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Effect of Process Conditions on the Mechanical Properties
of Wood Particle-HDPE Composites

Tung-Lin Wu!, Tsan-Chun Wangl, Chia-Huang Lee', Ho-Chin Chen?,
Tsai-Yung Chen’, Jyh-Horng wu'

[ Abstract] The effects of moisture contént of particle, hot plate temperature, coupling agent, or stick agent on the
physical and mechanical properties of wood particle-HDPE composites (WPHC) by flat-platen pressing were
investigated in this study. The results demonstrated that the WPHC exhibited good wood screw holding strength
and internal bonding strength when the moisture content of particle and the hot plate temperature were 4% and 180
°C, respectively. Furthermore, the MOR and MOE of WPHC decreased with increasing the content of coupling
agent (MAPE), but that effect on the internal bonding strength and wood screw holding strength showed no
significant differences. In addition, although the water absorption resistance of WPHC was improved by adding the
stick agent, the MOR, MOE and wood screw holding strength of WPHC were decreased with the addition of stick
agent. Accordingly, the mechanical properties of WPHC could not be improved by the addition of coupling agent or
stick agent in the flat-platen hot press.

[Key words} Wood particle-HDPE composites, Flat-platen pressing, Coupling agent, Stick agent, Mechanical
properties.
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REBHEMEETEAE - EBE - KK
St SLLBREEREYSBE
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BERREGEEHEEME el EMEIAY5 R
BRI BB - SRR B R A E AR
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1999 ; Mohanty ef al., 2000 ; Rao and Rao,
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FhW KE#EME-BRBEESM (Wood
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FEYBR HRELE BEEDEFAE
FEMAAFMEENELE (Bledki ef dl,
2005) - DIBAFEBEESFNE - 2HAR
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ROFEAXEBE - 548 - B - Bk K
AKEEE HEE 50%M B R LIk Y
A B B B R T B (Lu er al,
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-BRBEEME > DIERAREETEME
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TEAPEL (Roof tiles ) ESMELIEASREEPIEHE

BEEE & (Kiguchi et al., 2007; Chen et al.,
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B L R 43T o

BEARRNE M- BBEEMETHELE
BE > (HF/KME (Hydrophilic) 7R'E i Bl
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EREEERERNES - FiL » EHEER

Z PR — MR EE RIS (Coupling
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Coutinho et al., 1997 : & & EBf » 1992a ;
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WPC BLEFRE X EZREARE A - BB
e R IRESE B RS E &SN
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Bl (Luetal., 2000; Luetal., 2004 ; 2005) -
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(1) 2KBbHE
1. ReAkL A

AER B T R R Y B B T2 B K
EEREBMSZ2LER ( Trema
orientalis ) » BFHRRFEYIFEE K/ > WAR
iHYIH#IEY) (Chopping) F5/KF (Chips)
B Y B ( Koife ring flaker ) [ )
( Chipping ) R 1% > DABRERET > H R
~TE 16-24 mesh (S HELLR 5.16 : Ty
BEER 026 mm) ZhFrfEH -
2. ¥ABIT R

AREBMEACEBRRESRERLE
( High density polyethylene, HDPE) - BH
BEREMERMDERAE BRI
LH 901 » 75 953 kg/m’® - {5IRIEEE 0.95
g/10 min » IARIBE RS 130-140°C - B E
W > FIF B HE (Attrition mill) % HDPE
BEYIE/ N 30 mesh Z BEBHG R - AR 48
WPHC 2 Bl -

= 1. RBANF-EEERIISEAT < B0 & G
Table 1. Process conditions of WPHC

3. F e B B Rk FT A
Al ko R HH &« MAPE
(LOTADER® MAH, France) S8-&%#] o
D NS RZ R ish ok il Ny

() HEM R

AREBE T R B RE WPHC £
B KRB o R A-D NE - KRR
fRfEA0s% 1 TR - WPHC FHEREER 900
kg/m’ » A R~TE 30 cm x 20 cm x 1.2
em » HEUE HFEAT © 5 I EGREZRE
$i 581 HDPE (IR &ILE 60/40 » wi% ) > &
HESE9 YRR E - BT R
BEEETT WPHC BB - BB - SofEfin
HRL TR BVE R AR DL A E AR 008
B RIZIREFZE 160°CHr - BIXIRBARE N
R FREESAIRR  EiREPORE
B 70°C ik - BAPAM BRME R R BE
WHEEHM - 2% B WPHC #FER 20T ~
65% RH Z (IR R IBZ= FETFIE - DIFlER
A EMEE R -

