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[ 5% ] AWFFERRF =B R 4% (High density polyethylene, HDPE) ~ [alSC =85 BERE Z4% (Recycled high
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DRI B U A INE 2 T R RET R AR » Hirp HDPE ~ rtHDPE J¢ PP iz AT HIB S M BARE
ZPUELEEE R pUE MR R SR 5 fEEY o LDPE Kt PS Pl HINRK - 55— 7511 » FH{E 7 SERHT oML
PR PR SEE - DL PP Frlfifi WPC » HRAIREFS SN 2 IR K » il HDPE ~ rHDPE ¢ LDPE
Fridfig.e WPC » fxstfsfivs b B 25 AR TR S - L4 » ELi HDPE B rHDPE Fiiidfiz WPC » /i
FHEAMZ TS Rtz S - SR eSS R M E B R IR AR BB &b 2 T HE -

(B8R ] A EBEE ~ WIBRE « FONME « SRR « Pris -

Effects of Plastic Matrix on Outdoor Weathering Properties
of Wood-plastic Composites

Chia-Huang Lee! Tung-Lin Wu'! Ke-Chang Hung* Jyh-Horng Wu?

[ Abstract ] The purpose of this work is to compare the mechanical behavior and weathering properties of different types
of wood-plastic composites (WPC), including virgin high density polyethylene (HDPE), recycled high density
polyethylene (rHDPE), virgin low density polyethylene (LDPE), virgin polypropylene (PP) and virgin polystyrene (PS)
based WPCs, during 48 weeks of outdoor weathering. Results revealed that the modulus of rupture (MOR) and modulus
of elasticity (MOE) of all WPCs decreased with increasing exposure time. Of these, the HDPE, rHDPE and PP based
composites showed the higher MOR and MOE retention ratios after 48 weeks of outdoor weathering, while the LDPE
and PS based WPCs had the lower values. On the other hand, Fourier transform infrared (FTIR) spectra demonstrated
that the PP based WPC exhibited the highest carbonyl index difference (CID) value during outdoor weathering, while the
value of HDPE, rHDPE and LDPE based WPCs was increased at first and then decreased gradually. Furthermore, as
compared to the virgin HDPE composite, the rHDPE one exhibited the similar flexural and weathering properties.
Accordingly, the recycled plastic has the potential to be used in the manufacture of WPCs.

[ Keywords ] Wood-plastic composite, Plastic matrix, Outdoor weathering, Strength retention ratio, Carbonyl index.
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DAARMRL 8 o0 1 BV S M FE S
A+ FLAE 1900 4RI » F1 IR FH RS R BRLACHA
Fir 8 fii < A o Bl e B W B R & M
( Wood-thermosetting plastic composite ) R[J#%
JREEA (Bakelite) | oAb » 1916 4RI » S
S5 W (Rolls-Royce ) YR R — 20 I
HEMTER RS - IMBARL T AR
#HBEM (Wood-plastic composite, WPC) Z 5%
% (Clemons, 2002) - #RiM » AR SHEHE
i P A e A R S R - S A\ R
BIEMHERE ZEE - Wit Rkt —
& 0 EER 80 AR - RIS I DAZmT i 9
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ML » DURKKHRL Fy i BB R & v 2 Wt
7% » MOREAZ BT B - 1R RE iR
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CIR R iy np SR S a7 R & 2D A =]
o REBHEMEHEA L (Renewable ) ~ {K
BRI~ RERAS ~ S ~ R R AR YRl S0
% (Biodegradability ) FEES » IR BB K
v AT DURH BH BV R T BB M R 2 DL iR S
(Modulus of rupture, MOR ) Bz 58 {4458 ( Modulus
of elasticity, MOE ) - iifi i i1 %2 B 4 B RO HE 1
(Stiffness) (BLEFES » 2008 ; JERAAISE » 2009 ;
BLHHERSE » 2011 5 Ochi, 2006 ) » [EINFELIEEAK
IR ZEEME ~ Tt B [ AEC A s Pl A 5 1 TR
(BREHESE » 2003 ;5 Ffi#kASF » 2000 5 Chen et al.,
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[BREEEE % W REASEERELE (High
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b RO 2 & ( Fourier transform infrared
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AREEF AN - IRE PSR
B IRE M PR S A R L
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1% B R YT R i PR B AR R <) 2R Fr % -
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2. BABME
AGRERF 2 BB 43 il By B L SR
i (HDPE ) ~ [a] I B v %5 2 38 2 4
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PR/ FTHRfE 5 LDPE BEEH SE% &1L
BRGAERAA - BHE R E M
NA248 ; PP it H 2R LERMHEIRA
H] o BUSE Ry PT100 5 PS [ H &7 36
FEERB A IRAT] > BISR R POLYREX®
PG-80 - Firf3 & J5it 5 DAIRI AR =B Ay
(Attrition mill) EfTEEREEH - WGEFH
Fili o BEETERAR R 3d@iE 20 mesh (¥
BRIR - DI RE SR G i -
AR BRIBE G < i

