Journal of Electrochemistry

Volume 27 | Issue 4

2021-08-28

A Preliminary Study on Graphene Film-Metal Composites
Prepared by Electrodeposition

Shuang-Juan Liu

Hai-Jing Wang
2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;,
wanghaijing@ihep.ac.cn

Jing Guo
1. School of Metallurgical and Ecological Engineering, University of Science & Technology Beijing, Beijing
100089, China;, guojing@ustb.edu.cn

Peng-Cheng Wang
Hao Zhou
Cai Meng

Han-Jie Guo

Recommended Citation

Shuang-Juan Liu, Hai-Jing Wang, Jing Guo, Peng-Cheng Wang, Hao Zhou, Cai Meng, Han-Jie Guo. A
Preliminary Study on Graphene Film-Metal Composites Prepared by Electrodeposition[J]. Journal of
Electrochemistry, 2021, 27(4): 396-404.

DOI: 10.13208/j.electrochem.200614

Available at: https://jelectrochem.xmu.edu.cn/journal/vol27/iss4/8

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol27
https://jelectrochem.xmu.edu.cn/journal/vol27/iss4
https://jelectrochem.xmu.edu.cn/journal/vol27/iss4/8

527 % 54l W, 4k 5 Vol. 27 No. 4
2021 4F 8 H JOURNAL OF ELECTROCHEMISTRY Aug. 2021
[ Article] DOI: 10.13208/j.electrochem.200614 Http://electrochem.xmu.edu.cn

HRREFEaEHER-ERESTHER

TR

X RAR L, B SR EY, EMeAR2 B R & A2 SRR
(L At ERHE R HA 4 SR TR0, AL 100083;2. Hr [E b2 b s Ae W F A58 i , 36 57 100049)

HE: rERREARRY SR SRMG, EREREERIK, YT HBRENEENFHEURE T BHKL
LRAME, AXREETHETEFRAELEAMBRHE NEZR T PARTRAREHET ERRK-L2EL
MBI, HARRETEERKERNREERTEACR N RAFEME NEELE CUCr, B R £ A&
MAREH AT B BFHK -Cu, B 24 -Cr A E G EMH, FUR 338 b 80t 26 48k | 0 fn Atk 2 3
TTRME,ERERGRBHE CrEoM BN RTEASAMES, AXGAY S4B ENAZ T REFRELE
WEREEA N o B E o4, % BT C W (0001)E 5 Cr thy (110) By — 448 7 JE H 7.26%), & #% I it
JE RS MR E S, C-Cr T 4 B RN, B SAs T B E ¥ A, 5 4 C-Cr — i B C &5 Cr & & KB A& iR

Wt — PR A RE S &
KREEI: w1 B AR — EEE 4

15 &

BT BEUEAT L R T LA TR RE |
BLUF SR S | T K T RE 10 & & bR
BRSO R BT R R B
AERIH FL R A 4 T8 47 & b IR 1 1A 3 A9
{EL7T B ) VB 5 T S0 2 A 45 R P
AR R FA T TR AT, 7 SRR AR K R
FE B BRI T P LS P WU, R Mo T
RO N AR SR A LT AR B LT
Ok 8], R4S G S RER T B T T
(EAP 4T 0, (I, 7 B AR BT [ S M 2
PERO A, FERETR A 1777 T B AR JHT T 502,
SRV | 7 S AT A7 SR P TR (i %
T B e 22 S I R, £ 2207 T ) - 2 B AR

BRI, Bk SRS B R A P 2R B VERE AL
o HATREFE R

Dai 550K JEUL i Jit of] £ 52 42 J (Pt Au Al
Ag)/f S IAEEAR, i R m AR A
1% 3D Zita il 3 B LL L Zant R Dy fiE
P 5% S AR B RLE A 15 VR e 7% 2 SR A
ok L A TR G U, B T R A AETE 4 ; Wang
SOOI 7 SR A AR TR A T S AR OREAS ) 9 5
FEEL, FES R E B A BB i, IR S R
SRR T A SIS A PERE  (H S I A R
R G R S A A SRR, 2
I T ASCSES, Bl Kirihata S50 H I
BT 8 1 250 7340 R 5/ SR R 9A KA (SWC-
NT) & £ 82 ; Danilov 45095 F = f 4% B AL U0

