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Effects of Current Density on Microstructure and Properties of Graphene Composite

Electroforming Layer Under Supercritical Fluids
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Abstract: The influence of current density on the microstructure and mechanical properties of the graphene composite
electroforming layer based on nickel were investigated under supercritical carbon dioxide fluid (SCF-CO,). Graphene
composite electroforming layer based on nickel was characterized by scanning electron microscope (SEM), digital micro
hardness tester, micro friction and wear testing machine, optical profiler and so on. The results indicate that the microhardness
and the wear resistance of the composite electroforming layer increase gradually with the growing current density from
3 A/dm® to 9 A/dm*. When the current density keeps increasing, the microhardness and the wear resistance of composite
electroforming layer begin to fall. In the cases of 10 MPa, 52 ‘C, 50 min and 9 A/dm?, the microhardness of graphene
composite electroforming layer reaches the maximum of 860 HV, ,, the cross section wear scar area attains the minimum of
1 145 pm?, and the content runs up to the maximum of 0.713%. Compared with the conventional electroforming, the
microhardness and the wear resistance of graphene composite electroforming layer fabricated by electroforming under
supercritical CO, are increased by 1.25 times and 1.31 times, respectively.
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experimental apparatus

G AL A EHRE SR T © Bk
kAN R RS R 485 B BA R . BHAR AT
FIEE . 00, P RR AR FORG UG 7E FL %5 256 B 9 R
e b, R SR, @ 546 BERER
filo BCHl6S mLHLBEWE, A HE30 min B IS
WML 5335 mL A A A 88 I T R (K ¥ T 5
if, JEJ£0.6~1.0 nm, })JZE0.5~5um), ##BH
k2 h, HAE A SBIERINE~0.015g: b5
BT 0 S BN EA A SR IR IR, T
0.1 mLER v PEFIR & A REL h, FCHA
AR A PR ) 360 r/min. @) WG FE. ¥
BC 4T 152 A G R N I S, IR L B
PSS B SE R e . BB IEES2 T, COLE
7110 MPa. i J5 75 50 € IR N3 64 9
12 A/dm?, PETTHIEZET V, UGBS
50 min. @ RFEEALTE, AL SE TS 2 I 25
FRAMBAGRHARE AT IE Ve AL B, Al

BRI BN A Z 0 ok ik
5 A0 AH R A L, IR RS A
FORI L PR A —B, LHRMACO,, HEER
SE LR . RS T 24 Rt ik,
5 RRAH B I S RE R RAEAPERE IR, 2 I FL
N9 A/dmPi R I A SR A S TR A
U, D@ 20 N9 A/dm? 5T X L.



55 4 1] LT, A LIRS ORI S S R SR OW A A 5 P RE K B 25

1.2 ShSRIE

K FHS-3400 84 o B A SRR R A Fl
B 2 W R ORI SR 347 W82 ;. R FHHD-Xpert
PROBYUX S LR AT A1 845 55 4 5 2 R T ) AH 2
1750, Culll, HHVER: 10°~80°, . 0.013°
j# I Nanovea PS50 258 BRSO A 2B 46 B A 4%
R EHRS B AT IR, i E K6 mm, P
K10 pm, FHHHEE3.33 mm/s.

i 1 CS-2800 Y kit 73 AT A 0] 1 524 B FL A%
EEWEHATIE, DULBIRAEREAT I, FE 5
HEO0.15g, M40 s. R o ) 2 s
PEFINER ¢ 0 = W T A, HA¥fae
U, #INERA0.1 mL. RN, F40R5087%5 %
BREVEER], XI5 & &R B RA KK
SO, IR AR S T Bk A T A
i

K HHXD-1000TMS/LCD %Y 5 i f i1 %4 &2
A LB I S AR R AT ORI, R # e
0.2 N, fR{TESEIN10s, FEREAAE FIERSAS A
BTN, B 2ARE A D SAS AU

K FiNanovea TRBZY B ## B= f5 i I WL 0T 2 &
HLBG 2 AT I VR, XA @ 6 mm) P &
BK, #ATI0ON, BEFFEAS mm, ##400 r/min,
FfIE]15 min, =i, TE4E. HNanovea PS507
LR T E A B E BRI, S
A2 mmx2 mm, ZK10 um, FFEEE3.33 mm/s.

Graphene

(a) 3 A/dm?, SCF-CO,

Graphene

(d) 12 A/dm?, SCF-CO,

Graphene

2 GFER5SH

21 WNEABEEBEETRAERBMRAENEIT

BI2 AN R B FE R A a8 0 56 B 2 T
I, ME2@)~(d) AT LUK IR B HL I R ) 3
NI 5 S U EA R SR R ST Ry R MT R s
DIRER G HREERI, X2 KNS %
W, FAMa AL BEE T, R A SR
YK T I B T s, R P SR I K
R RBEEIN. MRS, 2
G5 2 A SR R RN B RO A D 1
H, IR R A I R g, R 1T
FURER 2 FT e m T A8, ARG5S 48R
ARELILFEE IR, EE%HEPABBIRANE
HIL T P

W3 ST A I SR 0 A R AR T R
HINE2(e), ARGEGHEZRIER, %280%
P2, fEmEEAD, WIS A % 0
WMEGHENENRE, ARKEES, FER
D] S 8 W 7 LA D0 B P A% o 1 e AR I 1, B
RUETHEG 2 BB M A Sl & &

it — SRR iR oA, it CS-2800 ik fint
ST A BIGE A B E S EETIE. B
NEESEEHEEARBESEZRIIXRN
K3, BEEHRMEENERKEGHEZTAEMEE
B ETHE NERES, HEREERECRT