WPC g #f THER % Ry 850 + 50
kg/m® » BN~k 300 mm () x 200
mm (%) x 12mm (J£) - #P%UKF » FEEL
EEIAMBL T (-6+16 mesh) KAIE
¥R (EELERy 60:40) ji* Lodige (FM
300D, Germany) FEHIR AR -
#& 5 min PRI - SEEESS)
A BRI E DSBS - 555 *
RHRLEE A K type ZVERERRIZ » R
PRORE ABRESH - BRI AR IR EL
BHIAE » 4381 200°C (PP) ~ 180°C
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(LDPE) » MR8 /] 2.5 MPa {724
JAR  E B e LSS 180°C( PP )~ 160°C
(HDPE~rHDPE J PS)=k 150°C( LDPE )
¥ - BERTRARINS B B S Al 5
BLASEBR M B - Z1% » ¥ WPC &
JA 20°C~65% RH Z TR TR = HHERiR 7
K D@ MEE o4t -
JF 4 fioa B

AEAEEZ% Hung %5 A (2012) (Z34
Bk WM BCE A rh R ER AR bR R
AR TERE A E RS /7 HEK S AR A Ry
45° ZTiHEEABREE - R - B
Ky 48 8 - GAERIIMIEREN] (4-8~16~
24 % 48 & ) a5 Color difference
meter ) FEAlEM R L BREEMESN - 2
KA L FREECRAER » A - DA
S AAEAT BRI MRS (Attenuated
total reflection—Fourier transform infrared
spectroscopy, ATR-FTIR ) E¥{hZ A
MR EREEE L -

(V) MBS

s IR L E
L Minolta (CM-3600d, Japan) Z435¢

HXeazEat o ST R EHE - SEE,
Des * MIFAE A Fy 8 mm » Ak, 10° « %
A BRI R Bl - R L~ ax ~ b*
Bz o W2REEREGE R EL CIE
LAB 8% » K T35 AL* ~ Aa* ~
Ab*Jz AE*ZEE{H -

AL* = L*- L*,

Aa* = a*i- a*,

Ab* = b*;- b*,

AE* = [(AL*)? + (Aa*)* + (Ab*)?]M2

> L R N RNz R il 43 W AR
L*o Byt fo it Baniraabs Z BHEE(E » i AL*
FoBHREZHE - a* B AN A i s RIS Z AL
FRZHUE > a*o HILRsiiR el Baniiadis Rk 22
HE - 1 Aa* R LRk B BIZ S E - b R A
(] i i R T Pl 5 & S ES 22 L - 0% HITEy
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RFTREREEM LK -

. FETBAMB T

g B Hitachi (TM-1000, Japan )
s PINE-FRERUET - DUNEERE 15 kV Zfi&
ST - BRESILEBINIA M BB R 2 7
HTHETEAN - lBiEE WPC Jitfit fca et 2
TS < B -
TRIE R

itfeEBa IR - E TR IIE A < MOR
J& MOE - itk 1A il B i
rhH MOR J¢ MOE fRR{ -

MOR retention ratio (%) = (MOR,/MOR,) x 100
MOE retention ratio (%) = (MOE,/MOE,) x 100

i » MOR, K¢ MOE, EyAN[] i i s e 10
5.2 MOR Bz MOE ; MOR, Bz MOE, Hi &t
feiAlgRTRAM < MOR K MOE -
EEMRIAE REE R LR B AL

i it B AR & HAFIF PerkinElmer
( Spectrum 100, UK ) ATR-FTIR %t WPC
PR ES RG] » #E IR R WPC R
Batk » FRIAM LA B R H F EOERREY)
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AL BB - S TIRE - P F
PRk 4 em™ > SEHEREOR 32 K - 1l
(Wavenumber ) il 4000-650 cm™ « {5
ATR-FTIR St » K S50 TR
S LS Bl ( Carbonyl index, CI) (Stark et
al., 2004 ) Feiiitasis={E (Carbonyl index
difference, CID) -
Carbonyl index (CI) = (l1714/1) x 100
Carbonyl index difference (CID) = Cl,, — Cly
A 1y B s 53 ISR EBIE i i R ML
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T EERige (1714 cm™) ZB&PE > i Clo
Je Cly, B3 SRR S i feeri Bl ik &
PREERRE -
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AGAESFIH SASHia T Rl Tk
# 4> t  ( Analysis of variance,
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I~ R A
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1%y 5 MBS MR

