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Preparing technique of Ni-Gns composite coating by ultrasonic
assisted jet electrodeposition
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Abstract: Aiming at the shortcomings of traditional graphite negative electrode, such as low specific capacity, large
volume expansion of charging, resulting in instability of electrode structure and poor rate performance, it is
proposed to use nickel graphene nanosheet ( Ni—Gns) composite coating as a cathode electrode material for lithium
—ion battery. To verify the performance of this material, a new ultrasonic assisted jet electrodeposition experiment
device is developed, and the Ni—Gns composite coating is prepared under different process conditions. Then, the
battery negative electrode is fabricated based on such composite materials.. An orthogonal experimental method is
employed to measure the discharge capacity of the electrode over 50 charge/discharge cycles, and the
electrodeposition process parameters are optimized. The results show that the dominant electrodeposition parameters
sequences : added amount of Gns m > coating thickness h > current density D > bath temperature T'; optimized
process parameters: m =0.75 ¢ + L™, h =30 wm, D =33 A - dm™, T = 35 °C. The surface morphology and
microstructure of the optimized coating are observed, which show the Ni — Gns composite coating has a compact
structure and a good interface bonding. For transition metal-carbon composite materials, the mechanism model for
the electrodeposition process of carbon nanofibers (whiskers) as reinforcement in this composite is proposed. The
study suggests that the ultrasonic wave can improve the efficiency of electrodeposition and the structure of the
coating. Under the synergistic action of power ultrasonic and electrodeposition, Ni (matrix) and Gns ( reinforcing
phase) connected by “nickel bridge” between the overlapping form dense and uniform distribution of “percolation
conductive network ”. Combined with Gns’ s multilayer thin honeycomb lamella structure and its excellent
mechanical and electrochemical properties, the material has excellent conductivity and stable structure, and is
suitable for lithium ion battery cathode material.

Keywords: Ultrasonic assisted jet electrodeposition; Ni—Gns lithium ion cathode material ; orthogonal experiment;

nickel bridge; percolation conductive network ; radiative transfer model of lithium ion
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Fig. 1 Schematic illustration of ultrasonic assisted jet

electrodeposition test device
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Tab.1 Factors and levels of orthogonal test

e Gns B4 m/ WL D/ P PEJRIREE by
(g-L7Y)  (A-dm™?) RET/C wm
1 0.25 27 25 30
2 0.50 33 30 40
3 0.75 40 35 50
4 1.00 46 40 60

SHH m, =025 gL', m, =050 g L,
my;=0.75¢g-L", m, =1.00¢g - L", 47K I
D, =27A-dm?, D, =33 A-dm>, D, =40 A -
dm™, D, =46 A - dm™>,4 N/KF; BT, =25 C,
T,=30°C, T,=35%C , T, =40 C,4 K>¥;H
h, =30 pm, h, =40 pm, h; =50 pm, h, = 60 pum,
4 IR
1.4 SEIEMRIRRIE

IR A B R I KA 45 4K, R 50 mmx
15 mmx5 mm. ¥EH A Gns B g 503 90K FHE I
ik, 315 JCGNP-10-5, HJEEEHR 5 ~ 8 nm, 112
N 10 ~20 nm,%?@‘]d‘ﬁﬂ‘\%é@. IR FH R
FPERIC 7 a3k 2 g, %W pH = 4.0, %
1.20 g « em™. BRIEACSCIGAN , HAh T2 S 400035 3.
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Tab.2  Main composition and concentration of plating solution

used in this experiment

LB W/ (g - L)
NiSO, 270
NiCl, 45
H,BO, 35

DS 0.1

R3 HTESH

Tab.3  Other process parameters

S8 E
BEW pH {H 4
U2 IN [
5 I 720 BE/ mm 8
I E 4%/ mm 6
IEE RS S 4 U/ (mm + min™!) 500
R TERE/ (m - s7!) 3.58
AT WA/ K He 20
R I /W 200
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AT ) — 525 P W 25— 188 75 7l By ot 559 i 370
R4 J Ao T — 8 Y e
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% JH Nova Nano SEM 650 %37 & SHAH 7
4 (SEM) WA &2 & 95 2 M R L5 ; R FH FEL
Tecnai 20 %137 5 1485 ( TEM) W2 A 8% 2 A9 IO0
485Ky K I S kR AE; R B Metrohm  Autolab
PGSTATI28N %Y 23 1 Fo Ak 2% T ARl 04T HU Al PR g
R85 SR ZHCHS18D HY70 jikt f — R BLiE 47 Ha b 78
GRS
1.6 EHRMEREMNK

