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Studies on Composites
Using Wood and Nonwood Fibers™*!

- Effects of Polypropylene Fiber Length and Process Variables -

Phil-Woo Lee™

ABSTRACT

This study was executed to examine the effects of polypropylene fiber length and process variables
of the composites made from wood fiber and nonwood fiber mixed formulations.

As a nonwood fiber the polypropylene with 3 denier thickness of tow condition was selected and
cut into each length of 0.5, 1.0, 1.5, 2.0 and 2.5¢em to mix with wood fiber. And alse western hem-
lock wood fiber for medium density fiberboard was prepared. First, to decide an adequate polypropy-
lene mixing fiber length, the composites of 1.0g/aw density were made from 10% polypropylene fiber
by each of five lengths and 90% western hemlock fiber mixed formulations. Thereafter as the exper-
iments of process variable. the composites applied with adequate polypropylene fiber length(l.5cm)
were made from 4 density levels (0.6, 0.8, 1.0, 1.2g/mw). 3 mixed formulations of wood fiber to
polypropylene fiber(95 : 5, 90 : 10, 85 : 15). and 3 mat moisture contents(b. 10. 20%).

According to the results and discussions it was concluded as follows :

The physical and mechanical properties were shown improved tendency. as polypropylene fiber
length was increased in the range from 0.5 to 1.5em, but shown decreasing tendency from 2.0 to 2.5
em. Accordingly. it was shown that polypropylene fiber length is limited to 1.5em or less length in
mixing wood fiber and polypropylene fiber by turbulent air mixing process.

As the densities of wood fiber-polypropylene fiber composites were increased. the physical and
mechanical properties were clearly improved. Also they were shown significantly increasement sta-
tistically between densities respectively.

In the mixed formulations, physical and mechanical properties were shown only slightly improve-
ment, as they changed from 95 : 5 to 85 : 15 in wood fiber to polypropylene fiber. Despite of increase-
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ment of mat moisture content. mechanical properties were not improved significantly but physical
properties were improved somewhat in wood fiber-polypropylene fiber composites.

Keywords © Wood fiber-polypropylene fiber composite. polypropylene fiber. fiber length. process
variable. composition ratio. mat moisture content, physical and mechanical properties.

turbulent air mixing process
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Table 1. Experimental design for manufacture of wood fiber-polypropylene fiber composites by

polypropylene fiber length.

Polypropylene Fiber Manufacturing Conditions
Fiber Serial Denjer Length Density Mat __ Hot Press Schedule ~ Fiber Type Cooling Manufactured
Morphology  No. MC Temp. Time Pressure Wood P.P. Time Panel

(cm)  (g/em® (%)

Fiber Fiber in)
() (min) efiemd (%) (%) B0

Polypropylene 1 3 0.5 1.0 10 190 9 50 90 10 6 5
Fiber § 2 3 1.0 1.0 10 190 9 50 90 10 6 5
Denier and 3 3 1.5 1.0 10 190 9 50 90 10 6 5
Length 4 3 2.0 1.0 10 190 9 50 0 10 6 5

5 3 2.5 1.0 10 180 9 50 90 10 6 5
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Table 2. Experimental design for manufacture of wood fiber-polypropylene fiber composites by

process variables.

Manufacturing Conditions

Process Serial Density  Mat Hot Press Schedule Fiber Type Cooling Manufactured
Variables No. (g/em®» MC Temp. Time Pressure Wood P.P. time Panel
(%) ) - Fiber  Fiber (min)
() (min) (kgf/cm® (%) (%)

Density 1 0.6 10 190 9 30 90 10 6 5

2 0.8 10 190 9 40 90 10 6 5

3 1.0 10 190 9 50 90 10 6 5

4 1.2 10 190 9 60 90 10 6 5
Mixing ratio 1 1.0 10 190 9 50 95 5 6 5

2 1.0 10 190 9 50 90 10 6 5

3 1.0 10 190 9 50 85 15 6 5
Mat MC 1 1.0 5 190 9 50 90 10 6 5

2 1.0 10 190 9 50 90 10 6 5

3 1.0 20 190 g 50 €0 10 6 5
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Table 3. Physical and mechanical properties of wood fiber-polypropylene fiber composites.

