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Abstract- This study aimed to improve the toughness and biodegradability of poly(vinyl chloride) (PVC) by inclusion of 
poly(butylene succinate) (PBS) and wood flour (WF). PVC was first melt blended on a two-roll mill with different weight 
ratios of PBS. Of the four PVC/PBS blends evaluated, the 80/20 wt% blend exhibited the highest impact strength compared to 
the neat PVC. Scanning electron microscopy analysis confirmed the better compatibility of this 80/20 (wt%) PVC/PBS blend. 
This blend was further filled with three loadings of WF (10, 20 and 30 parts per hundred parts of blend resin). As expected, the 
addition of WF resulted in a decrease in the impact strength of the samples, but an increase in the heat deflection temperature 
(HDT) and water uptake with the increase in the WF contents compared to that of the neat 80/20 (wt%) PVC/PBS blend. The 
higher water uptake might accelerate the biodegradation of PVC/PBS/WF composites by allowing the microorganism to 
penetrate into the products using water as a medium. It can be concluded that the PBS improved both the toughness and 
biodegradability of the PVC/PBS blend, while the WF caused an increase in the HDT and also the biodegradability of the 
PVC/PBS/WF composites.   
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I. INTRODUCTION 
 
Poly(vinyl chloride) (PVC) represents an important 
commercial thermoplastic which has been widely 
used as a commodity, industrial, agricultural and 
medical plastic due to its unique properties such as 
high flame retardancy, chemical resistance, versatility, 
easy modification and low cost [1, 2]. However, some 
inherent disadvantages of PVC such as low notched 
impact strength and poor processing stability have 
restricted its applications [35]. Moreover, its lack of 
biodegradability has caused much concern to the 
environmental pollution. Blending of two or more 
polymers for property improvement and 
environmental friendly has gained considerable 
importance. Nowadays, extensive studies have been 
focused on blending PVC with flexible and 
biodegradable polymers such as poly(butylene adipate-
co-terephthalate) and poly(butylene succinate) (PBS) 
and wood flour (WF) to improve its toughness and 
biodegradability and to broaden the applications of 
PVC [6, 7]. In this study, both PBS and WF were 
chosen for blending with PVC to obtain wood-plastic 
composites (WPCs), which has been known as a 
green-composite or eco-material. While PBS, a typical 
synthetic biodegradable polymer possesses high 
flexibility, good thermal stability, satisfactory 
mechanical properties and environmental friendly, 
WF offers a number of advantages such as low density, 
biodegradability, non-abrasiveness, non-toxic, low cost 
and acceptable specific strength [8, 9]. Thus, WF can 
be used as a reinforcing filler for synthetic polymers to 
replace either inorganic filler or synthetic fiber. 

Moreover, the WPCs can be processed by 
conventional thermoplastic processing equipment, and 
WF also minimized abrasion of the equipment due to its 
low hardness compared to inorganic fillers. 
This article focused on the preparation of PVC/PBS 
blends and their composites with WF to improve the 
end-use properties of PVC and also reduce the 
environmental problems caused by the ever increasing 
plastic waste. Impact strength, heat deflection 
temperature, water uptake and morphology of PVC, 
PVC/PBS blends and PVC/PBS/WF composites were 
then investigated and compared.    
 
II. DETAIL EXPERIMENTALS 
 
2.1. Materials and Procedures 
Suspension-grade PVC resin with a K value of 58 
was purchased from Thai Plastic and Chemical 
(Public) Company (Thailand). The heat stabilizer, 
processing aid, external lubricant and internal 
lubricant were supplied by Thainam Plastic Company 
(Thailand). PBS in pellet form was purchased from 
Mitsubishi Chemical Corporation (Japan). WF 
(Lignocel C120) with a particle size of 70-150 µm, 
manufactured by J. Retenmaier & Sohne (Rosenberg, 
Germany) was provided by MTEC, National Science 
and Technology Development Agency (NSTDA) 
(Thailand). 
2.2. Blending and Specimen Preparation   
PVC resin was mixed with the required amount of 
heat stabilizer, processing aid, external lubricant, 
internal lubricant, PBS and WF according to the 
compositions shown in Table 1. Prior to mixing, PBS 
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and WF were oven-dried at 60 oC for 24 h and at 105 
oC for 48 h, respectively. All the ingredients were melt 
mixed on a two-roll mill (Lab Tech Engineering 
LRM-S-110) at 170 oC for 7 min. The batch mixed 
compound was then fabricated into sheet (15 × 15 × 
0.3 cm3) using a compression molding machine (Lab 
tech Engineering LP-S-50) at 170 oC for 10 min. The 
prepared sheet was the cut into an impact test 
specimen. 
 

