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Effects of Process Variables and MAPP Coupling Agent
on Properties of Wood Fiber-Polypropylene Fiber Composite
by Turbulent Air Mixing*!

Hyoung-Un Yoon*? + Jong-Young Park*?

ABSTRACT

Effects of processing variables and MAPP (maleic anhydride polypropylene) coupling agent on the
properties of composite were discussed for turbulent-air-mixed woodfiber-polypropylenefiber composites. In
this research, density, composition ratio, and mat moisture content were established as processing variables,
and emulsified MAPP prepared by direct pressure method was incorporated as the coupling agent. And the
turbulent air mixer, which was improved in function through alteration of our previous fiber mixer, was used
to mix wood fibers and polypropylene fibers.

At the addition level of 1% MAPP, based on oven-dried wood fiber weight, woodfiber-polypropylenefiber
composites generally showed enhanced the physical and mechanical properties. And composites with low to
medium densities of 0.6 to 0.8 g/cm? greatly increased in these property values than with high densities of 1.0
g/cm? or more by adding 1% MAPP. Thus, MAPP addition was thought to be an effective way of enhancing
properties for nonwoven web composites. At the mat moisture contents of 5 to 20%, however, the physical
and mechanical properties were not enhanced by adding 1% MAPP. In the composites containing 15%
polypropylene fibers, the lowest thickness swelling and water absorption values were observed at the 1%
MAPPF level. The addition of more than 1% MAPP had the adverse effect on the physical and mechanical
properties of composites.

Keywords : Wood fiber, polypropylene fiber, nonwoven web composite, MAPP emulsion, process
variables, physical and mechanical properties, turbulent air mixing.
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Table 1. Experimental design for manufacture of wood fiber-polypropylene fiber composites by process variables
and MAPP coupling agent.

Manufacturing Conditions

Process Serial Target Target Hot Pressing Schedules Composition Ratios o
Variables No. i : / o Cooling time
0. Density Mat MC Temp. Time Pressure Wood fiber P.P. fiber MAPP (min)
(glem’)y (%) () (min) (kgf/cm?) (%) (%) (%)
Density 1 0.6 10 195 6 20 90 10 0 6
2 0.8 10 195 6 40 90 10 0 6
3 1.0 10 195 6 50 90 10 0 6
4 1.2 10 195 6 60 90 10 0 6
5 0.6 10 195 6 20 &9 10 1 6
6 03 10 195 6 40 89 10 I 6
7 1.0 10 195 6 50 89 10 1 6
8 1.2 10 195 6 60 89 10 l 6
Composition Ratio | 1.0 10 195 6 50 95 5 0 6
2 1.0 10 195 6 50 90 10 0 6
3 1.0 10 195 6 50 85 13 0 6
4 1.0 10 195 6 50 94 5 1 6
) 1.0 10 195 6 50 89 10 1 6
6 1.0 10 195 6 50 84 15 1 6
Mat Moisture Content | 1.0 5 195 6 50 90 10 0 6
2 1.0 10 195 6 50 90 10 0 6
3 1.0 20 195 6 50 90 10 0 6
4 1.0 5 195 6 50 89 10 1 6
5 1.0 10 195 6 50 89 10 1 6
6 1.0 20 195 6 50 89 10 1 6
Coupling Agent 1 1.0 10 195 6 50 89 10 1 6
2 1.0 10 195 6 50 87 10 3 6
3 1.0 10 195 6 50 85 10 5 6
Table 2. Density and moisture content of woodfiber-polypropylenefiber composites .
Density (g/cm?) Moisture Content (%)®
Process Variable —
MAPP 0% MAPP 1% MAPP 0% MAPP 1%
Target Density 0.6 0.60 (0.05 0.62 (0.04) 5.0(02) 4.2(0.2)
(g/em?) 08 0.76 (0.05) 0.80 (0.08) 4303 39(0.2)
1.0 0.95 (0.07) 0.93 (0.23) 4.5(0.3) 3.0(0.5)
1.2 1.10 (0.04) 1.11 (0.05) 4.2(0.2) 2.7(0.8)
Composition Ratio 95: 5 0.95 (0.05) 1.04 (0.07) 45(0.2) 3.30.4)
(WF : PPF) 90 : 10 0.95 (0.07) 0.93(0.23%) 4.5(0.3) 3.0(0.5)
85:15 0.96 (0.07) 1.05 (0.04) 4.0(0.3) 2.1 (0.4)
Mat Moisture Content 5 0.97 (0.07) 0.99 (0.05) 2.6(0.3) 2.5(0.8)
(%) 10 0.96 (0.05) 0.99 (0.04) 3.0(0.8) 2.8 (0.4)
20 0.98 (0.02) 0.99 (0.05) 3.00.5 2.7(0.8)
MAPP Additive Content | 0.93 (0.23) 0.93 (0.23) 3.0(0.5) 3.0(0.5)
(%) 3 0.99 (0.06) 0.99 (0.06) 2.7(0.5) 2.7 (0.5)

1.02 (0.08) 1.02(0.08) 3.20.3) 32(0.%

Notes: * Oven-dry volume basis. " Oven-dry weight basis, © Each value is an average of 10 replications,
4 Each value is a standard deviation of 10 replications, ¢ Based on the oven-dried wood fiber weight,
WF : Wood Fiber, PPF : Polypropylene Fiber.
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Table 3. Physical properties of woodfiber-polypropylenefiber composites by deasity levels and MAPP addition.

