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Abstract

Wood plastic composites (WPC) are becoming popular in recent years, in majorly automobile and building sectors due to their
attractive properties and sustainability compared to traditional materials. This work focuses at mechanical property evaluation of
WPCs made of teak wood flour (wastes obtained from wood cutting mills), Poly Vinyl Chloride (PVC) and Calcium Carbonate
as major ingredients. Fabrication of WPC is done using the extrusion process. Tensile, compressive, bending and impact tests
were carried out as per ASTM standard testing method D 4761-19 to evaluate mechanical properties of the WPC. It was found
that above said WPC has tensile strength of 7.69N/mm2, compression strength of 11.42N/mm2, flexural strength of
15.264N/mm2 and impact strength (Izod) of 0.265 N-M/mm2. From these mechanical properties of proposed PWC, it can be
concluded that it can replace natural wood, when mechanical performance requirements are within above mentioned allowable
values and where seasonal affect, humidity, moisture absorption etc. are the major problems. Additionally since wood waste is
used in proposed PWC, material is considered more sustainable and eco-friendly.
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1. Introduction

Wood Polymer Composites (WPC) are increasingly being used in modern construction segment since four decades. WPC is an
example for bio-based material, and hence need of the day (Carus & Dammer, 2013, Dahman & Ugwu, 2014, Friedrich & Luible,
2015). Making this new material both long lasting and cost-effective is the real challenge for both industry and research. This is
because organic components when used as building material, strength of the material is at stake due to water absorption and fungi
formation (Clemons, & Ibach, 2004, Karta et al., 2013). WPCs belong to bio-composite family, fabricated by the blending of
wood-based materials and polymers. Wood-based material is in the form of wood fiber/wood flour and polymers are
thermoplastics such as Polyethylene/ Polypropylene/ Polyvinyl chloride/Polystyrene etc. It is known that dimensions and
organisation of wood based material affect the strength of the WPC (Nourbakhsh et al., 2010). Also various properties of plant
fillers used influence mechanical and operational characteristics of composites (Najafi & Englund, 2013). A study made by
Petchwattana et al. (2013) reveals that chemical composition, chemical and physical treatment given to plant fillers play vital role
in deciding the chemical characteristics of functional groups of surface fillers. The authors showed that impact strength of the
composite is inversely proportional to rice hull content and directly proportional to particle size. Weak interfacial bonding is the
major setback for good mechanical performance (Peltola et al., 2014, Chaudemanche et al., 2018, Gulitah et al., 2018). In WPCs
interfacial adhesion is enhanced by inclusion of coupling agents. These coupling agents develop an interfacial bond between wood
flour and matrix resulting in improved mechanical characteristic (Chotirat, 2007). Maleated polypropylene when used as coupling
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agent upto 3-5 % by weight for WPC made of recycled polypropylene and Pine wood dust improved interface adhesion and
stability (Bhaskar et al., 2012). Research also has evidences that recycled plastics when used as matrix with saw dust have
comparable mechanical properties as that of virgin plastics (Poletto et al., 2011, Lee et al., 2003, Singh et al., 2007). High density
polyethylene and polypropylene were used as plastics and mixed with beech industrial sawdust separately for the investigation to
compare the mechanical properties of virgin and recycled (Najafi et al., 2006). In the presence of appropriate coupling agent
composites made of waste polymeric materials and wood fibres show fairly good stability, strength and other mechanical
properties (Jayaraman & Bhattacharyya, 2004). Wood fibres used, being hydrophilic, when treated chemically contribute to
enhancement of properties of composites (Gardner et al., 2015).

Many companies have started manufacturing WPCs to be applied for door and window frames sine two decades (Doba, 2001,
Bregar, 2001) Though major use of WPC is in building sector, it is also applied for furniture, automobile and packaging (Friedrich
& Luible, 2016). It is reported in research that compared to products made of plastics alone; these composites are of lighter weight,
cost-effective and have better acoustic and impact resistance. Compared to other wood based materials, WPC outweighs with
respect to maintenance requirement, thermal properties and durability (García et al., 2009).

