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Abstract: Polyacrylonitrile (PAN) fibers which formed high-elastic deformation during the spinning
process, have thermal relaxation behavior in the heat conditions, such as thermal shrinkage with
disorientation. The thermal relaxation behavior of PAN fibers was investigated by thermomechanical
analyzer (TMA), dynamic mechanical analyzer (DMA), wide-angle X-ray diffraction(WAXD). And
PAN fibers aggregation structure changed by tension and temperature were analyzed. The results
show that the forced high-elastic deformation in PAN f{ibers accounts for more than 10% which leads
to disorientation at high temperature. With structure rearrangement under controlled conditions, the
high-elastic deformation in PAN fibers can be transferred to plastic deformation by appropriate tension
and temperature imposed to fibers without orientation structure loss. By imposing tension and
temperature, further improvement is achieved in the regularity of aggregation structure and the
orientation of the molecular chain, crystalline structure, and dimensional stability increase by more
than 50%. The crystallites of PAN based carbon fibers treated by this method are more regularly
arranged along the molecular chain, and the performance has been improved effectively.
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Table 1 Parameters of PAN fibers with various molecule

mass and stretching

Sample M, Stretching radio
LMW4 17150 4
LMW6 17150 6
MMW6 43356 6
HMWE6 48723 6
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3 AT 43 F 2 FOAS [A] 42 1 45 B0 45 1 PAN
JRLZFE I TMA 26, OB T 25 4 % 5 51 200 °C Y
ReFedi2sfe . B 3 AT LLE 8] PAN R4 76 S T
s kA W i Holc s s Aok . o PAN £F 4k 2
5 5B R U] e UL RO A RO . R AR A A —
GO T 43 F 5 6 RF WC4a 0 52 ) AH XA RR
R ) 4 e 46 I B35 B 43 - B OO R I SRR
F PAN £F 4 46 % i 5] 200 °C X ] iy R ~F e 45 5 7]
LB B8 ~100 24, HEKKW KRS RZREY
Gy F a LR LR RE LB M AR Y 2 T AW
WS Rl AL PAN JR 22 78 PAN A9 & iR R 9 B
W 45 2o Bk & PAN 43 F 0 A0 ot 3k B L i B 2
Yj 22 IV B 32 30 = O AR Y Il A2 A . B, I
21 Y 1 i MR S U4 B AT LR AE H PAN £F 4 v s
SR A 1A 0 5 DA 3 38 45 ] O 8 I B i B i
M4 T+ PAN ZF 2 () 38 45 45 45 W A8 vk A e i RO
FaE k.

| — LMw4
— LMW6
8L — MMwe
—— HMW6

Dimension shrinkage/%

60 80 100 120 140 160 180 200
Temperature/C
3 A PAN £ ZEAE i i ROT i %)t
Fig. 3 Thermal shrinkage of various PAN fibers



168

BRI 72

2020 4 4 A

2.2 HIAIAT RS
540 T 05 B A 2 — B AR B LA B
I iz B 20 S ) 0 B 3 28 4 I T e R o
ST IS T L6 A ph S T 75 T 2 9 A T A =
AP AL A M K 4 46 T 39 AT
75 5 PR A RIS 1T 360678 (O TS 75 ) 9 4% 4
T FE T B 7 U DA SOR A A T R
B A W S SR LRI I R A
Wk A 30 53 B 5 R e o 9 28 B R
T L T KB R R R
39580 T4 T TR R TR T S R 51 9 B
B3 I i o R K 43 T 2 i 03 7 A T
5 TS L R M RE B 17 T o o 4 ) e
S R B8R B B I B R R e A
VA B B R 707 PAN 40 T 4 A 34T
L 3 B [ )

PAN £F 4t 16 25 22 Wy Bt . 2 i 1 6F 2F 4 it i 3
Ty AL A % A A T PAN ELA B M L 75
W ARG 2 o R A A7 T L4 IR I [ 42 £ 98
7 AR Y L2 SR T LT 70 0 T EL RO S
R/ o AR 9 76 42 o o 5 R H K
MRS 15 0 43 £ 2 4% 45 4 3 7 76 22 i 3K ) 19 1
FHI R 8 2 6 4 02 FRER D T 6 M08 45 L 27 4
CEHI T . A — FR A0 YL 4T 4
(LG5 22 3 o T2 R — A B AL AR R 2

