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Abstract The “relatively high” carbonization temperature experiment was carried out by using low fineness wet
spinning precursors. The change of C and N contents of carbon fiber was investigated by element analysis. The influence
of high carbon temperature on mechanical properties and fiber density was studied by testing mechanical properties and
density.Results showed that:before 1600°C . the growth of the carbon element content.the modulus of elasticity and the
reduction of nitrogen element were slow. Between 1600°C and 1900°C, the increase of carbon content, the elastic
modulus and the decrease of nitrogen increased quickly. At 1480°C the tensile strength appeared peak value, between
1500 and 1700°C .tensile strength reduced slowly,at 1900°C the tensile strength reduced sharply. With the increase of

carbonization temperature,carbon fiber density gradually reduced,before 1500°C reduced slowly,then rapidly.

Key words PAN based carbon fiber,high temperature carbonization,temperature,C and N contents

BN G (PAN) JE 5k 27 2 i 45 22 7 A Ak AR
AL RImANEL 1 M TR T8 &R 22 &
il o 70 UL B Ak R TR R R AT A 45 R 0P BE Y 6 B 4
TROCY A R AR AR B R A NS IR 4 A R
e v IR TR B R R R Bl 2T A M BE Y SR
A SCHERS RIS T R AR R BE (1100 ~1600°C) F
N [ 28 PR Rl 27 A 11 i AR Ak LA L AR B 5T R AR 41
JE B 22, ST R E B AE 1400~ 1900°C Ay “ A1 X 757
TR JEE 3 3 R 1 B R T BUARS [) T2 AR A I s T
YERE S FE IR B R A B OC R o A % 5% A X
1R X AR AF A CON i AR AL s i, T8 3 ) 2

P B A 58 2 4 I 3K, BF 5 JHE X ke £ A o fifp i R L i
PSS gk A % B2 0 R0

1 LIGE 4

1.1 M# 5=

R (PAND 2 22, 35 Mofr A 22 =1 AF 5 Be
HEA T S o R LY 252, 4R
0. 75dtex, L% 24K,

Al /N B AU T b TR S 21 4 TR R
Huls s T BE R BEPIL (5866 #Y) , 32 [ Instron 23 Al 5 JG
F 4B AL (VARIO Micro cube 1) , f#[F Elementar

EEB N R K(1983-) I AR AR & o i 9 TR D, 32 B S 47 i £ R BT TAE



58 M R TREE L AH X R AL TR R X PAN JE R 4T 4 1k B 04 52 i ¢ 121

Oy A RURE %5 B B B AN % B 6 B2 480 P DY A Btk AN
1,2- 2R OBEEHD . 5 E LLOYD A #] .,
1.2 HmaE
AL 5 TR Al /M 3 &, — @ B E 4
W &ad 6 i X AL, il BT 200~2707C
IR TR AR Ak T 5 7 350 ~680°C , WY 1y IR A Ak IR
FE, 98 E B B 1400°C ., 1450°C . 1480°C , 1500°C |
1600°C ,1700°C Fl 1900°C X 7 AN i B HE AT 52 3, A
[Fi) o e ek 22T 0180 o I R Bk 2 A R4 T A LR A ]
Z A R B 2T AEAE S . XA [ v U Atk A T BE T AR
#EAT C N JTER 43T, T Ml Btk 2F G- 4 i 19 77 7 M g
A% L,
2 HREITiE
2.1 AEASEBRUBEETHRALETENTK
21 BT A [ e Ak Ol R Wk 27 4R AR 22

