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Wood Fiber-Thermoplastic Fiber Composites
by Turbulent Air Mixing Process( )"

- Effects of Process Variables on the Physical Properties of Composites -

Hyoung-Un Yoon™ - Phil-Woo Lee™

ABSTRACT

Effects of process variables were evaluated in physical properties of the wood fiber-thermoplastic
fiber composites using nonwoven web method. Turbulent air mixer using compressed air was
employed ta mix wood fiber with twao types of thermoplastic polypropylene and nylon 6 fibers.

The optimal hot press temperature and time were found to be 190T and 9 minutes in wood fiber-
polypropylene fiber composite and to be 220C and 9 minutes in wood fiber-nylon 6 fiber composite.

As the density of wood fiber-polypropylene fiber composite and wood fiber-nylon 6 fiber compos-
ite increased, the physical properties were improved. The density appeared to be the most signifi-
cant factor on physical properties in the statistical analysis.

The composition ratio of polypropylene or nylon 6 fiber to wood fiber was considered not to be sta-
tistically significant factor. The thickness swelling decreased somewhat in wood fiber-polypropylene
fiber composite and wood fiber-nylon 6 fiber composite as the content of synthetic fiber increased.

As the increase of mat moisture content, dimensional stability was improved in wood fiber-
polypropylene fiber composite but not in wood fiber-nylon 6 fiber composite.

Keywords : Wood fiber-thermoplastic fiber composite, polypropylene fiber, nylon 6 fiber. process
variable. turbulent air mixer, nonwoven web process.
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Fig. 1 Manufacturing Process of wood fiber-thermoplastic fiber composites using nonwoven web

process.
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mixer.
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Table 1. Physical properties of wood fiber-thermoplastic fiber composites by press temperature and time .

Composite Press PFBSS Thickness swelling (%) Water absorption (%)
type temp. tlme l —
() (min) 2 hrs 24 hrs 2hrs 24 hrs
WF/PPF 150 6 73*(7.9) A 95 (22.0)"A 137 (8.2) A® 166 (36.1) A
Composite 9 72(7.6) A 86 1 9.5) AB 113 (12.5) B 124 (15.8) B
170 6 57(7.0)B 69 (13.7) BC 83(9.0)C 93(7.8) BY
9 42 (6.1 C 54 16.2) DC 84 (11.3) C 89(9.9C
190 6 284.4)D 36(2.5D 44 (12.5) D 503 (10.4) D
9 274.5) D 312D E 36 (5.8)D 48(8.2) D
WF/NF 205 6 29 (5.00 A 31{4.9) A 35(3.8) A 50(7.2) A
Composite 9 16 (3.35 A 2104.2)B 27T(3.3) B 37(57T B
220 6 13 (1.7) BC 201 3.8) BC 26(3.5)B 37(3.00B
9 11 (L.3) BCD 17(2.1)BCD 24(50)B 32 (5.4) BC
235 6 10 (2.2y CD 15(2.8)CD 21 (4.6) BC 31(4.6) BC
9 7(0.5)D 12(1.00D 17(2.9C 25(2.6)C

Notes 2 Each value is an average of 10 replications.

b Each value is a standard deviation of 10 replications,
¢ Results of Tukey's studentized range test: same letters are not statistically different at a 0.05-sig~

nificance level.

PPF : Polypropylene Fiber, NF : Nylon 6 Fiber, WF : Wood Fiber.
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Table 2. Physical properties of wood fiber-thermoplastic fiber composites by density level.

Composite (;Target Thickness swelling (%) Water absorption (%)
ensity 00 e ~ - e

type (g/cm’) 2 hrs 94 hrs 2 hrs 24 hrs
WE/PPF 0.6 45(6.5) A 51 (6.0)°A 176 (16.2) A’ 196 (14.3) A
Composite 0.8 45 (3.1 A 43 (35.1) A 104 (10.9) B 112 {11.6) B
1.0 27 (4.5} B 32(3.3)B 43(9.3)C 510713 C
1.2 122,31 C 16 (2.9 C 12(2.3)D 23(3.0D
WF/NF 0.6 28 (3,11 A 30 (3.6 A 131 0 9.7V A 135(6.3) A
Composite 0.8 24 (208 271 (24 B 72( 4.8 B 73( 4.6 B
1.0 11a4c 16 (2.4) C 25(5.m¢C 32(5MC
1.2 4(0.8) D 9(1.6)D 19(3.2)D

9(1.8)D

Notes : * FEach value is an average of 10 replications.