From above literature review it is evident that not much work has been done on usage of waste wood powder and Calcium
carbonate in the fabrication of WPCs. Waste wood powder being renewable resource is an interesting material for research when
found being used as construction material. It is an opportunity to convert waste material into useful product for mankind. To
explore some more opportunities in this direction, the present work aims to develop cost effective, environment friendly WPCs by
making use of waste sawdust powder. Products can be developed to the near net shape using extrusion process thus avoiding
secondary machining operations.

2. Methodology

2.1 Materials Used: As mentioned earlier WPC is a blend of wood based material and polymer.  Teak wood powder of size 50 μm
was used as wood based filler and PVC of size 212μm and calcium carbonate were used as matrix and mineral fillers, respectively.
Calcium carbonate was added in order to increase stiffness of composite boards (Klyosov, 2007). Further wax was added as
lubricant, Ca-Zn as stabilizer, Propylene as impact modifier and Maleic anhydride as coupling agent. The size and amount used as
percentage of total weight of various constituents used for composite processing are given in Table 1.

Table 1. PWC constituents and their composition
Materials PVC CaCo3 Wood

powder
Wax Foaming

agent
Ca-Zn Propylene Maleic

anhydride
Size 212μm 300μm 50μm 20μm 300μm 94μm 100μm 150μm
Percentage used 50% 30% 13% 1% 2% 1% 2% 1%

2.2 Processing of WPC: The important steps in development of WPC include pulverization of PVC, mixing, extrusion, cooling and
cutting.
 Pulverization: Pulverizer was used to crush PVC into fine particles of size 212μ. It is shown in Figure 1. PVC in the form of

granules was poured into a hopper after machine was set as per the requirements.

 Mixing: Mixing or blending is the oldest operation used in the solid based industries to make heterogeneous mixture to
homogenous mixture.
oHot mixing: In this process all the required raw materials were fed to hot mixing chamber maintained at 110°C, using the

feeding system. In the hot mixing chamber raw materials were melted and mixed thoroughly at a rpm of 350 for 4min to
form a homogenous paste like mixture The hot mixing equipment is shown in Figure 2.

oCold mixing: In this process, mixture from the hot mixing unit is transferred to the cold mixing chamber maintained at
ambient temperature and again mixed thoroughly at 350RPM for 3min. This converts the mixture to the amorphous
form suitable for the next step called extrusion process. The cold mixing equipment is shown in Figure 3.

Figure 1. PVC pulverizer Figure 2. Hot mixer Figure 3. Cold mixer
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 Extrusion: The raw material required for the preparation of WPC was further fed to the hopper of the extrusion equipment
shown in Figure 4. The various temperature levels maintained across the barrel were, feeding zone at 150°C, Melting zone
at 155°C, Mixing zone at 158°C and mould (shown in Figure 5) temperature at 172°C. These temperature zones help to
produce the product with less porosity, good surface finish.

Figure 4. Extrusion equipment Figure 5. Mould

 Cooling: Extruded part of WPC was hot with a temperature of 170°C approximately, making cooling essential. Indirect
method of cooling was preferred by maintaining the cold water outside the dies as shown in Figure 6 to achieve the
dimensional stability primarily. Later direct method of cooling was adopted by direct contact of water with WPC, to cool to
room temperature. Set-up is shown in Figure 7.

Figure 6. Indirect cooling method Figure 7. Direct cooling method Figure 8. Cutter

 Cutting: Cutting is done to cut the WPC to the desired length based on the requirement of the end user. Cutter is shown in
Figure 8.

2.3 Mechanical testing: Tensile, compressive, flexural and impact tests were conducted to evaluate corresponding mechanical
properties. Since this product has majorly PVC and less amount of wood based material, affect of moisture absorption is
negligible.  All mechanical tests were carried out at room temperature and three replicates for each test were performed. All these
tests were conducted as per principles of ASTM standard testing method D 4761-19. This standard is as per the fixed designation
D7031-11(2019) (ASTM, 2014).
 Tensile test: To carry out this test, the specimen is prepared as per the ASTM standard and was loaded on UTM. Figure 9

shows the test specimen, Figure 10 shows the testing set-up and Figure 11 tested specimen.  Load and displacement values
were taken down till fracture of the specimen.

