HAHOMATEPUANDI

XPOMOBOE rAJIbBAHUYECKOE MOKPDITUE,
MOAUOULNPOBAHHOE OKCUAOM PAGEHA

M.Hacpayu™, acnupaum, (ORCID: 0000-0002-8152-1793), }0.B.JlumosKa, d.m.H., npo¢.,

(ORCID: 0000-0002-5792-340X) / nasraoui.mariem@gmail.com

M.Nasraoui*, post-graduate, (ORCID: 0000-0002-8152-1793), Yu.V.Litovka, Doctor of Sc. (Technical), Prof.,
(ORCID: 0000-0002-5792-340X)

DOI: 10.22184/1993-8578.2020.13.1.34.38
[Mony4yeHo:16.11.2020 1.

NpoBegeHO 3KCMepUMeHTa/bHOe MuCCefA0BaHUE MUKPOTBEPAOCTU MOJIYY4EHHOro XpPOMOBOrO
rajibBaHU4eCcKoro nNoKpbiTUS U3 CTaHAAPTHOIO 3/1eKTPOJIMTa, HAHOMOAUPULUPOBAHHOIO OKCUAO0M
rpadeHa. BbisBneHo, 4To Npu Ao6aBneHUM B 3/1eKTPONUT okcupa rpadeHa c KOHUeHTpauuen
10 Mr/n MUKpOTBEpAOCTb XpPOMOBOIro MOKpbITUSA Bo3pactaeT Ao 1064 Kr/mm? (no cpaBHeHUIO
C XpPOMOBbLIM MOKPbITUEM, MOJIY4EHHbIM U3 CTAHAAPTHOrO 3/JeKTPOJMTAa XPOMUPOBaHUSA 6es
[06aBOK, yBeM4YeHMe MUKpPOTBEpA0CTM cocTaBnseT 19,8%).

The microhardness of galvanic chromium coating obtained from a standard electrolyte
nanomodified by graphene oxide has been studied experimentally. It was observed that when
graphene oxide is added to the electrolyte at a concentration of 10 mg/l, the microhardness
of the chromium coating increases to 1,064 kg/mm? (as compared with the chromium
coating obtained from the standard chromium electrolyte without additives; the increase in

microhardness is 19.8%).

BBEJAEHUE

PaHee mpoBefeHHble HCCIeJO0BAaHUS MOKa3alH,
YTO MCII0/JIb30BaHMe HAHOYACTHUI, OJHOCIOMHBIX
yITIePOAHBIX HAHOTPYOOK [1], MHOTOCIOMHBIX yTIJIe-
ponHBIX HaHOTPybok (MYHT) mapku "TayHuT" [2]
Y HaHOa/IMa30B [3] B XpOMOBBIX TaJibBAHUYECKUX
npoleccax Mo3BOJsieT MoN1y4aTh MOTOKHUTENbHEIE
pe3yabTaThl C TOUYKH 3PeHHU S IOBBIIIeHU ST QYHKIHO-
Ha/JbHBIX CBOMCTB ra/IbBAaHHYECKHUX IIOKPBHITHH
M, B YaCTHOCTH, IOBBIIIEHUSI MUKPOTBEPAOCTU
U U3HOCOCTOMKOCTH MOKPBITUH.

BbIsiBIeHO, YTO NPHU KOHLEHTPALUU OJHO-
CIOMHBIX yIIepOAHBIX HaHOTPybok 50 Mr/n
MHUKPOTBEPAOCTh XPOMOBOIO IOKPBITHUS BO3pac-
TaeT 40 858 kr/MMm? [1], Ipu KOHLIEHTPALLUU MHO-
TOCJIOMHBIX yIJepOgHBIX HaHOTpPybok 80 Mr/n
MHUKPOTBEPLOCTh XPOMOBOI'O IOKPBITHS BO3pac-
TaeT o 1024 xr/mm? [2], Ipu KOHLEHTpPAaLUU

HaHO0aJIMa30B 12 /11 MUKPOTBEPLOCTh XPOMOBOTO
MOKPBITHUS Bo3pacTaeT fo 1050 kr/mm? [3]. 1o cpas-
HEHHIO C XPOMOBBIM IIOKPBITHEM, IOJYYeHHBIM
W3 CTAaHZAPTHOTO 3JIeKTPOJIUTA XPOMHUPOBAaHUS be3
no6aBOK, yBelH4YeHHUEe MUKPOTBEPLOCTH COCTAB-
JIsseT, COOTBEeTCTBEeHHO, 16, 20 u 23%.