48 3 (336 K) bt etz - H
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LB - Horpr - phIE 1 (a) Hra] DS -
HH WPC (ZHHEAE AT 28 Kt
WA TRESIREL: - R EEE 42 K
I+ BB AELHI & R ) - AR 56 K
IRf - ALSERIFR KIE(E (HERFH] HDPE
rHDPE ~ LDPE ~ PP Jz PS Filfgi# .2
L*{E 435k 66 ~ 68 ~ 66 ~ 64 2 70) » Z
& U iR ety R s R - HAESE
224 RILEIH V% PN - K¢ 336 Kt
fekikBRtk - 5 f WPC rhil PP S8
Wi RN (AL*RIR—4) - HR 4 4
& AL*HIREy—7~-10 Z[#] » B #E
4N et FLRE T © mifERLik
22U - e 1 (b) Bk » % WPC

& Na*{ERif 28 K aBarh 2 s
b < SR » iR 42 RIFHIAG R
FHREE - B AL* ZEMLIEIEHHE -
HZ B AL* 2 BLIETZAEML » &
WPC (Z Aa*{E ¥ REE it fcbir 1R i &
B - DA PP K¢ PS fiilfifiiz WPC Fuffi] »
JitTit g 336 K% » a*{E¥gH 8 R 1- 1t
&b el 1(c) sl DA WPC 2 Ab*
Bl AL* S8 L 2BUHRVIEIE » 7E8( 42
Rt feeitBad - 5 Ab*ERS5E EItm
1% IR IEIE - 5350 » sl Rel 541 -
PA PS #fifiz WPC H Ab*{E i
R HAtl 4 7 WPC » % 48 JEIii ik
Eatk » H AbMES-8 » [ H{RBIE
Z WPC H Ab*HIE5#-13 » B AE*Z
L > AT DA 1 (d) Hhas > &3
IBELE WPC 2L EL  H a7 {H
ML EAT 5 Ryl B © it feei Bt 56
R o {H 25 ETHmR TR g
TMAE 56 Kok Batt - tare{H ARG it
feeik B R s B - S0 224 R
TR A% -

RGBT AT 28 KinHfeiiif] - &
%% WPC Z Ab* [ FHEL AL* FREZ I
» R BRI R AR TR B R 2
RG4S EILTER MR
fiZH ( Quinones ) &5 (1 [E ( Ndiaye et al.,
2008 ) » K& R WPC K BH s A 3
LB - EfE Ab* EFF R AL* % ©
[EJERY » Kiguchi % A (2007) 7Rfst:
WPC ]z i a8 b T Z R H
AARM RS B - 556 B R
53 42 KRS » e AL* ~ Aa*g Ab*}
GREEE - SRR RZERN > £
ZLEL = A BRI S < B S TR B
B o HHfE 1 (e) Bt pyRer & A] LA
SH » FRMHRIRF S 30 K - HHHRLZ
FERYIEIE » HIERER 20 mm - Kt -
Az i A SRR AR 2
BREYIE - IRRZKRGESE I TEE WPC
H ALHE EFFLAR Aa*Bd Ab*{E | -
[tAh » Kiguchi % A (2007 ) JR$EH; »
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WPC & oM fiadBatk - Bk A f
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AR .ZEE (Li, 2000 ; Stark and
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AR AR FRIBY RN /K ke o 2R
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x L AFIBEE WPC £8P inHeeiAbatk < MOR K MOE fR#1R

Table 1 The MOR and MOE retention ratios of various WPCs after outdoor weathering for different time

MOR retention ratio (%)

MOE retention ratio (%)

MOR . . . MOE . . .
WPC at different weathering time (week) at different weathering time (week)
(MPa) (GPa)
8 16 24 48 8 16 24 48
HDPE 21.0+19% 90+7? 88+ 3?2 89+42 89+42 72+5°  17+01” 73%4° 75+ 82 77+4°2 70+4®  59+6°
rHDPE 20.3+0.9% 87+3% 85+6°2 84+4° 75+3%  72+3%  17+02” 74+6° 74+6° 74423 74+£2° 61+4"
LDPE 85+07¢ 87+5? 89+72 85+ 7?2 81+9°? 63+7° 1.1+01B 77+4° 72+5°2 68+5°2 68+ 72 39+2°
PP 254+14" 86+9%® 87+9® 90+2? 77+9%  69+5°  20+02” 77+14® 77+12% g2+1°? 70£8%  50+4°
PS 200+328% 90+4° 94+12 80+10% 66+22%® 53+10° 20+02” 86+7°? 84+1° 72+8%  57+13° 44+8°

