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   Abstract 

 The purpose of this work is to compare the weathering prop-
erties of different types of wood-plastic composites (WPCs) 
based on high-density polyethylene (HDPE), recycled high-
density polyethylene (rHDPE-I and rHDPE-II), low-density 
polyethylene (LDPE), polypropylene (PP), recycled poly-
propylene (rPP), polystyrene (PS), and recycled polystyrene 
(rPS). The modulus of rupture (MOR) and modulus of elastic-
ity (MOE) of all WPCs decreased with increasing exposure 
time of weathering. Of these, the rHDPE-II-based composite 
exhibited the highest MOR and MOE retention ratios after 
2000 h of accelerated ultraviolet (UV) weathering, while the 
PS-based WPC had the lowest values. In addition, the carbo-
nyl index difference (CID) of various WPCs increased sig-
nifi cantly as a function of exposure time. Among them, the 
PS-based WPCs exhibited the most severe degradation due 
to photo-oxidation on the surface, while the degradation of 
PE-based WPCs was the mildest. These results are consistent 
with the change in the surface cracking and fl exural properties 
of the composites. The PS-based WPCs also exhibited higher 
moisture diffusion coeffi cients. The mechanical behavior of 
WPCs after weathering is infl uenced by a combination of 
factors, such as surface oxidation, morphology changes, and 
moisture absorption.  

   Keywords:    mechanical behavior;   moisture diffusion coeffi -
cient;   photo-oxidation;   polymeric matrix;   weathering;   wood-
plastic composite (WPC).     

  Introduction 

 Renewable and low-cost natural fi bers have gained popu-
larity as reinforcement materials in plastic composites  –  
best known as wood-plastic composites (WPCs)  –  over the 
past decade. This approach has many advantages, such as 
low-density, low equipment abrasiveness, high stiffness 

and strength, low maintenance requirements, and good 
biodegradability (Bledzki et al.  1998 ). WPCs belong to 
the most dynamic sectors of the plastic industry (Rothlin 
 2007 ). The global WPC market has experienced double-
digit growth in North America and Europe (Ashori  2008 ; 
Lei and Wu  2010 ), and the volume of WPCs is predicted to 
increase from 129,000 tons in 2008 to 427,000 tons in 2014 
(Lampinen  2010 ). Some WPCs for residential applications 
are being rapidly introduced to the marketplace, such as for 
decking, window framing, siding, and roof tiles. WPCs are 
still a topic of active worldwide research as demonstrated 
by the recent review of Kumar et al.  (2011) . The analysis 
of the plastic and wood moiety in WPCs (Lee et al.  2010 ; 
Windt et al.  2011 ) and the selection of the proper compatibi-
lizer (Kumar et al.  2011 ) are frequently in focus. However, 
the main concern is on the durability of WPCs, which is 
generally poor. Fading, chalking, and strength weakening 
caused by environmental exposure are major problems for 
their outdoor application (Stark and Matuana  2004 ; Kiguchi 
et al.  2007 ). 

 Thermoplastics, such as high- and low-density polyethyl-
ene (HDPE and LDPE), polypropylene (PP), and polystyrene 
(PS) are the best-known WPC products (Nair et al.  2001 ; 
Harper and Wolcott  2004 ; Bengtsson et al.  2005 ). In our pre-
vious paper, the physicomechanical properties of these WPCs 
were determined (Lee et al.  2010 ). Only limited information 
is available on the weatherability and photodegradation of 
polyolefi ns (LDPE, HDPE, and PP) and their composites (Li 
 2000 ; Tidjani  2000 ; Seld  é n et al. 2004 ; Stark and Matuana 
 2004 ; Stark  2006 ; Kiguchi et al.  2007 ; Fabiyi et al.  2008 ; 
Park et al.  2008 ; Adhikary et al.  2010 ; Robert et al.  2011 ). 
There are no prior reports comparing the different weathering 
behaviors of WPCs. 

 Accelerated ultraviolet (UV) weathering is a powerful 
test for quality control and material certifi cation (Fabiyi and 
McDonald  2010 ; Shebani et al.  2012 ). Therefore, the aim 
of the present work is to demonstrate the effect of the poly-
meric matrix on the weathering properties of WPCs observed 
after a QUV accelerated weathering test. To the best of our 
knowledge, this is the fi rst comparative study concerning the 
weathering characteristics of WPCs with different types of 
polymeric matrices.  