PPk G R B AR 5 2
®1 FASHEETHRIENTESRAN

FEBRILEE/C 1400 1450 1480 1500 1600 1700 1900

CH®/% 96.1 96.4 96.5 96.7 97.6 98.4 99.5

N &/ % 3.3 3.0 29 28 23 17 10

R 1AL A & Ak R 38 . C o &
TR BT R LN JC R & N 7R IR 1
T AEmoT R RIRE TR MR . C TR EL R
1, 7E 1400~1500°C Z 1] ,C & Al N T &
10 9 /0 W R A Sy 2L AR 1500°C 1F C & & 8
1400°C AL # /5 T 0.62%, N JC % & & 1 B A%
15. 1% . BT BE B AT $243E A9 B 1 R R DA 5 2 22
TR F )2 45 F I A A0 K #E 1600 ~1900°C B, C
JCETHERMI MM N TR S & KiEE .,
1600°CH C LR &4 1400°CHE T 30% . N L&
FEFEAL T 164 %, JUHAE 1900°CH C JTHE & & ik
99.5% .8 1400°CHEE T 69. 7%, A& EIK 1%, %
KT 3.54% .78 1600°C J& - it £ Tt =5 B $2 13E 0 i it
AROHET R B R E WA OE K, EF4E
GBSO T AR HE ST 1500~1900°C
22 TE) Bt RS RV 1) 3 1) A8 A A L, & B AE 1600°C
S ke £ 2 0 R BE Rl ROSE 2 RN BE A T 5 A B
AR, A B A S R A R, 2 BT
iR L 1600°C AT Ay ik 2 i 25 ¥ 6 7 1) — S B A8
2.2 WAFHNZFEESWT

e T e A Tk B X itk £ 2 e 5 8 R SRR A Y
S LA 1,

5.8

sk @
£ saf
< 52+

1400 1450 1480 1500 1600 1700 1900
FRBALIREE/ C

(b)

1 1 1 1 1 1 1
1400 1450 1480 1500 1600 1700 1900
EHRBRALIREE/ C

1 v U B A R B X e £ Ak v A R Ca) D
PPERL R (b) By 52 1

HH & 1 Ca) W B YR ok L B T R i 4T
d () bR BE 5 OB SR XS K E BEAR M B B,
1480°C B, W5 B H BT W, 1 308 0 A ik Ak T
JIE %) S5 A 0 B 7 UL E L R AR A L2 A AR A R Y
e R S S PR H ) 35 B T — A S5 A BV A fil
A B B e RAAY 5 4E 1500 ~1700°C Z [,
i I B2 T R e R /)N R R A b I B B o A
1) B8 B i 2y BR A A R 2 I ik D T i — 2D KL 7
DL N JCE Ry 3219 44 00 2 3% A5 G 8 B %k 1 A
o Btk £ 2 S5 A8 HUTE BT R B 00 LR L I R T AL
I £ 3 A /0N B 3 IR B BT A SR A R T
AbF — AN YT AT B B iR R 2 BN R AN s 7
1900°C i, 2% 70 3% Mo 5% 22k 10 S0 39 i, 45 449 L 17%) 3% 3 FL.
A 3K B e 22, S BOCRLAH 5 B KR T B

HH &L 1 Ch) Al B e T T L B 1) B8 v s ik £F
Y ) AR R D R R . #E 1600°C I . Bk £F 2 3 P
PR A R A A B 2T A 1) B R ST o S T R
PR /N BT B2 85 /08 5 1600°C i 3L A £ 388 A s
S ARG B R L R T B G 1Y) B 0 A5 A 4T A 19 B
RS M & J B R 4 v L 1 4 i A 1k B L)
FEA BT 3G K, i DAASE R AR T
2.3 ExF4EEENR

e i e b T B XoF e £F A 44 % R 1 52 e L IR 2,
H AT 2R i o e T B P 2 v o 4 2 1) A % 1 R
HREAK L AE 1400~ 1500°C i . /4% B T R 8 32 /N L 1
Tk B2 B2 0 2 s /D i RE AR AL R 2 18, ST T R
ST N B i AR AR A AT L 2F 4 S5 48 rh AL B L R
TR R A A X N DA B RE T R i R DN
1500°C Ji5 #4253 PR3 T B, 2% o0 3R 9 il 20 g T R



e 122 -

& T BB OB

%47

ST FL B A B 384 0 R JRE T K 5 B 1900°C (A4 JiE

AR BEIS 27 A 2540 rhAF AR B FL IR IR R

1.795-
& 1.785F
g

S 1775}
2 1.765+

J %
i,

18 1600°C J 5P AL 1t 1 2 S0 422 8

(3) B RN T Bk P T BE 1) T e Bl 2T 4 1) 4K 2
WA AE 1500°C i R IR IR B2 /N, 2 )5 PR

() 5875 B R X e gk A il B8 o gk 2T 4 1 g

8 1755 5 e L T T 22 AL I 7

& 17451
1.7351
1.725

1400 1450 1480 1500 1600 1700 1900
EIRBRALIREE / C

1
B 2 Rk AL T EE X B £T 4 AR %5 ) R T o
[2]
3 45iE
[3]
B A 3 AL RO 75 . C I8 % o B
WK N T2 S RN 78 1600°C §7.C & 4]
B0 KNI 2 0/ AR B L 1600 ~ .
1900°C 2 6] C T52 & fk B4 I B N I8 2 4 Bt 1
S WA 75+ 1600°C T H00 T 2 45 465 g 5 25 1y — o
B
(2 T 4 0 0 0 3 1 B 2 A O 75 Al 3 (7]
F £ 725 2 B Y K U (I O 95 7 1480°C 1437 i
S BT e (L 25 1500~ 1700°C 2 [l , B 3L FE £ -
S B3 /B 2 ARG+ 1900°C B 3138 8 K U o

