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Abstract: Polyacrylonitrile (PAN) co- or terpolymers as carbon fiber precursor were successfully synthesized with high
yield using methyl acrylate (MA), itaconic acid (IA) or acrylic acid (AA) as comonomers via conventional solution
polymerization according to the different composition and weight ratio. The chemical structure, intrinsic viscosity, vis-
cosity average molecular weight of PAN polymers were determined by proton nuclear magnetic resonance ('H NMR)
and ubbelohde viscometer. The structure change of PAN polymers derived from cyclization and dehydrogenation reaction
during thermal oxidative stabilization depending on the different thermal treatment temperature was characterized by Fou-
rier transform infrared spectroscopy (FTIR) and the cyclization reaction index was used to check out the effect of
comonomer composition and weight ratio on the cyclization reaction of PAN polymers. The initial cyclization tempera-
ture, efficiency of cyclization reaction, and char yield of PAN polymers were analyzed by differential scanning calo-
rimetry (DSC) and thermogravimetric analysis (TGA).
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Scheme 1. Proposed mechanism involved in thermal oxidative stabilization of Homo PAN.®
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Table 1. Preparation and Characteristics of PAN Polymers with Different Comonomer Ratio

Monomer ratio (wt%)

Polymerization condition

Intrinsic

Sample Initiator Conversion’ viscosity, [] M,
AN MA 1A AA W%t TMY)  Temp (°C) Time (hr) (%) (dL/g) (x10* g/mol)
PAN100 100 - - - 1 64 + 74 7+5 84.21 1.49 10.4
PMS8 92 8 - - 1 64 + 74 7+5 86.35 1.55 11.1
PI8 92 - 8 - 1 64 + 74 7+5 51.82 0.53 24
PAS 92 - - 8 1 64 + 74 7+5 92.30 1.43 9.8
PMI71 92 7 1 - 1 64 + 74 7+5 82.74 1.60 11.6
PMI62 92 6 2 - 1 64 + 74 7+5 59.18 1.29 8.4
PMA71 92 7 - 1 1 64 + 74 7+5 96.45 1.52 10.8
PMAG62 92 6 - 2 1 64 + 74 7+5 89.64 1.68 12.4

“TM: total monomer. "Calculated by conversion=weight of polymer/weight of monomer x 100
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Figure 1. '"H-NMR spectra of PAN polymers: (a) PAN100; (b) PMS; (c) PI8; (d) PAS8; () PMI71; (f) PMI 62; (g) PMA71; (h) PMA62.
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Figure 2. FTIR spectra and images of PAN100, PMS, PI8, PAS, PMI71, PMI62, PMA71, and PMAG62 films stabilized at different tem-
peratures in air for 30 min: (a) original polymer; (b) 150 °C; (c) 180 °C; (d) 210 °C; (e) 240 °C; (f) 270 °C; (g) 300 °C.
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Table 2. Parameters for DSC Curves of PAN100, PMS8, PI8, PA8, PMI71, PMI62, PMA71, and PMAG62 According to the Different
Comonomer Ratio at 10 °C/min Under Air Atmosphere

Sample Monomer ratio OTi“ Opr OT{ %T” AI_-{ AHI/OAT:

(AN/MA/IA/AA) ©) (°0) (°O (°O (Jg") (Jg™°C)
PAN100 100/0/0/0 203.47 264.23 299.08 95.61 660.14 6.91
PMS8 92/8/0/0 206.60 297.63 315.58 108.98 640.93 5.88
PI8 92/0/8/0 194.29 254.14 288.17 93.88 428.50 4.56
PAS 92/0/0/8 216.69 275.28 321.23 104.54 410.02 3.92
PMI71 92/7/1/0 178.90 288.79 339.81 160.91 727.52 4.52
PMI62 92/6/2/0 176.39 274.03 313.07 136.68 550.30 4.03
PMA71 92/7/0/1 193.15 292.61 339.52 146.37 662.46 4.53
PMAG62 92/6/0/2 178.56 290.05 34391 165.35 670.22 4.05

“Temperature of initiation during cyclization reaction. “Temperature of peak with highest intensity during cyclization reaction. “Temperature of
termination during cyclization reaction. “AT = T\—T;. “Efficiency of cyclization reaction
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