Am
S

Graphene

(e) 9 A/dm?, normal condition

2 ANFHE R A S R G e R TS

Fig. 2 Morphologies of the graphene composite electroforming layer under different current density
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Table 1 Thickness and roughness of the graphene composite

electroforming layer under different current density

Curr(il.t die]g;lty/ Pcrzizri?itcl)(r)ln Thickness /pm  Ra/pum
3 SCF-CO, 39.95 1.49
6 SCF-CO, 40.33 2.06
9 SCF-CO, 52.03 3.37
12 SCF-CO, 61.62 5.07
9 Normal 85.35 8.86
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Fig. 4 XRD patterns of the graphene composite electroforming
layer fabricated by different methods



543 LT, A LIRS ORI S S R SR OW A A 5 P RE K B 27

N

W%, rads O, NRTH A, rad. BIE4TTE: 5
BN TMESHEEZEML, BIHRARET
(111) (200)F01(220) & [T AT 5 U 5 5 A P 59
U v B R OK . HFE G EIE A s R AH
e BB 0 T REARVRR VA M, R [RD PR o T A S U
Ab, EIRFFARBRAREE G EAERK
(2 U B8 o WU A B 2 SR RLAE /DN, AR,
TX T B R I PR B AN SO AR T 45 S B A —
SR, T H A4 55 2 deohr e B F AR

*2 AREKEARBREGOKNSEXSEITEEER AN
EX

Table 2 XRD intensity and texture coefficient of the graphene
composite electroforming layer in crystal plane (hk/)

Preparation condition

Toghiy Normal SCF-CO,
]D.lffracpon TCyy/ % DllffracFlon TCo! %
intensity intensity
10011y 3417 33.37 2378 31.15
42200 1246 28.97 1014 31.62
21220 810 37.66 597 37.23
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Fig. 5 Microhardness of the graphene composite electroforming
layer under different current density

R EE N, TR SR A, (R,
H ¥ 5 oA i S ) ks, B B Ak RS = AR
M, AT ZRE, A [E— 5 E AN [H
X 3k AT 2 R AR, A AR R N . M
LB P — D R, R R T U R b
I, A SR UTE E F BBV e TR T TR
E, BEHEETABBIRNE TR, HEH
IR R

242 T B SE R

Xof AN [5] LU B R A A S R B A SRR R S
HL 55 J AT BE R BE A, WK 58 RS P d i
FROERAAR B G AR R R T R 33D I S L
IR, VENIE6. SCF-CO%MFF, HXt
T El6(a)b)(e), E6(c)F M EBIREER, (LREHI
BRI IR . B 6(a)(b) 1 B R T ALK
K, Ee6(e)ikz, FWIHHREEAEI A/dm’ i,
526 L 2 IO S PR B T o ARV T L B R
9 A/dm*[I B4, SCF-CO, &1 il 15 1 7 S8 45
HEW%E BB AR, W EEEE . HAkd
RIWF3.

JE i Nanovea PS50% e 22 58 B AL H 77 /Y
Professional 3D¥AF ] TH 5 &2 A L85 2 B IR AT
AR, B SAS f, BCHPIME . %S
R& W 2T B R AR TR ok 2 WL 7

BT AT DATE A I IR B B E9 A/dm?
W, 2E RN BRBINAR RN, 1145 un?,
UG I 55 S I B 1 e s TIAE @ B BE R A,
HLL % FE 99 A/dm?sy, 56 LR 2 1 B R AR
%1 500 um?,

% ETE3~9 A/dm* 2 7], & H%ZEEIR
BRI T, R B R BT, gk
GRMG KR R, BRI EN A&, A
FE G B VEATE T R X R B A R
FRERIOR, WIS A b TR, SRR
F RGO IR B 3G g, B AR
SRR RGN, = T I A O A
BIRAUKE B R EER, AT
TEAUEZMENE. MEmEEE A — ek
FEJG, A S IRmUTIE R A G TR T I
WA, SEWEETARGHRAE TR, A5G
MEEGHE R E RS, %EME TR, H
iy B Pt S I R Rt A



28 = B X @ L FE 2016 4F
m
4”43 wm pm m
) 178 b
N /] 20 : 20
0 I
o[
3.57 s ~— 15
0 -122
pm ‘ I 10
= {
203 ‘ s° ‘
0~ NE'E
009 A
hm Isgg 0

(d) 9 A/dm?, normal condition

preparation condition

(¢) 9 A/dm?, SCF-CO,

m

X =
0 'k

um
975 1

(e) 12 A/dm?, SCF-CO,

Bl6 AR HLI AR FEM 46 25 A0 N Ao 280 52 A v 08 22 O 3D BT B LAl v e s 14

Fig. 6 3D view and outline view in cross section of graphene composite electroforming layer under different current density and different

®3 AERECRFEMEMLMNKLER

Table 3 Test data of the wear resistance of the graphene composite electroforming layer

C‘“T(f:t d‘iflﬂ;ity / Pcrzflzrii‘iﬁin Maximum depth / pm Crs‘i:‘r saerZZ‘;n“:lfar Wear rate / (10 *mm®*N "-mm ")

3 SCF-CO, 11.9 1 648 1.648

6 SCF-CO, 522 1532 1.532

9 SCF-CO, 12.5 1223 1.223

12 SCF-CO, 3.54 1345 1.345

9 Normal 18.5 1500 1.500
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Fig. 7 Cross section wear scar area of the graphene composite
electroforming layer under different current density
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