Values are the mean + SD (n = 5). Different capital and lowercase letters indicate significant differences (P < 0.05) within a column and a row,

respectively.
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Fig. 1 Changes in color parameters of various WPCs (n = 7) and rainfall during outdoor weathering for 336
days. (a): AL*, (b): Aa*, (c): Ab*, (d): AE*, (e): rainfall.
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HDPE(72% )~ rHDPE( 72% )~ PP( 69% )~
LDPE (63%) 2z PS (53%) - JItiESEEA
7 AN B E S R WPC 53 K
25~50% ; Hrp » X DL PS s i
K o EAS R EL WPC RHifSHE b (
2) FEL - [FIERRLA PS B et
B HA AR WPC (K - [fifE MOE {£%4
I o RO DA AEEB
8. WPC » H MOE {8 3REid
MOR EAGHHAIET - HaREE e s
BRI - 8 48 EtEiEER o DA
HDPE ~ rHDPE J% PP #dfifi# AW =M

(a) Before weathering

fREEE# > H MOE fR¥FKE 60% - i
F]Ff LDPE % PS %4fii.> WPC » H: MOE
CREAHIGAK » (457751 Ry 39 B 44% o — ik

B RSNt eitEsEs - WPC FR3ZE|
FANEIE ~ IR R S s B s A4 4
bz b » REEHARIAR G ~ BEIR R X8
IBBHZI% NG, WPC MR RRER
TEER 7 (Li, 2000) - Jfiifl]F LDPE K% PS
8z WPC » IRIEL AR ERK IR
(Leeetal, 2010) » HRHEFAZEEIAT
53 B BRI B M EEUR{K MOR
B¢ MOE % -

(b) After 48 weeks weathering
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2 AEPEBELE WPC &= Mt fieea A SRt & 2 i < BRI
Fig. 2 SEM micrographs of various WPCs before (a) and after (b) outdoor weathering for 48 weeks.

(IV) BBIREE WPC K4t 2

[OEGE-Te7

3k 5 EHMIBIE 2 WPC A P4
48 Et e iAE i 2 ATR-FTIR SEEE -
HEdp Ry DL3EE » WPC 2 1600 Kz 1510
om™ ZARE B E IR - Y
T R TR i T e > HAEEE 4 B
alBm R MR RITE R - 595h » RER
BEFAHFR [ C-O stretching [y 1240
om™ URIKCIEE » HLBAR P ARG i o e R
TNTGHRA 5 AT - 1640 cm™ 2 Z 4%k
(Vinyl group ) WIS A TRHEERTIHEANAG T
FZ B - M 5 2% WPC HhffBL
B i s g - 33 Norrish 1 R
FRFE IR LA EE L - IEAh » 2 1735
em™ JEFLHERGEE & ML - AT B
TR R AL (1714 cm™) » JHIREH
7~ WPC e b ER 2 - RIS
H1 > WPC iR e Ba gl - BBEMRE
RIBAtGES S - MBS R B E

8L - 950 HalEl 3 HhRAT R -
am Al R AR — F 28 18 A P B il 2
WPC » JAiABER ] (848 M) &
A5 P OR ACER 27 e 25 T i PR T 244
MATHERNEES T ZRK R WPC
BB EE IR AR 55 Nt e 50
132 BRI K IR ER TR -

A —J51H » Fabiyi % A (2008) [
WrseHSTEHT - FIFH HDPE B AR Frid
fitiZ WPC it foiatBitz - L]
53 By VY RE B B8 > L 45 i) s 1 W R 6
(1700-1685 cm™) ~ ¥t (1725-1715
em™) ~ gL (1745-1730 cm™) K y-A

E3L (1800-1765 cm™) - ffij Ndiaye %
A (2008) MIWFFEIREsl » PP Slfi
WPC & fmsdiit foeitBmts - HRmimEE
R 1713 ~ 1735 K% 1780 cm™ Zukik
WEEFTAEL IR » Horfr > SCLURE L (1713 cm™)
RIS Ry IR - BB A PS BIBROLSAIL
R S BRI » FIIW] 45 By
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Fig. 3 ATR-FTIR spectra of various WPCs after outdoor weathering for 48 weeks.
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