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Characteristics of High Strength Polyethylene Tape Yarns and Their
Composites by Solid State Processing Methods

Seung Goo Lee*, Whan Cho*, Yong Rak Joo**, Jae Kyung Song** and Chang Whan Joo*

ABSTRACT

The manufacture of high strength polyethylene(HSPE) tape yarns has been accomplished by a solid
state processing(SSP) method as the compaction of ultra-high molecular weight polyethylene(UHMWPE)
powders and drawing of the compacted film under the melting point without any organic solvents. In this
study, the characteristics of HSPE tape yarns produced by SSP which is desirable for production cost and
environmental aspect were analyzed. As the results, tensile strengths of HSPE tape yarns increased with
increasing the draw ratio and the fracture morphology of highly drawn HSPE tape yarns showed more
fibrillar shape than the low drawn one. Interfacial shear strengths of HSPE tape yarns-with vinylester
resin increased by O, plasma treatment and maximum interfacial shear strength was obtained in the
plasma treatment condition of 100W and Smin. In addition, mechanical properties of HSPE tape yarn
reinforced composites were investigated and compared with those of the gel spun HSPE fiber reinforced
composites.
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Fig. 1. Schematic diagram for manufacuring process of
UHMWPE powder.
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Fig. 2. Schematic diagram for the manufacturing process of
HSPE tape yarns.
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Fig. 3. Tensile strength of HSPE tape yarns with draw ratio.

Fig. 4. Tensile modulus of HSPE tape yarns with draw ratio.
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Table 1. The results of contact angle analysis of HSPE tape yarns with oxygen plasma treatment condition

Plasma Contact angle( %) Nonpolar Polar Total surface
component component free energy
treatment ¢ b
condition Water Methylene % % %
iodide (ergs/cm’) (ergs/cm’) (ergs/cm’)
Untreated 94.8 64.4 26.73 1.66 28.39
SOW, Smin. 15 60.0 29.33 41.98 71.32
100W, 5min. 9.8 51.6 34.25 39.60 73.85
| 150W, 5min. 3 45.2 37.87 37.99 75.86
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Fig. 5. Breaking elongation of HSPE tape yarns with draw ratio.

S92 20KV X508 18va WD39 4596 1ove H039

(a) (Y]

" k56 16bn MDI9

5569 2Ky

X382 19vs HD3O

(c) (@)

Fig. 6. SEM microphotographs of fracture surface in HSPE tape
yarns with different draw ratio(DR} (x500);
(a) DR 9, (b) DR 26, (c) DR 42, (d) DR 45
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Fig. 7. SEM micrephotographs of fracture surface in HSPE tape
yarns with different draw ratio(DR) (x 1,500);
(a) DR 9, (b) DR 26, (c) DR 42, (d) DR 45
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Table 2. Mechanical properties of HSPE tape yarn composites
and Spectra fiber composites.

Specimen HSPE/Vinylester (Spectra/Vinylester
Property .
Tensile strength (kgf/mm) 17.15 29.57
Tensile modulus (kgf/mm’) 63.15 374.01
Strain (mm/mm) 0.52 0.12
Flexural strength (kgf/mm’) 5.92 5.70
Flexural modulus (kgf/mm’) 376.77 439.80
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Fig. 8. Effect of treatment power on the interfacial shear
strength of HSPE tape yarns.

Fig. 9. Load-disptacement curves of HSPE tape yarns from
pull-out test with O, plasma treatment condition
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Fig. 10. SEM microphotographs of fracture surface in HSPE
tape yarns after pull-out test (x500) ; (a) Untreated,(b)
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