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Abstract: In this study, we investigated stepwise stabilization process of 48 k filaments PAN precursor to observe thermal
behavior of PAN fibers. We also controlled parameters such as oven temperature, air flow direction, velocity, thermal res-
idence time, and tow size to optimize stabilization process for large tow carbon fibers. FTIR, elemental analyzer, density
column, X-ray diffractometer were used to evaluate stabilization degree and chemical structural evolution during thermal
stabilization. The oxidation process of PAN fibers makes cross-linking reaction more easier between intermolecular
chains and enduces cyclization reaction of acrylonitrile. In addition, the degree of air diffusion into fibers affects the
mechanical properties of the final carbon fiber. The carbon fiber with ca. 10% of oxygen content and 1.40 g/cm?® of den-
sity showed the best mechanical properties with 2.5 GPa tensile strength and 214 GPa tensile modulus.
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Table 1. Oxidized PAN Density for Various Stabilization Conditions (Tow Size, Air-flow, Residence Time, Air Flow Velocity)

Oxidized PAN density (g/cm’)

12 k 12 k 48 k 48 k 48 k 48 k 48 k
Sample C(}lmplex Complex Complex Complex Top-down Side Complex
ow flow flow flow flow flow flow
tz: 12 min fz: 30 min fr: 12 min fz: 30 min tz: 30 min tz: 30 min fz: 30 min
1.8 m/s 1.8 m/s 1.8 m/s 1.8 m/s 1.8 m/s 1.8 m/s 0.4 m/s
Precursor 1.17
Stabilization temperature
200 °C 1.19 1.19 1.19 1.19 1.19 1.19 1.19
210°C 1.20 1.21 1.20 1.22 1.21 1.21 1.21
220 °C 1.22 1.25 1.21 1.25 1.22 1.23 1.22
230 °C 1.25 1.28 - 1.28 1.24 1.25 1.24
240 °C 1.29 1.34 - 1.32 - - -
250 °C 1.31 1.37 - 1.37 - - -
260 °C 1.36 1.39 - 1.40 - - -
270 °C 1.39 1.43 - 1.44 - - -
PAN precursor
_ 210 C
2 lLanc Ny
e 230 C %
§ 240 T - %
| £ [Lasc v_\\m
. - g 260 °C m
Figure 1. SEM image of oxidized PAN fibers (a); burned fibers g ~
(48 K) (b). e p2e %
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Figure 2. FTIR spectra of oxidized PAN fiber — 48 k.

e EZZ|(C=N)9| Al7] HIE&S S48t AlLteiion o
2 vt ekt

it g
2240 1600

Y3t M 2EE EYTE YolEY]Y] HA Al7]=
Zo]EA HAL 1595-1600 cm oM 2] C=N |3 HA} Z7}
sHAl =o} EOR Ht H3F S71ettt. Figure 3914 HH 12k
ESE E AR 1280 7} 2%ollA] kgl 79 <t
43} A2 s FFE EOR FAE 250°Ce] L=/ d3} &
7¥el= A YERAARY, 260 °CollA] EOR®] 0.99] =23k
FHell K83l 255 US =deol® IA 7tk A

Extent of reaction =



PAES ZEolad=vEDA &

Holx| ettt Wbl 48k B9 A 4 AFA] 12
o, 220 °C7FA] EAElslkE AFolA] Adfe] el 3
& =)o) EOR 217} F43] 0.6 717ke] Z7FH =al U=
gk Z7FIA AR EA sk Sl

GAA g3t FAAA E AFAIZHR)S 3070 83
S o, d-fe] syt 218 =R ¢k EOR 0.9, U= 1.40 g/
cm7HA] F7FAT st 228 E=USE A8t PAN A
ol Bx e Sk Pgst vhg- I A= (EOR)9} 44t
o] Z71e} AR A4S Bolt) eHysl Y F Alkx 8
Ao] YRS, AP0 H3 F7HP H 3 ol
w2} Aksh PAN Af9] "= gk Bgk F71gitt 230-240 °C
o] 2EofA WS YH e H A E$ PAN A

n-s

=
ol W= 125 glom’ BTk Y9k, A2 $FeFo] 6% ol st
HOATE QPYSE Aol Ak g B AREZE TRl
& kg olF el 83 9L 5] PAN 7x7F &

= 7K dske Atte] deEe] 725 I8kt
e HojZrh 47wl ghke] obys)l xE2
2 AbEbe] 71 Age] E8% 0= o] Fo|R]]|

w0 O .
Oﬁ 92 O}i 1L

© gz oF

e

1.45 7/ 1.0
_ e 12k t, : 12 min Jﬁ"'@‘
Ld d . . L
g 1.404 w 48kt : 12 mfn ,_—8" A los
D) 4 48k t, : 30 min Bz i
= . net A g
2 13590 12kt : 12 min - R g
g 048Kkt :12min AT P s [ 06 g
< 1301 ~ 48kt :30 min ,” foAT e =
Z A} / . e L0o4 ©
< II ’r ’1 g -
A 1.254 JA . =
= . e +
51 puig -2 ]
= IO anlrs. L02 &
5 120 Y viotl
1.15 7/ T T T 0.0
20 200 220 240 260 280
Temperature (°C)
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Figure 4. Oxygen content and denier of oxidized PAN fiber — 48 k.
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Figure 5. X-Ray diffractogram of oxidized PAN fiber — 48 k.
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Figure 6. Mechanical properties of carbon fiber — 48 k.
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