HNHTepecHBle pe3yJbTaThl IIOJAYyUYeHHBl IPHU
HWCII0/JIb30BAHUU B ra/ibBAaHOTEXHUKE NOCTATOUYHO
HOBOTO HaHOMaTepHuasa - okcuzga rpadena (GO).
3HauyUTeIbHOE yBeINYeHHe COIIPOTUB/IEHU I [10J15-
PU3aLMU U CHUXKEHHe CKOPOCTH KOPPO3UH Habio-
JanHUCh A KOMIO3HMILIMOHHBIX IMOKPBITHH Zn-
GO 1o CpaBHEHHIO C YUCTBHIM IOKPBITHEM Zn [4].
CKOpOCTh KOPPO3HH IIOCTEIIeHHO CHUXKAJIACh C YBe-
JTAYeHHEeM KOJIM4YeCTBa OKCHUAA rpadeHa B IIOKPHI-
TusX. [Ipu o6aBIeHUHU B 3JIeKTPOIUT OKCHUIA I'pa-
deHa c pasHBIMU KOHLeHTpauusmu (0,125, 0,25,
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0,375 u 0,5 r/n) II0JIy4YeHO yBeJIHYeHHe TOJIIHUHBI
IIOKPHITHUSA 10 6,41 MKM. JobaBieHHe OKCHUIA rpa-
deHa M3MeHHJI0 MUKPOCTPYKTYPY ¥ MOPHOJIOTHUIO
3JIEKTPOOCAKAEHHBIX KOMIIO3UIIHOHHBIX ITOKPHI-
TuH Zn-GO.

Onupasch Ha MO3UTHUBHBLIN ONBIT INIPUMeHe-
HHUS HaHodacTull: OYHT, MYHT mapku "TayHUT"
M HaHOA/IMa3o0B B rajibBAHOTeXHHKe, IIpeaCcTaB-
nsieT UHTepec IpoBeJleHHe UCCIef0BaHU I BIUSHUS
OKCH A rpadeHa Ha XapaKTePUCTUKHU rajibBaHHyYe-
CKHX IIPOLIECCOB M, B YACTHOCTH, HAa MUKPOTBEP-
JIOCTb XPOMOBBIX IIOKPBITHUH (poTorpadus oxkcuma
rpagena, mosiy4yeHHas C UCII0Jb30BaHKUEM aTOMHO-
CHJIOBOTO MHUKPOCKOIIQ, ITpefiCTaBIeHa Ha pUc.l).

TeXHOJIOrU IOJIyYeHU s OKCH A rpadeHa OCHO-
BaHa Ha YCOBEPIIEHCTBOBAHHOM MeToze XaMMepa -
OddemaHa, KOTOPBEIH 3aKJIOUYAETCS B OKUCIEHHUU
IPHUPOSHOrO rpaduTa NepmMaHIaHATOM KaJlHUi
B Cpe/ie KOHIIeHTPHUPOBAHHON CEePHOM KHUCJIOTHI
U pasbaBeHHUH peaKLMOHHOM CMeCH BOJOH. [locie
3TOr0 OCYIIeCTBISIOT 06paboTKy peaKIMOHHOM
CMeCH BTOPBIM OKHC/IHTe/NeM (IIepeKHChI0 BOLOPOAA)
M IIPOMBIBKY IIOJYY€HHOIO YIJIepPOoACOoAepsKallero