Table 1: Sample Compositions 

 
 
2.3. Characterization 
The notched Izod impact test was performed on a test 
sample with dimension of 12.7 × 63.5 × 3 mm3 using 
an impact tester (Gotech GT-7045-MD) according to 
ASTM D 256.  
For the heat deflection temperature ( HDT) test, a 
constant bending load of 0.45 MPa was applied at the 
center of compression molded bar sample (12.7 × 127 
× 3 mm3) which was placed in an oil bath of the HDT 
deflection tester, according to ASTM D 648.The 
sample was heated at the rate of 120oC/h from room 
temperature. The HDT was achieved when the 
specimen deflected to a distance of 0.25 mm. 
 
The water uptake was determined by weighing the 
fully dried sample (oven-dried at 60 oC for 24 h and 
cooled in a desiccator) having dimension of 12.7 × 
63.5 × 3 mm3 and then immediately immersed in a 
water bath maintained at room temperature. The test 
was carried out for 30 days. The sample was 
periodically taken out of the bath, wiped with a tissue 
paper to remove the surface water, and then weighed 
again. At least three specimens were weighed for 
each composition. Each weighing was measured 
using an analytical balance with a precision of 0.001g. 
The percentage of water uptake was then calculated 
from the following equation: 
 
Water uptake (%) = [W1 – W0/W0]  100 

where W0 and W1 refer to the weight of sample before 
and after immersing in water, respectively. 
The morphology of impact fractured surface was 
observed by a scanning electron microscope (SEM, 
Jeol JSM 6480 LV) at an accelerated voltage of 10 
kV and a magnification of 1000×. The fractured 
surface was coated with a thin layer of gold to 
prevent electrostatic charging during SEM operation. 

III. RESULTS AND DISCUSSION 
 
3.1. Impact Strength  
The notched impact strength of the PVC, PBS, 
PVC/PBS blends and PVC/PBS/WF composites are 
shown in Fig. 1 and the corresponding values are 
listed in Table 2. The result showed that PVC is a 
kind of brittle plastic due to its very low impact 
strength (2.9 kJ/m2) as a consequence of its high Tg. 
The impact strength of the  PVC/PBS blends was 
found to be increased with the addition of PBS from 
10–40 wt% and was in the range of 3–9 kJ/m2, 
suggesting that PBS improved the toughness of PVC. 
This is due to the high flexibility of PBS that 
toughened the blends. However, the blend containing 
20 wt% PBS yielded the highest impact strength (Fig. 
1a), owing to a better dispersion of PBS in the PVC 
matrix and also a better stress transfer at the interface 
between the PVC and PBS. In addition, at higher PBS 
loadings (30 and 40 wt%), the blends exhibited a 
lower impact strength than the PVC/PBS blend with a 
20 wt% loading, owing to the agglomeration of PBS, 
allowing less stress transfer across each phase [10]. 
 
Based on the optimum impact strength, the 80/20 
(w/w) PVC/PBS blend was selected for preparing 
WPCs with three loadings of WF (10, 20 and 30 phr). 
As expected, the impact strength of the 80/20 (w/w) 
PVC/PBS blend composites was decreased with 
increasing WF loadings (Fig. 1b), which could be due 
to the high stiffness of WF that restricted the mobility 
of the polymer chains and also the poor interfacial 
interaction between WF and polymer matrix that 
lower the stress transfer across each phase. However, 
the impact strength of all the WPCs was higher than 
that of the neat PVC.  
 

 
Fig.1. The Impact Strength of (a) PVC, PBS and PVC/PBS 

Blends and (b) PVC/PBS/WF Composites. 
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Table 2: Impact Strength of PVC, PBS, PVC/PBS Blends and 
PVC/PBS/WF Composites 

 
 
3.2 Heat Deflection Temperature 
HDT is one of the standard test methods used to 
measure the heat resistance of rigid plastics. HDT is a 
temperature at which a sample deforms under a 
constant bending load to 0.25 mm. The HDT of all 
the samples are summarized in Table 3. As can be 
seen, the HDT of PVC was lower than that of PBS. 
However, blending PVC with PBS caused a reduction 
in the HDT in a PBS-dose-dependent manner owing to 
the increased mobility of the polymer matrix [11]. 
 
Moreover, the poor interfacial adhesion between PVC 
and PBS might also be the reasons that reduced the 
HDT of the blends. Further, after incorporation of 
WF in the 80/20 (w/w) PVC/PBS blend matrix, the 
HDT of the WPCs marginally increased with 
increasing WF loading levels compared to that of the 
neat 80/20 (w/w) PVC/PBS blend, owing to the high 
stiffness of WF that restricted the mobility of the 
polymer chains and prevented the deformation of the 
composites [12].  
 

 
Fig.2. The HDT of (a) PVC, PBS and PVC/PBS Blends and (b) 

PVC/PBS/WF Composites. 

