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Effects of Density and Plastic Type on the Physicomechanical

Properties of Veneer Overlaid Wood Plastic Composite

Ying-Ying Chao' Ke-Chang Hung' Jyh-Horng Wu®

[ Abstract] The main purpose of this study is to develop and manufacture veneer overlaid wood plastic composite (VWPC)
from wood (Pinus taiwanensis) particles, different kinds of plastics (including virgin high density polyethylene (VHDPE),
recycled high density polyethylene (tHDPE) and recycled low density polyethylene (fLDPE)) and veneer (Pinus radiata) by
one-step hot-press molding. The effects of density and plastic type on the physicomechanical properties of VWPC were
evaluated. The experimental results revealed that the flexural properties of WPC increased with increasing density, while no
statistical differences were observed on VWPC of different densities. Compared with WPC, the panels sandwiched with
veneers (VWPC) were greatly improved their flexural properties. In addition, among various densities of VWPC, the VWPC
with density of 800 kg/m® exhibited the outstanding performance on the dimensional stability and mechanical properties.
Moreover, mechanical properties of the VWPC containing recycled plastic (rHDPE) were similar and comparable to those of
composite made from virgin HDPE.

[ Key words] Veneer overlaid wood plastic composite, One-step hot-press molding, Recycled plastic, Physicomechanical
properties, Dimensional stability.
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REZ it e TR LR D B REE » APTEIR
MRV K S REZ B0 - T AR R AR AR
WK O B Bk A REER BRI - BT %
BRI SRR T L2 IR Bk A BAER 2 2 AR 0 R
M EA B 2 I &R S SEBIRCHE » IRz
FASE B 88 ~ SR ~ 2830 M i e HAth AR 7 FH
ZBGE - BB AR AT - BRI - Anfef
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(BE{ZFE » 2008) - S5— 5Tl » BRI A 1.4 (&
W FARBEZEY) - AMEAGIR ARV AETE 221 - IR
ERER BTG QR - ORI T s AT B2
R EZ — (Al-Salem et al., 2009 ) - Hr »
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HE L UHAZEBERREZENERY
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APERRI I E B R ENR - WA R K
5942 6% (Cerqueira et al., 2007 ; Chen et al.,
2012 ; Favaro et al., 2010 ; Wu et al., 2013 ; Yang et
al., 2007) « 5556 » INEFFZ M 7E3E EF MG
BEER 7 4% (Recycled high density polyethylene »
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tPP) FHHBEG A BB G - HAHE4
(Virgin ) %8 B B 5 AH U0 3 2 P B bk 1
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HDPE [ H A E B G2 ERAF (B &
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YATFaE ( Melt flow index » MFI ) B 0.95 ¢/10 min
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Back veneer”

Mat formation
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Fig. 1. Scheme of VWPC processing.

Hot/Cold pressing

3. VWPC Z St i

AGAERZ IR Anshari ZF A (2011) .23 B5 /51 »
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CR (%) = (( To-T))/Ty) x 100

Ao To Ry AN BRA BV  JF . (mm) -
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(V) #EM IR b
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AGAEEZ2E CNS 2215 b Fr iz il igse » %
R~}E 230 mm x 50 mm % 12 mm Z3&X6 » iR
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Veneer overlaid WPC
. (VWPC)
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ZHEEPEIE S 10 mm/min (Z EEGESSET TR -
VWPC | & J7 1] Ky B H A B Eil 3 5 9
(Crosshead ) Rl H » HICHkEM LI RHREE KA
IRF ik B B AR P & o WK IET B g DUE R
( Modulus of rupture » MOR ) Jz i, 18 58 A 455 8
(Modulus of elasticity » MOE)