MAPP Additive Content Target Density Thickness Swelling Water Absorption
(%) (g/cm?) (%) (%)
0 0.6 42.2¢ (5.7) B® 144 (11.0) Ac
0.8 509 (83)A 106 (18.1) B
1.0 24.6 (4.6) DE 43 (10.1H D
1.2 93 (ILhHF 12 (38 E
1 0.6 41 d.nc 99 (209 B
0.8 31.6 (4.3)CD 65 (149 C
1.0 217 B0 E 32 (99D
1.2 56 (1.3)F 77( 1L.O)E

Notes; * Each 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-significance

Table 4. Mechanical properties of woodfiber-polypropylenefiber composites by density levels and MAPP

addition.
MAPP Additive Content Target Density MOR MOE Tensile Strength
(%) (g/cm?) (kgf/cm?) (kgf/cm?) (kgf/cm?)

0 0.6 125¢13.0) E 9930 (1050 E 63 (8.0) D¢

0.8 255 31.00D 27860 (2229)D 120 (16.6) C

1.0 518(59.3)B 52700 (7386)C 270 (28.1H A

1.2 594 (23.2) B 67590 (3510)B 252 (28.6) A
1 0.6 167 (22.3)E 13400 (2492) E 92 (15.7)CD

0.8 393(61.9)C 36870 (4610) D 173(33.5)B

1.0 676 (60.1) A 59240 (4640) BC 296 (48.4) A

1.2 705 (86.2) A 79940 (12589) A 21527 H A

Notes; » Each 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-significance level.



2 Ao Az SihAlel 4¢ U= 0.8 g/em’el
7= (255kgf/cm®) b FrAlsich wielsd WIsE A
913t & FAHs) 20 = odegdes Pzby
2 dgtes, dUAlzt Felzeddd e A E
Bl e = gle 2ol g o= A Heldly
etx ol9} Ze zlol= fA dHsEr] il o]RE
e B aHAd RS Edshe 3 “°lf€}°‘|"1
sl Hog *2!45]”4 o& 23 g &
Hi(Yoonetal . 1998)% Z&lod ¥a]ax} EJE}.
e WE £F0A MAPP 2% 1% #Arle &
gallel 71 MHAE Faie] MAste Reg e
Wtk MAPP A48 S/ da) ndE 71&

o2 1%E A7 AS HEE, g9 AR
Z7be= 7h2h 18.6~54% 12.1~34.9%. 9.1~ 46%
#Z Jebstrl, wetk Zdghael Abge S f-Ze T
Eﬂ.%\’(ﬂﬂo ii}-xﬂg] %}7}5}_24 Hé} 'éﬂ:/g—oﬂ 3_}]] =
go] 5 S8 nUE JYrct Hurgde] F¢
o BHoh A¥rl Ackw & = el dddEe] A
A e FUE gdeld A ARt e Ao
72 sAA e Ay vepgot nixe deos A
el st Zate EAMCE AQ3ER e 7o

art

3.2 23lE
Table 5o WetliRe] Zejzedddfel &

Hl §o] 5%olM 15%2 715l lﬂ}a} FAYEEE
ko] X &lsid olg} & A= olnm oy
oI (& -0l 1996: F - &, 199b. o] 1996: Al

ol iAol =

19960141 gHelgl wf Qom olE £449l e
2sale] ko] molzel uteh 244l

o Al AsiMAl slo] 2 e up) wgo]
2 g7beEr) 53 Zelzzadel Egd buelME
%vﬂugmow Hoae] UR Ax A4 o) g B

A7b olck mia AAMSSEs el ANSI AHA A

135.4(1982)ell ﬂ%‘% 24412 ARA R 277 F
Ae FANEE 25% olstet 4 35% o]tz Tt
Aatn ok, of s|Fol HiEe 2de FezEd
A fe] Egu) o] 15% Molatm wukglch @
v} MAPPE 1% #7138 A-fole Helza23d4d R/
23 e sl E o] 7ES DPééhb Hed Ad
S o 4 sl APAE HotslAl ¢ AS &F
H & 10%9 15% 7ty FAg & & e EAH
Folde) gl =3 AFAE Hobe AS &8
& 5%9 10%tde SAA fo4de] sidch 71
L8 Al AAEASES 6.1%. &5