IIPOAYKTA OKKMC/IeHHS PACTBOPOM KHCJIOTHL, 3aTeM
BONOI. B KadecTBe yrjepoJHOro MaTepHasa
HCIIONIB3YIOT IPAdHUT, a mepes 06paboTKoI mepMaH-
raHaTOM Kalus IpadUT SOIOTHUTeNbHO 06paba-
TBIBAIOT PACTBOPOM IIePeKKUCH BOLOPOJA B CEPHOM
KHCJI0Te, IIPHYeM KOJTHYEeCTBO IIepeKKUCH BoJopoaa
6epyT ot 0,15 mo 0,30 macc. 4. Ha 1 macc. 4. rpa-
¢uTa B riepecyere Ha 100%-HyI0 ITIepeKKUCh BOOOPOLA
[5]. IToc/ie OTMBIBKH OT KMCJIOT M COJIeH MapraHia
IPOAYKT IIpeACTaBaseT 060k BOAHYIO AUCIIEPCHIO
C KOHLleHTpallMel CyXoro BemecTBa (OKCHAA I'pa-
dena) 1%. OO0 "HanoTexIlenTp" (r. Tamb0B) BBIITY-
CKaeT [Ba BUJAA oKcHJa rpadeHa: CTaHAAPTHBIHN
okcus rpadeHa U okcuj rpadeHa rinybokoro okuc-
neHusd. Okcup rpadeHa raybokoro OKHUCAeHHUS
OT/IIMYaeTCsd MeHbIIHUM JIaTepaJbHBIM pa3sMepoM
yemyek (mopsifika 1-5 MKM) U ylIy4IleHHOH KOJIJIO0-
HJTHOM CTabMIBHOCTBIO B BOJHBIX PACTBOPaX.
Llesnpio paboTEL SIBNISIETCSI HCCIeOBAHHE MUKPO-
TBePAOCTH IIOJIYyYEeHHOI0 OCaZiKa TeXHOoJoruue-
CKOI0 IIpoLiecca IoJy4eHU s HAaHOMOOHUQUILIUPOBAH-
HOTO XPOMOBOTO raj/ibBAHUYeCKOTO IIOKPBHITUS IIPH
no6aBIeHUH B 3IeKTPOIHT OKCHU/A rpadeHa.

INTRODUCTION

Previous studies have shown
that the use of nanoparticles,
single-walled carbon nanotubes
(1], multi-walled carbon nano-
tubes (MWCNTs) of the Taunit
brand [2] and nanodiamonds
(3] in chromium galvanic pro-
cesses enables to obtain posi-
tive results in terms of increas-
ing the functional properties of
galvanic coatings and, in par-
ticular, increasing the micro-
hardness and wear-resistance of
coatings.

It was observed that the
use of single-walled carbon
nanotubes concentration of
50 mg/l increases the chro-
mium coating microhardness to
858 kg/mm? [1], at multi-walled
carbon nanotubes concentration
of 80 mg/l - to 1,024 kg/mm? [2]
and when nanodiamond concen-
tration is equal to 12 g/I the chro-
mium coating microhardness

grows to 1,050 kg/mm? [3]. In
comparison with the chro-
mium coating obtained from
a standard electrolyte with-
out additives the microhard-
ness arises to 16, 20 and 23%,
correspondingly.

Interesting results were
obtained when using a com-
paratively new nanomaterial in
the galvanotechnics, so-called
grapheme oxide (GO). The sig-
nificant increase of polariza-
tion resistance and decrease
of the corrosion rate have been
observed in case of Zn-CO com-
posite coatings as compared
with a pure Zn-coating. The
corrosion rate gradually drops
with an increase in the amount
of graphene oxide in the coat-
ings. Adding of graphene oxide
at different concentrations
(0.125, 0.25, 0.375 u 0.5 g/) to
the electrolyte leads to accretion
of the coating up to 6.41 p. The

microstructure and morphol-
ogy of the electrically deposited
composite Zn-GO coatings were
changed by adding of the gra-
phene oxide.

It is interesting to investigate
the influence of graphene oxide
on the galvanic process charac-
teristics, particularly, on micro-
hardness of the chromium coat-
ings (see a photo of graphene
oxide obtained using an atomic-
force microscope in Fig.1) on the
basis of a positive experience
of applying the nanoparticles,
SWCNTs, MWCNTs of the Taunit
brand and nanodiamonds in
galvanotechnics.

The technology of graphene
oxide production is based on the
improved method of Hummer -
Offerman, where natural graph-
ite is oxidized with potassium
permanganate in the concen-
trated sulfuric acid medium
with followed dilution of the
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Puc.1. Okcud epageHa
Fig.1. Graphene oxide

METO/AbI UCCNEAOBAHUA

ITony4yeHMe rajbBaHUYECKOTO XPOMOBOIO IIOKPHI-
THS OCYILIeCTB/ISIOCH C IIOMOIIbI0O HaubosIee pacpo-
CTPaHEHHOIO B IIPOMBIIIJIEHHOCTH CTAHLAPTHOTO
Cy/n1b$aTHOTO 3JIEKTPOIMTA XPOMUPOBAHHU A C/IeY IO~
I1ero cocTaBa: aHruApuA xpoma CrO;- 250 r/1; cep-
Has kucnora H,SO, - 2,5 r/x.

