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Wood Fiber-Thermoplastic Fiber Composites
by Turbulent Air Mixing Process(1)*!

- Effect of Process Variables

on The Mechanical Properties of Composites -

Hyoung-Un Yoon™ + Phil-Woo Lee™

ABSTRACT

This research was carried out to evaluate the effect of process variables on mechanical properties
of the wood fiber — thermoplastic fiber composites by turbulent air mixing method. The turbulent
ailr mixer used in this experiment was specially designed in order to mix wood fiber and thermo-
plastic polypropylene or nylon 6 fiber. and was highly efficient in the mixing of relatively short plas-
tic fiber and wood fiber in a short time without any trouble.

The adequate hot - pressing temperature and time in our experimental condition were 190C and 9
minutes in 90% wood fiber — 10% polypropylene fiber composite and 220C and 9 minutes in 90% wood
fiber - 10% nylon 6 fiber composite. Both in the wood fiber — polypropylene fiber composite and wood
fiber —nylon 6 fiber composite. the mechanical properties improved with the increase of density. Sta-
tistically. the density of composite appeared to function as the most significant factor in mechani-
cal properties. Within the 5~15% composition ratios of polypropylene or nylon 6 fiber to wood fiber,
the composition ratio showed no significant effect on the mechanical properties. Bending and ten-
sile strength of composite. however. slightly increased with the increase of synthetic fiber content.
The increase of mat moisture content showed no significant improvement of mechanical properties
both in wood fiber — polypropylene fiber composite and wood fiber - nylon 6 fiber composite.

Wood fiber - nylon 6 fiber composite was superior in th mechanical strength to wood fiber -

*1 84 19979 79 12% Reeived July 12, 1997

*2 21979 Forestry Research Institute, Seoul 130-012, Korea

*3 gty g R AEtE College of Agriculture & Life Sciences. Seoul National University. Suwon 441-744,
Korea
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polypropylene fiber composite. which may be related to higher melt flow index of nylon 6 fiber
(22g/10min) than that of polypropylene fiber (4.3g/10min).

Keywords © Wood fiber — thermoplastic fiber composite. polypropylene fiber. nylon 6 fiber. process
variables, turbulent air mixer, nonwoven web composite. mechanical properties.
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Table 1. Mechanical properties of wood fiber - thermoplastic fiber composites by press temperature

and time.
Composite Press Press Actual MOR MOE Tensile Internal Bond
Type Temp. Time Density Strength Strength
(t) (min) (g/em?) (kgf/em?) {kgf/cm?) (kgf/cm?) (kgf/cm®)
WE/PPF Composite 150 6 0.95* (0.03) 120{14.2)> C 9840 (1587) C*  80(15.4)C 0.1 (0. 01 C
9 0.92(0.05) 189(13.5) B 24990 (3387) B  101(25.4)BC 1.0(0.19) B
170 6 0.95(0.03) 209(22.6)B 31130(4601)B 135(34.8) B 0.9(0.13) B
9 0.95(0.06) 195(37.6) 3 381350 (3688) B  138(29.4}B 1.0(0. 1B
190 6 1.04(0.08) 370(61.00 A 46200 (77310 A 215(37.2) A 2.2(0.48) A
9 0.99(0.05) 385 (31.2) A 50830 (6211) A  227(33.2) A  2.6(0.60) A
WF/NF Composite 205 6 0.990.03) 313(62.8) B 36590 (597 B 242 45.00B 1.70.27' B
9 1.01(0.02) 435(75.5) A 42170 (71299 B 261 (40.8) AB 2.5(0.49 B
220 6 1,01 (0.03) 486 (52.2) A 44790 (6459} AB 303 (53.9) AB 4.3(0.93) A
9 05 (0.01) 516 (46.4) A 53400 (7163) A 315(32.41 A  4.5(0.74) A
235 6 1.02(1.06) 482 (59.5) A 52860 (5376) A 292 (26.2) AB 3.8(0.05) A
9 1.03¢0.03) 424 (52.00 A 53480 (2799 A 314 (27.60 A  3.9(0.74) A

Notes: °

- Each value is an average of 10 replications,

" : Bach value is a standard deviation of 10 replications,

¢ : Results of Tukey' s
significance level.
PPF : Polypropylene Fiber. NF
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Table 2. Mechanical properties of wood fiber

~thermoplastic fiber composites by density level.

Composite  Target Actual MOR MOE Tensile Internal Bond
Type Density Density Strength Strength
(g/cm?) (g/cm?) (kgf/cm?) (kgf/cm?) (kgf/cm? (kgf/cm?)
WE/PPF 0.6 0.56= (0.04) 52( 82D 4640 ( 671) Dr 42(2.8)D 0.1(0.03) D
Composite 0.8 0.80 (0.04) 162 (22.6) C 13670 (2501) C 111 (6.8 C 0.5(0.06) C
1.0 0.98 (0.02) 385 (47.1) B 50390 (6276} B 198 (24.1) B 2.2(0.4DB
1.2 1.05 (0.04) 517 (32.6) A 60590 (5319) A 252 (38.6) A 4.3(0.37) A
WF/NF 0.6 0.62 (0.03) 90(9.4D 11640 ( 833) D 62 (8.2} C 0.2(0.05) C
Composite 0.8 0.84 (0.03) 230 (26.1) C 20160 (3328) C 148 (20.9) B 0.9(0.17)C
1.0 1.05 (0.01) 514(35.9 B 52690 (6178) B 314 (54.T) A 4.2(0.75) B
1.2 1.14 (0.03) 584 (68.2) A 78280 (8385) A 324 (31.4) A 5.2(0.81) A
Notes: * : Each value is an average of 10 replications,

® ! Kach 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.

