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Preparation of carbon nanotube conductive paste and its effect on
electrochemical performance of LiNij3Co0y;Mn,,0,
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Abstract: Carbon nanotubes (CNTs) were prepared by chemical vapor deposition (CVD). After strong acid
sonication, the CNTs were dissolved in N-methyl-2—pyrrolidone (NMP) to prepare CNT conductive paste.
Through X-ray diffraction (XRD), scanning electron microscopy (SEM) and Brunauer—-Emmett-Teller (BET)
surface area measurement, the structure and surface morphology of the obtained CNT conductive paste were
investigated, as well as the effect of adding the CNTs as conductive agent on electrochemical performance of
LiNigC0g;Mng,0, lithium—ion batteries. The results showed that the CNTs had better dispersibility and more

mesopores after treatment with aqua regia and that Li—ion batteries using CNTs as conductive agent had a
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higher first discharge capacity than that of conventional batteries, 186.1mAh/g and 181.2 mAh/g, respectively.

Besides, the results indicated that the capacity retention rate of the former was 95.95 % after 100 cycles,

higher than that of the latter. Moreover, the former obviously showed better rate performance at 2 C, 3 C,

and 5 C rates, compared with batteries only using SP as conductive agent.(1 C=180 mA/g) Moreover, the former

had less electrode—electrolyte interface impedance.

Keywords: CVD; aqua regia; carbon nanotubes; LiNigsCoo;Mng,05 conductive agent

=R AR =B I SR VR IRSE LS AT, PN
JEKe BT A WA B CHE AR BRRHA 4 R i X A
[7) R ) = L D R 22— Al s YR 4R (EVS) FR & 8
HL BN VR 4 (HEV ) BT AN A 54l 20 ROk 9 58 1
P i BT 38A 15 Y HE. B 48 IR A% 4t
BRBNAE W R E R R W, 28] T ) 2 Q. A
FEBATERBNTT . W1 F 1k TF & 8h ik
KT B 7 F B R Y G B — L e T
Rt e T HAA BB R R A A i TC IR IS RO
FRMA, CHCNRES TR kRN —A 2%
J7 ),

B Tjima & BG40 K B WL | 56 F ik 40 K 5 7
YR H b T B AR R A 5 k. T AR B
A5 R AT B 85 A TR AR 1 B R A% 800, B 4 K
BT IR SR 55 103 s/lem/(MK) , 41K
B SIEBOT 1K 5800 W/(MK) ,MWCNTSs fi 5 4
ZHOAT 3K 3000 W/ (MK) B[R] A, = 2 fc 40 K A5 42 51)
B AR BRI R 12 ne. R, SR RN
KRN A R e T R ) = 4 R 25, AL
AT DL o AR S M R A R T LT DA e
e 1) 7 2E P RRIO. I HLAR 40 K A5 A4 B8 T i it ik B
A AR L SR i AR BB, LIU 2ESIA R 45 IR Bk 40 K
51 M ST URE 1) 2R TR ol N8 Y B oK A
ALHE ¢ s B R0y i pEfg i & 45 7
WAL S e 2 (CB) W R B0 A B 0 S i PR AR 1
kL AT DAAR G b B AE — . % T DASS A i ok
P HLAR A R L. WANG ZEPER BV 4L 75 75 il
%M LiCoO,~SP-CNTs & & P AL, #% T CNT 7
HAF TSR, (il CNT &4 T 78 5348 5 H I 45 11
YEH. 24 Super P Fl CNTs BB I 10 % (i 4 55
BORE,01 C T 2GR A A E] 150 mAb/g,
P20t 50 FPEH G AR IR RN 99.7 %, JF HAE 5 C
RO L R A 87 mAh/g, IR B HL it () S Fi
PEWA TR KR . YANG 00 3 Filr S e 570 I 44
A5 [F) T A R 2R (KB) IR GAOK A (CNT) 5 HL A1 A8
KS—6 735 S ik B SP iR &, A s TRt E

A FEF. KR (LiCo0,) 5 S . Zhg
PVDF #% Tl B FE TR A 3550 J5 il 28 s 25 5 b 1E A
HORE G5 s AT CNTHSP /Ry 5 B 5 iy s i AR
WTEN B YOI LA & R PR PERE S A SR RE DL &
R L AP R L B T H H KS-6+SP & & 31
F AR LT KB+SP %A HEBE L 4. LIN SRS
5 P[] S BB A BHE LiMn,O4 Al LiNigsMn, 50, B it
) N .

