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Study on the Application of Composite Conductive Agent
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Abstract: Whether the conductive agent could form a good conductive network in the electrode materials is one
of the key factors that affect the performance of supercapacitor. Ultrafine hollow carbon spheres with high spe-
cific surface area and hierarchical pore structure, synthesized based on the modified Stober method, were taken
as the electrode materials of supercapacitors. And the effects of single-walled carbon nanotubes/carbon black
composite conductive agents on the performance of supercapacitor were studied with single carbon black or
single-walled carbon nanotubes as the contrast. The results show that at current density of 0.2 A/g, the specific
capacitance of sample with the composite conductive agents is 205.7 F/g, being much higher than that of carbon
black or carbon nanotubes alone. At a high current density of 100 A/g, the specific capacitance can remain a high
value of 104.0 F/g for the composite conductive agent sample, heightening 275% than that of carbon black. The
examining results indicate that the long fibrous carbon nanotubes and carbon black particles can form a dot-line
synergistic conductive network in the ultrafine hollow carbon spheres, which is the main reason of improving the
performance of supercapacitors.
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157 F/g) AL 5 B9 06 PR Fa e 1 (10 A/g 28 10 000 1K
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FLAR AR . AR T AR S o R A A R YR A IR AR TR
IR VAR F T) i s 1) Sk 30 428 ¢ Rk A FL &5 4

BAFFEATT : B 180 mL ZUJ, 60 mL 7K1 10.38 mL
TPOS ¥ T 500 mL #EJE M, 78 30 °C 7KI& T ) 24 h.
43 SAE A TPOS J5 119 0, 45 A1 180 min J5 I A 1.2 g
[B) 2% A1 1.68 mL H S . 2 1 45 R 0 M 4 o [
A, F K R 2Pt B8 0 YR R BR, 60 °C T4 24 h.
A58 R T A 700 °C F s Ak, FHR AR
5 °C/min. fi J7 ¥ AL 5 9 K 5 1 mol/L NaOH ¥
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I, e R AL 2 J L, I DA 2 A R, FL A Al Al
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Fig. 1 SEM and TEM images of HCSs
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W, ORI BN RERA S, LA A
— 7 B P ALAEE.

g3 1 BERALE A (L 2(b) ) AT AT, =

HCSs ¥ HA % 35 89 th FL. HCSs-0 i H FL 5 L i i,
LA 3 ~ 20 nm ¥4 73 A, B RAL S 5D, BALE
4 2.521 celg, T fg AL L AL 0.023 ce/g, Lb 3R TH A
J 811.4 m’/g. HCSs-45 F1 HCSs-180 f4 3 FL 1 v £L 2
B IR, HCSs-45 AL H7EHE 3L 2 nm BY X5,
FLEE P 7E 8.2 nm Ff 3T ; HCSs-180 fMFLAE 1 7E 1.5 nm
ZeAr, PALETPTE 7 om 47 = AR H HCSs-45 1Y
Lo 2R 1 AR L LA Fe k.
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Fig. 2 N, adsorption—desorption isotherm curves and pore size distribution plotof HCSs
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Tab.1 Pore structure parameters of HCSs

v HRE RERE WEREBY AL ELILESY
#uu«’%% 2 -1 —1 —1
nm nm (m>g")  (ccgh (ccgh)
HCSs-0 505+50 123+20 811.4 2.521 0.023
HCSs-45 239420 21+£5 938.1 2.435 0.254
HCSs-180  182+15 153 720 .7 2.100 0.323

VE S HUAR AR DA S A 45 537 (181 3), 7 1 360 cm
76 A7 AR RS BBE B9 D g R 1580 em I AR 3R
sp” A4 fb Bk J5L T THT P9 A 445 4% 3 1 G e W v A O, T
WA S5 A TR BB, W BN & HCSs 19 5 HL PR 1
B2, DA TR G F 2 i o A A Rk IS A 20T 78 T
HL 7).
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Fig.3 Laman spectra of HCSs
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Fig. 4 TEM images of CB and SCNTs
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RS HL R 25 1] 6(b) J2: SR T SCNTs A5 2 5 Ha 57 i
f£ HCSs-45 347, th K0T 0L, 27 48R 1% SCNTSs 431
B, AR B AR 5 I8 A R A 1) 5 fL I 2%, {HL A 1 IR
SCNTs # ME 2 4%, 5 HCSs BRI HE M A L. 5 6(c)
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Fig. 5 Raman spectra of CB and SCNTs

R A 12 1#Y CB F1 SCNTs & 45 Hi 7 7E HC-
Ss-45 4 HCIRAS . INE Hh AT LUF H SCNTs 5] 43
AR HCSs-45 11, # s AR ZF A4 A (1 CB % 458 5k
SCNTs #J £ T K F2 FHL M 45, CB W3 17 Sl 5
HCSs TR 9 A 32 fish, DT RS 17 5 280 1) 5 L o 285
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—
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Fig. 6 SEM images of the electrodes
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& 7(a) &7E 6 mol/L KOH ¥, 4%k 100mV/s
B S5 A T 1 A =R [] S5 B R B A O 1R 22 (cyelic
voltammogram, CV) #h£&. i &34 LA, Ay S Y (1)
XUHE JZ2 HL 25, o L CB-SCNTs i 5 H 771 I e 4% Ay
i 4 T AR R, LA CB 2Ry HaL 5 B ottt £k Y T AR DS,
VLA LL CB-SCNTs 25 H 5l i) A EL A e R 1 LU L2