  Materials and methods 

  Preparation of wood particles 

  Trema orientalis  (L.) Blume, a fast-growing wood species, was 
sampled from the experimental forest of the National Chung Hsing 
University in Nan-Tou County. Wood particles were prepared by 
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hammer-milling and sieving; particles between 24 and 32 mesh were 
investigated.  

  Plastics 

 Commercial virgin plastics: (1) HDPE [Unithene  ®   LH901; melt 
fl ow index (MFI): 0.95 g/10 min; density: 0.95 g cm -3 ]; (2) LDPE 
(Paxothene  ®   NA248; MFI: 46.00 g/10 min; density: 0.92 g cm -3 ); (3) 
PP (Globalene  ®   PT100; MFI: 1.60 g/10 min; density: 0.90 g cm -3 ); 
(4) PS (Polyrex  ®   PG-80; MFI: 4.00 g/10 min; density: 1.05 g cm -3 ). 
Source: these materials were purchased from USI Co. (Kaohsing, 
Taiwan), LCY Chemical Industry Co. (Kaohsing, Taiwan), and Chi-
Mei Co. (Tainan, Taiwan). Recycled plastics: (5) Recycled high-
density polyethylene (rHDPE-I) (MFI: 0.22 g/10 min; density: 0.95 
g cm -3 ); (6) rHDPE-II (MFI: 0.35 g/10 min; density: 0.92 g cm -3 ); (7) 
recycled polypropylene (rPP) (MFI: 3.70 g/10 min; density: 0.91 g 
cm -3 ); (8) recycled polystyrene (rPS) (MFI: 8.71 g/10 min; density: 
1.05 g cm -3 ). Source: these recycled materials were kindly supplied 
by Orbit Polymers Co., Ltd (Taichung, Taiwan). All plastic pellets 
were ground in an attrition mill to reduce their particle size to   <  20 
mesh before composite processing.  

  Composite processing 

 Manufacturing WPCs: the fl at-platen pressing process was applied, 
according to our previous papers (Hung and Wu  2010 ; Lee et al. 
 2010 ). The weight ratio of oven-dried wood particles (moisture con-
tent, MC  <  3 % ) to plastic powder was 60/40 (wt % ). The expected 
density of the WPCs was 0.85  ±  0.05 g cm -3 . The WPC samples had 
dimensions of 300 mm  ×  200 mm with 4 mm thickness. All WPCs 
were produced in a two-step pressing process as follows: (1) hot 
pressing at 170 – 200 ° C (170 ° C for LDPE; 180 ° C for HDPE, rH-
DPE-I, rHDPE-II, PS, and rPS; 200 ° C for PP and rPP) for 4 min; 
and (2) fi nishing by cold pressing until the temperature of the WPCs 
decreased to 25 ° C (approx. 5 min).  

  Mechanical analysis 

 The fl exural properties [modulus of rupture (MOR) and modulus 
of elasticity (MOE)] of the composites were determined accord-
ing to ASTM D790-07. MOR and MOE data were obtained by the 
three-point static bending test with a loading speed of 1.7 mm min -1  
and a span of 64 mm (specimen size: 80 mm  ×  16 mm  ×  4 mm). The 
samples were conditioned at 23 ° C and 50 %  relative humidity (RH) 
for a week before testing. The retention ratios of MOR and MOE of 
the WPCs after accelerated UV weathering were determined as fol-
lows: MOR (or MOE) retention ratio ( % )  =  MOR  t   (or MOE  t  )/MOR 0  
(or MOE 0 )  ×  100, where the measurements with the index 0 and t are 
for the WPC data before and after accelerated UV weathering for a 
time  t , respectively.  

  Hydrothermal behavior 

 The moisture absorption behavior of WPCs was studied by expos-
ing the samples to a humid environment, according to the method 
of Doan et al.  (2007) . Dry samples with dimensions of 80 mm  ×  80 
mm  ×  4 mm were placed in a desiccator with saturated K 2 SO 4  solu-
tion at 20 ° C (97 %  RH). The weight of the specimens was measured 
at different time intervals until equilibrium was reached. The dif-
fusion constant ( D ) was determined from the following equations: 
 D   =   D  A /(1 +  h / l  +  h / w ), where  D  A ,  h ,  l , and  w  are the apparent diffusion 
constant, the plate thickness, the length, and the width, respectively. 
The value of  D  A  was determined as follows:

 D  A   =   π   ×  [ h  2 /16( %  M  sat ) 
2 ]  ×  [( %  M  2 - %  M  1 )/(  2t -  1t )] 2 , where  %  M  1

  

and  %  M  2  are the percent weight gain of the plate at times  t  1  and  t  2 , 
respectively, and  %  M  sat  is the percent weight gain at saturation.  