2. RIESTIRFF )] (Wood screw-holding strength »
wS)

AGREEZ CNS 2215 Ry i bR HE » i
R~FE; 50 mm x 50 mm x 12 mm ZEHM » HR
20°C ~ 65% RH Z R R=E R 7 Kk > A
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(Analysis of variance » ANOVA) » illiiZE % Scheffe
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(1) SAEEE WPC J& VWPC PR 2 58
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HETPEL - R 1 AV AFEE WPC K& VWPC
ZVPRHE  HRPTDISRA HEMEE g
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FEIFSE S - WL TG RIRE K S EAEEHA
5B o FHEHT » BRSNS VWPC K » WPC B2
AR BRI IR SR R R BREAGM AR
5 2 RE R K 3 25 Sh EE ARG MR » S84
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540 HFR 1RSSR DUSA] > SR (967
kg/m’) WPC HAHRIKZ 24 h WokE RS
(2.3%) - FHIZIY » =48R (1030 kg/m®) VWPC Al
HAREZ 24 h/KEERSR (13.4%) - g
= VWPC K E IR = R A - HE
W R B =% VWPC I » HRIR R Z
B B R AR R P B PR o B T BEES LRSS o AT
et — B MR EI %S VWPC TR By ek fe
# o HEABSRGRAE 2 AR o fE e DA
VWPC [t B SR B A B B i _L 7t > H=3%
MIEAEE 2R HEERAN 19.6-57.5% - [{
BRI - PR = 2 S RIBRE SRR DAFS B - B
k5 1000 kg/m’ &z VWPC B i & i HURRRER -
HAERy 59.1% » HELZEEER 700 Jz 800 kg/m’ &2
VWPC # @ (HAES Rk 45.4 B 43.1%)
HAMG E225 o i bl R n DA > B
T (1000 kg/m®) VWPC B » Hofi b B H 32 IR
MHAVER R iy « IR » B VWPC K 24 h 327K G
% » ENRIIE B AR 3 R AR A2 P 0 v -

[EIRERY » FHEE 3 T R o e 2 S
BRAJ S - BRI VWPC H B [H] R A
K o Hrfr s 281 1000 kg/m’ 2 VWPC » Higukik
AR s B a3 ARy 58 Be 60% » HFRE R
FE 700 kg/m® 3 (6.6 Kz 11.0%) & » JH—faste
Zhou FE N\ (2000) ZFABSRSFAHML » TTd RS

1~ NEEEE WPC Bl VWPC Z VBRI
Table 1. Physical properties of HDPE-based WPC
and VWPC with various densities

Wat
Density ¢ e.r Thickness
Samples 3 absorption i
(kg/m”) swelling (%)
(%)
744+23° 16.2+5.48 3.0+0.35¢
WPC  846+11¢ 17.8+2.9" 3.4+0.25¢
967+13" 3.2+0.6¢ 2.3+0.4°
695+31°  28.8+3.14 5.5+0.7°
VWPC  816+38¢ 11.4+0.4" 4.0+1.285¢
1030+174 17.2+1.5" 13.4+2.4*

Values are mean =+ standard deviation (SD) (n = 5).
Different letters within a column indicate significant
difference at p <0.05.
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Fig. 2. Compression ratio (CR) of face and back
veneers of VHDPE-based VWPC with various
densities. Values are mean + standard error of
measurement (SEM) (n = 10). Bars with different
letters indicate significant difference at p <0.05.
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WPC ZHUESMHE - T k17 RS Rz 225
AWEFEHE— 2 DULIR ST TIRET - AR
PERME B 2 5288 - ik 2 nJDASEH » %4 WPC 2
HehrEnaEE (Specific modulus of rupture » SMOR )
PR 2= » H sSMOR /Y 24.5-25.6 MPa 2
e M&H VWPC HIBEF®K WPC B{iEZ
SMOR » {HFEZZ 25 EE /4 A1 » H: sMOR [ 79.9 MPa