B mccmenoBaHUM B KavyecTBe KaTola HNpUMe-
HSJMMCh KBaJpaTHbe IJIACTUHBI, U3TOTOBJIEH-
Hble U3 cTaau Ct3 miaomanpo 0,1 ;M2 (30x30 MM).
[TokpBIBaach TOJNBKO CTOPOHA, obpameHHas
K aHOAY; obpaTHas CTOPOHA M30JHPOBaIaCh.

B xadecTBe aHOAA HUCIIOb30BajIaCh CBUHIIOBAS
IIJIaCTHHA CJleAyoliero coctaBa: 10% omosa u 90%
cBuHIIAa. COOTHONIIeHHUeEe IJIOoIagH aHOa — KaTom 1: 1.

[Toce IPUTOTOBIEHUS U NPUPAOOTKHU 3JIEKTPO-
JIWTa XPOMHUPOBAHMS OCYIIEeCTBU/IM HaHeCeHHUe
XPOMOBOTO ITOKPBITH S K3 3JIeKTPOIUTA 6e3 106aBoK.

Jlanee oCylmeCTBHJIM HaHeCeHHE XPOMOBOLO
IIOKPBITHS K3 3JIeKTPOJIHUTA, B KOTOPHH mobaB-
JISIZICS B PA3HBIX KOHIEHTpanusix (oT 7 1o 52 mMr/n)
okcup rpadeHa rnybokoro oKHUC/IeHHUs, KOTOPBIH
BeinyckaeTcss OOO "HaHoTexLleHTp". Ilepen BBeme-
HUeM B pabouull 37IeKTPOIUT BOLHAS OUCIEPCHUS
okcupa rpadeHa rinybokoro okucaeHUs obpabarsl-
BaJIaCh YbTPA3BYyKOM [JIsl YyMeHbIIEHH I arPeraluu
4acTHUL,.

B Ka>XJoM BapHaHTe HAaHOCH/U IIOKPBITHE
Ha N4Th AeTaneld. MUKPOTBepAoCTh Hy monydeH-
HOT'0 IIOKPBITU S U3MePSIach C IIOMOIIBI0 ITpubopa
IIMT-3M.

MukporBepmoMmep IIMT-3M npefgHasHa4YeH O/
HM3MepeHHsI MUKPOTBEpIOCTH MaTepHUaIOB MeTO-
IOM BAABAHMBAaHHUS B HCIOBITYeMBIH MaTepHal
a/IMa3HOI0 HAaKOHeYHMKA BUKKepca ¢ KBaApaTHEIM
OCHOBAaHMEM YeTHPEeXT'PAHHOM MUPaMUAEI, 0be-
CIleYyHBalollell reoMeTpHUYeckoe U MexaHHUUYecKoe
nojgobue OTIIeYaTKOB 10 Mepe yIaybleHus HHAeH-
Topa IO AeHCTBHUeM Harpy3ku. M3aMepeHHe AHa-
TOHaJeH OTIe4YaTKOB IPOM3BOAMIM C IIOMOILIBIO
$OTO3/IeKTPHUYECKOT0 OKY/JISPHOIO0O MUKpOMeTpa
®OM-1-16 c aBTOMaTH4YeCKOHN 06paboTKON pe3ynibTa-
TOB U3MepeHHUs. [lorpemHoOCTh U3MEepeHHU s COCTAB-
nsna 2%.

reaction mixture with water.
After that the reaction mix-
ture is treated with another oxi-
dizer (hydrogen peroxide) and
the prepared carbon-contained
oxidation product is washed
first with an acid solution then
with water. Graphite is used as
a carbon-contained material.
Before being treated with potas-
sium permanganate, the hydro-
gen peroxide sulfuric acid solu-
tion is applied to wash graph-
ite. In this case hydrogen per-
oxide should be applied in the
amount of 0.15 to 0.30 mass
units per 1 mass unit of graph-
ite in terms of 100% hydrogen

peroxide [5]. The final product
is water dispersion with a con-
centration of dry substance (gra-
phene oxide) equal to 1% after
washing out acids and manga-
nese salts. NanoTechCentre LLC
produces two types of graphene
oxide: standard graphene oxide
and graphene oxide of deep oxi-
dation. The graphene oxide of
deep oxidation differs from the
standard one by smaller lat-
eral size of flakes (nearby 1-5 p)
and improved colloidal stability
of aqueous solutions. The aim
of the work is to study micro-
hardness of the precipitate
obtained when producing the
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nanomodified chromium gal-
vanic coating by doping electro-
lyte with graphene oxide.

