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Effect of plasma modification treatment on UHMWPE fiber properties
WANG Huan MA Chonggi LU Hanming
( Textile Institute Tianjin Polytechnic University Tianjin 300387 China)

Abstract: The smooth surface of UHMWPE fiber results in the low interfacial adhesion between the fibers and resin
matrix. For this disadvantage plasma processing method was used for surface modification of UHMWPE fibers. The
properties of UHMWPE fiber before and after the modification were investigated by SEM and infrared spectroscopy.
The factors affecting the fiber properties during plasma treatment were analyzed by orthogonal experiment design
method. Then the adhesive force between the fiber bundle and the resin was measured by the fiber bundle pull-out
method. The results showed that: the optimum treatment process is as below: treatment time 4 min pressure 5 Pa.
the power of treatment 110 W. After modification the active groups on the fibers surface increased significantly; the
surface roughness increased obviously; the contact angle of fiber surface decreased by 28.95% and the adhesive
force between fiber and resin matrix increased by about 28.35% .

Key words: plasma treatment; UHMWPE fiber; mechanical properties; orthogonal experiment; adhesive force; fiber
bundle pull-out method
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4.6.8.10 min; 5 ~ Fig.1 Diagram of fiber bundle pull-out method
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INSTRON 399 UH- 3 UHMWPE
MWPE GB/T 7690. 3—2013 ¢ Tab.3 Visual analysis of contact angle of UHMWPE fiber
3 : after modification
) . A B C D
/min /Pa W /(°)
2.5 o 17 cm 1 4 10 200 53.60
2 mm/min 10 ’ 2" 4 5 170 65.60
1.2.3 37 4 15 140 51.50
S5CA20 4* 4 20 110 55.70
5* 6 10 170 55.80
° 6" 6 5 200 57.80
1.2.4 7* 6 15 110 55.90
8* 6 20 140 50.70
TM3030 9* 8 10 140 53.80
5kV 3000 10* 8 5 110 58.70
1.2.5 11* 8 15 200 54.60
Nicolet iS50( Thermo Scientific) 12° 8 20 170 58.90
KBr 13* 10 10 110 55.70
4000 ~400 em . 14* 10 5 140 59.70
126 15* 10 15 170 55.20
16* 10 20 200 51.50
K, 56.6 54.7 54.4
o 1 UHMWPE K, 55.1 60.5 58.9
0.3 mm 2 mm K, 56.5 54.3 53.9
K, 55.5 54.2 56.5
/(°) R 1.5 6.3 5.0
iB>C>A; ‘A, B, Gy; :A,B,C,
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Tab.4 Testing of intersubjective effect Sig <0.05
11 df F Sig Sig <0. 05 Sig
178.716a 9 19.857 4.257 0.046 Sig >0.05
50030.506 1 50 030.506 10725.132 0.000
VAR00003 61.742 3 20.581 4.412 0.058 ° >
VAR00002  110.127 3 36.709 7.869 0.017 6 A,B,C,
VAR00001 6.847 3 2.282 0.489 0.702 10 min- 5 Pa. 110 W,
27.989 6 4.665 6
50237.210 16 Tab.6 Testing of intersubjective effect
206.704 15
- - il df F Sig
‘R =0.865( R =0.661) VAR00004 74.888a 9 8.321  5.312 0.027
VAR00001 VAR00002 VAR00003 107 148.202 1 107 148.202 68 396.471 0.000
. VAR00003 55.168 3 18.389  11.739 0.006
4 Sig <0.05 VAR00002 17.734 3 5.911 3.773 0.078
VAR00001 1.98 3 0.662 0.423 0.744
Sig 0. 05 9.399 6 1.567
Sig >0. 05 107 232.490 16
84.287 15
. 3 4 ' R* =0.888( R =0.721) VAR00005
4 min 5 Pa 170 W. VAR00001 VAR00002 VAR00003
5 UHMWPE ‘
5 UHMWPE 7 UHMWPE
Tab.5 Visual analysis of tensile strength of UHMWPE fiber °
after modification 7
Tab.7 Two groups of optimization schemes
A B C D
( /min /Pa W IN /%) /N
1* 4 10 200 79.62
ot 4 5 170 81.54 1.5 4 min 0.96 10 min
3# 4 15 140 83 24 6.3 5Pa 2.96 5 Pa
4 " = T 5. 5% 5.0 170 W 5.05 110 W
5" 6 10 170 80.78
6" 6 5 200 80.44
7* 6 15 110 84.45
8" 6 20 140 79. 89
9* 8 10 140 81.13
10* 8 5 110 85.65 o
11* 8 15 200 79.76
12* 8 20 170 81.17
13 10 10 110 85.51 ’
14* 10 5 140 85.41
15* 10 15 170 80. 62 4 min 5Pa 110 W,
16* 10 20 200 77.85 2 UHMWPE .
K, 81.67 81.76 79.42 ) 2920 cm~' 2850 em”!
K, 81.39 83.26 81.03
CH, :
K, 81.93 82.02 82.42
K, 82.35 80.30 84.47 1700 cm ™' C=0
R 0.96 2.96 5.05
/N LC>B>A; ‘A, B, C,
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Fig.3 Morphology and structure of UHMWPE fiber before and after modification
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Tab.8 Comparison of UHMWPE fibers before and after modification
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Fig.4 Contact angle of UHMWPE fiber surface before and after modification
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