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ABSTRACT
This study compares the impact strength and hardness properties between virgin polyvinyl chloride (vPVC) and
recycled polyvinyl chloride (rPVC) composites filled with two different natural fibers (palm fibers and sawdust).
Composites with fiber content varied from 2 to 8 wt% were prepared successfully using mini-extruder. The
effects of the fiber type and fiber content were studied. As expected, the fiber type and fiber content played an
important role in the investigated properties of PVC composites. The results raveled that the incorporation of
palm fiber and sawdust into vPVC matrix showed to decrease the impact strength. Opposite effect was observed
when palm fiber and sawdust were incorporated into rPVC matrix. The results of hardness pointed out that the
average surface hardness values of rPVC and their composites were higher than that of vPVC and their
composites. Sawdust-PVC composites (with either vPVC or rPVC) showed to have better impact strength and
slightly higher surface hardness values than those of palm fibers-PVC composites.
Keywords: : polyvinyl chloride, recycled polyvinyl chloride, palm fiber, sawdust, impact strength

1. Introduction
Polyvinyl Chloride (PVC) is one of the most widely produced and used polymers in the world
due to its versatile nature. PVC is a general purpose plastic and has different features in terms of
performance and function, valuable properties, wide range of applications, high chemical
resistance, barrier properties and low cost. PVC is used in a variety of applications in the
construction, health care, electronics, automobile, packaging and other sectors, in products
ranging from piping and siding, blood bags and tubing, to wire and cable insulation, windshield
system components and more. On the contrary, processibility and thermal stability of PVC is
known to be inferior compared with common polymers [1]. Moreover, PVC has been described as
one of the most hazardous waste ever created [2]. Problems of PVC waste can be solved via
recycling, while its weak properties can be enhanced by compounding PVC with a number of
additives. The most useful additives in PVC are plasticizers, heat stabilizers, lubricants, fillers,
and pigments [3].
Natural fibers (NFs) are the one of popular additive that uses as filler or reinforcement in PVC
matrix to produce PVC-NF composites. NFs play an important role in developing high
performance biodegradable composites which are the key material in solving nowadays
environmental and 3R (Recycle-Reuse-Reduce) issues, due to its low cost, low density,
renewability, biodegradability, less damage to processing equipment and minimal health hazards
[4-7]. Many different NFs have been utilized to reinforce polymer matrix composites. NFs can be
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obtained from plant such as oil palm, bagasse, corn stalks, coir, bamboo, pineapple, banana as
well as rice husk which extracted on their part of plant (stem, leaf, seed, fruit, stalk and grass/reed)
[8]. Singha and Thakur [9] stated that the properties of NFs can vary depending on the source, age
and separating techniques of the fibers. Gowda et al. [10] stated that due to its compactibility with
the natural fibers, less cost, durability, chemical and flame resistance, PVC has become more
appropriate material to build structures and in other construction works.
PVC-NF composites are gaining favor because they can offer acceptable mechanical properties,
rot roof ability, chemical and moisture resistance, as well as long lifetime. According to Yotkaew
et al. [11], PVC-NF composite products has been increased at the present because of many
benefits, such as cost reduction, dimension stability, versatile properties, recycling purposes, and
environmentally friendly. They are most often used in building construction applications, such as
window/door profiles, decking, railing, and siding, representing about 22% of the marketing [12].
However, PVC composites have the wide range of application and their use has grown more
rapidly than of other polymer composites [13].
In this study, comparison in the impact strength and surface hardness properties between vPVC
and rPVC composites filled with two different natural fibers with variation of fiber type and
content were accomplished. Reliable strength and hardness evaluations help to get idea on the
overall mechanical properties of a material. Impact test is used to determine the amount of impact
energy that was required to break the specimen. Impact strength of a composite is the ability of
the material to resist the fracture failure under sudden applied at high speed and is interrelated to
the toughness [14]. On the other hand, hardness can be counted as a measure of the plastic
deformation that the material can suffer under the influence of external stress [15]. Hardness is a
composite property including in some way tensile strength, proportional limit, ductility, work
hardening properties, shear strength, modulus of elasticity, wear and other properties [16-17].
2. Materials and Methods
2.1 Materials and Treatment

The materials used in this study were virgin PVC, PVC waste, palm fibers and sawdust. Virgin
PVC was donated by local companies. PVC waste was collected from domestic waste. PVC
waste was cleaned properly and chopped for the preparation of composites. Palm fiber was
collected from agricultural farm areas (Zliten - Libya) and dried in sunlight to lower the moisture
level. Subsequently, palm fiber was sieved to remove the impurities and passed through different
sieves size to get particle size of (< 75) μm. Sawdust was collected from local furniture factories.
Sawdust was dried and sieved similar to palm fiber.
2.2 Composite Preparation