Figure 9. Tensile test specimen.

Figure 10. Testing set-up Figure 11. Tested specimen Figure 12. Load v/s displacement
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 Compression test: To carry out this test, compression specimen was prepared according to the standard ASTM D7031 and
test was carried out on UTM. Figure 13 shows the compression specimen, Figure 14 shows the testing set-up, Figure 15
tested specimen.

Figure 13. Compression test specimen. Figure 14. Compression testing  set-up

Figure 15. Tested composite
specimen

Figure 16. Load v/s displacement

 Bending test: The ASTM standard followed for bending test was ASTM D7031. As per the standard, specimen was
prepared. The specimen was loaded on UTM at centre of span at a uniform rate through a loading block. It was found to
have 15.264N/mm2 of modulus of rupture. Figure 17 shows the bending specimen, Figure 18 equipment set-up. Figure
19 shows the tested specimen. Various load and displacement values were plotted.

Figure 17. Bending test specimen Figure 18. Bending testing set-up

Figure 19. Tested composite specimen Figure 20. Load v/s displacement
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 Impact test: The Izod test specimen was prepared and the test was carried out in accordance with ASTM standard, and the
maximum impact strength was calculated as 0.265 N-M/mm2. Figure 21 shows the Izod test specimen as per ASTM
standard and Figure 22 equipment set-up.

         Figure 21. Impact specimen(IZOD) Figure 22. Impact testing set-up

3. Results and Discussion

In the present work, mechanical characterization of developed composites was done. Mechanical behavior of the WPCs under
static loading of tensile, compressive, flexural and impact were considered. Results are summarized below.
 Figure 12 depicts the load v/s displacement under tensile loading. Maximum tensile strength was found to be 7.69N/mm2.

The graph shows that the developed composite is not suitable for tensile loading as its ability for toughness is not
considerable. Also specimen fails without much yielding and hence susceptible for catastrophic failure.

 Under compressive loading, obtained values of displacement are plotted against load values in Figure 16. Maximum
strength in compression was found to be 11.42N/mm2. The graph drawn for compressive load vs. displacement indicates
that after yielding, the large amount of deformation continues without appreciable increase in load bearing capacity of the
specimen. Compared to behavior of the specimen under tensile, compressive loading explores strength of the specimen
for real life applications. The large area below the stress-strain diagram signifies the considerable toughness property of
the material under compressive loading. This is an indication that material is not vulnerable to catastrophic failure when
subjected to compressive loading and hence a good candidate for real life applications where products are subjected to
allowable compressive load.

 Figure 20 shows the load v/s displacement under flexural loading.  Graph depicts that after yielding, without much strain
energy absorption, specimen fails. It may be due to the weak bending strength of the material and when compared, much
lower than, the compressive strength of the developed composite.

The results of all above three tests clearly indicate that the developed wood composite may be suitable for structural members
under compressive loading, especially door, window panels etc. Also the developed composites have less amount of wood and
hence problem of moisture absorption due to environmental influence is negligible. Hence the composite is suitable for adverse
environmental conditions where water absorption is a major issue.

4. Conclusion

In this work, an attempt is made to convert waste from teak wood cutting mill into useful product to mankind in the form of
WPCs. Other major ingredients are Poly Vinyl Chloride (PVC) and Calcium Carbonate.  Fabrication of WPC is done using the
extrusion process. Ultimate tensile strength, compressive strength, flexural modulus of rupture and maximum impact strength of
WPC are determined as per ASTM standard testing method D 4761-19. The results indicate that the proposed WPC is well suited
for
 Structural purpose to replace natural wood wherever allowable strength requirements are well within the experimental

values mentioned above and seasonal effect is a major issue. Proposed PWC has added advantage over natural wood that it
is not influenced by seasonal affect. This is because wood percentage is less in this material and PVC percentage is more.

 Environments where moisture absorption, seasonal effect, humidity are major problems (Ex, coastal areas).
Moreover since wood waste is used in proposed PWC, material is considered more sustainable and eco-friendly.
   Further future work can deal with affect of addition of filler materials like short glass fibers, carbon nano-tubes on stiffness and
strength of the WPCs.
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