XFF R AR oo R E RN L AR S
FL ) 2 AN BB T A FRL T A 3R K2t R PR S T 1Y)
LR AR e R P e R0 P TR R v R L b 1Y
T B A R B e R A R PR RE L R AR E
RS I A S N A I L AR e A 1R S
P 71) A B 5 1 T o A AR 2 TRD DA B T P A
Z ] HE 5 3R AT 4 T R b 1 TR R R R UYL
Wt BB S bl ORORE R Ltk e B fLAR LR
G341 UL B AL B it A 2R 5008 52 5 i DR 30 5 i 1)
JIT LA 550 X B b M R AT AR R A S el S
I CVD il s g R & 5, Sl s s 4b
A S H SR SRR AR X 8 5E  H R SP X = ot
BLIE WAL B LiNipsCooiMno,0, FUTE IR | 15 R % 1k
2=k BE Y R .

1 LI

FESC I il CVD BEHI Sk 9K, POk
(i 5350 37 %) RS TR (5t it 53 40 67 %) R 1L
3IRAA), FOMA R 1 258 7 K LS R K.
V8 T 2 G R Bl 40 DK A48 A e T A 1) K TR
AL PR (K I 98 °C) B E 12 h X B 44 ok 4 UE AT R 1k
Ab B K R 8 O 25 B K BRI & pH=T TR B
AR FE 2 Y0, HE T 15 20 5 R b B S 9 Bk 9 K . BRI
4 o ZRRALAE PRI B 94 K 4, LA TNADIS 2h 43 5N
B 0.8 g, N—H it i e Bl (NMP) A 3 57 R EL 95.2 ¢
(PN Y NS R R O e Nl B Kb S B i B 90
e B i 4 PRI AR AE T FL R RO (IE i CNTs) IF:



64 RezeHtsh TR

2019 4 4 H

IR B IR AE.
1.1 #MRRE

28 3o 9 R A BT SRR R T H AR B A
MiniFlex600 7! X 5 £ 771 554 53 #7 e 24 K 45 1) 25 44
Ak, BN KA B R 3 ) {5 T AR [ ZEISS 7 EVO/
MA10 B B A AT AR R AE. 28 DL - 7543 )
e (A m0) A B2 @ 7= 3H-2000PS2 #4 H 2 1 F K fL
123 BT GRAE.
1.2 mihAR R BAEEREK

# LiNiggCooiMng, 0, IEM A BT 3 4 F) il 45
U 1) Bl 2 KA P R RO (11 3% 8 4 %) CN'Ts FlS:H,
7 B (SP) R AW 3 £ s (PVDF) #2075 11 90:4:6 i
A FN I FGFE T, BN — 5 & 1) N-H 3 i g Jo
(NMP) s ], 7247 B EREE L BRES 12 h il Bk
WATTECH R N 20 wm BIERTE , 2R AL
120 C i< T 4, LiNigsCoo Mng,0, 4 1E 2 # 59 K
35 emx3.5 cm, A1 8 8 KR BY A 40 cmx4 em il
T SRR L. TR 24 h e H Y R RO IR &
G AEE N EIEE 2.75~4.2 V B 0.1 C(1 C=
180 mA/g) AT H R AR AL, FAE 0.5 C IE¥H
100 &, XFHELMAE 0.5 C.1 C.2 C.3 C.5C 2 3lfEHh
4 YA L b A5 AR BE AT 0.1 C 7536 3 W Fe i 3
3.9 Vil R b ) 22 i BE.

2 GRS

2.1 CEERAMIEXTERANKE TN IR R

BT I 7s O Bk 48 oK A 28 0 T K Ab BT S Y
XRD K. JH K Ab BERR A4 KR4 I, T S o8 4 Ak
TSR, B 9 KA N SRR T A9 25 A TR 20 RE S 5

CNT(F /K AL BE)
o

4;0 5.0 6IO ;O 80
20/(°)
Bl1 ERAEEFHBEARKE XRD &
Fig. 1 XRD pattern of multi-walled carbon

/ \ CNT
0 20 30

1

nanotubes before and after aqua regia treatment

PR3 FE 504 | DRT LM A7 B (10 e DR R 58 HE g — 1719,
WAL T Hn] LU BILEAT A A 25.8°4b 28 7K Ak H1LS 1)
Bl 0 K A AT S U 6 PR T AR A, BR MK A Y e I
B SE AL B . AT S e e Az B Al T2 R ol S i 78
TR, X Ul B 280 oK AR BRI 7 5 R 14 5 SR A A
FHTF S B8 98 K A8 Hb 45 K AN LU f) S A7 BE R A A BE
(O BEJZ AL DT, AT M AR 45 K i 2 1A R A
JE AR IR.