About sixteen composites were papered. The desire amount of PVC (virgin and waste) was mixed
with different palm fiber load using rotor ultra centrifugal mill ZM 200. The final mixing was
carried out using Haake miniCTW twin screw with average screw speed of (60 r.p.m.) and barrel
temperatures of 180 oC. The extruded materials were cooled in air and then granules to small
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pieces. Likewise, composites with sawdust were prepared. All specimens for impact strength and
shore hardness were prepared using injection molding (Xplore 12ml). Details of the composites
and codes are reported in Table 1.
Table 1. Composites composition and codes
No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Composite
code
vPVC
vPVCP1
vPVCP2
vPVCP3
vPVCP4
rPVC
rPVCP1
rPVCP2
rPVCP3
rPVCP4
vPVCS1
vPVCS2
vPVCS3
vPVCS4
rPVCS1
rPVCS2
rPVCS3
rPVCS4

Virgin PVC, wt.%
100
98
96
94
92
0.0
0.0
0.0
0.0
0.0
98
96
94
92
0.0
0.0
0.0
0.0

Waste PVC,
wt. %
0.0
0.0
0.0
0.0
0.0
100
98
96
94
92
0.0
0.0
0.0
0.0
98
96
94
92

Palm fiber,
wt.%
0.0
2
4
6
8
0.0
2
4
6
8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sawdust
wt.%
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2
4
6
8
2
4
6
8

2.3 Characterization
2.3.1Charpy impact testing

The charpy impact test was carried out to determine the impact strength of the vPVC, rPVC, and
their composites using CEAST Resil Impactor tester, with impact energy of 15 J. The specimens
of impact test were notched according to ASTM (D256-87). All the specimens of impact test of
raw PVC, PVC waste and composites were standard of (thickness 4mm, width 10mm and length
100 mm). Average of minimum three specimens was tested for vPVC, rPVC and each composite.
2.3.2 Shore hardness

The hardness of molded vPVC, rPVC and their composites was determined using a Shore D
durometer (RayRan) in accordance with ISO 868:2003. Shore D hardness technique measures
the depth of penetration of an indenter. Hardness value for each sample is an average of eight
measurements.
3. Results and Discussion
Figure 1, shows the impact strength of vPVC and their composites versus fiber content. As can be
seen in Figure 1, the fiber type and fiber content play an important role in impact strength
properties of composite materials. The incorporation of palm fiber and sawdust in the vPVC
matrix showed to decrease the impact strength. Reports in the literature indicate that impact
resistance often decreases as an effect of wood reinforcement [18-21]. The decrease of impact
strength of composites was resulted from the poor interfacial adhesion between fibers and vPVC
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matrix. The poor interfacial bonding between polymer matrix and fibers resulted in poor impact
property of composites [22].
All composites show with vPVC, regardless of the employed type of fiber, a comparable behavior
(parabola shape) and maximum impact strength at the same fiber content 8 wt%. In all
composites with vPVC, the impact strength showed to decrease with increasing the fiber up to 4
wt%, then started to increase. The minimum impact strength was observed at 4 wt% fiber content.
Increasing the fiber content in the composite materials will increase the impact strength [23-24].
Salman et al. [25] stated that fiber content played an important role in the interfacial bonding
between kenaf fiber and PVB film, which affects the mechanical properties of the composite.
However, impact strength of sawdust composites was slightly higher than palm fiber composites.
This could be due to nature of the fibers [26]. Generally, impact strength properties of composite
materials are mainly influenced by several factors such as the percentage of fiber, fiber properties,
fiber content, matrix properties, and fiber and matrix interface properties, especially when
combining natural fibers with thermoplastics [27-29].

Figure 1. Effect of fiber type and fiber content on impact strength of vPVC composites.