Table 3. Heat Deflection Temperature of PVC, PBS, PVC/PBS 
Blends and PVC/PBS/WF Composites 

 
 
3.3. Water Uptake 
Fig. 3 shows the percentage of water uptake of PVC, 
PBS, PVC/PBS blends and PVC/PBS/WF composites 
at different periods of immersion. It was observed 
that the water uptake of all the investigated samples 
was rapid for the first 5 days and kept increasing as 
the immersion time increased. Afterwards, the water 
uptake was slow down until reaching a saturated point, 
which less water was absorbed and the water content 
in the samples approached the constant values. As 
shown in Fig. 3a, PVC had the lowest water uptake 
due to its hydrophobicity, while PBS showed much 
higher water uptake. Their water uptake noticeably 
increased in the first week of immersion and then 
retarded and remained almost constant at the end of the 
immersion time. The maximum water uptake of PVC 
and PBS was found to be about 0.202 and 1.057%, 
respectively. Thereby, the water uptake of PVC/PBS 
blends increased with increasing PBS loadings and 
was in the range of 0.224–0.518%. Fig. 3b shows the 
effect of WF on the water uptake of the 80/20 (w/w) 
PVC/PBS blend composites over the same period of 
time. The water uptake of WPCs increased with 
increasing WF loadings since the water uptake was 
mainly owing to the presence of WF. This was 
because WF contains numerous hydroxyl groups (–
OH), which can act as a hydrophilic responsible for 
the water uptake through the formation of hydrogen 
bonds [13]. The WPCs containing 30 phr of WF 
exhibited about 4.68% weight gain after immersion for 
30 days, compared to the dry sample. The higher water 
uptake might accelerate the biodegradation of WPCs 
by allowing the microorganism to penetrate into the 
products using water as a medium. 
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Fig.3. The Water Uptake of (a) PVC, PBS and PVC/PBS 

Blends and (b) PVC/PBS/WF Composites. 
  
3.4. Morphology 
Fig. 4 shows the representative SEM images of the 
impact fractured surface of PVC, PBS and PVC/PBS 
blends (magnification of 1,000×). As seen from Fig. 
4a, the PVC shows a relatively smooth fractured 
surface with some cracks (arrows) which is a 
behavior of a brittle material, while the PBS showed a 
fractured surface with many tear lines which is a 
character of a ductile material (Fig. 4b). Moreover, 
the PVC/PBS blends showed much rougher fractured 
surfaces (Figs. 4(c–f)), suggesting that the samples 
became more ductile, especially the 80/20 (w/w) 
PVC/PBS blend that exhibited the highest impact 
strength. Additionally, at high PBS content (40 wt%), 
SEM image of the PVC/PBS blend showed a rough 
surface with many voids owing to their incompatibility 
and phase separation. As a consequence, their 
mechanical properties were deteriorated as mentioned 
above. Fig. 5 shows representative SEM images of 
the impact fractured surface of the 80/20 (w/w) 
PVC/PBS blend composites with three loadings of 
WF (10, 20 and 30 phr). The composites showed a 
high degree of inhomogeneity on the fractured 
surfaces, with gaps at the matrix-filler particle 
interface, voids and WF particles being visible, 
indicating the weak interfacial matrix-filler particle 
adhesion. This resulted in the debonding of the WF 
particles from the matrix and also in the void 
formation during the impact test. This contributed to 
a reduction in the impact strength of the resulting 
WPCs composites with increasing WF content.  
 

 

 
Fig.4. Representative SEM images of (a) PVC, (b) PBS; and 
Blends of (c) 90/10 PVC/PBS, (d) 80/20 PVC/PBS, (e) 70/30 

PVC/PBS and (f) 60/40 PVC/PBS. 
 

 
Fig.5. Representative SEM images of composites of (a) 80/20/10 

PVC/PBS/WF, (b) 80/20/20 PVC/PBS/WF and (c) 80/20/30 
PVC/PBS/WF 

 
CONCLUSIONS 
 
PVC/PBS blends and composites of the 80/20 (w/w) 
PVC/PBS blend with three loadings of WF (10, 20 
and 30 phr) were successfully prepared. Their impact 
strength, HDT, water uptake and morphology were 
investigated. The PVC/PBS blend containing 20 wt% 
PBS exhibited the highest impact strength. The 
sample has obviously altered from brittleness to 
toughness. The inclusion of WF into this blend 
resulted in a decrease in the impact strength and an 
increase in the HDT and water uptake with increasing 
WF contents compared to the neat blend. SEM 
images of the composites impact fractured surface 
revealed a clear boundaries and interstices at the 
matrix-filler particle interface, indicating the poor 
interfacial adhesion between WF and polymer matrix. 
It can be concluded that PBS played an important role 
in both toughening and increasing the 
biodegradability of the PVC/PBS blends, while WF 
caused an increase in the HDT and the 
biodegradability of the WPCs.   
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