Gro Moisture content Hot plate temperature Coupling agent Stick agent content
i of particle (%) CC) content (%)* %)*
Al 4 200 - -
A2 14 200 - -
A3 25 200 -

B1 <3 180 - -
B2 <3 200 - -
B3 <3 220 -

Cl <3 200 0 -
C2 ‘ <3 200 1 -
C3 <3 200 3

c4 <3 200 5 -
C5 <3 200 10 -
D1 <3 200 - 0
D2 <3 200 - 3
D3 <3 200 - 5
D4 <3 200 - 10

* Based on the oven dried weight of wood particles.
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(IV) #atoatn

AFEEH SAS METERETH#AEE
4347 (Analysis of variance, ANOVA) » iff
3518 Scheffe i 5E ( Scheffe test) FE{f&4H
Ml Z& (FHREME 95%) -

I~ i SR B3 Gl
(1) SRBEFHE WPHC & k85
BEMECEE

B A B Biet# WPC 5% WPHC 2 &l 5
KRG RETL > Bt BT HARFEEERM
HEC RfEFRRRE AR LT ERBE
RS (1-2-4-7-10 K 14 X) & WPHC it
TEARERAERESRE B ENE
1FoR - Hop > RREES 24710 K
14 Kz WPHC » Bt H A7k R I fRFHE = 5
{HERRFEE 2 XK 4 Riz WPHC HE 7K
RETHRAE > EEFREE 7 XL
WPHC 2 &K HNBE (§93.4%) - ffi
PUERE (MOR) HHTE #4158 (MOE)
FE & WPHC ZERiREFRE 7 KiF
WPHC 2z MOR B2 MOE JRG#BIRTEE (19
20.9 MPa Bl 2.0 GPa) H#fst FmEE=E=E

([ 2) - BB RS WPHC 2
HLemBEEENRRR 7 RERAESRE
E 0 Wi BEFRREGGE WPHC #

£
it

SRR E < 5B SIM SRR 7 RRAN
TTERIEEE T -

IRt
a E 1
= a
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g T
: ™
£ i
|
; i
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Conditioning time (Davs)

1. SRR AR - ER R A S
Ao B

Fig. 1. Influence of the conditioning time on the moisture
content of WPHC. Results are mean + SD (n =
3). Different letters indicate significant differences

among groups (P < 0.05).
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Fig. 2. Influence of the conditioning time on the
MOR and MOE of WPHC. Results are
mean = SD (n = 3). Different letters
indicate significant differences among
groups (P < 0.05).
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(I ) FAMF % U i 72 5 oy ) T v ¥

WPHC i 22 s B b 1 2 3%
BTHNAMBUVHPAREFZTE
LHEeMcME Rl o istHEvEE
TR (CBC) DI FIR®BERY] (CAC)
RN HETT S TH I 2 B A AR 0 LA
b e =R - i R 2 v i
> CBC K CAC Z 24 hr IR/KKRSFIE
14.7%k 15.7% @ AR EEEE SR
MEE ~ S/KER 24 hr KEEFRESE
HENEIMEREER - B4 EERREE

JiTE » CBC K CAC Z fiEnaE Rl

SR 21.4 MPa B 20.5 MPa » i #H [E]4£RH
R [EIRRAY - PUE RS - R
BURIRET IR B DSBS BRI /Y
EE A B ILEE S R E A
HEWREE ZE  ShIBEAM 2K
T (CAC) LK EH | (CAC-1) HEFTRE
HBBERETR (£ 2)> CAC K CAC-1
ZERE SIS 205 MPa & 206
MPa - FiAHEM EEREE E R - HSIEBEW
HEREREI EZR - e LSRR LS
H - MBI EES MR - B4R
P WPHC 7 B HEMRME -

2. BYNFEEIREN F-E R R ISR S R B

Table 2. Influence of sample cutting timing (before or after conditioning) on physical and mechanical

properties of WPHC
Tested sample
Properties Cutting before Cutting after Cutting after
conditioning (CBC)  conditioning (CAC)  conditioning (CAC-1)*

Density (kg/m®) 8564232 873+£45° -
Moisture content (%) 46+01° 46+£02° -
Thickness swelling for 24 hr (%) 45+09° 49+10° -
Water absorption for 24 hr (%) 147+6.1° 157+£72° -
MOR (MPa) 214+19° 205+1.1° 206+04%
MOE (GPa) 1.8+0.1° 1.7+0.1° 1.7+0.1°
Internal bonding strength (MPa) 19+02° 22+02° 19+£02°
Wood screw holding strength (N) 909.0+£90.2° 9393+272° 1006.7+£61.3*