Figure 2, shows the impact strength of rPVC and their composites versus fiber content. The
impact strength properties of rPVC composites were noticeably different from vPVC composites.
Conversely, the incorporation of palm fiber and sawdust in the rPVC matrix showed to increase
the impact strength. This is because different rPVC products are expected to have different
formulations of additives such as calcium carbonate, lubricants, stabilizers and impact modifiers.
Furthermore, they may have different particle dimensions and different apparent density,
dependent on the grinding process undergone before processing [30]. It is important to know that
even by separate collection of PVC wastes by type of product it is hardly possible to gain PVC
material of an exactly uniform composition [31]. In both composites with rPVC, the impact
strength was increased with addition of 2 wt% of fiber and then they started to decrease. This
indicates that the maximum impact strength of composites made with rPVC was observed at 2 wt%
fiber content. Moreover, as in the case of vPVC composites, composites of rPVC with sawdust
4
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exhibited higher impact strength values in comparison to composites of rPVC with palm fibers.
Sawdust fiber is a good representative of abundant natural fiber containing high percentage of
cellulose [32].

Figure 2. Effect of fiber type and fiber content on impact strength of rPVC composites.

The influence of matrix type on the impact strength of the composites with different fiber content
is shown in Figure 3. It is interesting to note that the impact strength of rPVC and their
composites were remarkably higher that of vPVC and their composites. Many studies [33-34]
have found that the impact properties or shock resistance of products contained rPVC were
comparable or even better than those of vPVC. Moreover, PVC (either rPVC or vPVC)
composites with sawdust were exhibited higher impact properties than those with palm fiber.
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Figure 3. Influence of matrix type on the impact strength.

In impact test, the sample will absorb energy until it yields. At this point, the sample will begin to
undergo plastic deformation at the notch. The test sample continues to absorb energy and work
hardens at the plastic zone at the notch. When the sample can absorb no more energy, fracture
occurs. Therefore, the absorbed energy difference between rPVC-sawdust composites and vPVC5
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sawdust composites is shown in Figure 4a, while the difference in the absorbed energy between
rPVC-palm fiber composites and vPVC-palm fiber composites is shown in Figure 4b. The
absorbed energy difference between rPVC-sawdust composites and vPVC-sawdust composites
with fiber content of 2 wt% was higher (~ 4.8 kJ/m2) than that of other PVC-sawdust composites
(with 4, 6, 8 wt% fiber content). On the other hand, The absorbed energy difference between
rPVC-palm fiber composites and vPVC- palm fiber composites with fiber content of 8 wt% was
higher (~ 3.8 kJ/m2) than that of other PVC-palm fiber composites (with 2, 4, 6 wt% fiber
content).

Figure 4. The absorbed energy difference between: a) rPVC-sawdust and vPVC-sawdust composites, and b)
rPVC-palm fiber and vPVC- palm fiber composites.

The Charpy impact strength test is typical ASTM tests used to determine toughness. This is
because impact test signifies toughness, or impact strength, of a material that is the ability of
material to absorb energy during plastic deformation. A material high impact resistance is said to
be a tough material. Toughness is the combination of strength and ductility. To be tough, a
material must exhibit both fairly good strength and ductility to resist cracking and deformation
under impact loading. The above discussion on the impact strength results can be applied on
toughness.
The average hardness values for the vPVC, rPVC and their composites are shown in Figure 5.
The results of this study reveal that the average surface hardness values of rPVC and their
composites were higher than that of vPVC and their composites. This is might be due to the
presence of some additives such as calcium carbonate in rPVC, as mentioned previously. In
addition, the results show that, hardness was increased slightly with increasing the fiber content.
This was expected because an increase in the natural fiber levels in composite materials results in
better hardness [24, 35]. Moreover, composites with sawdust showed to have slightly higher
surface hardness values that those of composites with palm fiber. Sawdust and wood flour are the
most common wood filler used in polymer composites and other wood-alternative material
composites has made major advances in material performance [36]. Jaya et al. [37] declared that
organic filler such as wood sawdust will be an alternative and vital reinforcement filler towards
6
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manufacturing composites as it can reduce the cost of raw material with better performance in
composites.
It is important to clear that a higher hardness means a higher resistance to deformation,
particularly permanent deformation, indentation or scratching. Although hardness testing does not
give a direct measurement of any performance properties, it correlates with strength, ductility,
wear resistance, and other properties. As found in the literature [22], hardness varies inversely
with ductility and the deformations caused by a hardness indenter are of similar magnitude to
those occurring at ultimate tensile strength in tensile strength test. This is because tensile strength
and hardness are indicators of a material's resistance to deformation. Thus, tensile strength and
hardness are proportional. This means that hardness increases with the increase in strength. Most
importantly, a material that have a higher surface hardness, in general, considered to be more
wear resistant [17].

Figure 5. Shore hardness of a) vPVC, b) rPVC and their composites.