  Accelerated UV weathering 

 Instrument for the accelerated UV weathering: QUV accelerated 
weathering tester (Q-Panel Co., OH, USA) equipped with fl uores-
cent UVA-340 lamps (Q-Lab Co., OH, USA), in accordance with 
the ASTM G 53-88 standard. Conditions: 8 h UV irradiation time 
was followed by 4 h water condensation (8/4 cycle) at a black panel 
temperature of 50  ±  3 ° C.  

  ATR-FTIR spectral measurements 

 Instrument: Spectrum 100 FTIR spectrometer (Perkin – Elmer, 
Buckinghamshire, UK) equipped with a deuterated triglycine sulfate 
(DTGS) detector and a MIRacle ATR accessory (Pike Technologies, 
Wisconsin, USA). The spectra were collected by co-adding 32 scans 
at a resolution of 4 cm -1  in the range from 650 to 4000 cm -1 . Five 
spectra were acquired at r.t. for each sample, yielding 25 spec-
tra for each composite. The carbonyl index (CI) was calculated: 
(CI)  =  ( I  1732 / I  p )  ×  100, where  I  p  represents the specifi c peak intensity of 
the plastic (HDPE, LDPE, PP: 2916 cm -1 ; PS: 696 cm -1 ) (Stark et al. 
 2004 ; Lee et al.  2010 ). The carbonyl index difference (CID) was also 
calculated: CID  =  CI w -CI 0 , where CI 0  and CI w  are the carbonyl indi-
ces of the composite before and after UV weathering, respectively.  

  DSC and thermal analysis 

 Instrument: DSC-7 (Perkin – Elmer, Buckinghamshire, UK). The sam-
ples (ca. 1 mg) were encapsulated in aluminum pans and heated from 
50 ° C to 250 ° C at a heating rate of 10 ° C min -1  under N 2  fl ow (20 ml min -1 ). 
The crystallinity of the plastic ( X  c ) was determined according to Zou 
et al.  (2008)  and calculated as:  X  c   =   Δ  H  m / ϕ  Δ  H  m  0   ×  100, where  Δ  H  m  is 
the experimental heat of fusion determined from the DSC measure-
ment,  Δ  H  m  0  is the assumed heat of fusion of the fully crystalline plas-
tic (HDPE and LDPE: 293 J g -1 ; PP: 148 J g -1 ), and  ϕ  is the weight 
fraction of plastic in the composites.  

  Measurement of surface color 

 Instrument: Minolta CM-3600d (Tokyo, Japan) equipped with a D 65  
light source with a test-window diameter of 8 mm. The  X ,  Y , and  Z  
tristimulus values of all specimens were obtained directly from the 
colorimeter. Based on these data, the  L * (value on the white/black 
axis),  a * (value on the red/green axis),  b * (value on the blue/yellow 
axis), and  Δ  E * (the color difference,  Δ  E *  =  [( Δ  L *) 2  + ( Δ  a *) 2  + ( Δ  b *) 2 ] 1/2 ) 
color parameters were calculated, as established by the Commission 
Internationale de l ’ Eclairage (CIE) in 1976 (Wu et al.  2005 ).  

  Scanning electron microscopy 

 SEM instrument: Hitachi TM-1000 (Tokyo, Japan) with an acceler-
ating voltage of 15 kV. All specimens were viewed perpendicular to 
the surface.  

  Analysis of variance 

 All results are expressed as the mean  ±  SD. The signifi cance of dif-
ference was calculated by Scheffe ’ s test, and P-values   <  0.05 were 
considered to be signifi cant.   
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  Results and discussion 