* The back layer of WPHC was faced to loading side.
Values are mean + SD (n = 5). Different letters in superscript indicate significant differences among

groups (P < 0.05).
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(I ) SYRR{EE{EE WPHC BB PEE >
531

TR SRS WPHC EZ R
% 3 FR 0 BERASAIEM WPHC 2 B
S 842-938 keg/m® ] AL B &k
SR ~ BB DL R RN [E) B 50 & T B S b
B WPHC HEMEEZYE - Mk
WPHC 4 7kEH1H > ik 3 thw]DIHE 5
B EAM 2 EKERR &K R8N L
F 3 Eorb o LIS KERR 4% (A1)~ 14% (A2)
R 25% (A3) KB Fiif e WPHC »
HEAHMARBEEKRSRNE 42%
5.9%Fk 7.1% - B F o FELURR » KBk
KB EA R ERAER A RS S
EEkE ARl ESHERREmEE Y
EKE o TR EEHIREE 180°C (B1) - 200
T (B2)-220C (B3) WA HEBHEE
G ZEKE - BR BIIFREZBAB
(0-10%) » H#EEH (C1-C5) BKKRIR
WEEER - 541 B ERERE S
& (D1-D4) » Ha ks Bl RE S5 817
BTG 2 TR % - e -
30 5 L W BB A Bk M 2 s EREE
WPHC hRE R 2 7k M » BB v
BEHE A - B WPHC & /KRBIHRIE -
L E RS RS 4 DR LBIZ ARE
S B SRYE BB S RS HER A AUk
Bk A Sk R HE BRI R TS B
s

Be4h > ARFERDL 24 hr Bk B EEIRE
B R R B MBS BB KB RTZE
PR BKEEEARRETOKERE -
AR REGHMZHBERR &R EER
£ o % 3 WEEBRERAUBA - TEEK
K2R (4-25% 3 A1-A3) H WPHC ik

7K B B B R SR B R /K SR AR 2 L (HDAAR
BREBATNE WA akRis - HG%E
REERLR BE < Lisa /KRR 8
WPHC €18/t WPHC [ 2 fFEBE - st
DIAEEMRIRE (180-220°C 5 B1-B3) Hiff
WPHC I} » H R 7K B & i iR SR B /K SRR 4
B R AR T RN BRE N g2
BHEEM < RT L ENE - BRI R E57E
EElC EEM (C1-C5)» HKEEIER
BRI /KRB MR B 72 5 - BEAESREL Bledzki
ZE A (2005) #iD Maleated polypropylene
(MAPP » 5 wt% ) S REBHMEEIRNG
( Polypropylene, PP) BF - m]BHEERE{K IR K
RMERER - HAUHER  FESLUFE
BB RIEE S MAPE REQIRSRE
BE BEEAIPRRFHREIEM
( Interfacial interaction ) » EZ{ WPHC £H
BEEFFL R BUZ BB - T L RS
HeE WPHC ZHURM - 5344 IR E
BRI EEH (D1-D4) > FRGIN 5%Rh
Fig (D3) %ifig WPHC I » HRUKEE R
MRER B KR FIES 3.4%K 6.3% » LLAER
EARR-GHEE A (2005) A0 S%ELHTEIHEE
TREKFrEL HDPE SUEHESH G HRHE
A - S5—75TH » FEHER 3 FERBIR - BmEs
FiE%S WPHC 957K % R iR 26 )t S B R
4, - {H FCUR /K SR BT BE 25 BB 0 & 38
T - BREBEREBRERME (D1) /-
L AT 40 - AR DR EIBR AT IR I S+ ER
KRS MEERAE S EEZR - 1
Fb o+ Z5 B L BORL i (BREK » 1979)
LLIRIEE » WPHC 22 IR K 218 i R =R B R ok R
Ytk i ES AR CRL AR K B R B2 AR SR R
KRS 13.9%K 97.2% ) BEor WPHC
BEERECRITLEN -