It is essential to emphasis that rPVC from our domestic waste can be transferred into useful
products in the field of manufacturing polymer composites. Further studies are needed to gain
better understanding on these materials and their utilization in this field. In reality, PVC-NF
composites are most often used in building construction applications, such as window/door
profiles, decking, railing, and siding, representing about 22% of the marketing. Fiber content
varies from 30 to 70% in these types of composites. Compared with unfilled PVC, PVC
composites are more expansive [12]. Consequently, it is appealing to study properties of
composites made with rPVC (from domestic waste) and local nature fiber contents (e.g. sawdust,
palm, olive stone, alpha grass, etc.) vary from 30 to 70%. Generally, high fiber content results in
better properties and good composite performance.
4.

Conclusions

Polymer composites made with vPVC and rPVC and different natural fibers (palm fiber and
sawdust) were prepared successfully using mini-extruder and mechanical properties such as
impact strength and hardness were evaluated. The fiber content in the prepared composites was
7
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varied from 2 to 8 wt%. Without surprise, this investigation showed that the fiber type and fiber
content play an important role in impact strength and hardness properties of PVC-NF composites.
The impact strength properties of rPVC-NF composites were noticeably different from vPVC-NF
composites. The results raveled that the incorporation of palm fiber and sawdust into vPVC
matrix showed to decrease the impact strength. Opposite effect was observed when palm fiber
and sawdust were incorporated into rPVC matrix. vPVC-NF composites show, regardless of the
employed type of fiber, a comparable behavior and maximum impact strength at 8 wt% fiber
content. Likewise, rPVC composites with both types of fibers show a comparable behavior and
maximum impact strength at 2 wt% fiber content.
The results of hardness pointed out that the average surface hardness values of rPVC and their
composites were higher than that of vPVC and their composites. As with impact properties, this is
because different rPVC products are expected to have different density and formulations of
additives such as calcium carbonate, lubricants, stabilizers and impact modifiers. In addition, the
results show that, hardness was increased slightly with increasing the fiber content. However, it is
important to conclude that PVC-sawdust composites (with either vPVC or rPVC) showed to have
better impact strength and slightly higher surface hardness values that those of palm PVC-fibers
composites.
The important feature of composite materials is that they can be designedand tailored to meet diff
erent requirements. Accordingly, more work in this field still needed to explore the scope and
limitations of these materials. The future researches must focus on the development of such
materials with balance of structure and property in order to gain excellent properties and superior
performance with low cost and manufacturability. Also, attention should be paid more to the use
of PVC waste (generally plastic waste) and green materials to provide alternative way to solve the
problems associated with plastic waste and agriculture residues.
5.

Acknowledgment

The research work was investigated in the Polymer Research Center, Tripoli, Libya. The authors
are grateful to all respectable members of the center.
References
[1] Dietrich Braun, PVC - Origin, growth, and future, Journal of Vinyl and Additive Technology 7(4):168176, 2001.
[2] Ningwei Li Dilasha Mahat Seonhee Park, Reduce, Reuse, and Replace: A Study on Solutions to Plastic
Wastes, An Interactive Qualifying Project Submitted to the faculty of Worcester Polytechnic Institute,
2009.
[3] M Davallo and H Pasdar, The Influence of a Variety of Plasticisers on Properties of Poly (vinyl
chloride), Pelagia Research Library Advances in Applied Science Research, 2012, 3 (4):1900-1904.
[4] A.M. Youssef, A. El Gendy , S. Kamel, Mater. Chem. Phys., 152, 26 (2015).
[5] Layth Mohammed, M. N. M. Ansari, Grace Pua, Mohammad Jawaid, and M. Saiful Islam, A Review
on Natural Fiber Reinforced Polymer Composite and Its Applications, International Journal of Polymer
Science, Volume 2015, Article ID 243947, 15 pages.

8

2nd Conference for Engineering Sciences and Technology CEST2 29-31 October 2019 - Sabratha –Libya