5| F#&=X . Liu S J, Wang H J, Guo J, Wang P C, Zhou H, Meng C, Guo H J. A preliminary study on graphene film-metal compos-
ites prepared by electrodeposition. J. Electrochem., 2021, 27(4): 396-404.

Wik HYI. 2020-06-13, &1 HIY . 2020-07-20. * il iHAEE , Tel: (86-10)88233183, E-mail: wanghaijing@ihep.ac.cn; Tel: (86-10)

62334964, E-mail: guojing@ustb.edu.cn

EZRARBE RS HEFETH (No. 11505195, No. 51704021) HiH vo B4 AR L 45 %% (No. RF-TP-20-004A3, No.

FRF-TP-19-030A2, No. FRF-TP-16-079A1) %X B



554

XIBUH A : L ICRI i A1 SR 2R R S 5 PRI AL 5 -397 -

U5 245 B QK AL )22 ; Cheng S50 T L AR T
FERRET AR TS B 512 SR X 7F A 55
WAl B AL E DU S B I sT > re TR
TR Gao 5PIEA SRIRAC L FL TRV 94 K JB0kE
B BA I B R4S A, AR SCR
PeAr A BBIGA L DTS B S &, LA
W L4 )8 Cu Cr R, Ll 45 T A S ak-4 )8
ZAMKE, I T AR &8 A RR
(ORI 285 A, R FEE T LA 2 Bl L T 9 A0 A 1
6 D C R 250, 49120, 0 0 S5 PR s T B B o0 A
TR LI e SN R e-Cu B9 ST B D IE R T I
il LA A P REE DRI R LR R A e B A
AU 2 42 8 0 TR DS BT DL sE A TP

AR SCR L AR k) 4 41 S5 48-Cu Filf
BRIGAR-Cr PIFRAZ A MRE, IR TC 3 30 A AH ]
SR AR B UER T A B4 £ )8 (Cu,
Cr) BT EEA 0L, Jitt— 5 55 A B k-4
B G EARR AL T4 R T5 1
2 % Iy
2.1 AEBEK-Cu/Cr EEHBIHIE

A BRIRACIC I N T UEA T B EE DA E B
56 . ARy  NEBERE 2 min, ZEB/KIE RS
A5 80Ch 30011 AR , #LAL 5 min J5 FHZE R
IR ML b B A BRI AR AR IR, 23
fdi 05 A7 P BH % (dimensionally stable an-
ode,DSA) PAYE [ , S it L 58 o 35 > FL 3
{8 BV BB A V5 A7 ( DSA BRI ) 2 AR 5 ok Fh i T
H i BB T A 8l EHAEBARR B UTRUE 4
JRHEZ , L6 R N E 1R,

Electrolyte / Anode

™

Ajddns 1omog

\

Cathode Electrodeposited metal

1 TR g [ A 5]
Figure 1 Schematic diagram of electrodeposition experiment
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Table 1 Electrodeposition experiment parameters
. Concentration of Current density/ Bath Deposition
Experiment type . .
main bath components/(g-L%) (mA-cm?) temperature/°C time/h
Triethanolamine 12
. Glycerol 20

Electrodeposited copper . . 12.5 35 24
Tetramethylammonium chloride 45
CH,OH 205, CuSO,-5H,0 50
CI‘C|3' 6H20 107
HCOONH, 50, NH,CI 100

Electrodeposited chromium ~ NaCl 200, H;BO; 40 150 30 1
KBr 12
PEG400 4
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Figure 2 Macro picture (A), micro surface picture (B) and cross-sectional element distribution diagram (C) of GF (graphene film)