2008 4E 3

SRR EN S - PBESHBBTEEC2E 19

3. BEREEANEN -SSR OMEAM R R R
Table 3. Influence of process conditions on physical properties of WPHC

Group Density Moisture Thickness swelling for Water absorption for
(kg/m®) content (%) 24 br (%) 24 hr (%)
Al 889+£232 42+01° 46+04° 93+17°
A2 931£24° 59+£02° 3.6+24° 62+19°
A3 938+33° 7.1+£02° 40+27° 92+40°
Bl 875+37° 42+02° 3.7+08° 88+22°
B2 842+ 60° 43+03° 47+10° 11.0+182
B3 8614332 45+0.12 49+09° 114+32°
Cl1 873+24° 45+02° 3.7+0.7° 96+27°
2 861 +282 44+02° 3.1+£04° 93+19?
C3 871427 44+02° 3.1+£05% 90+12°
Cc4 852+38° 46+02° 3.6+06°2 10.6+3.42
C5 8654292 45+01° 39+032 10.1+242
D1 864+72° 42+02% 43+14% 107+4.5°
D2 872+28% 46+02° 26+052 64+10%
D3 915+17° 37+04° 34404 63+01%®
D4 901+9° 41+02° 2.7+09? 51+06°

Values are mean + SD (n = 5). Different letters in superscript indicate significant differences

among groups (P < 0.05).

(IV) SUREA-H WPHC it E 2 S

AL CNS 2215 #7522 BIRAH

&% - DB WPHC s&E MBI G KiE -
BHZR 4 W84 DIRLFT & 7KK 25% (A3)
FEUE 7 WPHC » H U3 17.1 MPa -
5% CNS 2215 ZEHIS IR 13 B2 fE#
ML & 7K 4%E 14%3 5% - Hl
BRI 20 MPa - HELEER » LIS S
KRR Fr 85 WPHC & BEM L8 & %
& - K& WPHC I - TR R E
BEEKE - MIBEHKREES 180T
(B1)~200°C (B2) B 220°C (B3) i »

AR &% WPHC i858 & B 185 M i
B BB ESHME B EERER
e HRAL IR SR B F EBWE K
Bh BB R EEE  HREREER
B MEBEIRMESR 1% 3%~ 5%k 10%
H§ o H MOR 43508 17.1-16.4~15.8 & 13.6
MPa > BERHIE R B B R MBS EININEN

INTA TR RS - EAERE Lu FA
(2005 ) | f & IZIR BUH A E M2 HDPE
BHEME > RREEERERA SRR IIEE
it m SRR - HERHRR > i
IR FARRBNIE S R AR TR
FEFH » MRMER M - [t - RXK
HIFAfAEEIE WPHC Z RE B - fE
DERERERERBERES B H
WPHC - DUR S & RIS R E AR 2 S FE
T - BR > RIITEEZFEHE (3-10%)
JiH > B WPHC Z 518 58 5 B HT 8 s M A
BAIREZ ARG T R - HEEE A -
FESK T REMMS DRI HHr s
BomT g RE  BUhnnE B EARE K
FrEa R RAR R E R E - B - A0S LA
REMTE (5%K 10%) W > BER]fERm WPHC
ZHURME o {EPUE R AME R ERL AR
13 B 27 #RYE - T PLAE SR EE Chen 5 A (2006)
NN SY%HREHT BRI B HE AR E R FrE2 HDPE B
HEEME > HITEREERER AR 13
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RIFRAE L R SRR - AHSHY - SRIE B Bh
MR (33 3%) > BRI INEEBYEREHY R
ROURMESE - IRERER AR 18 217 #2
¥ - fr Bl SABRAS RGN - FEAFT Ry B
BESAERLLOIZ T WPHC 251853
JE BB SR AR B B R Py 27k R - B A
SRS BRI BB T REE - B iR
FE TR (A 1L B R R R AR (226
MPa) BfK (EEVHEE - 3E > 1991) -

F—FHE NREESEEESMING
AR BT R W AR R A 1 B
AMBEEHEES KR (Lin et al,
2002) - fH3= 4 TP RDAEER - DL 60/40 (wt%)
ZARBER FHEBBIRS TLREE S MR 1
N EBBEGAE - HAREEEREES CNS
2215 FWEAIF R 18 B2 fE¥E (0.3 MPa LA
E)-HEo o DAREKNKEE&EKREHZ
WPHC » HNRMEEMIFEZRE - I RHAE
Lin A (2002) AraBeks i AR E
FE & K RIE =T R EASEBE TR BN
WPHC 85 1F B Sk R B R E
LB NMERRL R - AL BEMRIRE
H 180°C (B1) &&= 220C (B3) K - H
AREE R 2.4 MPa %% 1.8 MPa - ZERE
WIREEZE WPHC T REME - #ElH
FER FESBMOEE RS  IRIEREZ
BB B BRI RS HEANA 5 H W
MBS HMEEEEM cAEEE -
A > IR FEERREE (0-10% 5 C1-C5)
< WPHC HARKIMEMEEFHER - R
R FESUFBA G EEEE &M
EAM R R SRR R 186 RIL SR8
EREGEEEREEE - B SHER
HE (0-10% ; D1-D4) % WPHC 2 (NE34

