Friction and Wear
2025, vol. 46, no. 2, pp. 199—206
A.Ya. Grigoriev et al.

Tpenue u usnoc
2025. —T. 46, Ne 2. — C. 199—206
AA. T'puzopves u op.

YIK: 621.892.83

Biausinue MmoanpuuupoBaHHoOro rpageHa Ha
TPUOOTEXHUYECKHE XaPAKTEPUCTUKH IJIEKTPOJIUTHYECKHUX
HHUKEJIb-MOJUOICHOBbIX NOKPBITHH

AL Tpuropnes!, .M. I'yues!, B.I'. Kynpuuxnuii', X.B. Tpan?, T.B. Hryen?, T.B. ®am?,
®.J1. dou?, ®.A. I'puropnes!, H.K. Mbimkun'

'ocyoapecmeennoe nayunoe yupescoenue «HHCmumym mMexanuxy MemaiiononuMepHoix cucnem
umenu B.A. benoeo HAH Benapycuy,
ya. Kuposa, 32a, 2. I'omens 246050, Berapyco

2Hncmumym mamepuanoeedenus. Boemnamckoti akademuu Hayk u mexono2ui,
ya. Xoane Kyox Bvem, 18, 2. Xanou, Bvemnam

Tlocmynuna 6 pedaxyuro 31.03.2025.
Iocne oopabomru 15.04.2025.
Hpunsma x nyoauxayuu 21.04.2025.

HccenenoBano BIusHAE coocakaeHHoro MoaudumuposanHoro rpynmnoid COOH rpadena (GrO) Ha Tpu-
OOTEeXHHYECKHE XaPAKTEPHCTHKH JCKTPOIUTHUECKUX HUKEIb-MOIUOIEHOBBIX TOKPBITHH. [TokpbITHS dop-
MHUPOBAJMCh HA TIOBEPXHOCTU HIITH(POBAHHOH BHICOKOYTIIEPOJUCTON CTAT METOJIOM BIIEKTPOOCAKACHUS U3
BOJIHOTO 3JIEKTpONUTa Ha OcHOBE cyibdara Hukens (NiSO4) u monmbaara Hatpust (NazM0O4) ¢ nucniepcHpIM
GrO. ITokppITHS TTOTYYaIH P IUIOTHOCTH TOKa 2,5 A/mM? u koHneHTparnusiax GrO ot 0,05 o 0,2 r/n. Tpu-
0OTEeXHUYECKHUE UCTIBITAaHUS TToKa3and, uto BBeaeHue GrO B korneHTparuu 0,1 1/1 cmoco0cTByeT hopMupo-
BaHHUIO MOKPBITUS C PABHOMEPHOH CTPYKTYpOH, oOecreunBaromeii MUHUMAIBHBIA KOA(QQHUINEHT TPeHHUs
(0,38—0,45) u mmpuny nopokku TpeHus (25—110 mxwm) npu Harpyske 0,25—1,0 H. BoisiBiena 3aBucu-
MOCTh TPUOOTEXHHYECCKUX XapaKTEPUCTHK OT KOHIIEHTpAIMK YacTHll rpadeHa B pabodyeM pacTBope: HpU
0,1 r/n nocturaercs papHOMepHOe pacnpeaencaue yactuil GrO, 4To MPUBOJIUT K CHIKEHHUIO KO3 GUITUCHTA
tpenust Ha 3040 % ¥ yMEHbBLICHUIO IUPUHBI TOPOXKKH TpeHus Ha 40—55 % mo cpaBHeHUIO ¢ 0a30BBIM
Ni—Mo nokpeitueM. [Ipu yBeandeHun KOHIIGHTpaIMy Yactuil Bbime 0,1 1/ HabmogaeTcst pocT mepoxoBa-
TOCTH TOKPBITHIA, YTO OYEBHTHO BBI3BAHO arjioMepanyeid 1 n30bITOYHBIM BKITFOUCHHEM YaCTHII HATTOJTHHUTEIIS
B CTPYKTYPY MOKPBITHS, YTO B COBOKYITHOCTH MPUBOAMT K (hopMHUpoBaHUIO OoJiee rpy0oil 1 HEOAHOPOJHOM
MIOBEPXHOCTH U YXYALIAIOLIMH ero TpuOoTexHHuIeckre cBoiCTBa. IlomyueHHble pe3ynbTaThl IOATBEPKAAIOT
MEPCIEKTHBHOCTE UcnoNib30Banusi GrO B cocraBe 3NEKTPONUTHYSCKUX Ni—MoO TOKPBITHH Uil CHIKCHHUS
TPEHUSI U YBEINYCHUS] HF3HOCOCTOMKOCTH.

KuroueBble c10Ba: HUKEIb-MOIHOACHOBBIE IOKPBITHUS, JJIEKTPOOCAKICHNE, HAHOHATIOTHUTEH, OKCHJI TPpa-
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Abstract

The effect of co-deposited graphene oxide (GrO) modified with COOH groups on the tribological char-
acteristics of electrolytic nickel-molybdenum coatings has been studied. The coatings were formed on the
surface of polished high-carbon steel by electrodeposition from an aqueous electrolyte based on nickel sulfate
(NiSO.) and sodium molybdate (Na-MoOQ.) with dispersed graphene oxide. The coatings were obtained at
current densities 2,5 A/dm? and GrO concentrations from 0.05 to 0.2 g/L. Tribotechnical tests have shown
that introduction of GrO at a concentration of 0.1 g/L promotes the formation of a coating with a uniform
structure, ensuring a minimum friction coefficient (0.38—0.45) and a wear track width (25—110 um) under
aload of 0.25—1.0 N. A dependency of tribological characteristics on the concentration of graphene particles
in the working solution was revealed: at 0.1 g/L, a uniform distribution of GrO particles is achieved, leading
to a 30—40 % reduction in the friction coefficient and a 40—55 % decrease in wear track width compared
to the base Ni—Mo coating. When the particle concentration exceeds 0.1 g/L, an increase in coating roughness
is observed, likely caused by agglomeration and excessive inclusion of filler particles in the coating structure,
which results in the formation of a rougher and more heterogeneous surface, thereby degrading the tribolog-
ical properties of the coating. The obtained results confirm the promising use of GrO in the composition of
electrolytic Ni-Mo coatings to reduce friction and increase wear resistance.

Keywords: nickel-molybdenum coatings, electrodeposition, nanofillers, graphene oxide, friction, wear re-
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