11.9%)2 Zelzzdd4dfe E3v& 15%9%
MAPP 1% #7IQl 27elA Jelwttt

Krzysik 9 Youngquistt1991)2l A7) olstd
Zelzzgdfel EgulEe] 15%< el
ol oz #3471 MAPPE #7i8kr] e8&
Az 1% H7kgh 2WelM 2443 A &)
3500 A o 29% 2 7ZHa=E i B2mslsivt o] Ax}
g 2 H¥ol A»(Table 5) & H|wsle] & w FA
Begol tadte TS dA dro 2 4
ggk zolzh itk B AFeME FAE e 5

& FN Tlo

W&gol oF 32%92m. 1% MAPP #H7te] A+
ok 12% 2 vtebth o]# & zlo]l= MAPPE &3

A7) qhge] o] Kol HEHg B4 gol
87€ct 1ehvb Eastman Chemicalrlel #8842
21 (Eastman Chemical Co. 1986) MAPPZ

Table 5. Physical properties of wood fiber-polypropylene fiber composites by composition ratios and MAPP

addition.

Composition Ratios

MAPP Additive Content

Thickness Swelling Water Absorption

(9) (Wl— PPF)

0 95: S
90: 10
85: 15

| 94: 5
89: 10
84: 15

(%) (%)

59.9¢ (145 A 86.2 (11.0) Ar
246 (46) B 42.8 (100) B

222 (61) B 317 ( 4.1) BC
180 (33) B 27.0 ( 5.6) C

207 130 B 32.0 ( 9.9) BC
6.1 (13 C 119 ( 2.6) D

Notes: ® Each 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-significance level,

WF : Wood Fiber, PPF : Polypropylene Fiber.
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Table 6. Mechanical properties of wood fiber-polypropylene fiber composites by composition ratios and MAPP

addition.
MAPP Additive Content Composition Ratios MOR MOE Tensilea Strength
(%) (WF : PPF) (kgf/cm?) (kgf/em?) (kgf/cm?)
0 95:5 533a(56.5) B 55250 (3823)* A 263 (28.5) AB
90: 10 518(59.3)B 52760 (7386) A 270 (28.1) AB
85:15 550(29.7)B 51740 (4236) A 237 (32.8) BC
1 94:5 661 (72.7) A 58370 (5625) A 285(46.0) AB
89:10 676 (60.1) A 59240 (4640) A 296 (48.4) A
84:15 659 (61.6) A 59740 (6122) A 206 (31.5)C

Notes. « Each 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-significance level.
WF : Wood Fiber, PPF : Polypropylene Fiber.

Table 7. Physical properties of wood fiber-polypropylene fiber composites by mat moisture contents and MAPP

addition.
MAPP Additive Content Mat Moisture Content Thickness Swelling Water Absorption
(%) (%) (%) (%)

0 5 46.0° (7.5 A 82.0 (12.2) A

10 33.0 (7.1H)B 550 (137)B
20 23.7 (6.5)C 40.6 ( 7.9) BC

| 5 205 3 C 330 (83 C

10 20.0 4.8)C 392 (14.H C

20 212 3.ncC 3R73.0C

Notes: ¢ Each 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-significance level.
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Table 8. Mechanical properties of wood fiber-polypropylene fiber composites by mat moisture contents and
MAPP addition.

MAPP Additive Content Mat Moisture Content MOR MOE Tensile Strength

(%) (%) (kgf/cm?) (kgf/cm?) (kgt/cm?)

0 5 470" (28.6) D 41490 (1555 B 210 (32.9) A
10 514 (55.2) DC 46400 (4308) B 218(39.2) A
20 589 (38.2) BC 56890 (5130) A 236 (29.4) A

1 S 606 (72.2) AB 54880 (6044) A 223 (169 A
10 632 (69.6) AB 56680 (4740) A 243 (30.7) A
20 680 (48.9) A 59740 (3946) A 231 242 A

Notes; * Each 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-significance level.

Table 9. Physical properties of woodfiber-polypropylenefiber composites by MAPP additive levels .

MAPP Additive Content Thickness Swelling Water Absorption
(%) (%) (%)
0.0 24.6* (4.6)° BC 42.8 (10.0) Ac
1.0 217 3.0) C 320 ( 99 A
30 28.3 (5.2) AB 325 ( SHA
5.0 333 (54 A 453 (12H A

Notes; » Each 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-significance level.
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Table 10. Mechanical properties of wood fiber-polypropylene fiber composites by MAPP additive levels .

MAPP Additive Content MOR MOE Tensile Strength
(%) (kgf/cm?) (kgf/em?) (kgf/em?)
0.0 518459.3)C 52700 (7386)" AB 270 (28.1) A¢
1.0 676 (60.1) A 59240 (4640) A 296 (48.4) A
3.0 631 (73.3) AB 49480 (4568) B 267 (47.0) A
5.0 582 (68.1) BC 47560 (6260) B 274 (43.9) 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.
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