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Abstract: To investigate the effect of drawing on polyacrylonitrile (PAN) precursors used
for carbon fibers, a wet-spinning method was employed. The stepwise drawing process
significantly improved fiber orientation and mechanical properties, progressively enhanc-
. ing these characteristics from the jet-stretch stage to the post-drawing stage. After post-
'Corresponding Author: Yong-Sik Chung drawing, the PAN precursor exhibited a tensile strength of 4.82 g/den. Furthermore, vary-

E-mail: psdcolor@chonbuk.ackr ing the jet stretch ratios (0.3, 0.5, 0.7, and 0.9) led to an increased post-drawing ratio, further
enhancing the orientation factor and mechanical properties. At the optimal jet stretch ratio
Received July 11,2025 of 0.9, the highest orientation factor and tensile strength were 0.853 and 6.01 g/den,
Revised July 28, 2025 respectively. After carbonizing the optimized PAN precursor at 1350 °C, the resulting car-
Accepted July 29, 2025 bon fiber exhibited a tensile strength of 3.39 GPa and a modulus of 352 GPa.
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Figure 1. Schematic illustration of the wet spinning process and the molecular orientation mechanism in polyacrylonitrile (PAN) polymer fibers.
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Table 1. Conditions for stepwise wet spinning and jet-stretching
processes

Spinning AF RF HSF SSF
Stretch ratio 0 0.5 3.62 2.85
. DMSO . . Steam
Media (aq) 5% Diwater  Diwater (2.5 bar)
Jet stretch JS-03 JS-05 JS-0.7 JS-09
Jet stretch ratio 03 0.5 0.7 0.9
Post drawing 4.75 6.65 8.56 11.41

*As spun fiber(AF), rinsed fiber(RF), hot water stretching fiber(HSF),
steam stretching fiber(SSF).
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Figure 2. The images of variable jet stretch; (a) 0.3, (b) 0.5, () 0.7, and
(d) 0.9.
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Figure 3. The optical microscope images of stepwise wet spun
fibers; (a) AF, (b) RF, (c) HSF, and (d) SSF.
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Figure 4. (a) 2D XRD images (AF: as-spun fiber, RF: rinsed fiber, HSF: hot water stretching fiber, SSF: steam stretching fiber, SF: stabilized fiber, CF:
carbon fiber, GF: graphitic fiber), (b) XRD patterns, (c) Azimuthal scans at 26=17 ° of PAN precursor, (d) XRD patterns, and (e) Azimuthal scans at
26=17 ° after carbonization (carbon fibers) and graphitization (graphitic fibers).
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Figure 5. The TGA curve of AF.
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Table 2. Structural parameters of carbon fibers as a function of jet
stretch ratio

200)  dox(A  FWHMyg, L.(A)  O-factor
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J505C 253 352 536 16.87 0.727
J507C 252 353 531 17.03 0.733
JS09C 248 359 527 17.18 0.745
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Figure 9. Orientation of PAN precursor fibers and carbonized fibers

as a function of jet stretch ratio.
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