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Table 1. Polymer content of each wood-plastic combination
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which was prepared with some MMA-plasticizer systems.
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Plasticizer Polymer content (%) WETX 3.
Species None DMP DBP DOP BBP PEG 3.2 ABHOFNERCEN
0}-7
Sugi 145 148 146 138 147 155 MMA B, MMA — aJ¥8%5%
Hinoki 117 107 114 109 107 119 B MMA—-PEG RickthE
Kuromatsu 87 86 85 87 81 90 btz WPC Dilf 8 3B X
Akamatsu 75 7 7 75 4 79 HNTHEERHMOMLEMICHT 5
K BmEg % Table 2 iz, &EEghT
aramatsu 33 35 31 33 33 37 WY = % v F— 2% Table

Douglas-fir 81 70 87 73 % 99 3 TR U Tz, HhiFiE X i3 EnEs
Makanba 57 58 62 58 54 63 ICHUTIEEAERUD, 2{ERE
Yellow seraya 44 48 35 38 44 46 B#AUT. Fiz, T B R
BIImILEM X b § 0 SR

MMA : Plasticizer=10: 1 (vol)

Table 2. Increased ratio of bending properties on wood-plastic
combination to that in untreated wood.
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Plasticizer .

Increased ratio Lhih D, BRI
Species None ’ DMP \ DBP , DOP | BBP | PEG 2L F—ide )+
; o |  1.60 1.63 1.81 1.69 1.84 147 BXF<HeAOD—
Sugi E 1.25 ’ 1.19 1.43 ‘ 1.25 1.26 ‘ 1.11 %E
Hinoki o 1.32 | 1.30 | 143 | 148 | 1.56 | 1.2  EEOCRLEMLRA
E| 1.05 | 086 085 | 093 | 096 | 084 g 3mEEcH

o g 1| L] 2R 2@ dm| - L

| . 1. . ] . 1. —_ Z.

| 1.52 1.47 1.45 1.55 1.54 1.38 .

Akamatsu 1R 1% 1.20 1.2 1.20 1.17 > &ie, WA
Karamatsa g 1.31 ‘ 1.27 1.22 1.36 ‘ 1.53 1.33 %, PEG min%H &
Ei 1.17 1.15 1.11 1.21 1.38 113

¢ MMA ¥t WP
Douglas-fir o 1.33 l 1.45 1.26 ' 1.24 1.31 | 1.35
E| 1.09 1.17 0.93 1.03 1.05 1.00  CizonT, &M
o 1.47 1.46 1.59 1.04 1.33 1.32 . .
Makanba E| 1.06 \ 1.10 l 1.19 ‘ 0.97 1.05 ‘ 107 SOERETRERE L
o 1.20 1.13 1.26 1.23 | 1.22 1.20 B95L, ISInnc X
Yellowseraya ¢ | 1280 | {83 | 1% n iRl zjﬁimﬁ)ﬂjﬁm&@w
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¢ ; Modulus of rupture in bending, E ; Modulus of elasticity in bending

MMA : Plasticizer=10:1 (vol)
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Table 3. Increased ratio of absorbed energy in impact bending
on wood-plastic combination to that in untreated wood.
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Plasticizer Increased ratio H3. —F, EEEHFBIT 3L
Species None | DMP | DBP | DOP | BBP | PEG F-@EFI5277—, 703V
Sugi 2.02 | 1.87 | 2.00 | 1.81 18t | 133 PFOICBEPEBENLTIE
Hinoki 1.6 | 1.00 | 1.4 | 1.5 | 1.11 | o055  EAEEELEVERE, TAv
Kuromatsu 1.5 | 175 | 1.00 | 121 | 1.4 | 117 7 TAF/OESREAT LS
Akamatsu 2.52 | 3.31 | 2.8 | 3.16 | 3.30 | 227 BE¥HE. TAHTY-BBP R
Karamatsu 2.53 1.84 1.91 186 2.25 1.93 DEEEF RN = F v ¥ — 2 HiEE
Douglas-fir 1.49 1.38 1.35 1.22 1.51 1.28 WL, HESIHrE% Table 6
Makanba 1.21 | 1.69 | 1.01 1.72 1.69 | 0.9 ICRUTZ. T OREE, aIsigix
Yellow seraya | 1.20 | 1.23 | 1.38 | 1.13 1.23 1.00 5%L X LDERETCEETH S

MMA : Plasticizer=10:1 (vol)
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Table 4. Analysis of variance on bending behavior of wood-plastic combination.