BMEEE R HIEREERRAIE
PR RE R Fr B v R A P B v F - ER L A
EARESCE R E R - 4 - FHE AR
B A (B  mEE
1991) LLELIRE » WPHC 2 SR8 I8 %
B AR (0.8 MPa) £ - {7k WPHC &
HRHEZ R -

RN ARHRETIR RS T B S HHRETHE T
o B A P » LT T R
SRS TR - 5 4 TS -
FESR IS B 2 WPHC » HASRET (R 55
FIEREEE] ONS 2215 B AR 18 B2
¥ (500 N DUE) - Hip » KR a/kERE
4% (A1)~ 14% (A2) B 25% (A3) K
AR 2 RIEETRIG 155 872.6 - 844.6
R 749.7N » B5R WPHC 2 KURET 85 1158
$7 H BRI TR - HEAE R 5
B LIS SRR 8L WPHC B » AREE R
KRR G EARER 2 RS - R
A RIEETRFS TR  BRR R B
PR EE (BI-B3) R VRN F & 54 Al

(C1-C5) ¥ WPHC Z /RIRST AR Fr S7 B EE
ETRE - R RINFE 5K

(D1-D4) ZHEH » HABESTRES 7 HIRE
VR R IS » Ho B ¥ BRI LM e
AR A A BRI R E S (08
HESTRESYEEEE ( Mechanical
interblocking ) » BBAILETALEF FIREE - 1
415 FiAT WPHC 2 KEZST IR 18 LI
RSN (666.4 N) B (B -
HHEE - 1991) 0 Bk WPHC BAFIREEZ A
RET IS T -
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Table 4. Influence of process conditions on mechanical properties of WPHC

Group ~ MOR (MPa) MOE (GPa) I;f;ngatlhb&ﬂ‘l%;‘)g Wozdﬁzrgeg (Iﬁid‘“g
Al 206+09° 17+0.1° 19+032 8726+228°
A2 203+07° 1.8+02° 1.8+08° 844.6+587°
A3 17.1+08° 14+05° 14+02° 7497 +46.5°
Bl 252+25° 22402° 24+01° 854.8+46.1°
B2 202+06° 20+02° 22+03% 801.9+46.7°
B3 28+18° 224042 18+02° 8410+382°
Cl 204+20° 18+02° 22+02° 870.0+550°
2 17.1+13% 14+£0.1% 24+0.1° 903.0+423%
3 164+29% 14+04% 24+0.1° 884.5+389°
C4 15.8+2.7° 14+02%® 224032 871.8+£328°
C5 136+1.5° 12+02° 22+01° 821.8+£2492
Dl 28+1.1° 20+0.1° 19404 901.0+66.5°
D2 20.7+2.0° 1.74£03% 2.1+01° 809.1+42.6°
D3 179+10° 13402 21+0.1° 7879+255°
D4 17.7+05° 13+00° 19+00° 6882+149°

Values are mean + SD (n = 5). Different letters in superscript indicate significant differences
among groups (P < 0.05).
IV ~ &

DT BABUERER-SEERIE
BHEMRE  HE /KRR IS MEEHANR 7
RENAJRETE - LAY - EEM ZE VIR
WPHC M2 EMMR M E W RERERE A
TEETHEE RN - EaM RN T L
¥ WPHC HMERAIGREINEEEZE -
B4 DIEE KR Z AL (25% )B4 WPHC
IRF > 3L 24 hr IRk B B AR SR - 24 hr I KK
P RORIRST RS NEHE - 9 LUK
SRR 8 WPHC EB(K - BURDUE
BKEKL FrEE WPHC I > HEERE -
EREAERHENESCH EEIRESR
H > BIABRR BB 180°C #fi52 WPHC B
BEEEMEE - MRMARERHS A

(1-10%) » H WPHC 8 5m B T8 5si 4
BRI EIE i s (R AR EE

BLRIZSTIR F D REERE B BB EE
FE AR, WPHC BUMEE: - ks
MFREEE - B IINESH B AT S
R LR  HEPUEIRA - FUBEER
$HE R SR ET IR ¢ 7 B BE S 0 &= 3 A i R
& - Fe LiliEBERER  FREEZ
WPHC 754 CNS 2215 EER A 13
B HRE - L - SRR WPHC & w] g [ 4
FHERE MR B2 DIRE M A T ETTAERIRF 72 LA
R AR F WPHC 2 BH 3% S i F VB 4E -

VAT

BTG ST o A B A
PR SRR - (£ R FTGIERISE R - %
B -
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