  Color changes 

 The CIE  L*a*b*  color specifi cations are presented in 
Figure  1  . Figure 1a shows that the  Δ  E * values of all WPCs 
generally increased with increasing exposure time. Among 
the eight types of WPCs, the WPC PP  exhibited the most 
severe color changes. The value of  Δ  E * changed signifi cantly, 
increasing linearly to 14.4 in the fi rst 750 h and then leveling 
off. In contrast, the WPC rHDPE-II  has the best color stability; 
the value of  Δ  E * was   <  3.5 ( Δ  E *  <  3 indicates a color differ-
ence that is not detectable by the human eye) after accelerated 
UV weathering for 2000 h. The effect of weathering on  Δ  L * 
is presented in Figure 1b. Except for the WPC PS  and WPC rPS , 
weathering clearly resulted in lightening, and the trend of  Δ  L * 
is similar to that of  Δ  E *. Relative to virgin plastics, most recy-
cled plastics exhibit less color change. Probably, the additives 
or impurities in recycled plastics have a signifi cant protective 
effect against photo discoloration. On the other hand, as vis-
ible in Figure 1c, the  Δ  a * value of all composites appeared 
to increase with increasing exposure time, through 100 h. 
However, after 100 h of exposure, except for the PS and rPS 
composites, the  Δ  a * value gradually decreased as a function 
of time. The  Δ  b * value displayed the same trend for all of the 
blends, and the WPC PS  and WPC rPS  exhibited the most severe 
 b * changes. After accelerated UV weathering for 2000 h, the 
 Δ  b * values of both WPCs reached approximately 10 (Figure 
1d). Accordingly, the photo-sensitive aromatic groups in the 
side chain of some polymers (i.e., PS and rPS) lead to surface 
yellowing upon UV exposure.  

  Surface characteristics 

 The surface characteristics of WPCs also changed signifi -
cantly after weathering. Many authors observed cracks on the 
surface of WPCs during natural or accelerated weathering (Li 
 2000 ; Seld  é n et al. 2004 ; Stark and Matuana  2004 ; Kiguchi 
et al.  2007 ; Chaochanchaikul et al.  2012 ). SEM micrographs 
in Figure  2   of WPC HDPE  after accelerated UV weathering for 
0, 100, 1000, and 2000 h reveal coarsening of the initially 
smooth surfaces. The effect was visible after 100 h, and the 
coarsening was followed by matrix cracks and interfacial 
defects upon extended weathering time to 2000 h. Similar 
trends were also observed for other composites (Figure  3  ). 
The HDPE-, rHDPE-I-, and rHDPE-II-based WPCs suffered 
less crack formation after 2000 h of exposure. In other words, 
the weatherability of the WPCs made with virgin or recycled 
HDPE is better than that of other WPCs. Furthermore, the 
interfacial defects between the wood particles and the poly-
meric matrix appeared to be more severe for both WPC PS  and 
WPC rPS  than for other plastics.  

  Flexural properties 

 The fl exural properties of various WPCs varied as a function 
of weathering time. As listed in Table  1  , the fl exural MOR 
and MOE of all composites generally decreased with increas-
ing weathering time. After 2000 h, the MOR retention ratios 
of the WPCs are rHDPE-II (85 % )  >  LDPE (78 % )  >  rHDPE-I 
(77 % )  >  HDPE (70 % )  =  PP (70 % )  >  rPP (69 % )  >  PS (51 % )  >  rPS 
(43 % ). Of these, the polyethylene-based WPCs, particularly 
the rHDPE-II composite, retained the greatest strength over 
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 Figure 1    Changes in color parameters of various WPCs as a function of accelerated UV weathering time ( n   =  5).    
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the weathering period, while the polystyrene-based WPCs 
retained the least. Similar to the trend observed for the fl ex-
ural strength, the MOE retention ratios of all WPCs were 
rHDPE-II (63 % )  >  rHDPE-I (55 % )  >  LDPE (52 % )  =  HDPE 
(52 % )  >  PP (50 % )  >  rPP (46 % )  >  PS (42 % )  >  rPS (33 % ) after 
2000 h. Corresponding to the color change results and SEM, 
both the PS and rPS composites showed the greatest attenu-
ation of fl exural properties during the weathering process. In 
general, the mechanical properties of the WPCs were not only 
infl uenced by the nature of the wood and plastic materials 
but also by the interfacial adhesion of the composites. Doan 
et al.  (2007)  reported that improving the interfacial adhesion 
between the wood fi bers and the matrix led to lower values of the 
equilibrium water content and the diffusion coeffi cient. Table 
1 shows that the moisture diffusion coeffi cients of the eight 
WPCs are PS  >  rPS  >  rHDPE-II  >  rHDPE-I  =  PP  >  rPP  >  HDPE  >  
LDPE. The PS- and rPS-based composites have signifi cantly 
higher moisture diffusion coeffi cients than the other compos-
ites. Accordingly, poor interfacial adhesion is another major 
reason for the reduction of fl exural properties observed in 
WPC PS  and WPC rPS . The majority of fl exural MOR and MOE 
changes occurred during the fi rst 1000 h (Table 1). These 
results are similar to those in the report by Stark et al.  (2004) , 
who investigated the loss in MOR and MOE for 50 %  wood 
fl our-reinforced HDPE composites after weathering.  