HT T 40 KA 2 10 3 B i T AR 5 F) R
FIFEFEAE ) I T WA 5 IR Mg S8, R 220
TFIOKAL BRI BRG] 2 (a) iR A7 AR D B T
E PR AN A7 SR ELBRAARAE Z [ R g SERE EAR K,
VA5 Al T K AR FRUS P 2(b) RORFEAR T )i
URBRANAAE PAFAE R 2 i, JF HESE R AR KA
. RN, RS R 2 BT RS
M REAR TR AR L B SN 75 5 e A WA B T 4
THT 8RR B 5 UM DR 55 T AL SR fE.

(b) 285 R g Ak 31 14 A R
B2 m#KER SEM K
Fig. 2 SEM image of CNTs

P 3 B 7R A H B KA B R Z S i R A
F18 R R 58 A e A FLAR 23 A1 R 15T, DA 3 (a) PT LU



F104 %28 wFEF F.HMAREF

j}Z7H- é”] %’] %‘E\—P‘:— Xj_ LlNlogCOO]Mn()]OZ % 4‘& ’—%’A ‘]‘i ﬁlé \ %/; u@ 65

B, EMIEFIAE 0.1 Z 1 W B il 2k 2o T (1
TR mE BEAR /N, 0.1~0.8 TH] b IR F 22 ,0.8~1.0 [H]
U LT, H BT EEAR K. i T AR 9K A B
PLICFL /NFL Lo 3. 2 ad K Ak B S B B 9 K
BT RN JE IS, X0 N A FL Y g
RrEA ). AR X RIS HEA K TR 4 E KAk
B B A KA T, BB K AR BRS P BN KA
A Z WL & 3 (h) el DLk B2 it T oK Ab
(R B 20 K 1 /AL L LRI R L i AR Ak B
(BB KA R L, ELIRZE T i 38 1 fn A, it oK
ANER S B 25 T AR B AR R AOR A LA T, B EE R
AR — B Ze 5T o5 I 1A AL I EDRE S5 R O KL Y A1 45
B I D A R ) R J2 S e AT DD B e 40 K BT
FLECER D, DI H 2 1 AL

goof
~ 600}
%
—
E s00p  —=—cnNT
. —e— CNT(F sk Ab )
=
= 200}
0 L

0.0 0.2 0.4 0.6 0.8 1.0
53 F& (PIP,)
() 0 B ASE R 2k

0.06
__005fF
E
2 0.04f —=—CNT
= —e— CNT( LK Ab )
& 003
=
=
& 002
=
001
0.00 . . . A "
0 50 100 150 200
fL#%/mm

(b) fLAR itk
B3 EKAEATEBRHNKEN BET 547
Fig. 3 BET analysis of multi-walled carbon

nanotubes before and after aqua regia treatment

2.2 E’E)( gp‘] ﬂé % TE'J' EE. gﬁ *4 XTJ- LiNi()_sCOo.an(qu $, 1‘K

2.2.1 G R A B K
Kl 4 s NIEZIR 25 CAA . BRI 2.75~

42V H A 0.1 C(1C=180 mA/g) X 4k A v 17
TR FE R, Rl SP RS F A F Tt U
L 25 i 181.2 mAh/g; TR NGR 499 K & 5 it 77 3¢ B
J B R SR R BE 2 R 186.1 mAh/g; TR T R 4 K
T H OB T R L A A T B S A AR T ik
FL B 2 0 DR Ry 4 0 0% e 0 K A L R T LU
Y151 09 43 A 78 IE M B BE LiNiggCooiMng, O, 2 11 FE B
R 11 3 FL D 4 46 ) 0 8 A A% . O AR R T8
BRI SP R UL, B9 K A AR S5 1 B 5 IE AR}
LiNiggCoo Mng, 0, 5783 A 3 il 3XFEH RRAE (i BE £
WITEPEY) T 5 5 RN, ORI T R 9 K A5 5 ORI
P b 5 P Ll o B — 2,

F1 EAREFEHRARENERER LEMFLER
Table 1 Specific surface area, pore size and pore
volume of multi-walled carbon nanotubes before and

after aqua regia treatment

eRm A AL SRR PR LA

FE il
/(m?-g™) /(mL-g™")

(mL-g™) /nm

CNT 195.887 4 1.244 3 25.408 5 0.072 1

CNT(EKALFE)  184.283 4 1.254 2 25.0527  0.068 4

4.4
42F
40F
38
36
34F
32F
30F

ENASAY

26 (l) SIO 1(;0 1;0 2.00 250
B A B /(mAh-g™)

4 AEZHBEFIT LiNigCoyMng,0, B X 75 # B #h &

Fig. 4 Initial cycle curves of LiNi;3Co,;Mn,;0, with

different conductive agents
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