Polypropylene Density Moisture  Modulus of Modulus of Internal  Thickness Water
Fiber Length Content Rupture Elasticity Bond Swelling  Absorptiona
Strength
{cm) (g/cm®) (%) (kgf/cm?) (kgf/cm?)  (kgf/cm?) (%) (%)
0.5 0.97 8.47% 381A° 40019AB 1.89A 48.3BC 69.0B
(33)¢ (2680) (0.1 (0.28) (6.68)
1.0 1.00 7.53 414A 43313A 2.16A 46.0C 65.9B
(24) (8866) (1.67) (1.13) (4.88)
1.5 0.99 7.64 435 42537A 2.24A 43.9C 58.1B
(154) (12033) (0.25) (3.38) (5.32)
2.0 0.97 8.26 2868 31123BC 0.70B 65.2A 94 5A
(7) (3517) (0.17) (1.78) 2.7
2.5 0.98 7.53 2848 28601C 0.578B 57.3AB 78.2AB
0 (12926) (0.17) (5.18) (4.45)
Notes : * : based on oven-dry volume. * : based on oven-dry weight. ¢ . standard deviation.

* - mean with the same letter is not significantly different at the 5 percent level from Tukey s test.
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Fig. 1. Thickness swelling of wood fiberpoly- Fig.2. Water absorption of wood fiberpoly-
propylene fiber composites by density. propylene fiber composites by density.

Table 4. Physical and mechanical properties of wood fiber-polypropylene fiber composites.

MOR Internal Bond Tensile Thickness Water
Process Variables MOE Strength Strength Swelling Absorption

(kgf/cm?) (kgf/ecm?) (kgf/cm?) (kgf/cm?) (%) (%)

Target Density 0.6 94D* 16787C 0.9C 61D 28.7A 135.2A
(g/cm® (9 (1601) (0.2} (5) (2.9 (8.3)

0.8 195C 3569813 1.1C 140C 31.2A 102.9B

(50) 4177 (0.2) 7 (1.4) (8.5)

1.0 430B 50595A 2.3B 238B 28.6A 53.8C

(41) (2849) (0.8) (27) (1.2 6.8)

1.2 525A 48690A 3.6A 276A 23.7TA 41.9C

(62) (3962) (0.8) (28) (7.7) (11.9)

Composition 95: 5 401B 45941B 1.5C 260A 34.8A 75.9A
Ratio (83) (4306) (0.6) (13) (4.0} (14.6)
(WF : PPF) 90:10 430B 50595A 2.3B 238A 28.6B 53.8B
(41) (2849) (0.8) 27 (1.2) (6.8)

85:15 519A 49335AB 4.3A 264A 21.5C 38.8B

(50) (3668) 0.7 (43) (1.7 (6.9)

Mat Moisture 5 203B 280668 1.1B 130B 32.8A 85.9A
Content (48) (3780) (0.2) (9 (2.5) (3.1)
(%) 10 430A 50595A 2.3A 238A 28.68B 53.8B
(41) (2849) (0.8) (27 (1.2) (6.8)

20 392A 45553A 2.3A 246A 31.1AB 63.2B

(66) (1220 (1.2) (8) (2.5) (9.7)

Notes : * standard deviation.
*:'mean with the same letter is not significantly different at the 5 percent level from Tukey s test.
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Fig.5. Internal bond strength of wood fiberpoly-
propylene fiber composites by density.
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Fig. 9. Modulus of rupture of wood fiberpoly-
propylene fiber composites by density.
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Fig. 11. Internal bond strength of wood fiber-
poly-propylene fiber composites by PPF
addition level.
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ture content.
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Fig. 15. Modulus fo rupture of wood fiberpoly-

propylene fiber composites by mat mois-
ture content.
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Fig. 16. Modulus of elasticity of wood flbexpoly--
propylene fiber composites by mat mois-
ture content.

— 42 -



Internal Bond Strength (kgt/cm?)

5 l 10 l 20
Mat moisture content (%)
Fig. 17. Internal bond strength of wood fiber-

poly-propylene fiber composites by mat
moisture content.
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ture content.
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