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Thermoforming and interfacial optimization of PE-UHMW/TPU composite fabric
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Abstract : To meet the stringent requirements for high-performance polymer-coated fabric composites in inflatable water
rescue equipment, the research on the composites preparation process was carried out using ultra-high molecular weight polyethyl-
ene (PE-UHMW) and thermoplastic polyurethane (TPU) as raw materials. The thermodynamics properties and changing rules of PE-
UHMW fibers were investigated under different thermoforming temperatures, and the thermal bonding composite forming tempera-
ture for PE-UHMW/TPU system was determined. Epoxy resin (EP) activation impregnation was used to activate PE-UHMW
fabrics, and the effect of EP activation impregnation coating amount on the peeling, puncture resistance, tearing and tensile proper-
ties of composites was analyzed. The results show that the thermoforming temperature has a significant impact on the mechanical
properties of PE-UHMW fibers, PE-UHMW fiber crystallinity gradually decreases with the increase of temperature and that the
fiber melting and recrystallization process leads to a decline in the mechanical properties. When the thermoforming temperature
exceeds 120 °C, the strength of PE-UHMW fibers decreases significantly, indicating that the hot-pressing temperature for PE-
UHMW fibers and TPU should not exceed 120 °C. One-way analysis of variance shows that EP activation impregnation coating
amount has the significant effect on the peel strength, puncture resistance, tear strength and tensile breaking strength of the compos-

ites, and the mechanical properties of the composites are significantly improved with the increase of coating amount. When the EP
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activation impregnation coating amount is 0.2 L/m?, the peel strength of the composite increases to 22.79 N, and the puncture resis-

tance, tear strength and tensile breaking strength increase by 56.3%,62.3% and 53.7%, respectively.
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effect ; interface
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Fig. 2 Tensile strength of PE-UHMW fibers before and after hot press-

ing treatment at different temperatures
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Fig. 7 Effect of EP coating amount on puncture force of PE-UHMW/
TPU composites

WHEESHFAMERN R, MIZEURE BRI, bt
TR 7 5 2 HE 25 (p-value<<0.05) ., FH &1 7b fi4 25 il i
L] UL AR U BRI 2 A R 2R T R, B
R AR A R RN . BEE IR BURE D
Hohn, BoEE Rl o T, SRR AR, 3R
B EP 1G58 T 2 A M RS 45 T
WARELE 22 B B AR 2 A I, 7 i AE

A SRR TE AN E 8 iR . HilEl 8a
Al UL, PE-UHMW/EP-0/TPU & & AR 45— 2T 4
EEBIPPIR, AR R, T AR 4k S W
SPGB TER AR, T B T2 RA
S B LR U LU A LD 2l ) e A 5 U] A
BN o IRV R T3 7 el %k 2b 2 it fin 1) T A o
1, 71 5% FEIZD it Bt AR L 0B b £ it

®1 EPREES5PE-UHMW/TPUESHMEE AZE HEENURCVENXR
Tab.1 Relationship between EP coating amount and thickness, areal density, peel strength and CV of PE-UHMW/TPU composites

EP coating amount/(L*m ™)  Composite thickness/mm Areal density/(g-m™) Peel strength/N Coefficient of variation/%
0 1.1 880 3.33 10.98
0.05 1.15 930 13.22 8.46
0.10 1.20 980 15.95 6.46
0.15 1.25 1030 19.45 8.98
0.20 1.30 1080 22.79 5.51
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Tab.2 One-way ANOVA on the effect of EP coating amount on the mechanical properties of PE-UHMW/TPU composites

Mechanical properties ~ Sum of squares ~ Degrees of freedom Mean square F-value p-value Significance
Peel strength 1104.21 24 276.05 194.93 1.03x10°" *
Puncture resistance 864 669.16 14 206 073.67 51.04 1.28x10°° *
Tensile strength 18 656 161.44 24 4413 333.26 88.02 2.11x107" *
Tear strength 878 121.76 24 190 203.64 32.42 1.75x107% *

Note: when p-value<0.05, it indicates significant effect(¥*).
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