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Effect of metal particles on electrochemical
intercalation/deintercalation Li performances of
natural flake graphite
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(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The intercalation/deintercalation Li performances of natural flake graphite (NFG) doped with metal particles,
such as Ni, Cu and Zn, were studied. The experimental results show that the metal particles are effective to improve
cycling behavior and rate performance of NFG. One of the main reasons for these phenomena is that the metal particles
can effectively reduce the graphite electrode resistance and accordingly ensure intimate contact between graphite particles.
The mechanism of that Ni and Cu can improve the cycling behavior of NFG is different from that of Zn. The electroless
Ni and Cu on the surface of graphite can effectively prevent the intercalation of solvated Li ion and maintain the structure
stability of graphite, thus improve the cycling behavior. The reason that Zn doping improves cycling behavior of graphite
is probably for the formation of Zn-Li alloy from the Zn lithiation reaction during the intercalation process which is
beneficial to form stable SEI film on the surface of carbon electrode.
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Fig. 1 XRD patterns of NFG-Cul0(a) and NFG-Ni10(b)
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2 F£4h NFG-Ni10 Fil NFG-Cul0 [¥] SEM &

Fig. 2 SEM images and element mappings of sample NFG-Ni10 and NFG-Cul0: (a) NFG-Nil0, element line scan; (b) NFG-Nil0,

element mapping; (c) NFG-CulO0, element line scan; (d) NFG-Cul0, element mapping

MR S5 R B oR, A7 SR ORFETC RN 2 82 £ JE S, Cu.
Ni 48R LA 38 ) Hh B AE 7E R SR A1 25 (1 ks
K, HABEWRIREE N T 0.3 um.

1 s 5B 4% Cul0%. Nil0%. Zn10%[H)
B sabt i Al S RHPTEE 10 Hz, R
1 V)o LG 4 FHFESAEAR 0 i s BR T LA IR,
AN[R] <62 JRBHORL 145 NI AT 3R NFG IR, i1
JEUINER R ERER ORI, B ampohi A 55 (1 BH
PURRACHIE . 3 Fhd @B 2 sa it i ik B BT IR B2
ZEMA K

R SRR B 10% 47 S H 1) HL P
Table 1 Specific electric resistance of samples containing

10% metal particles

Specific electric resistance of sample/(2-m)

Pressure/
MPa  NEG  NFG-Cul0 NFG-Nil0 NFG-Znl0
45 145 10.4 105 10.3
10 10.3 8.8 8.7 8.9
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Fig. 3 Galvanostatic charge-discharge curves of initial 3 cycles for samples NFG(a), NFG-Cul0(b), NFG-Ni10(c) and NFG-Zn10(d)
(Current density: 15 mA/g; Voltage cut off: 0~2.8 V)

F2 Al Cu. Ni'5Zn# A\ & NFG FERFHT 3 IE IR A B PERE
Table 2 Initial 3 cycles charge-discharge cycle performance of NFG samples containing different mass fractions of Cu, Ni and Zn
(Current density: 15 mA/g; Voltage cut off: 0~2.8 V)

Mass 1 11 1
Metal .

) fraction/ D,/ c/ D,/ Cy/ D,/ Cy/
PN mang) mabg) " mang) mangh) 7 mahg) mangh
0 413 314 76 325 310 95 324 304 94
5 395 308 78 321 311 97 318 308 97
Cu 10 378 305 80 328 315 96 322 307 95
15 357 275 77 293 281 96 287 278 97
20 335 258 78 261 248 95 267 256 96
5 388 299 77 317 304 96 322 306 95
Ni 10 370 292 79 307 298 97 315 302 96
15 345 269 78 285 273 96 281 275 98
20 326 251 77 258 245 95 261 253 97
5 410 316 77 325 310 95 328 315 96
7 10 401 322 80 341 327 96 333 323 97
15 366 285 78 296 278 94 294 282 96
20 352 271 77 291 276 95 287 273 95

I, II, III: Cycle number; C: Charge capacity (deintercalation Li"); D: Discharge (intercalation Li") capacity; 5: Cycle efficiency.
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Fig. 4 XRD patterns of NFG-Znl0 in different charge-
discharge states: (a) After 1st discharge to 0 V; (b) After 1st
cycling

(L 4B, Zn 5 Ag®—FF, el R RS
Gy ARJE GRS — U B N (R FAR 1) XRD
TR RINAT Zn HRFIEEAELE, XU IEAS 2 TS
(1) Zn #Z 5 T BN, R Zn FIRAGIS B EAT
PIAGEAS o IR B — AN SE BEH B 5 0 HAR 1
MRRE I, A BRI FE b JE B LiZn 45 4204,
XYL R LiZn A 4P s RERE e A .
Zn MHAE R IEEYD TN, e A A 2 AR, X
ST B Zn BN G MBI RIS N Zn ORI 3=
TR

B 5 T R LR T 150mA/g I« BE S OBk
PR R AR S AR Dl ATRAE H, AL
AN P (3R 2), RLALFERY NFG FIE#E 75 5 314
mA-h/g [FKF] 58 mA-h/g. FiZE/E NFG 1B AN—E &
4 B okn, H AR BWIE K 48R =il T
10% (5 573 B0, 25 5k 2 5 KAE, 208 280 mA-h/g;
e m S wn, B E R TRES. XE
TR T 488 & ERRE, S8 135 0T DRI
BHEHLBEILZR 1), PRUFAT 8K 2 (8] S 1 gz,
T 0 A R R IR A I G, 3 T JLAE R
REs T4 O R I, PR R AR AT SR T 1) 43 )
JEAR IR, ROfTREAS T8 A8 2 RN, I4MEA
FELA 27 i/ AR P 0 4 8 (Cus N Bk M 25
BUNMOEIE Zn 2B, @R LT
HEMEN R LA R, XU Cus Niv Zn A
wEAEMET 10%.

XTEE 3 AR 4 0] itk 2k RE R S F AT BAK
W, BAEE Zn MEAGMEHE LR N E R,

a0

< 300}

<

£

>

g

E 200 F

=

=]

S

S 100F = — NFG-Zn
Q *— NFG-Cu
2 +— NFG-Ni
g5

"O 1 1 1

=z 0 5 10 15 20

Mass fraction of metal/%
B5 HORBREARS PSSR S BN IR
Fig. 5 Relationship between Ist deintercalation Li capacity
and metal content in NFG-M (M=Cu, Ni, Zn) (Current density:
150 mA/g; Voltage: 0—2.8 V)
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PG RSB AN W] 38 5 B, AT 5 B2 AN R 25
WA SR ITE B A 5] 304,
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R3 PA10%E)E Cuy Niv Zn [ Ja O RIREE A SRR S OO UBeE 42 oV [ TERE
Table 3 First Galvanostatic discharge (to 0 V (vs Li/Li")) performances for natural flake graphite samples before and after being

doped with 10% Cu, Ni and Zn (current density: 15 mA/g)

Capacity of different voltage region/(mA-h-g ')

First reversible Ratio of
Sample A-B B-C C-D } 1 . . .
capacity/(mA-h-g )  deintercalation Li/%
=0.56 V 0.20-0.56 V 0-0.20V
NFG 25 49 339 314 92.6
NFG-Cul0 18 35 325 305 93.8
NFG-Nil0 21 37 312 292 93.6
NFG-Zn10 28 32 341 322 94.4

Ratio of 1st reversible capacity to capacity of C-D voltage region.
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