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Polyacrylonitrile based Copolymer Synthesis and Precursor Fiber
Spinning for Manufacturing High-performance Carbon Fiber

Hyejin Ju*, Minjung Han*, Kyunghyun Song*, Changbeom Jeon*, Hwakyung Jeong*,
Min Jeong Kim**, Han Gi Chae*'

ABSTRACT: The performance of carbon fiber is important for the production of these high-quality polymer
composite materials such as CFRP (Carbon Fiber Reinforced Plastic). For this purpose, it is essential to use an
optimized spinning process for improving the mechanical, physical, and structural properties of the precursor fiber,
which greatly affects the properties of the carbon fiber, and the use of a suitable precursor polymer. In this study, the
content of MAA (Methacrylic Acid), MAA injection time, and concentration of AIBN (2,2'-Azobis(2-methylpropionitrile))
were set as parameters for the polymer synthesis process, and Poly(AN-co-MAA) (poly(acrylonitrile-co-methacrylic
acid)) was polymerized by solution polymerization. Poly(AN-co-MAA) with a molecular weight of 305,138 g/mol and
an MAA ratio of 4.2% was dissolved in DMF (N,N-dimethylformamide) at a concentration of 16.0 wt%, and then a
precursor fiber was prepared through dry-jet-wet spinning. The precursor fiber had a tensile strength of ~1.06 GPa
and a tensile modulus of ~22.01 GPa, and no voids and structural defects were observed on the fiber.
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Table 1. Variable conditions in each copolymerization process

AIBN ratio | MAA injection | MAA feed ratio

Sample .

(wt%) time (h) (%)
PAN-1 1.0 1 2.0
PAN-2 1.0 3 2.0
PAN-3 1.0 5 2.0
PAN-4 2.0 5 2.0
PAN-5 0.5 5 2.0

Fig. 1. Lab-scale fiber spinning system
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Table 2. Effect of MAA injection time on polymerization

Sample Weight yield Molecular MAA ratio
(%) weight (g/mol) (%)
PAN-1 42 129,487 6.8
PAN-2 45 185,839 5.1
PAN-3 38 194,957 4.3

=

Exo up

—— PAN-1
e P AN-2

Heat Flow (mW/mg)

100 200 300
Temperature (°C)
Fig. 2. DSC plot of copolymer

Table 3. Effect of AIBN ratio on polymerization

Sample Weight yield Molecular MAA ratio
P (%) weight (g/mol) (%)

PAN-4 27 116,224 4.8

PAN-5 25 305,138 4.2
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Fig. 3. Rheological properties of polymer dope solution. (a)
Dynamic viscosity and (b) Cole-Cole plot

Table 4. Results of polymerization

Solid concentration | Dynamic viscosity | Slope of Cole-Cole
(Wt%) (> Pa.s) plot
16.0 35.0 1.69
17.5 109.3 1.42
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71&71 20H, FL g0l sk o] gh2 st A E T
[12]. 16.0 wt%, 17.5 wt% 80| 7+S Z7F 1.69, 1.428 =
7} Z7ksto] uhat goo] Aoty Ao] HaEE AL #9l
o] 7Fs3FAAL, 16.0 wt%®] F=0] ILEA} -HE WA} dope
2 Agatelt.

218fjoY|A] 3387FA] 5%72] 2Z HAIB](TDR, Total Draw
Ratio)5 7= AFAHEFE A=zsklar, Ao R
shehul o PAbat L2 ATHS 8215l $13 SEM o] u| %]
5 248193 o5 Fig 4o UERISIch AfuRol: &
ojuf oS AT oyt FA7to] glolen o
FEUS 7HAAL Qe RS el 4 STk
Z} A4 E ASA A2 =] A= Table 50

rHE o
e

-~

o} Zoff $418]21 TDR 33 Af-ollA= 7=, 1detd
80] 27} 1.06 GPa, 22.01 GPaZ 7} =& ¢
eyt

A Aol Al AME-E]= PANA BAN-F-8 HA A5
o] BAjaRe. 222 100,000 g/mol 2ol 400,000 g/mol ©]
Aol BARFS 7= EANE AR ho[5]). Bha
A =2 7AFEA AR SHIFeR 5H 12
o] A7 wigFdat & AHHAE M=l o] 2R E =
o]7] Ysfjx= ALA] A48 HQ] chain end7} A 11, A
Fet =S5, B3 A4A G 2HAT|F S 5 @
AR W = 2342 e IS FAE. gubg o
2 2342 9 uFgErt 5245 VA8 40 wokA

b. SDR 3 (As-sp

d. TDR 24

f. TDR 27
(fracture surface)
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Fig. 4. SEM images of precursor fiber morphology. Surface of
SDR 3 at (a) low and (b) high magnification, and (c-h)
post-drawn fibers (TDR 21-33)

Table 5. Tensile properties of spun precursor fiber

Total draw . Tensile Tensile .
K Elongation Diameter
ratio %) strength modulus (um)
0
(TDR) (GPa) (GPa) "

21 10.77+1.56 | 0.84+0.08 | 18.43+2.17 13.7+£0.4
24 994 +1.12 | 0.84+0.07 | 18.94%1.56 13.5+0.9
27 9.62+0.81 1.02+0.07 | 20.86%+1.37 12.3+0.5
30 9.98+1.16 1.06+0.13 | 20.44+1.51 11.5+0.6
33 9.03+0.73 1.06+£0.09 | 22.01+0.67 11.4%0.2

Al ==, ol /IFEA gk ol & UEhdl A= 1
= 2= QITH[15]. Table 60] LFEFE Ak A G5 0] olzk7bw
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Table 6. Molecualr weight and tensile properties of commercial
and experimental PAN-based precursor fiber [13,14]

Manufacturer Molecular weight | Tensile strength
(g/mol) (MPa)

Japan Exlan >400,000 80-460

Toray Industry N.A 456

Mitsubishi Rayon N.A 579

Nikkiso 130,000 637

Experimental 338,055 840-1060
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