00ITydae-
MBIX TOKPBITUM CBS3aHO C MX IUIOTHOCTHIO,
KOTOpas B CBOI OYEPEAb 3aBUCHUT OT YCJO-
BUI KpUCTAIM3AIUA U KOJIMYECTBA HAaHOYA-
CTHII B TOKpBITHH [4].

[ToCKOJIBKY DJIEKTPOOCAXKACHUE BEJIOCH
IIPU BO3JCHUCTBUHM DPEHITEHOBCKUM U Y-
W3JIyYEHUEM Ha DJIEKTPOJUT, TO MOYKHO
MPEIOI0KUTh, YTO BCJIEACTBUE pagually-
OHHO-XMMHYECKUX TpeBpalleHuil B o0mIyya-
€MBIX DJJIEKTPOJIUTaX MW WHTECHCU(DUKAIIUU
T y3UMOHHBIX MPOIIECCOB MPOIYKTaMH pa-
auonuza npoucxomut ¢opmupoBanue KOII
Ni/Au ¢ MOBBIIIIEHHOH TIOTHOCTHIO.

3akawuyeHue

[IpoBeneHsl  HCCNENOBAHUS  BIIMSHUS
MOHU3HPYIOLIErO0 M3Iy4YEeHUsI Ha CKOPOCTh
AIEKTPOOCAKACHUS, CTPYKTYPYy M CBOMCTBa
MOKPBITUI HAa OCHOBE HUKEIIsS, HAHOCTPYKTY-
PUPOBAHHBIX HAHOYACTHIIAMH Au, TOJIy4YeH-
HBIX METOJIOM JIa3epHOM abIsAIuu.

B xone uccnenoBanmii OBIIO yCTaHOBIIE-
HO, YTO JCHCTBUE PEHTIEHOBCKOI'O H3ITy4e-
HUS Ha MPOIIECC AIEKTPOOCAKIACHUS KOMIIO-
3UIUOHHBIX MOKpbITHH Ni/AU Ha MOAIOKKU
13 Hu3Kkoyriepoaucton cramu O8km mpuBo-
JIUT K BO3PAaCTaHUIO MacCOBOTO MPUPOCTa HA
EAVHUITYy TUIONIAIM W CKOPOCTH HapaliuBa-
HUS TOKPBITUM 32 CYET YBEIUYEHUSI TOTOKOB
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TG PYHAUPYIONMX HOHOB BOCCTAHABIIMBaE-
MBIX METAJUIOB K KaTofdy, a Takxke (HhopMHupo-
BaHUIO CIUIONIHBIX KOMITAKTHBIX MOKPBITHH,
C MOBBIIIEHHOH MIOTHOCTBIO.

OOHapyXeHO yBETHMUYEHHE MHKPOTBEPIO-
ctu (HV) oOiydaemMbIXx KOMIIO3WIIMOHHBIX
Ni/Au MOKpHITUH B CPaBHEHUE C KOHTPOJIb-
HeiMu  KOII. VYcraHoBieHBl 3aBHCHUMOCTH
MHUKPOTBEPJOCTH OT IUIOTHOCTH TOKa Oca-
xaeHuss KOII Ni/Au, mnoiaydeHHBIX Mpu
PEHTIC€HOBCKOM M Y D-U3IIy4eHHH, 3aKIIO-
Yaroluecs B YBEIMYEHUU MHUKPOTBEPIOCTH
MOKPBITUH C YBEIMYEHHEM IUIOTHOCTH TOKa
OCaXICHHUS.
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