Sugi Hinoki | Kuromatsu| Akamatsu | Karamatsu | Douglas-fir ’ Makanba ‘—;(:rgsg
o s N N N N N s N
E N N N N N N | S N
U S S N S N N 1 S | S

s ; Modulus of rupture in bending, E ; Modulus of elasticity in bending, U ; Absorbed energy in impact bending,
S ; Significant at 5% level of probability, N ; No significant
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Table 5. Effect of plasticizer on absorbed

energy in impact bending for Sugi
wood-plastic combination.

Plasticizer | None | DMP| DBP | DOP | BBP | PEG
None —
DMP N —
DBP N N -
DOP N N N -
BBP N N N N —
PEG S S S S S —

S ; Significant at 5% level of probability,
N; No significant
MMA : Plasticizer=10 : 1 (vol)

Table 6. Analysis of variance on absorbed
energy in impact bending of Akamatsu
wood-plastic combination which was
prepared with various amounts of BBP.

Factor | s. s. d. f. M. s. F, F (0.0
Amount| 2949 4 737 2.87 *
e 6412 25 | 256

* ; Significant at 5% level of probability
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Fig. 1 Relation between modulus of rup-
ture in bending and included BBP
content into wood-plastic combination.
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Fig. 2 Relation between absorbed energy
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Fig. 3 Relation between increased ratio of
modulus of rupture in bending and
polymer content.
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Fig. 4 Relation between increased ratio of
modulus of elasticity in bending and
polymer content.
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Fig. 5 Relation between increased ratio of
absorbed energy in impact bending
and polymer content.
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Summary

In this paper, the effects of some plasticizers on the bending behavior for wood
-plastic combination (WPC) which was prepared with methyl methacrylate (MMA)-plas-
ticizer system were investigated. Eight species used in this experiment were Sugi
(Cryptomeria japonica D. Don), Hinoki (Chamaecyparis obtusa Endl.), Kuromatsu (Pirus
thunbergii Parl.), Akamatsu (Pinus densiflora Sieb. et Zucc.), Karamatsu (Lariz leptolepis
Gordon), Douglas-fir (Pseudotsuga menziesii Franco), Makanba (Betula maximowiczii
Regel) and Yellow seraya (Shorea faguetiana Heim). The additions to MMA were
dimethyl phthalate (DMP), dibutyl phthalate (DBP), dioctyl phthalate (DOP) and butyl
benzyl phthalate (BBP) as plasticizers, and polyethylene glycol 400 (PEG).

The results of this experiment are as follows :

1) The polymer contents of WPC which were prepared with MMA-plasticizer system
and MMA only were almost equal.

2) The modulus of rupture in bending and the absorbed energy in impact bending on
WPC increased 1.5 to 3.0 times than those in untreated wood with a few exceptions.
But the modulus of elasticity in bending on WPC increased only slightly over that in
untreated wood, except for Hinoki.

3) There were no significant effects of plasticizers on the bending behaviors for WPC
which was prepared with the solution of MMA and plasticizer in the ratio of 10: 1
volume.

4) Even if the included BBP content into WPC increased, the modulus of rupture in
bending on WPC hardly increased. On the other hand, the absorbed energy in impact
bending on Akamatsu- and Makanba-WPC increased along with the increased content
of BBP.

5) The increased ratio of bending behavior of WPC to that in untreated wood
accompanying the increased polymer content was a small quantity, and the modulus of
elasticity in bending on WPC decreased occasionally than that in untreated wood.



