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ABSTRACT

Pultrusion process is suitable for forming constant cross-section and continuous
composite. Generally, this process is known as thermosetting pultrusion process using thermosetting
resin as a matrix. Currently, thermoplastic pultrusion process has not been studied and this
composite has not been produced widely for industrial and commercial materials comparing with
thermosetting pultrusion process. Thermoplastic pultrusion is performed by pulling reinforcement
fibers and thermoplastic fiber through the heated die causing melting and impregnation in the
reinforcement fibers. The fibers were pulled though the constant cross-section of the heated die to
form continuous composite.

In this research, polypropylene fibers were used as matrix resin and jute fibers were used
as reinforcement fiber whereas glass fibers were used as additional reinforcement fiber to strengthen
its structure for the successful pultrusion process. The filling ratio of fiber was an important
parameter of this process calculating from the ratio of cross-section of materials to cross-section of
the molding die. This ratio was designed over 100 % so the ratio of 100.52 % was employed
consisting of 23.06 % jute fiber, 9.01 % glass fiber and 68.45 % polypropylene fiber. Pultrusion
temperatures were set at 190, 200, 210, and 220 °C and pulling speeds were 40, 100, and 140
mm/min. The microstructure was examined to evaluate the impregnation quality of resin into fiber
bundle by using Photoshop CS6 and ImageJ] 1.52a. Tensile (ASTM D3039) and flexural test
(ASTM D790) were conducted to evaluate these composites’ strength.

The continuous composite from jute fibers reinforced polypropylene was successfully

fabricated by thermoplastic pultrusion process with the size of 25 X 3 millimeter, and the length of

)



1,500 millimeter. All reinforced fibers were performed in unidirection. From the microstructure
examination, it was found that the pultrusion temperature and speed affected the impregnation
quality of polypropylene resin and void content in the composite. The resin was impregnated into
the fiber bundle better at higher temperature while higher speed decreased the resin impregnation.
Higher pultrusion temperature caused higher mechanical properties. Pultrusion temperature of
200 °C showed the best mechanical properties. When the temperature was over 200 °C, the
mechanical properties decreased despite of good impregnation qualities. This was because jute fiber
was affected by high temperature similar to its degradation point. Moreover, when the pultrusion
speed increased, the impregnation and mechanical properties decreased. The best pultrusion speed
was 40 mm/min. Therefore, this research can be used as a guideline to design thermoplastic
pultrusion process suitable for continuous composite from natural fibers reinforced in the

thermoplastic matrix.

Keywords: thermoplastic pultrusion, unidirectional composite materials, jute fibers reinforced in

polypropylene, thermoplastic pultrusion condition, filling ratio of fibers

(6)
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Cross-plied
Unidirectional quasi-isotropic
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Tensile Modulus of Melting Specific Specific

Density (p) Strength (TS) Elasticity (E) Temperature Modulus Strength
Material (g/cm?®) (ksi) (x10° psi) c) (x107in)  (x10%in.)
Polymers:
Kevlar™ 1.44 650 18.0 500 347 125
Nylon 1.14 120 0.4 249 1.0 29
Polyethylene 0.97 480 25.0 147 71 13.7
Metals:
Be 1.83 185 44.0 1277 77.5 2.8
Boron 2.36 500 55.0 2030 64.7 4.7
w 19.40 580 59.0 3410 85 0.8
Glass:
E-glass 2,55 500 105 <1725 114 5.6
S-glass 2.50 650 12.6 <1725 14.0 7:2
Carbon:
HS (high strength) 1.79 820 40.0 3700 63.5 13.0
HM (high modulus) 1.90 270 77.0 3700 112.0 39
Ceramics:
Al,03 3.95 300 55.0 2015 388 2.1
B4C 2.36 330 70.0 2450 824 39
SiC 3.00 570 70.0 2700 47.3 53
Zr0, 4.84 300 50.0 2677 286 1.7
Whiskers:
Al,03 396 3000 62.0 1982 434 21.0
Cr 7.20 1290 350 1890 134 49
Graphite 1.66 3000 102.0 3700 170.0 50.2
SiC 3.18 3000 70.0 2700 60.8 26.2
SizNg 3.18 2000 55.0 47.8 17.5
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Fiber Diameter Density Elongation Tensile Young’s
rang (g/em’) at Break strength modulus
(mm) (%) (MPa) (GPa)
Jute 10-25 1.3 1.5-.18 393-773 26.5
Cotton 12-38 1.5 7.0-8.0 287-597 5.5-12.6
Flax 5-38 1.5 2.7-3.2 345-1035 27.6
Hemp 10-51 1.4 1.6 690 35
Sisal 8-41 1.5 2.0-2.5 511-635 9.4-22.0
Coir 1.2 30.0 175 4-6
Bamboo 0.8 - 391-1000 48-89
Soft wood 1.5 - 1000 40
Pineapple = 1.6 413-1627 34.5-82.5
E-glass 10 2.5 2.5 2000-3500 70
S-glass 10 2.5 2.8 4570 86
Aramid 12 1.4 3.3-3.7 3000-3150 63-67
Carbon 7-10 1.4 1.4-1.8 4000 230-240
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ANULTILTIAY (MPa) 29.3-38.6
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3.5.3 MINATDULIIAA (Flexural strength)
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PDKF' MENT
276-8 Suapa Road, Pomprab, Bangkok 10100
Tel:+66(0)-2225-1122-6, Fax:+66(0)-2225-6655
Product Specification Sheet
Date Customer Our Ref:
17 Oct 17 MAaimiansuei  AnifnTsumand 171016-01
Number
Yarn Type Name Denier Strength Tenacity | Elongation
Of Filament
1200 D PPMF 1140 - 1260 >8.40 kg. |>7.00 gpd. 10 - 25 148

Apprgred By

Paitoon Kommueang
Quality Control Department
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Abstract

This research was studied the forming process of unidirectional composite materials of jute fibers

reinforced in polypropylene matrix by thermoplastic pultrusion process. This process is suitable for
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forming continuously composite with constant cross-section. Generally, this process is well-known as
thermosetting pultrusion process which uses thermosetting resin as a matrix. Currently, thermoplastic
pultrusion process has not been investigated and produced the composite materials for industry and
commercialize when compare with thermosetting pultrusion process. Thermoplastic pultrusion is
performed by pulling reinforcement fibers and thermoplastic fiber through the heated die for melting
the resin fiber and impregnate to the reinforcement fibers. Polypropylene fibers were used as matrix
resin and jute fibers were used as reinforcement fiber. Meanwhile, glass fibers were used as additional
reinforcement fiber for enhancing the structure while pultrusion process. The filling ration of fiber was
designed over 100 % to make sure the composite materials were performed completely structure.
Pultrusion temperatures were set to 190, 200, 210 and 220 °C, pulling speed was set constantly at 40
mm/min. Tensile test and flexural test were conducted to these composite for evaluate some
mechanical properties. The best mechanical properties were found with the pultrusion temperature

200 °C and decreasing with increased temperature because of jute fiber easily degradation at the higher

temperature.

Keywords

Thermoplastic Pultrusion, Unidirectional composite materials, Jute fibers reinforced in

polypropylene, Thermoplastic Pultrusion condition, Filling ratio of fibers
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