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Received December 08, 2023 Abstract Microporous gel films of 29 m were prepared by the gel drawing of
Revised_December 21, 2023 UHMWPE/soybean oil blend (4:6, w/w) up to 800%. The stretched films containing
Accepted_December 22, 2023 the optimal photoinitiator concentration, depending on the film thickness, was cross-
linked under 365 nm LED-UV irradiation and the oil was extracted with n-hexane, re-
sulting in a gel fraction of 95 % or more. With the formation of the cross-linked
structure, the melt-down temperature and melt-down elongation increased by 16 °C
and by 63% respectively. Also the thermal stability of the crosslinked UHMWPE was
proved by the area shrinkage under the heat treatment decreased to 3.8 % compared
to 174 % for the pristine film, and by the reductions in the combustion heat. The

enhanced thermal stability of the crosslinked UHMWPE microporous membranes can

Textile Coloration and Finishing be used for various industrial applications such as filters, electric vehicles and energy
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where,
Wo, W, The vaccum-dried weights of the pristine
UHMWPE and insoluble gel, respectively
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Table 1. Effect of photoinitiator concentration on gel fraction according to draw ratio

Pl concentration (%mol/repeating unit)

Draw ratio Thickness UV energy
) m) V/en) 0.7 0.96 123 154 165
0 184 8 96.6 - - - -
200 123 8 93.8 974 - - -
400 88 8 88.5 - 954 - -
600 52 8 84.6 - - 96.0 -
800 29 8 81.6 - - - 956

Table 2. Effect of UV energy on gel fraction according to draw ratio

Draw ratio Thickness PI concentration UV energy (/cm)
%) (um) Oemol/
repeating unit) 0 2 4 6 8
0 184 0.77 0 833 92.6 94.6 96.6
200 123 0.96 - 83.1 924 93.6 974
400 88 1.23 - 825 88.7 94.2 954
600 52 1.40 - 78.5 854 914 96.0
800 29 1.65 - 726 83.7 89.9 95.6
PEe
hy PE-H — PE-PE

PI —» PI* — PI-H + PEs(
S—— PE-OOe

Scheme 1. Oxygen inhibition and crosslinking of UHMWPE.
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Figure 1. Effect of draw ratio on Pl concentrations for 95%GF
or more.
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Table 3. Theoretical and actual Pl concentrations as a function of draw ratio

Pl concentration (%mol/repeating unit)

Draw ratio
(%) Volume Surface Experimental results
0 0.77 0.77 0.77
200 1.05 1.72 0.96
400 1.16 2.49 1.23
600 120 2.94 1.54
800 1.25 344 1,65
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Figure 2. Effect of draw ratio on TMA elongation of UHMWPE; (a) uncrosslinked and (b) crosslinked.

Table 4. Melt-down temperatures and elongations of crosslinked UHMWPE

Treatment Draw ratio (%) MDT (°C) MDE (%)
0 218 380
200 212 330
Uncrosslinked 400 208 300
600 194 260
800 183 220
0 235 600
200 228 490
Crosslinked 400 225 420
600 210 350
800 204 320
500 500
XL - PE %%
————— XL - PE 400%
agpd ——r—r: XL - PE BOD%%
‘= 3004
2
v
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I 200
100
a

Temperature { G)

Temperature (T)

Figure 3. HRR curves of the crosslinked UHMWPE film.
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Table 5. The MCC data of the crosslinked UHMWPE films

Draw ratio Treatment Peak HR temperature Peak HRR THR
(%) (C) W/g) (W/g)
0 302 / 430 293 / 333 38.1
400 Uncrosslinked 309 / 388 150 / 407 409
800 293 / 384 123 / 314 419
0 292 / 430 182 / 304 352
400 Crosslinked 293 / 406 121 / 325 35.6
800 303 / 392 92 / 246 38.1

PE- XL-PE- (a)
(b))
—
(GF
T
I -

Figure 4. Effect of draw ratio on the thermal shrinkage; (a) 0%, (b) 400% and (c) 800%.

SHEGMII TSNS A I5H A 42




LED-UV Ztmof 9|st UHMWPE O|NICtE58te] & oy et 237
Table 6. Thermal shrinkage of the crosslinked UHMWPE films
Shrinkage (%)
Draw ratio
o Treatment Length
(%) Area
MD TD
0 55 47 9.9
400 Uncrosslinked 9.2 8.6 171
800 16.5 18.2 31.7
0 2.2 0 2.2
400 Crosslinked 38 2.6 6.3
800 46 30 7.5
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