RESEARCH METHODS

Galvanic chromium coat-
ing was achieved with the aid
of a widely used industrial
product - the standard sul-
phate electrolyte for chrom-
ing of the following composi-
tion: chromium anghydride
CrO; - 250 g/l; sulphuric acid
H,S0,-2,5g/l.

Square plates made of
St3 grade steel of 0.1 dm?
(30 x30 mm) were used as the
cathode in the experimental
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Tabauua 1. Pe3yabmambl 3KcnepumeHmos no onpedeneHuUro mu-
Kpomaepdocmu XpomMog020 NOKPbIMUSI C pa3HbIMU KOHUEHmpa-
uusiMu oKkcuda zpageHa 2nybokozo oKUCAeHUS

Table 1. Experimental results of the chromium coating
microhardness at different concentrations of the graphene oxide of
deep oxidation
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tration of >" (relative value),
kg/mm
GO,mg/I %
0 888 100
7 1057 119,031
10 1064 119,819
17 1036 116,666
35 1028 115,765
52 764 86,036

Ha ka>kgoM obpasiie MUKPOTBEPLOCTh U3Meps-
71ach B ISITH TOYKAX, B KOTOPHIX OTIIeYaTKH IIOJY-
YaJluCh CHMMETPUYHBIMU, [I0CJIe YeTro pe3yib-
TaT ycpeAHsics. [lajiee IPOBOAU/IOCH yCpelHEHHUE
10 BCeM MSTH JeTaasIM KaK/0To 3KCIIepHMeHTa.

Puc.2. 3agucumocms Mukpomeepdocmu Xpomos0o20 NoKpbl-
mus om KOHUeHmpauuu okcuda 2pageHa 2ay60kozo oKUCAeHUs
Fig.2. Chromium coating microhardness versus the concentra-
tion of graphene oxide of deep oxidation

PE3Y/IbTATDI

Pe3ynbTaThl pe/cTaBieHHl B Taba.1 1 Ha puc.2 (Ha
pHC.2 yKa3aHbl Cpe/lHee 3HaUeHHe K TUCIIePCH S 3KC-
IepUMeHTa/IbHbIX JaHHBIX).

OBCYXAEHUE

B pesynbTaTe IpoBeleHHBIX 3KCIIEPUMEHTOB BBISIB-
JIEHO, YTO MUKPOTBEPAOCTh XPOMOBOI'O IIOKPBITH S ITPH
nobaBleHUH OKcHAa TpadeHa r1y6oKoro OKHUCIeHHU s

research. Only the side of the
plate facing the anode was
coated, the other side was
isolated.

A lead plate of the following
composition: 10% tin and 90%
lead was used as the anode. The
ratio of the area of the anode to
cathode was 1:1.

Plating of the chromium coat-
ing was performed after the
preparation and ageing of the
chromium electrolyte without
additives.

Then, a chromium coating
doped with graphene oxide of
deep oxidation at various con-
centrations (from 7 to 52 mg/l)

produced in NanoTechCenter
LLC, Tambov city, was applied.
Aqueous dispersion of gra-
phene oxide of deep oxidation
was treated by ultrasonic before
adding it into the working elec-
trolyte in order to decrease the
aggregation of the particles.
Coated were 5 parts for every
combination of concentra-
tions. Microhardness Hy of the
obtained coating was measured
using of PMT-3M tester.

The PMT-3M microhard-
ness tester is designed to mea-
sure microhardness of materi-
als by pressing a Vickers dia-
mond tip with a square base of

a tetrahedral pyramid into the
test material, which provides
geometric and mechanical sim-
ilarity of prints as the indenter
deepens under the action of the
load. Diagonals of the prints
were measured using a FOM-1-16
photoelectric ocular microme-
ter with automatic processing of
the measured results. The mea-
surement error was 2%.

Microhardness of each sample
was measured at 5 points where
the prints were symmetrical,
after which the results were
averaged. Further averaging was
carried out for all 5 parts of each
experiment.
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BO3pacTaeT, IPHU 3TOM Haubosbllee 3HaUeHUE
MUKPOTBepAocTu (1064 Kr/MM?) MMoJy4yeHO IPHU
KOHIIeHTPAIlMH OKCHJA TpadeHa ITybOKOro OKHC-
neHus 10 M1/ (10 CpaBHEHHUIO C XPOMOBBIM ITOKPBI-
THeM, IIOJlyYeHHBbIM K3 CTAaHAAPTHOIO 371eKTPO-
nUTa XpoMHUpoBaHUS 6e3 1o6aBOK, yBelIHUYeHUE
MHUKPOTBEPIOCTH cocTaBiser 19,8 %).