-Cu coating material obtained by electrodeposition (color on line)
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Table 2 GF-Cu coating sample scratch test results
Sample number
Observation of each scratch position Adhesion
lot number 10118097 Remark
level

-Original sample number 1 2 3 4 5 6 7
-1 No No No No No No Yes 7
-2 No No No No No No No 7 Overall flaking
-3 No No No No No No No 7 Obvious flaking
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Figure 3 Cross-sectional electron micrograph of GF-Cu diffu-
sion transition zone after heat treatment
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Figure 4 Line scanning curves of C (red) and Cu (yellow) ele-
ments in the GF-Cu coating material before (A) and after (B)
the heat treatments (color on line)
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Figure 5 Macro picture (A), micro surface picture (B) and cross-sectional diagram (C) of GF-Cr coating material obtained by elec-

trodeposition
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Figure 6 Temperature dependence of disregistry at (a) C-Cu
and (b) C-Cr interfaces (color on line)
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Table 3 Crystallographic parameters of each element

Lattice constant (25 °C)/nm

Coefficient of linear

. Melting
Element Syngony expansion o/ . Ref.
Qo Co e @goo°c (10%-K?Y) point/C
Cc Hexagonal ~ 0.2461 0.6708 0.2463 0.2475 7.1 3826 [28, 29]
Cu Cubic 0.3615 0.3621 0.3661 16.5 1084 [28]
Cr Cubic 0.3524 0.3528 0.3561 13.4 1455 [28]
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Table 4 Calculation of disregistry between GF and Cu, Cr interfaces at 25 °C

':f;:‘;?;gg (0001)C//(100)Cu (0001)C//(110)Cu (0001)C//(111)Cu
(hk1)C [1210] [1100] [2110] [1210] [1100] [2110] [1210] [1100] [2110]
(hkD)Cu [010]  [031] [011] [001] [112] [110] [101] [211] [110]
donm 0.2461  0.4263 0.2461 0.2461 0.4263 0.2461 0.2461 0.4263 0.2461
do/nm 05112 0.8083 0.3615 0.5112 0. 261 0.3615 0.3615 0.6261 0.3615
6/(°) 0 11.56 15 0 4.89 30 0 0 0
dccosh 0.2461  0.4177 0.2377 0.2461 0.4247 0.2131 0.2461 0.4263 0.2461
Syrncd% 44.81 41.69 31.92
Matching (0001)C//(100)Cr (0001)C//(110)Cr (0001)C//(L11)Cr
interface
(hkD)C [1210] [2110] [1010] [1210] [2110] [1010] [1210] [1100] [2110]
(hkL)Cr [010]  [011] [001] [001] [111] [110] [110] [121] [011]
do/nm 0.2461  0.2461 0.4263 0.2461 0.2461 0.4263 0.2461 0.4263 0.2461
d/nm 0.2910  0.4115 0.2910 0.2910 0.2520 0.4115 0.4115 0.7128 0.4115
6/(°) 0 15 0 0 5.26 0 0 0 0
dccosh 0.2461  0.2377 0.4263 0.2461 0.2451 0.4263 0.2461 0.4263 0.2461
S 1% 34.72 7.26 40.19
x5 NIRRT & A AR A
Table 5 Disregistry of interfaces at different temperatures
Disregistry 6/% Temperature (¢)/°C
Interface 25 120 800
C-Cu 31.92 31.98 32.40
c-Cr 7.26 7.24 7.21

JERY3E N, C-Cr FLAS L A T R A3, il C
5 Cr (1) A% VC L BE A I — 24271 SOTHR AT B
THsR C F Cr (A MZE &, MFHEXT C-Cu FLiH
SRR SR, C 5 Cu S BRI RE R, R —
AR VL EC B R, (H Kb PR AR A T R
P, nE 3 &l 4 s, RBXT C-Cu A4 &47
A—E RBCEERR