(#EE 695 kg/m®) FREE 51.6 MPa (ZEE 1030
kg/m’) » B VWPC fE{RE RN BT & Hhid
& o HEMDERI R Z A » FEREEEER
BVRETE PO SR SRR E i o SR
IR o [bA) » VWPC 2 i i i i
(Specific modulus of elasticity »* SMOE ) Hil sMOR
ELGHHE 8% » H sMOE 7REH 11.0 GPa (695
kg/m® ) RIS 5.9 GPa( 1030 kg/m® )+ {HHH VWPC
Z sMOE {Jiifig WPC Fufd: o [EAbh - HilEl 4 BREE
WPC B VWPC KERETEREF /1522 iR DAfS:
H1» WPC Eil VWPC Z RIRGTER¥F T RE B &M
ERERE s © [FIRF - BR¥P% Stokke A (2014)
fah - HEM N B R B R E L (Compaction
ratio ) EFRMEIEAHRR - M52 WPC RIRETIREF /)
IR P REEAR L - SR WPC Bl VWPC
ZARBRET R FF ) FER 2 H R S5 2 BN
T I 0 WPC 2 ARKIEST (R4 17 -

frer bt WPC Bl VWPC 2 V3 Je Bshw B
FEGLAT DA - DATERE R E Ry 700 B 800 kg/m’ Ff
iz VWPC AR E U MEE ; R - DA%
J& 800 kg/m’ BUfiE Ik Bl R~F &gtk -
It RAEEE M BRI R A TEREE 800
kg/m® » PLE—B 3R B R S VWPC S I8 M2
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Fig. 3. Spring-back of face and back veneers of
vHDPE-based VWPC with various densities. Values
are mean + standard error of measurement (SEM) (n
= 10). Bars with different letters indicate significant
difference at p <0.05.
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2~ NEERE WPC Bl VWPC 2 BTSSR b hisi T
Table 2. Bending strength and specific bending strength of vHDPE-based WPC and VWPC with various

densities
Samples Density Bending strength Specific bending strength
(kg/m’) MOR (MPa) MOE (GPa) sMOR (MPa) sMOE (GPa)
744 +23P 18.1 0.6 1.6+0.1° 24.5+0.8° 2.1+0.1€
WPC 846 + 11°¢ 20.5+0.9° 1.8+0.1° 25.6+ 1.2 2.1+0.1€
967 + 13° 24.1+0.9° 2.0£0.1° 249+ 0.9 2.1+0.1°
695 +31° 56.0 + 8.2% 7.7+ 1.94 79.9 +11.7% 11.0+2.8*
VWPC* 816 + 38° 57.3+5.94 72+1.2% 69.9+7.1* 8.8+ 1.5
1030 + 174 53.1+3.74 6.1£0.3% 51.6 + 3.6 5.9+0.38

* Bending properties and specific bending properties for perpendicular veneer of vVHDPE-based VWPC with

various densities. Values are mean + standard deviation (SD) (n = 5). Different letters within a column indicate

significant difference at p <0.05.

1500

< B WPC
< ] WPCP A
o 1200 [
c a
2 b
» B
2w
5 b
2
T 600 |
2
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4~ NAEPE WPC fe VWPC ZARERETEREF /)
Fig. 4. Wood screw-holding strength of HDPE-based
WPC and VWPC with various densities. Values are
mean + standard deviation (SD) (n = 5). Bars with
different letters indicate significant difference at p <
0.05.

(1) PABFEARET VWPC YRRl M o 52

7 3 Ry —FEANE PHB AP 8 2 VWPC H
VIERMEE - HRAATDAUGH] » 54 VWPC %R
P 773-816 kg/m® [ » HAEREF b 225 - (R »
AR B L | - A RS R W A 2 5
% o 1M{E 24 h K351 » DA rHDPE k2 rLDPE
Fridfiz VWPC HAEERKSR » HIEHEE