©7h 37HE4E AAR o] e A

o2 JERgt
. Axe] Hslol upal Bihalo] NAA Ao 24 #
£ 4 & ANed 53 UE 0.6g/cm39 0.8g/cm?
2 UE 0.8g/cm’ 1.0g/cm?Alole] 71A|A AjA
A& Aolg Bt ol @A #AE A=
Elairur A o g Boly dew
Z wxo] Zvlol ubd wWalel ol Hrhi
l%“ Bzt 4R X8 o) 4% Bel
28 A HLE}‘*D}EL & 4 ok ol3E e
FAE AVeshe BaRse) e 2R 5:2
185k 1«&—5 aadoeg A= 0
onwoven web £&a2] Z¢ 4 ojdel W
015‘—1‘21% wigte] wEV o) ¢ Frle Q& Fa
7t £g5o BARE Y FET 3

“é%% %ﬁ?é}ﬂl Hebe oA Mg thar] gielet

o R

EE o

_P‘ = 5 X
},

EAE - UL EE AR BEA ol U dEF8E
Table 2} Vel &A1 dmrt Zvlsbd &
E AR o] AR R FYEHE AR "%E}‘;}a‘?}
Axe] e wel s 7 24 Jephted
0.8g/cm?2] vte) 7 =& 0.9kgf/cm? ]l el ‘QE
1.0g/cm?e] Bt 245 4. 2kgf/cm?E VERt o
466% < Z7HAE B9t webd GEE6 AR7H uE
eola S-gxo] datte] ARHS FEHE A
1.0g/cm’e] Wxrt slojek ok Azt Beld)

|

W aFE Agshe EGA Aol A4 UE )Y
7F 1.0g/cm?® oldslolol &% AMse Aaet T 5
=3

Bt F7igtel ulel F B 25 1AE dAel
sl Ao Yepgon dxe] 'T"‘\L'on o5 717 o
Aol AA 2ol Holr] Wio| Ul Wert F &
el 1A A Aol vlale ko] Aty st
Geimer $(1993)2 2% gl B/ £5
ZFRoHE B4R 4% e o8] Jgg werlky @
oA dxstn el FAPARENE ARG E o
=3 A7 #d 4 A

Yo tigh vlel7tee] Wishe O 7)4H HdEg

AA e Aoz vepiich ole drkad B4 &

28] 84517] glalE 2 09 o)) U AL 5
fo] EATHD BelAch e W Wl UdE
6 472 TUW A7 za ETERREER 1T
AT S8 714 4Ae A9 Ao Hels,
olejgt Aol rtad Bdol Fol7l Wewsh st

AN BEEE Sxo) elg Rolela AT

3.3 =fulE
G- golzuL
A3

o] Bgtako] _.7}0]411 %71-5
= Ze g vepigch e sl e

-

i

62 —



Table 3. Mechanical properties of wood fiber - thermoplastic fiber composites by composition ratio.

Composite Composition Actual MOR MOE Tensile Internal Bond
Type Ratio Density Strength Strength
(WF : TPF) (g/cm?®) (kgf/em®) (kgf/cm?®) (kgf/cm?) (k gf/cm?)
WE/PPF 95 5 0.96* (0.04) 333(75.3)* B 42660 (7293) B© 199 (22.0) B 2.40.57) A
Composite 90 : 10 0.97 (0.06) 384 (37.8) B 49653 (5788) AB 201 (15.2) B 2.6 (0.50) A
85:15 1.01 (0.05) 478 (78.6) A 54660 (6462) A 251 (24.4) A 2.7(0.5T) A
WIEF/NF 95: 5 1.01 (0.04) 476 (45.1) A 49650 (6477) A 274 (41.00 B 4.1(0.54) A
Composite 90 : 10 1.04 (0.04) 515(89.9) A 53560 (B063) A 310(12.5) A 4.3(0.61) A
85115 1.03 (0.04) 522 (89.6) A 54390 (7324) A 304 (21.6) AB 4.5(0.64) A
Notes: ® - Each value is an average of 10 replications,

¥ : Each value is a standard deviation of 10 replications,

: Results of Tukey sstudentized range test: same letters are not
nificance level.,
TPF : Thermoplastic Fiber, PPF : Polypropylene Fiber, NF :

3

statistically different at a 0.05-sig~

Nylon 6 Fiber, WF : Wood Fiber.
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Table 4. Mechanical properties of wood fiber — thermoplastic fiber composites by mat moisture

content .
Composite Mat Moisture  Actual MOR MOE Tensile Internal Bond
Type Content Density Strength Strength
(%) (g/cm®) (kgf/cm?) (kgf/cm?) (kgf/cm? (kgf/cm?)
WF/PPF 55 0.982 (0.04) 369 (58.1)"B 47960 (4588) B° 205(29.5) B  2.3(0.69) A
Composite 11.5 0.95 (0.06) 382(61.4B 49470 (5967) B 213(25.9B  2.5(0.29 A
17.5 1.04 (0.03) 524 (75.8) A 62320 (7178) A 257(43.2) A 2.2(0.23) A
WF/NF 5.5 1.02 (0.05) 511{80.5) A 51860 (3749) A 299 (53.5) A 3.8(0.58) A
Composite 11.5 1.05 (0.01) 513(73.9) A 52670 (7316) A 310 (19.5) A 44070 A
17.5 1.03 (0.04) 575(52.5) A 57920 (7478) A 300(36. VA 19(034)B

Notes: * © Each value is an average of 10 replications,
* : Each value is a standard deviation of 10 replications.
¢ . Results of Tukey sstudentized 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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