©
2016 2019

Development of Plant Biomass-derived Carbon Fiber by Environmentally Friendly
Process
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The present work aims to develop environmentally friendly process of
polymeric materials based on utilization of plant biomass. To this aim, preparation of aromatic
polyester from caffeic acid (CA) and investigation of melt-spinning condition of CA-derived aromatic

polyester as a precursor for carbon fiber were performed. As the result, poly(caffeic acid) was
quantitatively obtained from caffeic acid by the acetylation followed by ester exchange.
Furthermore, successive melt-spinning of poly(caffeic acid) was attained by the optimization of
polymerization and melt-spinning condition. The melt-spun poly(caffeic acid) fiber showed tensile
modulus of 2 GPa and tensile strength of 50MPa.
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Fig. 1 Synthetic scheme of poly(caffeic acid) (PCA) from caffeic acid (CA).
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Table 1. Molecular weight and thermal properties of poly(caffeic acid) (PCA)
Molecular weight Ty (°C) Tm (°C) Taso
Mw Mw / M (°C)
PCA180C0.5h 4.3x10° 1.8 63 ND*® 213
PCA180C1h 1.2x10° 19 74 ND 221
PCA180C2h 2.5x10° 25 98 ND 270
PCA180C4h 4.9x10° 31 101 ND 313
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Fig. 2 Melt-spun fiber pf PCA (left and center) and its magnified image by optical microscopy
(right).

Table 2 as-spun annealed PCA



Table 2. Mechanical properties of poly(caffeic acid) (PCA) melt-spun

fiber.
Young’s modulusMaximum StrengthElongation at break
(GPa) (MPa) (%)
As-spun PCA 1.3+ 0.6 53+ 21 53+ 2.1
Annealed 2.0+ 0.9 51+ 34 3.9+ 13
PCA
Vectran®2 69 - 84 1.1x103— 3.4x103- 1.7-37
a: Cited from ref. 2.
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Fig. 3 WAXS profiles of melt-spun PCA fiber. Left: Two-dimensional WAXS pattern. Right up:
Circular-averaged one-dimensional scattering intensity profile along scattering angle direction.
Right down: One-dimensional scattering intensity profile azimuthal angle direction.
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