  Matrix crystallinity 

 Cross-linking and chain scission can occur in polyolefi ns 
during weathering, which are leading to apparent differences 

in the crystallinity of samples. In this study, the matrix crys-
tallinity of various WPCs was calculated from the melting 
endotherms obtained from DSC. Accordingly, the  “ heat of 
fusion ”  of fully crystalline polymers was sought for. The 
polystyrene in focus is an amorphous polymer. Moreover, 
the crystallinity of the PS and rPS in the composites can-
not be evaluated because of the lack of melting enthalpy 
data for 100 %  crystalline PS. Taking  Δ  H  m  0   =  293 J g -1  and 
148 J g -1  for PE (Khumalo et al.  2010 ) and PP (Beg and 
Pickering  2008 ), respectively, the matrix crystallinities of 
the six WPCs with known  Δ  H  m  0  values were determined as 
a function of weathering time (Table  2  ). The crystallinity of 
the various matrices signifi cantly increased during the fi rst 
1000 h of exposure. A plateau was reached during further 
weathering to 2000 h, except for the rHDPE-I and rPP com-
posites. The literature reports similar results (Kaci et al. 
 2001 ). Zou et al.  (2008)  claimed that the increase in crys-
tallinity could be useful as an indicator for polymer chain 
scission during photo-oxidative degradation. According 
to this interpretation, it can be stated that the crystallinity 
increments observed in the present investigation are due 
to chain scission in the amorphous phase of the polymer. 
The resulting shorter molecules may have suffi cient chain 
mobility to facilitate secondary crystallization, which leads 
to crack initiation (Figure 2) (Jabarin and Lofgren  1994 ). 
However, as chain scission was proceeding, the tie mole-
cules became affected, and the crystallinity was decreased. 
Table 2 shows that the crystallinity of the rHDPE-I and rPP 
matrices decreased signifi cantly between 1000 and 2000 h 
of weathering.  
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 Figure 2    SEM micrographs of HDPE-based WPC after accelerated UV weathering for 0 (control), 100, 1000, and 2000 h, respectively.    
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 Figure 3    SEM micrographs of various WPCs after accelerated UV weathering for 2000 h.    

 Table 1      The moisture diffusion coeffi cient ( D ) and retention ratios in terms of MOR and MOE of various WPCs after accelerated UV 
weathering for different treatment times.  

WPC
 D   ×  10 -6 

(mm 2  s -1 )
MOR
(MPa)

MOR retention ratio ( % ) MOE
(GPa)

MOE retention ratio ( % )

100 h 500 h 1000 h 2000 h 100 h 500 h 1000 h 2000 h

HDPE 1.08  ±  0.24 B 22.5  ±  1.0 ABC    98  ±  1 a 84  ±  3 b 82  ±  4 b 70  ±  3 c 1.5  ±  0.1 C 89  ±  2 a 63  ±  6 b 65  ±  7 b 52  ±  4 c 
rHDPE-I 1.29  ±  0.09 B 20.4  ±  1.8 CD 109  ±  2 a 91  ±  4 b 91  ±  3 b 77  ±  2 c 1.6  ±  0.2 C 98  ±  4 a 69  ±  7 ab 72  ±  11 b 55  ±  5 c 
rHDPE-II 1.35  ±  0.13 B 20.8  ±  0.5 BCD 102  ±  5 a 94  ±  4 ab 88  ±  4 bc 85  ±  5 c 1.5  ±  0.1 C 84  ±  8 a 68  ±  3 b 70  ±  11 ab 63  ±  7 b 
LDPE 0.56  ±  0.14 C 10.0  ±  0.3 E    90  ±  2 a 87  ±  4 ab 87  ±  6 ab 78  ±  6 b 1.0  ±  0.1 D 76  ±  7 a 53  ±  4 b 63  ±  8 b 52  ±  6 b 
PP 1.29  ±  0.16 B 24.4  ±  1.5 AB    92  ±  3 a 84  ±  3 b 79  ±  3 b 70  ±  4 c 2.0  ±  0.1 B 82  ±  4 a 56  ±  4 b 55  ±  4 b 50  ±  5 b 
rPP 1.23  ±  0.20 B 24.8  ±  1.2 A    99  ±  6 a 80  ±  5 b 73  ±  6 b 69  ±  8 b 2.3  ±  0.1 AB 81  ±  11 a 55  ±  4 b 47  ±  6 b 46  ±  4 b 
PS 2.07  ±  0.08 A 20.9  ±  2.2 BCD 102  ±  3 a 63  ±  3 b 59  ±  8 b 51  ±  10 b 2.4  ±  0.1 A 80  ±  5 a 49  ±  8 b 46  ±  7 b 42  ±  9 b 
rPS 1.95  ±  0.20 A 18.7  ±  1.8 D    97  ±  8 a 64  ±  4 b 48  ±  7 c 43  ±  6 c 2.2  ±  0.2 AB 82  ±  3 a 45  ±  3 b 39  ±  7 bc 33  ±  7 c 