o HAE/ 0 Fs 15.6 J2 16.3% - 534k » VWPC
24 h WKEEBMRSLL (LDPE B By in
(9.0%) » 4351k rHDPE (7.1%) kz vHDPE
(4.1%)-#7+6e btk Bats SREER - tHDPE J¢ rLDPE
Bfifiz VWPC HAMMLZ K » {H rLDPE %4
BHRNEA B S WK IE LRS- HF N 2R
HEMRK L EIRARER T 32 B ok M 5
O WO IR s R K IR P TR RE &
RN B E M2 BEPEds: » HEAM i R~
s LTEE 2 eI aS (Migneault ez al., 2009 ) -
Il LDPE ¥EJBA B 5@ HI/ N HDPE » &% LDPE
Bz WPC H MOE B ( HIHEPE B K )
(Achilias et al., 2007 ; Lee et al., 2010 ) - [Nt * fH
#iZ A rtHDPE {2 VWPC » rLDPE & B
R{K:Z MOE » #HIR/KIZEE R MRREEX -

S - HiZe 3 NEIEB R & VWPC 2
BRI T DS = VWPC > DL vHDPE
J¢ rHDPE #jgiiz VWPC EAGFEBA bk 14 i » B
MOR~MOE Kz WS 435 57.3 MPa fz 50.7 MPa~
7.2 GPa Jz 4.6 GPa L)% 899 N Hil 885 N - [A]ERHY
Adhikary Z A (2008) Kz Najafi % A (2005) Z
WFsERSESRIgHEHT - DL rHDPE #fiijz WPC HAE
VHDPE 8 EHH (B0 fE 2 5a S - T4
HDPE #REIKFEE » AR EHBE 2 VWPC
BRI E I - R0 > DA rLDPE 85 HI| LA 5
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Table 3. Effects of polymeric matrix on physicomechanical properties of VWPC

Polymeric Densit Water Thickness Bending strength WS
matrix 3y absorption e

(WPC core) (kg/m”) %) swelling (%)  MOR (MPa)  MOE (GPa) (N)
vHDPE 816 + 38" 11.4+048 40+1.2° 573+509% 72+1.2% 899 + 674
rHDPE 803 + 18* 156+1.1* 7.1+0.8° 50.7 £ 6.1% 4.6 +0.9%8 885 + 724
rLDPE 773 + 94 16.3 +0.9* 9.0+1.34 38.4+4.8° 3.7+0.7° 573 + 578

Values are mean =+ standard deviation (SD) (» = 5). Different letters within a column indicate significant

difference at p <0.05.

f.Z MOR ~ MOE J¢ WS » H 58 FEAH 53 71 Ky
38.4MPa~ 3.7 GPa J¢ 572.8 N » [t S RESZE |l
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B2 2R IR R A B SR g VWPC 15
B2 o SRR R - S (967 kg/m’)
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MBS S - KRR - HRefEiESHE VWPC
HETTRIEPEIWEZE R ps S LA B - A5 B e
TR Bl & BIFSETE )) -

vV~ BER

L BA{CFE (2008) EERHTR: - ARTEE — KM
5 RS R BB o RS 34(1) & 6-15

2. Achilias, D. S, C. Roupakias, P.
Megalokonomosa, A. A. Lappas and E. V.
Antonakou (2007) Chemical recycling of plastic
wastes made from polyethylene (LDPE and
HDPE) and polypropylene (PP). J. Hazard.
Mater. 149:536-542.

3. Adhikary, K. B., S. Pang and M. P. Staiger
(2008) Dimensional stability and mechanical
behaviour of wood—plastic composites based on
recycled and virgin high-density polyethylene
(HDPE). Compos. Part B-Eng. 39:807-815.

4. Al-Salem, S. M., P. Lettieri and J. Baeyens
(2009) Recycling and recovery routes of plastic
solid waste (PSW): A review. Waste Manage.
29:2625-2643.

5. Anshari, B., Z. W. Guan, A. Kitamori, K. Jung, I.
Hassel and K. Komatsu (2011) Mechanical and
moisture—dependent swelling properties of
compressed Japanese cedar. Constr. Build.
Mater. 25:1718-1725.

