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Abstract: In order to make full use of lignin and expand its application in composites the paper
reported a method to prepare lignin based phenolic resin. Selecting natural graphite and carbon fiber (CF) as
conductive fillers  bipolar plates materials were fabricated using molding processing. The density flexural
properties  dynamical performance and electrical conductivity of composites were characterized. The results
showed that the density of composites decreased as CF content increased when natural graphite was replaced by
CF gradually. The flexural strength showed an increase with CF content but flexural modulus got to the
maximum value at 30%CF addition and then decreased. The dynamical mechanical analysis (DMA) tests
showed that storage modulus and glass transition temperature also reached the maximum at 30% CF addition.
The electrical conductivity of composites increased as CF content increased and the maximum value was
determined to 500 S/cm and then it decreased with increasing CF content. The research indicates that the
composites with 30%natural graphite and 30% CF exhibites good properties: its density is 1. 16 g/cm’  the
flexural strength and modulus are 52. 7 MPa and 10. 7 GPa respectively; the electrical conductivity is 500
S/cm.
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Tab 1  The mass fraction of the major components of lignin—

based composites

Tg
1% 1% 1% /°C
CFO 40 0 60 115.7
CF10 40 10 50 119
CF20 40 20 40 120
CF30 40 30 30 123
CF40 40 40 20 123
CF50 40 50 10 103
CF60 40 60 0 110
1.4
12 h 80 C. o
o 5
GB/T
9341—2008 80 mmx 10
mmX4 mm 10 mm/min 25
C 5 o
(DMA242E ) o
2 °C/min 40 C 150 C .
30 C
12 o
2.1
(PEMFC)
o 1
(60%
) 1.6 g/ecm’s
o 60%
0.95 g/cm’s
/ (L9
glem’) 7,
( 7.8 g/em’)

87% o



46 3 * 149 -
Lo 20% (12.5 GPa) .
1.5k
(10.5 GPa)
+ 1.4}
8 A 20%
- 1.3F
20
g 1.2F \ °
Tt ~. 2.2
1ot \*\ 0.16F S 2
010 20 30 40 50 60 0.14F Sob
WA 4 S5 B 434U % 012k 7ors
1 i) 0.10
Fig 1 The effects of carbon fiber loadings on the density of £0.08 L
composites 0.06 —/\
0.04 L 1 1 1 1
40 80 120 160 200
2.2 WA C
3
° Fig 3 The effects of CF contents on loss factor of lignin based
25 MPa ° composites
2
13 000
° 60% 12 000
49 MPa  72.5 £ 10000
. =
MPa. W\mﬂ 8000
k2
= 6000}
#=
(25 MPa) o = 000
2000k L 1
. 30% 40 80 ZEJIEZ/?C 160 200
4
° / Fig 4 The effects of CF contents on storage modulus of lignin
8 .
61.6 MPa ~ ; based composites
40 MPa ’ .
30 MPa " . - 3
50 MPa °
o (T)
13
72 1 °
, 30% 123 C
kS 68 1 g g
2 64 © 1 T o
= 10 b= ( ) g
B 60 9 = T
= = g
o 56 8 /
52 7
T, T
48 1 1 1 1 1 6 g g
0 10 20 30 40 50 60 .
TR 45 R R4 5%
2
Fig 2 The effects of carbon fiber loadings on the flexural °
T o 4

properties of composites

30%



<150 + 2018
. 100 C 1.60 g/cm’ 0.95 g/cm’ .
3 514 MPa; 30% 2)
9 077 MPa 30%
158% .
o 25 MPa;
. 20% (12.5 GPa)
. 3)
2.3 30%
. (115.7~123 C).
100 S/ 4)
cm o 5 30%
. o (500 S/em) o
60% 30%
75 S/cm o 10% 30%
200 S/cm o o
500 S/cmo 1 . /
) J. 2015 (5):
65-67.
2 . ABS/PETG
’ 1. 2014 19 (1): 29
’ -34.
/ (143 ~ 500 S/ 3 KIMM LIMJW DAIG L. Surface modification of carbon
cm) "o fiber phenolic bipolar plate for the HT-PEMFC with nano-car—
:zz o bon black and carbon felts J . Compos Struct 2015
i 119: 630-637.
g 400} 4 .
50T g2 J. 2014 (4): 211
fl;g 200F CFan -214.
100 F-cFo H HCF“’ CFs0 5 LIW JINGS WANGS et al. Experimental investigation
0 l:' 505010 D ';' of expanded graphite/phenolic resin composite bipolar plate
TRLT 4t B 5 B/ % J . Int ] Hydrogen Energy 2016 41 (36): 16240
5 ~16246.

Fig 5 The effects of CF contents on electrical conductivity of

lignin based composites
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