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Preparation of High-Performance Porous Carbon Fiber Electrode from
Natural Fiber and Lignin Nanoparticles

ZHANG Wei', AN Xingye', LIU Ligin', LONG Yinying', ZHANG Hao', CAO Haibing*, CHENG Zhengbai®, LIU Hongbin'
(1. College of Light Industry Science and Engineering, Tianjin Key Laboratory of Pulp and Paper, Tianjin University of Science and
Technology, Tianjin 300457, China; 2. Zhejiang Jing Xing Paper Joint Stock Co., Ltd., Pinghu 314214, Zhejiang, China)

Abstract: Carbon fiber based electrodes were prepared by a solvent exchange method with natural cellulose fibers as versatile
supports of lignin nanoparticles (LNPs) to uniformly in-situ load LNPs on the surface of fibers. The morphology, specific surface area,
thermal stability, phase composition, structure and electrochemical performance of carbon fiber electrodes were investigated by X-ray
diffraction, scanning electron microscopy, nitrogen adsorption, thermogravimetric analysis, X-ray photoelectron spectroscopy,
Fourier transform infrared spectroscopy, and electrochemical tests, respectively. The results show that the prepared carbon fiber based
electrode has a maximum specific capacitance of 7.88 F/g at an initial mass ratio of LNPs to cellulose fiber of 1:10, which is greater than
that of the control biomass carbon fiber (0.60 F/g) without loading LNPs. After 10 000-cycle test (10 A/g), the capacitance retention is
still 93%. Also, LNPs loaded on the surface of fibers can effectively endow composite carbon fiber electrodes with a high specific
surface area and a high carbon content, which can provides a possible path for the effective utilization of lignin in energy fields.

Keywords: natural cellulose fiber; lignin nanoparticles; specific surface area; biomass based carbon fiber; electrode material;
electrochemical performance
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Table 1 Preparation conditions of experimental samples

LNPs loading capacity (recorded by mass

Sample No. Mass of lignin/mg Mass of fibers/mg Lignin to fiber mass ratio . . Carbonized
of biomass carbon fiber electrode material)
1 0 500 0 0 No
2 0 500 0 0 Yes
3 100 500 1:5 13.6% No
4 100 500 1:5 13.6% Yes
5 100 1000 1:10 7.1% No
6 100 1000 1:10 7.1% Yes
7 100 1500 1:15 5.2% No
8 100 1500 1:15 5.2% Yes
9 100 2 000 1:20 3.6% No
10 100 2 000 1:20 3.6% Yes
11 100 3 000 1:30 2.5% No
12 100 3 000 1:30 2.5% Yes
13 100 0 No
14 100 0 Yes
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(a) Sample 1

(d) Sample 14 (e) Sample 5 (f) Sample 5

BT BRI RS20 FERN 130 FRAL 140 FES S (¥ SEM A
Fig. 1 SEM images of sample 1, sample 2, sample 13, sample 14 and sample 5

5

(d) Sample 8 (e) Sample 10 (f) Sample 12

Bl2 FESh 6. KR 4 FEAL 8. FEAL 104 FEAL 12 ) SEM A
Fig.2 SEM images of sample 6, sample 4, sample 8, sample 10 and sample 12
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B8 B il 2 A FL R P o 1] 3a RS HAYEARIAOAR IR EERUE LT, RUIRER 6 FrERZ IRMALEY,
XEAT, Fedh 2 BRI R EBACT RS 6 9, 1X TR 2 JERRILH AL A ROAFAE . BEAh,
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B 4 RS E k. B 4a T, FES
6 MBS TN 30~100 C, 280~390 C,
390~600 ‘CiX 3 MNE. 5 1 B EE R H T K
(128 R LA B o A IR R & s 28 2 B
B, PR 6 KRESZHIMR, ) 390 CHFEE 2 BB
TR RRFIEARTE R 5 3 M BEAIRLEE N 390 C YT
G, FEHEF 600 C A KB iR 58 4.