006F — uT ()
—— SC

__ 005 — DC

% —Jz

2 004}

<

3 0.03f

o

» 0.02f

40 60 80 100 120 140 160 180 200
Temperature/C

& 4

X IS 27 2E I IR 5 1 0 1AL T RS A L A% Bl 4 A
JCIRANRE A H1i8 Bl F B A7 AR /N2 BT Y ik 3h A i
PR, ezt RErh, 4N PAN 701 ) 4%
R e A VAR <2 i N A B =) IS B e/
AORL BT o % BRI T AR L R S 4 T 1)
SMRTT AL H L R T BRIIE A . YT 2 R
AR T A A 20ar DUk 3 10 1% LL L 4
BT adem s e E g E R, WX
FhIE A2 75 27 4 3] 15 B3 A0 5% A2 3 B DAL B BE AR
AEE A UG A LR Z B g e R A&, L. £
X I A AR B R e ORI o B S R T L[]
2.

X A2 308 v U A2 1] A2 3 A R] L] Burger J7
FRA IR AR IZ IS A 2 R AL S AT A i1 F o T
AP J5 AT

e, AT LU TR AL B AR Y 5Ky, Sk g 3T
IS A B BERT 7 A B BB P A R O AL 2 i —
FEA AT LATR 41T Sl e TR A2 W BT 3 R A A
S, @it DMA R TMA XA [R] 3k g b B 45 4 1) 34
7 3 RS WSO AT I3 6T B o 25 R DL IR 4 R DR
TR 3K 7 Ak FELEF 4E L AN AU BE AT R0 T Bk 2 4E P4 3
FETERIRRL J1» ROF Wi Bt — P 3. X )2 R
T ) )\ VERYER N RS R S o S
] o [53) EF  094 v PR R AL A R TR R . TR K R R Al
Tk F1FBOF A BEA AN S PAN 252 (19 St st A7

(b)

Dimension shrinkage/%

— uT
—sC
81 — DC
—JZ
-10 :

40 60 80 100 120 140 160 180 200
Temperature/C

AN TR 5 3 b 3R 2T 2 8 R0 g % G Cad AR ST Wi 46 X B (b))

Fig. 4 Thermal stress(a) and thermal shrinkage(h) of fibers with various treat tensions

LR it JEE S ] T LA DAy B A v O AL B T
Bro TR JE ETRIS L or 5 0O BE BO R | R B SR A
SRz B E T o 1 ia 2 AR 5 B2 R U
PEo A BEFER M Th e POk O B w] LS v A% 4 3
BREF iy gt TR A NS Y 5K ) R R T
SR FH 2 e A A BRI O X £ AE EAT AL B . PR 5 i
10204 fift I 45 i b PEI BEFE A (19 DMA F1 TMA iy
2, Al DI B . BEAE POl BRI R A 3 i L 27 4R N )

FIRT Wi 2 40 2 3% T B . AR PR E AN 155 “CHR
B 210 “CJ5 » £F 4k e R HAONL ) e R R W4 IR
T 500 k4.
2.3 EHBRRMITANRBESEMH RN

B R AE RS T B BB B A R PAN R
22 4 U] [R5 1R 52 000 kBB 2 A8 B 5K T B9 36 s o
THERCE R G0 . AR AR X AN [ 5K A7 Ak 82T 2
Bt AT P I 1) 300 2R L 2, MU SRR



FAsHE a4 PAN £F 2 #1847 4 5 ] 5 R 52 A5 25 # 1A 169
0.04 (a) 0 (b)
X
® -2}
~ 0.03 =)
S g
2 £ 4r
£ 002f @
A S 6
2 @ —— 155 C
o 0.01 ¢ -8f —180°C
§ —210°C
0.00 A 2t

40 60 80 100 120 140 160 180 200
Temperature/C

5

Fig. 5

R2 AEKNGBEBFEZEHNSE

Table 2 Structure parameters of fibers with various stress

treated
Sample f’mlal fc X(‘//% Lc/nm
uT 0. 4825 0.9541 71.62 8.73
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