* Each value is a standard deviation of 10 replications.
* Results of Tukey's studentized range test : same letters are not statistically different at a 0.05-sig-

nificance level.

PPF : Polypropylene Fiber. NF : Nylon 6 Fiber, WE : Wood Fiber.
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Table 3. Physical properties of wood fiber-thermoplastic fiber composites by composition ratio.

Composite  Composition Thickness swelling (%) Water absorption (%)
) ratio
tvpe (WF : TPE) 2 hrs 24 hrs 2 hrs 24 hrs

WE/PPEF 95 : 5 40¢(5.0) A 43 (8. 1A 60 (6.8) A® 65 (8.0) A

composite 90 1 10 26 4.3 B 31 31 B 37 (1.5) B 47 8.0) B
85115 17 (L9 C 26 4.0) B 25 4.3) C 43 (8.7 B

WE/ANF 95: 5 14 (2.5) A 1927 A 28 (5.4} A 37 4.6) A

composite 90 1 10 14 (3.8 A 18 (3.3) AB 28 6.0) A 36 4.3) A
85115 13 3.8 A 15 (3.8} B 25 (6.8) A 3281 A

Notes : * Each value is an average of 10 replications,
" Fach value is a standard deviation of 10 replications,
¢ Results of Tukey’s studentized range test; same letters are not statistically different at a 0.05-
significance level.
TPF : Thermoplastic Fiber, PPF @ Polypropylene Fiber, NI @ Nylon 6 Fiber, WF : Wood Fiber.

Table 4. Physical properties of wood fiber-thermoplastic fiber composites by mat moisture content.

Composite Mat Thickness swelling (%) Water absorption (%)
tvpe moisture
- content (%) 2 hrs 24 hrs 2 hrs 24 hrs
W/ PP 55 37(4.9) A 42 {7.0)°A 52 (8.7) AC 61 R.1) A
composite 11.5 28 (4.3) B 32 (3.0; B 42 Q.1 B 51 (7.8 B
17.5 1931 C 22 {3.00 C 24 (4.1) C 35 @0 C
WEF/NI 5.5 18 (4.5) A 20 410 A 31 4.2) A 41 (8.2} A
composite 11.5 1333 B 17 3.1 A 27 6.3) A 35 (4.9 A
17.5 12 (21D B 17 (3.4) A& 27 4.7 A 35 (6.3 A

Notes ; © Each value is an average of 10 replications,
b Each value is a standard deviation of 10 replications,
© Results of Tukey’s studentized range test; same letters are not statistically different at a 0.05-
significance level.
PPF © Polypropylene Fiber, NF @ Nylon 6 Fiber, WF : Wood Fiber.

Table 5. Comparison of mechanical and physical properties of wood fiber{90%)-polypropylene
fiber (10%) composite by spiked drum and turbulent air mixer.

Mechanical property Physical property
'I“arg‘et Static bending strength Tensile Internal bond Thickness Water
density MOR MOE strength strength swelling absorpticn
{g/em?) {kgf/cm? (kgf/ecm? (kgf/cm?) (kgf/cm? (%, 24 hrs) (%, 24 hrs)

SPDe TAM SPDr»  TAM SPD* TAM  SPD* TAM  SPD* TAM  SPD» TAM

1.0 260 385 30498 50390 127 198 2.8 2.2 40 32 55 51
1.2 375 517 38862 60590 182 252 5.3 4.3 43 16 38 23

Notes ; * Source from Youngquist et al (1992).
SPD : Spiked Drum, TAM : Turbulent Air Mixer.
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