180 | ~
= | .‘_,‘f ~ 025 T
T 150 b X{_,.f'_’,r" b - = 90
2 L A T 020+ =
5 120} A e | 5 6ol
%/ | 0.15 1 T Sample 2
B gl Sample 6 \g/ . 3 30Ff
2N =" 2 oo $
= 60 f Eland s 0 =0 4 e s 100
g I o g i < Pore size/nm
= 30} .I Sample 2 o 005+
= T _ » £ - Sample 6
o @ it 0.00 -
C 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0 2 4 6 8 10
Relative pressure (p/p,) Pore size/nm
(a) N, adsorption—desorption chart (b) Pore size distribution chart
B3 FEAR 2 FTRE AL 6 (1 N IR PRt B 555 2 A0 AL A2 23 A1 i 25
Fig.3 N, adsorption—desorption chart and pore size distribution chart of sample 2 and sample 6
R2 HYIRRRAHE BRI LAY
Table 2 Pore properties of biomass carbon fiber electrode material
Sample Total SSA/ SSA of micropores/  SSA of mesoporous/ Total Pore volume/  Pore volume of Pore volume of
1D (m* g (m* g™ (m* g™ (cm* g™ micropores/| (cm g™ mesoporous/| (cm® g™
2 2.1 0 2.1 0.0127 0 0.011 7
6 313.0 134.1 178.9 0.265 8 0.061 1 0.204 7
SSA is specific surface area
I 700k 4°CY
100 ~-—————172 O 0.0 i r 35 o
. 80| < 05} —— Sample 2
L e : .
) - 2 ol —— Sample 6 i
£ 60 2 Hli 380 C
g r = -15 e
B é [ i
< t 1/ ; o
= 0k Sample 6 2 “20F o Wi30c
I ik = et s st I
0 i 2 | i
1 1 L 1 L | it 1 L 1 1 A -3.0 L 1 L 1 I 1 il :!I " 1 L
0 100 200 300 400 500 600 0 100 200 300 400 500 600

Temperature/'C

(a) TG curves

Temperature/'C

(b) DTG curves

K4 FESD 2 AR, 6 AR 2k

Fig. 4 Thermogravimetric curves of sample 2 and sample 6
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A ) IO A A K BT ] ) 70 T8RRI AL RE
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6 £ 10 000 X 78T AT J5 1) FTIR, 40 5b. A LA
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PRBN G 2N, X BN [ AEAE Bk — B AE
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I, XA HIXFR Cls A1 Ols JTeE. MAh, 2 Fike i
1E 399.4 eV Kb3H 1 M550, XTRINIs iz, H
6b—F&l 6g BN T FE S 2 FIFE G 6 1 733 Cls.O1s
FINIs #, afLLE H, 2 FFEa 1) Cls w535 m) Lo Rk
3 AN, B 2 19 3 NS BT R C—C (284.6 eV),
C—0 (286.3 eV), C=0 (288.7 eV): FEfh 6 1113 4

U&7y ) % B F C—C (284.8 eV), C—O0 (285.9 eV),
C=0 (289.2 eV)"*, 2 FhE 19 Ols 47T LA J
2 NI, BES 2 FIRER 6 1 2 DNIEINER T C=0
(531.9 eV)Fl O=C—O0—C=0 (533.3 eV)!*'l,
2 FRRE SN N1s 353 AT LAy i 2 AN, FEG 2 1)
2 AN 53 )08 BT BE ZU(N-5, 399.4 e V)R PY 4
Z(N-Q, 401.0 eV); FEih 6 11 2 AN 2 55 X B T
N-5 (399.4 e¢V), N-Q (400.3 eV)*H, N-5 fF] T
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(b) FTIR spectra of sample 6 before and after 10 000 cycle
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Fig. 5 XRD patterns and FTIR spectra of sample 2 and sample 6
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Fig. 6 XPS spectra of sample 2 and sample 6
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Table 3 Mass fraction (w) of N1s and elemental composition
of biomass carbon fiber electrode materials

w (N1s)/% wi%
Sample No.
N-5 N-Q C O N P S
2 95.5 45 82.1 136 34 05 04
6 85.8 14.2 88.9 7.7 30 02 02
14 91.9 4.8 23 03 07
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Fig. 8 Electrochemical properties of sample 2 and sample 6
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