TRE . AT A A A B B R TR AR TR B0 T
384 2R, 1600°C R » ik £F 2 34 A5 1) 8 o d ¢

S % ik

E 7 K ST AR PAN 2 5 21 4 it 45 o Ak 2 i 14 4 45
PRI R R AR ,1991(4) :5-7.
JE TR B, AT 2R A R B KT TN N B AT A 5 5 P RE Y
S]] VAL 95 9T B2 i, 1992, 23(3) :58-62.
ZE 0, B AR TR AT RIS PAN REBUR 2219 Bk L T2
WFEELI]. 0 K h & AR RE 2 5 T, 2000,5(1) :69-74.
FEER BSOS PAN S 4 75 FRE B AL IR B R 1=
N7 AT A6 T8 B A R}, 2015,43(9) 1 110-112.
TS S PINIEE B, 5 5% L S TR TR AR 1L TR Bk T 4 T B 1) 5
[J1 AL TR, 2014,22(5) :12-13.
ok R bR L A B, S5 TR B T T R T T B R 2 4 )
PR RE Y E LT . A AR 4 . 2017,46(11) : 13-15.
TG, TF5 T8 M, S5 B0 T 5 0 7 5 79 04 G 3 Bk 4 4 A1
Baf i B[], 5t TR 2254, 2014,41(4) 1 66-69.
T, S0 AR AR PAN 6k 247 4k v TR R B8 T LA 45 4 11
IO )] T3 B AE A4, 2015,43(10) :101-103.
BURR R LT 4 KA S AT A ML G BT AR 2 Tl R L 2010,
212-213.

Y EHHE.2018-10-24

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDD

[10]

[11]

[12]

[13]

[14]

(E#% 119 ®) [15]

Jin L,He G,Xue J,et al.Cu/graphene with high catalytic ac-
tivity prepared by glucose blowing for reduction of p-nitro-
phenol[ ] ].Journal of Cleaner Production,2017,161:655-662.
Borah B J.Saikia H,Bharali P.Reductive conversion of Cr( V1) [16]
to Cr(Ill) over bimetallic CuNi nanocrystals at room temper-
ature[ J].New Journal of Chemistry,2014,38(7):2748-2751.
Yang J, Yu C, Fan X, et al. Electroactive edge site-enriched
nickel-cobalt sulfide into graphene frameworks for high-per- (17]
formance asymmetric supercapacitorsJ]. Energy & Environ-
mental Science,2016,9(4):1299-1307.

Hummers W S, Offeman R E.Preparation of graphitic oxide
[J].Journal of the American Chemical Society,1958,80(6) (18]
1339-1339.

Kovtyukhova N I, Ollivier P J,Martin B R, et al.Layer-by-lay-

er assembly of ultrathin composite films from micron-sized

graphite oxide sheets and Polycations[ ] ].Chemistry of Mate-

rials,1999,11(3) . 771-778.

Wang X, Zhang Y, Zhi C, et al. Three-dimensional strutted
graphene grown by substrate-free sugar blowing for high-
power-density supercapacitors [ J ]. Nature Communications,
2013,4:2905-2913.
Liu L,Sun T,Zhang H,et al.Scalable and facile preparation of
optical-magnetic dual function 3D Ni@ graphene-ZnO for high
efficiency removal of hexavalent chromium[]]. Ceramics In-
ternational ,2016,43(4) :3792-3796.
Yu X,Du R, Li B, et al. Biomolecule-assisted self-assembly of
CdS/MoS; /graphene hollow spheres as high-efficiency photo-
catalysts for hydrogen evolution without noble metals[J]. Ap-
plied Catalysis B-Environmental,2016,182:504-512.
Li S,Tang L,Zeng G, et al.Catalytic reduction of hexavalent
chromium by a novel nitrogen-functionalized magnetic or-
dered mesoporous carbon doped with Pd nanoparticles[ J].En-
viron Sci Pollut Res Int,2016,23(21) :22027-22036.
W7 B #9:2018-03-31
& B #1:2019-05-19