I Ah, 3 o H U 7S i L ( galvanostatic charge-
discharge , GCD) I 30 X #F i 19 HE A 2 M RE E AT 1 iF
— ST MRS R A 7(b) B, 78 1 Alg B LR
LT, R A il 2 X SO0 AR LI B = AR IR,
Ui B =R B 2 U SO R AL i ]
CB-SCNTs iy 5 Hi, 7] B H A 78 ik Ha, B[] 55 <, 33 W
HAEAT AR, K, NE 7(c) H Al & #| CB-
SCNTs ¥ ity (1) H BH % 2 fe IR 19, 298 0.015 VK T
CB (14 0.022 V Hl SCNTs (1) 0.020 V, iX 3% B % H CB-

SCNTs 5 H 7] if g, 25 i 1) A BELEEAEG . 151 7(d) & = b
AN [A] 5 R E AR ) H b 2% BE AT 15 DK ( electrochemic-
al impedance spectroscopy, EIS) i 4 X [ 25 5. = & il
G BHAT I By 28 A B T, HJE DL CB S HL
) AR EL A B R R A2, BV SR R B FR for 3% #5 1R
BHL(R.)Z54 1.10 QKT SCNTs Ay 0.68 Q F11 CB-SCNTs
[ 0.41 Q, 5 1i5 SCHLBH B Y 45 51 — B xR W] L CB-
SCNTs Sy 7 L 7] f9 Hi A EL A SEAER 174 5 T e, L A0 B8
Ay HLPE. IR A 8(a) L 8(b), — 7 T, Al fESE P
hH— R H] CBAE B SR, R T S
HCSs JURL 22 [8] 1 o 422 i, H Bk = K P2 ML I 25 )
—J5 I, B—ffi F§ SCNTs 1y 5 H i, SCNTs Z [h]
%) fe 422 fi R BEL K L 55 ) LR R 22 T) 25 | T o 2550 i
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AJ LA 3 P m] 1 5 S FL 0 4 .

SRRE A Y B H A RO Y e it 2 AR
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Fig. 7  Electrochemical performance diagrams of electrodes with three different conductive agents
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Fig. 8 Schematic diagrams of conductive networks
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2, B RAE 7(e) iR, AR L% E R, CB-
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75 3k 205 Flg, 5804 CB R 5 51 A9 BE & AR L 32
T 44%. 78 100 A/g K HL 3 % B R AR +E 124 F /g
M HLZS, 5 U CB S HL AR S 19 31 Frg #H L2
T 275%. WA SCNTs 5545 ] T H& 5 8 44 L 25 4%
(% S bE BE . X Rl v BB R B TH R I T T H A & S
PEAY SCNTs Fll CB 5 HCSs-45 # # 1 R 47 1) = 4k &
LI 25, 7R 2 1R 8(c) . FE R LI T, M7 Al L)
T o AR A A G R I 4 D e R

X IR A LT B R 10 Alg AR R AT
TEA TR E MED, 25 R & 7(0) B, CB A il 7E
21k 5000 K6 FF 5, 45 & OR B % 94.8%, 1 CB-
SCNTs Fl SCNTs # it it 25 = & B 243 51 o4 109.8%
H1106.2%, 3 1 Fl e it EL A BE AR S5 A 0 AR . 43
Br R P, nT BB = B A TR B0 ) HEAT, B FE HC-
Ss 1 S 5 W B B, R A7 W 5 HCSs-45 112 i A5
$E 1. L Ah, SCNTs I 5 i ML A BB FN— 4 2F 2 4R 25
7 R 3] F T i T 4% Y [ B 2 38 T iR b 86 45 1 AR
H, i3 HCSs-45 7£ F8 L B R 5 ke A= %% 8l . i DA
CB g 5 L 7] A FH B A 0 34 3 R v 25 2 B CB R 141
B PE G, fifi T A 9 45 0 RS PRI

3 4 ¢

AR SC L B Y Stober 5 A B T R bR A HLH
B 22 G LG5 R IR AN 28 0 R AR, DAH: A 8 G L 25
i E AR, X U AE TR 9K Bk SR E A S
50— S A B 8 AN A 0 e R B G R A
A A0 5% i 3 at A i A YR KA 5N B VR A
[F1) B B 8], T 3 8 5 68 40 HCSs 19 T8 550 R FL 45 44
ik T FLE5H & ik, H 725 i HCSs-45 76 b L
WA}, K BRBRLRE B A0 K A5 ok A A LRI AT L S
HCSs-45 i iz 5 -2 P [F] 4 FH A 2 1R A 1) = 28 5 . 9
2% M Ak TR RE DA R R, R E A 5 H e
LAY LR AN 205.7 Flg, i iy T 5l DA 38 Bl
TR AN KA g T E B ) B FLZE . JRJEAE 100 A/g R
HLUR % B, R I & 5 H A 1 BE H 25 78 A 104.0
Flg, L ¢ B S LRI $2 55 T 275%. LA, 76 10 A/g 1
B FAEH T 5000 W, H B B RN
109.8%.
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