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Paper

Study of Mechanism for Improving Tensile Elastic Modulus of
Self-reinforced Composite

Yun, Deok Woo*, Kang, Hyun Min*"

ABSTRACT: Tensile properties of polypropylene based self-reinforced composites were investigated as a function of
process variables of the double-belt lamination equipment such as pressure, temperature and cooling conditions.
Elastic modulus was enhanced approximately 6 times from 0.2 to 1.2 GPa. The improvement mechanism was studied
by identification of crystalline structure changes using DSC and XRD analysis. In addition, morphology change of
self-reinforced composites was also investigated by SEM analysis in order to reveal the degree of impregnation.
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Fig. 1. Melting point of Reinforcement fiber and matrix film

Table 1. Bass materials of Self reinforced composites

Fiber Fabric Film
Tm : 165°C Plain weave Tm : 130°C
200Denier, 90filament Warp : 137/inch Thickness :
Thickness : 200 um Weft : 53/inch 60 um
L : 250mm
_$W o
Reinforcement
Fabnc
Matnx Film

Fig. 2. Specimen structure of fiber and matrix film
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Continuous fiber surface treatment
/ fiber spreading

Tube furnace

Fig. 3. Continues fiber composites impregnation machine

Table 2. Feature of each component of continues fiber compos-
ites impregnation machine

Facility Description

Remove impurities and other organics
remaining in the continuous fiber sur-
face

Tube furnace

Continuous fiber surface | Fiber spreading and plasma surface
treatment/fiber
spreading

treatment to improve the impregnation
of continuous fibers

Laminating a thermoplastic resin film
and impregnated with continuous fibers
by a variety structures, by using a dou-
ble belt

Impregnating with resin and fiber by

Thermoprastic fiber
impregnation : double
belt lamination

Thermoset fiber

impregnation electronic syringe and Teflon tube
Cutting/Winding (;uttlng, winding of 1r.npregnated con-
tinuous fiber composites prepreg
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Table 3. Tensile properties and specific gravity according to belt

gap
Temp 160°C
Belt gap (um) 400 500 800
Specific gravity 0.885 0.874 0.869
Tensile strength (MPa) 135 104 75
Tensile modulus (GPa) 0.83 0.35 0.17
Elongation (%) 61 77 89
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Table 4. Tensile properties and specific gravity according to tem-

perature
Belt gap (um) 500 pm
Temp 155°C 160°C 165°C
Thickness (pm) 510 530 550
Specific gravity 0.869 0.874 0.891
Tensile strength (MPa) 106 104 97
Tensile modulus (GPa) 0.39 0.35 0.78
Elongation (%) 58 77 105
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Fig. 4. Tensile properties according to temperature
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Fig. 5. SEM image of self-reinforced composites section accord-
ing to temperature
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Table 5. Tensile properties and specific gravity according to pro-

cessing time
Belt gap (um) 500
Temp (°C) 160
Processing time (sec) 150 470
Tensile strength (MPa) 104 85.8
Tensile modulus (GPa) 0.35 1.34
Elongation (%) 77 82
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Fig. 6. 4 section of double belt laminator

Table 6. Tensile properties and specific gravity and according to
cooling process

Section 1 Temp (°C) Ref. 165 170 175
Specific gravity 0.896 0.863 0.887 0.896
Tensile strength (MPa) 103.0 115.3 123.5 115.7
Tensile modulus (GPa) 0.93 0.80 1.04 1.18
Elongation (%) 88 47 55 52
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Fig. 7. Tensile properties according to temperature
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Fig. 10. Crystalline peak according to temperature in XRD

Table 7. FWHM of main peak in XRD

FWHM (full width of half maximum) at theta
6.9° 8.4° 9.1° 10.4° 10.8°
as-recieved 0.570 0.545 0.593 0.473 0.860
165-cooling | 0.537 0.537 0.553 0.603 0.880
170-cooling 0.424 0.455 0.442 0.215 0.581
175-cooling 0.411 0.447 0.428 0.395 0.487
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