   Values are the mean  ±  SD ( n   =  5). Different capital and lowercase superscript letters indicate signifi cant differences (P  <  0.05) within a column 
and a row, respectively.   
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  ATR-FTIR analysis 

 The photostability of polyolefi ns is strongly dependent on the 
degree of oxidation during weathering (Tidjani  2000 ; Stark and 
Matuana  2004 ). During UV irradiation, chain scission can be 
induced by photodegradation via Norrish I and II reactions, as 
indicated by an increase in the concentration of carbonyl and 
vinyl groups. Figure  4   shows the carbonyl index difference 
(CID) of various WPCs for 1000 and 2000 h irradiation time. 
The CID value of all WPCs increased with increasing expo-
sure time, and there are no signifi cant differences between the 
virgin and recycled WPCs upon weathering. Others also found 
a similar increasing CID trend (Fabiyi et al.  2008 ; Ndiaye et al. 
 2008 ). Of all WPCs in this study, the polystyrene-based WPCs 
exhibited the highest CID value, while the polyethylene-based 
WPCs had the lowest. The polystyrene composites are less 
photostable than the polyolefi n composites. These data are 
also consistent with the change in the composite morphology 
(Figure 3) and fl exural properties (Table 1). In summary, if UV 
weathering leads to high CID values, this is a sign for severe 
photodegradation (chain scission processes). An increase in 
crystallinity indicates the degradation of the amorphous moi-
ety of the polymer. This process is attended by microcrack 
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 Figure 4    CID of various WPCs after accelerated UV weathering 
for 1000 and 2000 h. Values are the mean  ±  SD ( n   =  5). Bars with dif-
ferent letters indicate signifi cant differences at P  <  0.05.    

 Table 2      The matrix crystallinity of various WPCs after accelerated 
UV weathering for different times.  

WPC type

Crystallinity ( % )

0 h 100 h 1000 h 2000 h

HDPE 20.5  ±  1.0 b 20.4  ±  0.3 b 57.0  ±  4.5 a 56.4  ±  0.5 a 
rHDPE-I 22.7  ±  0.6 c 22.1  ±  0.1 c 60.5  ±  1.4 a 49.2  ±  6.1 b 
rHDPE-II 26.5  ±  1.5 b 25.7  ±  4.8 b 31.6  ±  1.2 ab 35.5  ±  0.5 a 
LDPE 11.6  ±  0.8 c    9.7  ±  2.0 c 14.3  ±  0.5 b 19.3  ±  1.3 a 
PP 18.4  ±  1.4 a 16.7  ±  0.8 a 31.7  ±  10.7 a 28.2  ±  6.0 a 
rPP 18.5  ±  2.1 b 21.8  ±  14.7 b 49.2  ±  6.9 a 29.4  ±  4.9 b 

   Values are the mean  ±  SD ( n   =  3). Different superscript letters within a 
row indicate signifi cant difference at P  <  0.05.   

formation and a decrease in fl exural properties due to the poor 
interfacial adhesion and stress transfer.   

  Conclusions 

 The physicomechanical and UV weathering properties of 
WPCs are greatly infl uenced by the type of plastic utilized. 
Of all WPCs in this study, the rHDPE-II-based composite 
exhibited the highest MOR and MOE retention ratios after 
2000 h of accelerated UV weathering, while the PS-based 
WPC had the lowest ratios. In addition, the color change of 
the rHDPE-II-based composite was the lowest. Accordingly, 
the rHDPE-II-based composite has better weathering proper-
ties than the others. The PS- and rPS-based composites have 
a higher moisture diffusion coeffi cient, which leads to greater 
moisture penetration and degradation of the interface between 
the wood and the plastic matrix. This lowers the weathering 
resistance. The weathering properties of the recycled compos-
ites are superior to those of virgin ones.   
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