6. Baysal, E., M. K. Yalinkilic, M. Altinok, A.
Sonmez, H. Peker and M. Colak (2007) Some
physical, biological, mechanical and fire
properties of wood polymer composite (WPC)
pretreated with boric acid and borax mixture.
Constr. Build. Mater. 21:1879—1885.



106 #HE:5F TN

PRES T2 FOREST PRODUCTS INDUSTRIES Vol.33 No.2

10.

11.

12.

13.

14.

15.

16.

Bledzki, A. K. and O. Faruk (2004) Creep and
impact properties of wood fibre—polypropylene

composites: Influence of temperature and
moisture content. Compos. Sci. Technol.
64:693-700.

Cerqueira, D. A., G. R. Filho and C. S. Meireles
(2007) Optimization of sugarcane bagasse
cellulose  acetylation.  Carbohydr.
69:579-582.

Chen, Y.-L., C.-Y. Lin, T.-L. Wu, M.-J. Chung,
T.-Y. Chen, T.-H. Yang, H.-C. Chen and J.-H.
Wu (2012) Evaluation and application of the

invasive weed Mikania micrantha as an

Polym.

alternative reinforcement in recycled high
density polyethylene. BioResources
7:2403-2417.

Clemons, C. M. and R. E. Ibach (2004) Effects
of processing method and moisture history on
laboratory fungal resistance of wood—HDPE
composites. For. Prod. J. 54:50-57.

Dwianto, W., T. Morooka, M. Norimoto and T.
Kitajima (1999) Stress relaxation of Sugi
(Cryptomeria japonica D. Don) wood in radial
compression under high temperature steam.
Holzforschung 53:541-546.

Féavaro, S. L., M. S. Lopes, A. G. V. C. Neto, R.
(2010)
and mechanical

R. Santana and E. Radovanovic

Chemical, morphological,
analysis of rice husk/post-consumer
polyethylene composites. Compos. Part A-Appl.
S. 41:154-160.

Hung, K.-C. and J.-H. Wu (2010)

and interfacial properties of plastic composite

Mechanical

panels made from esterified bamboo particles. J.
Wood Sci. 56:216-221.

Hung, K.-C., Y.-L. Chen and J.-H. Wu (2012)
Natural weathering properties of acetylated
bamboo plastic composites. Polym. Degrad.
Stabil. 97:1680-1685.

Jacob, A. (2006) WPC industry focuses on
performance and cost. Reinf. Plast. 50:32-33.
Lee, C.-H., K.-C. Hung, Y.-L. Chen, T.-L. Wu,
Y.-C. Chien and J.-H. Wu (2012) Effects of

17.

18.

19.

20.

21.

22.

23.

24.

polymeric matrix on accelerated UV weathering
properties  of  wood-plastic
Holzforschung 66:981-987.

Lee, C.-H., T.-L. Wu, Y.-L. Chen and J.-H. Wu
(2010) Characteristics and discrimination of five

composites.

types of wood-plastic composites by FTIR

spectroscopy ~ combined  with  principal
component analysis. Holzforschung
64:699-704.

Lee, S. Y, H. S. Yang, H. J. Kim, C S. Jeong, B.
S. Lim and J. N. Lee (2004) Creep behavior and
manufacturing parameters of wood flour filled
polypropylene composites. Struct.
65:459-469.

Migneault, S., A. Koubaa, F. Erchiqui, A.
Chaala, K. Englund and M. P. Wolcott (2009)

Effects of processing method and fiber size on

Compos.

the structure and properties of wood-plastic
composites. Compos. Part A-Appl. S. 40:80-85.
Najafi, S. K., E. Hamidinla and M. Tajvidi
(2005) Mechanical properties of composites
from sawdust and recycled plastics. J. Appl.
Polym. Sci. 100:3641-3645.

Stokke, D. D., Q. Wu and G. Han (2014)
Consolidation behavior of lignocellulosic
materials. Introduction to wood and natural fiber
composites. John Wiley & Sons Ltd, West
Sussex. p. 85-127.