TSP 2R S, 78 H AR @ 10mm A9
LR AR H, F O TR LT 4, 2 )5 fE L R B4
R AE Al 2016 X HL 3. ] EC (BRR £ 44 TR )
+ DEC(BRIR — Z1i) + EMC (BRI TP Z1) BT &%
WA AR 12 1 2 1, BB R RN I 1AL
Ji5 ( Celgard 2300).
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Tab.4 Experimental scheme and data

wp O Bk :E‘bﬁ ’ffg{& BRI i@@{ﬁlﬁy

o m/ WD/ IR h/ A/

(g- L) (A-dm™?) T/C wm o (mAh - g)
1 0.25 27 25 30 352.6
2 0.25 33 30 40 327.2
3 0.25 40 35 50 300.7
4 0.25 46 40 60 280.6
5 0.50 27 30 50 322.5
6 0.50 33 25 60 318.8
7 0.50 40 40 30 335.2
8 0.50 46 35 40 330.3
9 0.75 27 35 60 352.3
10 075 33 40 50 378.8
11 0.75 40 25 40 407.0
2 075 46 30 30 402.6
13 1.00 27 40 40 383.1
14 1.00 33 35 30 417.7
15 1.00 40 30 60 3225
16 1.00 46 25 50 308.4
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Tab.5 Experimental result analysis

HE4E m/(g- L") D/(A -dm™®) T/(C)  h/(nm)
AR K, 1 261.100 1 410.500 1.386.800 1 508.100
BAEMK,  1306.800 1 442.500 1374.800 1 447.600
BHEM K, 1540.700 1 366.100 1 401.000 1 310.400
BAEF K, 1431.700 1 321.900 1377.700 1 274.200
¥IE k, 315.275 352.625 336.700  377.025
¥ k, 326.700 360.625 343.700  361.900
BIMH &, 385.175 341.525 350.250  327.600
YIME k, 357.925 330.475 347.425  318.550
2% R 69.900 30.150 6.550 58.475

H#E 5 M2 E A HT A2 & S0 HL
PERE R FEM 2 8 25 W v 8 BMIRHES S m ok D
T. %m=075g-L" h=30um,D=33A-dn”,
T = 35 Ci, iR PERE AL
22 REERSW
2.2.1 GnsBHE

Gns #5804 2 M BV RE 1% 52 i FOAILER 43 31 40
Kl 2.3 iR,

400 1

—~ 380 \
360

]

/(mAh-g

340

320 _/

300
0

LA

0.25 0.50 0.75 1.00 1.25
Gns#Bim/(g- 1.7
B2 GnsiBEX Ni-Gns EAEE BRI

Fig.2  Effect of Gns concentration on electrode performance of

Ni—Gns composite coating
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Schematic diagram of effect mechanism of Gns

concentration on Ni-Gns composite coating
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under optimal parameter combination

2.4 Ni-Gns E5ERFIEES B ERNIIE

Ni-Gns & A48 2 1050 S5 H R 1 HLEL AT < 1
S HEE B UERLE U R AR B T A A
17 (Radial model ) "® 343 By A B, WLIEL 10. VBN
HEGRAHNY Gns HAT A FRMRE, M &%= T
4K Ni R 7] B AESE Ni-Gns A HEZ it
BURE T eI AE Gns TS0 w B BB R
“ELFF(Ni bridge) ™, ffi15 Gns Z [ 47 7 35 2 (
10a) . ELARIESRHIELE (] 10b) 1) 54> Gns H1,
TAEEA Gns BN w-m FHELEH IR ;2) Gns
Z (8], B I BRAT T U s AUE B2 T A 8
S Gns BriE b — ik &2 A 0% 185 fL I, DI 344 52
BEZ S L

HH & 3 1950, Ni-Gns B PERERE % Gns 81
(IG5, 24 Gns B 0.75 ¢ - LTI Z
J& , FHERETF LR TR, IR T Gns &) B KR

Rtk FEARSCIAAE T, 2 Gns BB (AT
0.75 g - L"), HArBOR S B, i 5 5 W 251 28
I, BEH Gns BRI I, 525 LR 1 5 H PR R HE
JE AR AR S K T R SR T Gns B
S0 TR R I A SRR Al e L R X
WIS — M TE ENHIE Gns 55 Ni BRI 45 5 2 B2 45
U, ST L IO B R T R R SR N
PSR Gns BEBZH (FT0.75¢ - L), — &
PEEH Gns EE TR, ZREGTEEZ N Gns
WIRAE—R, IF B A A2 2], (15 52 5 022 iy
RN RO PO R O LT BB TR PN B S
SO AEBRIE PR B9 U i FECE LR R R E
1M B 1 U 4 2 SRR Gns 1Y
B 0.75 g - LR E SR ZIAR KT 5
HL R 245 14 < I B R

(a) “ G BOWIE 5 (b) “ B LR B
B 10 Ni-Gns EGE RSB MEEERIIE

Schematic diagram of the mechanism of conductivity

Fig.10
enhancement of Ni-Gns composite coatings
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