4B ot R AR A &, C-Cu A EI B
BA HRAR P T B S A an sl 7(A) BT, H C 7E
Cu AR FEAR BRARAR (FEIB AL IR T, C 7RI

Cu YT 50 0.03% ), WA BIELARK S
Cu Z[a] FURHUA EAMZ, &, S BEARAR , ietikk
FEE KA JCREYHL, HX 3 A A5 A R i
55, &l 7(B)Ay C-Cr AHEI 7 1579 'C ,C & 2N
3.6Wt. 00, K Az A e A SO A BB B ) CraCo, 36
Wb — 2 L EE , C A Cr T LI B Ak i (i
WU S B2 I AU S A RN R

FEECEE TS AAHIE T 2R, C 5 Cr FUE Y
Al DC T B 5, A1 BRI 4K Cr 85 i DT R SE 645
FNWEGHZ R A A M T A BG4S Cu



402 - W, = 2021 4
A C content/%(wt) B C content/%(wt)
0 0.001 0.002 0.003 0.004 % % | “‘ 5 if lIO : 15 20
7/°C T T T T 7/C [ | T
CrnCs MG Tt
1863°C P 32
1700 N 1 b oarl
L | — Y l1742°C | 1829°C
1600 o Y 1789°C, /
A -
1500 1 \
/ L+ (H%EC) | \\ L 225
! 315
1400 / 700! = L\
 (oF L
1300 / || \\ 17 j G CrCy + (C)
(Cr) \ 1612°C =
1200 1600 A= A 'y
1084.87°C L 1579c| V/ 285 @
11004 19 145 ' &
p— ~—(Cu) (Cr) + CraCs ©
0 0005 0010 0015  0.020 1500} 1(l) - 15 T 5
Cu C content/ %(at) Cr C content/' %(2; ]

7 C-Cu AHEI(A)FI C-Cr FHIE](B)"I
Figure 7 Phase diagram of C-Cu (A) and C-Cr (B)EY
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Abstract: Graphene film (GF) has excellent electrical and thermal conductivity, but low strength and hardness. In order to obtain
good comprehensive mechanical properties to improve the practical value of GF, the concept of preparing GF-metal composite ma-
terials was proposed. This work was conducted to preliminarily study the feasibility of using electrodeposition method to prepare
GF-metal composites. Two kinds of composites, GF-Cu and GF-Cr, were successfully prepared by using GF as the cathode, and
pure Cu and DSA (Dimensionally Stable Anode) as the anodes, respectively, with applying DC power externally. Employing certain
electrochemical parameters, the cation in the electrolyte moved towards the cathode directionally. Meanwhile, the interface bonding
between GF and electrodeposited metals was investigated. The surface morphology and cross-section characterization of the com-
posites by scanning electron microscopy showed that the interface bonding of the GF-Cr composite was tighter than that of the
GF-Cu composite. In addition, two-dimensional disregistry analyses were performed for the GF and metals coating interface bond-
ing. Through calculation and analysis, the disregistry of the (110) surface on Cr is 7.26%, while that of the (111) surface on Cu is
31.92% at the (0001) surface of C and at room temperature, indicating that the lattice matching degree of C and Cr is better than that
of C and Cu, which is consistent with the experimental results. As the temperature increased, the disregistry value of C-Cr interface
decreased, that is, increasing the temperature is conducive to the increase of lattice matching of both. The C-Cr binary phase dia-
gram also showed that the carbide generated by the reaction of C and Cr would further enhance the interface bonding. The effect of
heating on the C-Cu interface bonding was more complicated. The results of heat treatment experiments showed that the heating in-
creased the diffusion distance of C element to the copper coating, while the disregistry value of C-Cu interface increased with the
increase of temperature. However, the interface bonding of GF and Cu still needs to be improved.

Key words: electrodeposition; graphene film; two-dimensional disregistry; Cu; Cr
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