BbIBO/ibl
IIpoBefeHO 3KCIIepUMeHTa/IbHOe HCCIe[JOBaHUe
MHUKPOTBEPJAOCTH I0JIy4YeHHOI 0 XPOMOBOTO raJlb-
BAaHUYECKOI0 IMOKPBITHUS M3 CTAHAAPTHOIO 3JIeK-
TPOJIUTA, HAHOMOAUPHUILIUPOBAHHOTO OKCHOM
rpadeHa rinyboKkoro oKMC/IeHHs.
IKCIepUMeHTa/JIbHO YCTAHOBJIEHO, YTO f06aB-
JeHHe OKCHJIa rpadeHa ryboKoro oKUCIeHU S yBe-
MUYHMBaeT MUKPOTBEPAOCTh XPOMOBOIO IIOKPBHI-
THs. BBISIBJIEHO, YTO HAaMUBbICIIAS MHUKPOTBEp-
0oCTh 6bl/a MoJyueHa NpHU fobaBIeHHUU OKCHIA
rpadeHa c KOHIeHTpaluer 10 MI/1, MUKPOTBep-
JOCTb XPOMOBOTO MHOKPBITHS yBeJIHYHBAETCS
c 888 10 1064 Kr/MM? (110 CPaBHEHHUIO C XPOMOBBIM
IIOKPBITHEM, II0TYIE€HHBIM M3 CTAHAAPTHOTO 3J/IeK-
TPOIUTA XPOMHUPOBaHUS 6e3 106aBOK, yBenuue-
HHe MUKPOTBePAOCTHU COCTaBseT 19,8%).
XpoMoBOe MOKPHITHE C MOBBIIIEHHON MHKPO-
TBepAOCTbIO (M, KaK CAeJCTBHe, C IOBBIIIEH-
HOM HM3HOCOCTOMKOCTBIO) IpPefCTaBIsieT HHTepec
JJIs MCIIOJIb30BaHHS Ha JeTalsaX, MOABepKeH-
HBIX JUHAMHUYECKHUM Harpy3KaM B pexkKHMe Tpe-
HUsi. CPOK 3KCIIJIyaTallUU AeTajeld, XpOMOBoOe
MIOKPBITHE Ha KOTOPBIX I10JIy4eHO U3 371eKTPOIUTA

C OKCHOOM rpacpeHa, CymecTBeHHO BblIle, YeM
IIPpH HUCIIONIB30BAHHH TPAAUIIHOHHOTO XpPOMOBOTO
IIOKPBITH .
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RESULTS

The results are presented in
Table 1 and Fig.2 (Fig.2 shows
average value and dispersion of
the experimental data)

DISCUSSING

As a result of the experiments, it
was found that the microhard-
ness of the chromium coating
doped with the graphene oxide
of deep oxidation increases,
while the highest microhardness
(1,064 kg / mm?) was obtained
at 10 mg/l concentration of gra-
phene oxide of deep oxidation
(as compared to the chromium
coating obtained from standard

chromium electrolyte without
additives, the increase in micro-
hardness is19.8%).

CONCLUSIONS

An experimental study of micro-
hardness of the obtained chro-
mium plating from a standard
electrolyte nanomodified with
the graphene oxide of deep oxida-
tion was carried out.

It was experimentally estab-
lished that addition of the gra-
phene oxide of deep oxidation
increases microhardness of the
chromium coating. It was found
that the highest microhardness
was obtained by adding graphene
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oxide at a concentration of 10 mg/l,
the chromium coating microhard-
ness increases from 888 kg/mm? to
1,064 kg/mm? (as compared with
the chromium coating obtained
from the standard chromium elec-
trolyte without additives, the
increase in microhardness is 19.8%).

A chrome coating of increased
microhardness (and, as a result, of
increased wear resistance) is inter-
esting for use on parts subject to
dynamic loads in a friction mode.
Lifetime of the chromium-coated
parts obtained from the electro-
lyte with graphene oxide is signif-
icantly longer than with a con-
ventional chromium coating. ®
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