Wu, T.-L., Y.-C. Chien, T.-Y. Chen and J.-H. Wu

(2013) The influence of hot-press temperature

and cooling rate on thermal and
physicomechanical properties of bamboo
particle-polylactic acid composites.

Holzforschung 67:325-331.

Yang, H. S., H. J. Kim, H. J. Park, B. J. Lee and
T. S. Hwang (2007) Effect of compatibilizing
agents  on reinforced

Struct.

rice-husk  flour
polypropylene composites.
77:45-55.

Zhou, Y., M. Fushitani, K. Sato and M. Ozawa

(2000) Bending creep behavior of hot-pressed

Compos.

wood under cyclic moisture change conditions.
J. Wood Sci. 46:423-430.



PREE T3 33(2) 2 107~112(BHHTAD

107

AN AL AR GV

Concepts and Principles of Surgery Treatment in Tree Cavities

iR | ek RH
Cheng-Jung Lin'  Jie-Yu Zhang® Chi-Chu Kung?

I B8

Bl B B B BRI AR 22 R SRR B 1R - 78
BEEER - FEERE SRR (Q0E 1) A
BRSNS - T R ) - it
TERAHEERIEN - SEB AR /5% - ANfAlEk
FI LA AZAREHE » DU H 12 5 11 e U R B
ARE - ARG ISR BRI Z2 IR & R
JEHI - RIS TR G L 2% -

I~ AR

AR AR R V7 22 T B rh 22 ) b B SR 2
BRIBITER T - R R KBRS IR
FARIMSE FH 25 Fe ot B S VAR S22 ) - H RITER R
FEIAZERI S — ¥ A (More harm than
good) WY/ o FEYPEAE ML b STHF R -
WG ANFEIRS A SZ (I - e [ 258 f Y B
ARy CEGRIRATIE A © BUnARE KA
i322EaniiG /) (Vitality ) - BEACRTSUERFE PSS
B R G R A AR IR AR S - 18
TAPRHERFIARMTEER - A2 AR - AR
f FRAASH ML RS2 AE R BRI PTG A R 1T 52 15
& BIAREIA S HET T AT DA IES#7 As e Be PR
PERTREE [ - il 2 5 F B A& FRAL IR
BHEHHI (CODIT) » KERHITEI 2 222
WA — » RN ZE R B & S T R
JE e I B AE R ELARRY - BIR AT RERR ZERE1R

SAE B S UGB AR/ N B > DA
55 SN BRI SCHRFAE T » 2BV e R AN R e ke
JREEZE -

BRI LENENS - HAM I EL H
Y (BIATEGHLE) - BTl SRS
Dl - BRI S — RRE SR B - WERRAF
9 HRAERR ~ SRR ~ Rl - BLE AT YR
EERVEHHEHEBIE T (BIATBAREE
B AR HHE) - WA DU REH A B B ZE
R SEERRINTEDL « S8 —flal (k2 fnadhs
AR E SRR - H B PR 8 15 5K sl il e
BRI 5 B R e R AT AR R 3
H > A EH#GHEE (Self-grafting) 75 H Bl
K o

TIT ~ R AR Ze )i s 2 e I

Pt BRI A S R AR 22 TR T T ~ TH 7 ~ B
A~ e MRS R - PR ER R AT DA
1k - AR - BPER R BRGSO
) o da MRk RS SR R R RS MEHE T A — 8
51 o AR - SRR B R e Vi -
A (LRI B2 B B AR 20 S R A 22 T Y
=,

HEZHREREUR 22 - aTREE IR L
HEN © FEZEFPEREAM ARG BT R
MR E R - SRk T REET R (280K

PSRRI AL R SE 5 - SEARE -

Associate Researcher, Forest Utilization Division, Taiwan Forestry Research Institute.

Corresponding Author, E-mail: d88625002@yahoo.com.tw

* PR BRI AR PR -

Assistant, Forest Utilization Division, Taiwan Forestry Research Institute.



