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Effects of carbonization conditions on properties of carbon fiber

prepared from liquefied wood in phenol
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(1. College of Packaging and Printing Engineering, Tianjin University of Science and Technology . Tianjin 300222, China;
2. College of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract; The carbon fiber precursors were prepared from liquefied wood in phenol by adding hexamethylenetetra-
mine and soaking in the solution containing hydrochloric acid and formaldehyde as the main components. The carbon
fibers were obtained from the precursors by the direct carbonization. The influence of the carbonization condition on
the mechanical properties and yield of the carbon fibers was investigated by the paper frame method. The results
show that the mechanical properties of the carbon fibers increase obviously with increasing carbonization temperature
and time, but decrease with increasing the heating rate. It is also found that the higher the wood/phenol ratio, the
higher the increasing amplitude of mechanical properties, and the smaller the dimension shrinkage. Carbon fibers

from liquefied wood with tensile strength of 1. 7 GPa, tensile modulus of 159 GPa and yield of 60% were reached

under optimal carbonization conditions.
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Fig. 2 Fibers (a) and carbon fiber (b) prepared from

liquefied wood in phenol
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Fig. 5 SEM photographs of the precursors (a) and carbon fiber (b)
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Table 1 Properties of precursors and carbon fiber prepared

by liquefied wood in phenol

Tensile  Tensile
Mass ratio of Dimension/
strength/ modulus/
wood/phenol pm
GPa GPa
Precursor 0.12 20 29
1:4
Carbon fiber 0. 84 104 24
Precursor 0.13 26 33
1:5
Carbon fiber 0.97 115 28
Precursor 0. 20 30 29
1:6
Carbon fiber 1.27 122 22

T3EN s AR /5 By L AL ) Dt 22 ok Ak e
ELARHER K A T AR . AR B/ R W EOBOR B £ 4E B AR
Wedi B/ o ARBE /R EE O 154, 125, 156 YRR 2T 4k
HAS R Z HAR N T 1706, 1506, 24%.
X AT RE S F T OB R D KRR AR AN 5E
2 22 A ARBAR AR Ay 8 2. N3
HOR A 22 EARN A AR AR

3 & i

(1) Bl % Ak Tk B2 R e A B T F 386 s A TR
PR T 27 2k fek 5 J3 R0y ek R o 1 o B A i EL I
FURA SR AL AN B W B . B A kAT R
(R BTN, i 2T 24 1 fof 58 88 . o e B 2 ) i b 6 R
VTR AR 1T DT 28 i A8 2 T 4

(2) JFRMH R B/ 28 T bR K, L 2F 4k 5
22 K Ll A i iR B T AR 8 B A R i
AR Y E

(3) 78 m AL EE N 1100C, THilk ik 2°C/
min, AAGES ]y 2 h (9 2540 T W] A S g e B i
JEH 1.7 GPa, i i B &2 159 GPa, sk k%K
60 Y0 F) A A AL P ik £F 4 .

S & k-

(1] BRoRE, B, AR k2 RAEEWAA [T]. stk
K22, 2003, 25(6): 71-76.
Zhang Qiuhui, Zhao Guangjie. Liquefaction of wood by using
phenol or polyhydric alcohols [J]. Journal of Beijing Forestry
University, 2003, 25(6): 71-76.

[2] Alma M H. Yoshioka M, Yao Y, et al. Some characteriza-

(3]

[4]

(5]

(6]

(7]

(8]

L9l

(1o0]

[11]

(12]

[13]

tions of hydrochloric acid catalyzed phenolated wood - based
materials [J]. Mokuzai Gakkaishi, 1995, 41(8);: 741-748.
Lin L, Yoshioka M, Yao Y, et al. Physical properties of
moldings from liquefied wood resins [J]. J Applied Polymer
Sci, 1995, 55(1): 1563-1571.

ShIE A, BT AR A WAL W i A e 2T 4 ) B R
[J0. #k=fke 5 Talk, 2007, 27(2); 29-32.

Ma Xiaojun, Zhao Guangjie. Preliminary study on preparation of
carbon fiber from wood - phenol liquefaction products [ J].
Chemistry and Industry of Forest Products, 2007, 27(2) . 29-32.
DR, BTN G 2L IR R AR B WAL ) e 2T 4 T 22
PERERI M [J]. & A FRE, 2007, 24(5); 119-124.

Ma Xiaojun, Zhao Guangjie. Effect of spinning solution factors
on properties of carbon fiber precursors prepared with liquefied
wood [[J]. Acta Materiae Compositae Sinica, 2007, 24(5);
119-124.

THEZE. R W Ak 0 5k 3% £ 4 fh A et B0 T 45 B 45+ vk ik
FAE [D]. bt Jenttkoll K%, 2007 62-70.

Ma Xiaojun. Preparation and characterization of carbon fibrous
material from liquefied wood in phenol [ D]. Beijing: Beijing
Forestry University, 2007 62-70.

WOR, A AL DIREMEAR TR FK MR BT 50T R [T,
FRBFEL, 2004, 19(2); 151-158.

Huang Biao. Gao Shangyu. Progress in advanced carbon
materials from wood charcoals [J]. New Carbon Materials,
2004, 19(2).: 151-158.

U, B TRALY. RPTKIE (PAND 5 B4 22 1 ¢ 1k T
EWRgE [J]. ##. 2000, 23(2): 1-5.

Li Liya, Huang Qizhong, Zhang Hongbo. Study on
carbonization technology of PAN preoxidized fiber [ ] ].
Carbon, 2000, 23(2): 1-5.

T, HHELL, IR, S R AL B AR 2T 4 T RE 1Y R
m L)1 B AR A AL, 2001, 16(3) . 52-55.

Zhang Weigin, Tian Yanhong, Yang Yanfeng, et al. Study on
the surface morphology of the HTT carbon fibers by SEM
[J]. New Carbon Materials, 2001, 16(3): 52-55.

XIAEF, A, Lol A R Ik BNk A T I AT 4k
(1. MRS 24 . 2005, 19(1) . 28-34.

Liu Chunling, Guo Quangui, Shi Jingli, et al. The curing
reaction of phenolic fibers [J]. Chinese Journal of Materials
Research, 2005, 19(1): 28-34.

Kadla J F, Kubo S, Venditti R A, et al. Lignin-based carbon
fibers for composite fiber applications [ ]J]. Carbon, 2002,
40(15): 2913-2920.

Sudo K, Shimizu K, Nakashima N, Yokoyama A. A new
modification method of exploded lignin for the preparation of a
carbon - fiber precursor [J]. ] Applied Polymer Sci, 1993,
48(8): 1485-1491.

Uraki Y, Kubo S, Nigo N, et al. Preparation of carbon fibers
from organosolv lignin obtained by aqueous acetic-acid pulping

[J]. Holzforschung, 1995, 49(4): 343-350.



