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Abstract : The effect of drawing methods on the mechanical properties of PE fibers was investigated
to optimize the processing conditions in the semi-continuous gel spinning process. High density poly-
ethylene used in this study was Hizex Million 340 M with molecular weight of 3,000,000(g/mol) and
5wt % PE solution in paraffin oil was spun through a conical die and then these gel fibers were highly
drawn in one or two hot ovens. The drawability of gel fibers was dependent on the drawing tempera-
ture. The maximum draw ratios were observed for the fibers drawn at 110T. Tensile strengths and
Young’s moduli linearly increased with draw ratios regardless of the drawing temperatures of above
80. The best mechanical properties of PE fiber could be obtained at the drawing temperature of
110C, because the highest maximum draw ratio of the gel fibers were observed at this temperature.
The initial modulus and strength of PE fiber linearly increased with increasing overall draw ratios
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regardless of the drawing methods : (1) one step drawing of the Xerogel fiber, (2) one-step drawing
of the gel fibers, (3) two step drawing of the gel fibers. However, we could obtain the best mechanical
properties(T.S.=3.1 GPa, E=120 GPa) in the two step gel drawing process.
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Fig. 1. DSC heating thermograms of undrawn gel
(before the extraction of paraffin oil) and Xerogel fi-

ber (after the extraction of paraffin oil).
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Fig. 2. Maximum draw ratio of gel fiber (before the
extraction of paraffin oil) and Xerogel fiber (after the
extraction of paraffin oil) with drawing temperature
(feeding speed of undrawn fiber to hot oven=0.5m/
min.).
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Fig. 3. Tensile strength with draw ratio in one step
drawing process (feeding speed of as-spun fiber to hot
oven=0.5m/min. ; spin-draw ratio=5).
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Fig. 4. Young’s modulus with draw ratio in one step
drawing process (feeding speed of as-spun fiber to hot
oven=0.5m/min. : spin-draw ratio=>5).
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Fig. 5. Tensile strength with draw ratio in one step
gel drawing process (feeding speed of gel fiber to hot

oven=0.5m/min. ; spin-draw ratio=>5).
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Fig. 6. Young's modulus with draw ratio in one step
gel drawing process (feeding speed of gel fiber to hot
oven=90.5m/min. ; spin-draw ratio=>5).
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Fig. 7. DSC heating thermograms of drawn gel fibers
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Fig. 8. Weight fraction of PE in gel fibers with draw
ratio (spin-draw ratio=>5).
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Table 1. The Melting Temperature Change with Draw
Ratio for Gel Fibers and Extracted Gel Fibers(Scan-
ning rate =10C/min.)

Draw Ratio  Tw of Gel Fiber(C) T, of Extracted Fiber(C)

1 119.2 134.1
5 121.1 134.5
7.5 125.1 135.9
10 126.8 136.7
15 128.4 138.3
20 129.9 139.3

Table 2. Variation of(DR;).x with the Drawing Tem-
pertures of the Second Oven(T,) (feeding speed of
gel fiber to the first and the second oven=0.5m/min.)

First Draw Ratio (DRe)mes
Tq=110C Ta=115C Tq=120C
DR;=5 6.7 6.1 6.7
DR=7.5 5.1 5.1 5.4
DR,=10 4.3 4.4 4.7
DR,=15 3.2 3.3 3.5
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Fig. 9. Maximum second and overall draw ratio vs. fi-
rst draw ratio in semi-continuous, two step gel dra-
wing process (spin-draw ratio=>5, feeding speed of gel
fiber to oven=0.5m/min.).
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Fig. 10. Plot of tensile strength vs. overall draw ratio

with the variation of DR, in a semi-continuous, two

step gel drawing process (A, =5, feeding speed of gel

fiber to oven=0.5m/min.).
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Fig. 11. Plot of Young’s modulus vs. overall draw ra-

tio with the variation of D.R., in a semi-continuous,

two step gel drawing process (A, =5, feeding speed

of gel fiber to oven=0.5m/min.).
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Fig. 12. Plot of tensile strength vs. overall draw ratio

with the variation of the drawing methods in semi-co-

ntinuous process (feeding speed of as-spun fiber to

oven=0.5m/min.).
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tio with the variation of the drawing methods in semi-
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modulus for drawn PE fiber.
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