[6] A. Shalwan and B. F. Yousif, “In state of art: mechanical and tribological behaviour of polymeric
composites based on natural fibres,” Materials & Design, vol. 48, pp. 14–24, 2013.
[7] C. W. Nguong, S. N. B. Lee, and D. Sujan, A Review on Natural Fibre Reinforced Polymer Composites,
World Academy of Science, Engineering and Technology International Journal of Materials and
Metallurgical Engineering Vol:7, No:1, 52-59, 2013.
[8] Rudi Dungani, Myrtha Karina, Subyakto , A. Sulaeman, Dede Hermawan and A. Hadiyane,
Agricultural Waste Fibers Towards Sustainability and Advanced Utilization: A Review, Asian Journal
of Plant Sciences, Volume 15 (1-2): 42-55, 2016.
[9] A S Singha and Vijay Kumar Thakur, Mechanical properties of natural fibre reinforced polymer
composites, Bull. Mater. Sci., Vol. 31, No. 5, October 2008, pp. 791–799. © Indian Academy of
Sciences.
[10] T.G. Yashas Gowda, M.R. Sanjay, K. Subrahmanya Bhat, P. Madhu1 , P. Senthamaraikannan and B.
Yogesha, Polymer matrix-natural fiber composites: An overview, Cogent Engineering (2018), 5:
1446667.
[11] Parichat Yotkaew, Narongrit Sombatsompop, Apisit Kositchaiyong, and Ekachai Womolmala, Use of
Natural and Synthetic Fibers as Co-reinforcing Agents on Abrasive Wear Behavior and Flexural
Strength
of
Wood/PVC
Composites,
Advanced Materials Research (Volume 747), 2013, 347-350.
[12] Dan Rosu, Visakh P. M., Photochemical Behavior of Multicomponent Polymeric-based Materials,
Springer, Switzerland, 2016.
[13] HPS Abdul Khalil, MA Tehrani, Y Davoudpour, AH Bhat , M Jawaid4 and A Hassan, Natural fiber
reinforced poly(vinyl chloride) composites: A review, Journal of Reinforced Plastics and Composites,
32(5), 1-27, 2012.
[14] P. Zhang, S.X. Li, Z.F. Zhang, General relationship between strength and hardness, Materials Science
and Engineering A 529 (2011) 62-73.
[15] Eng. Faten Rashid Al Khalidi,Dr. Mustafa Ahmed Rajab, Hardness And Wear Resistance Of Composite
Materials Supported By Graphite And Silica Particles And Reinforced By Cuffler Fiber, American
Journal of Engineering Research (AJER), Volume-7, Issue-11, pp-317-322.
[16] Aria Mansouri Tehrani· Leila Ghadbeigi· Jakoah Brgoch· Taylor D. Sparks, Balancing Mechanical
Properties and Sustainability in the Search for Superhard Materials, Integr Mater Manuf Innov (2017)
6:1-8.
[17] Mandikose MN, Mcgicney GP, Davis E, Bush BJ, Carter JM. A comparison of the wear resistence and
hardness of indirect composite resin. J Prosth Dent 2001;85:386e95.
[18] Bledzki A. K., Faruk O.: Wood fiber reinforced poly - propylene composites: Compression and
injection molding process. Polymer-Plastics Technology and Engineering, 43, 871–888 (2004).
[19] Kokta B. V., Raj R. G., Daneault C.: Use of wood flour as filler in polypropylene: Studies on
mechanical properties. Polymer-Plastics Technology and Engineering, 28, 247–259 (1989). DOI:
10.1080/03602558908048598.
[20] Woodhams R. T., Thomas G., Rodgers D. K.: Wood fibers as reinforcing fillers for polyolefins.
Polymer Engineering and Science, 24, 1166–1171 (1984).
[21] Morreale M., Scaffaro R., Maio A., La Mantia F. P.: Effect of adding wood flour to the physical
properties of a biodegradable polymer. Composites Part A: Applied Science and Manufacturing, 39,
503–513 (2008).
[22] Wiphawee Nuthonga, Putinun Uawongsuwan, Weraporn Pivsa-Art, Hiroyuki Hamada, Impact
Property of Flexible Epoxy Treated Natural Fiber Reinforced PLA Composites, Energy Procedia 34
( 2013 ) 839 -847.

9

2nd Conference for Engineering Sciences and Technology CEST2 29-31 October 2019 - Sabratha –Libya

[23] P. Amuthakkannan, V. Manikandan , J.T. Winowlin Jappes3, M. Uthayakumar, Effect of fiber length
and fiber content on mechanical properties of short basalt fiber reinforced polymer matrix composites,
Materials Physics and Mechanics 16 (2013) 107-117.
[24] Imran Musanif, Eddi Dosoputranto, Effect of Fiber Length Against Hardness And Composite Impact
Coconut Fiber - Polyester Resin, International Research Journal of Engineering and Technology
(IRJET), Volume: 05 Issue: 02 | Feb-2018.
[25] Suhad D. Salman, Z. Leman, M. T. H. Sultan, M. R. Ishak, and F. Cardona, Influence of Fiber Content
on Mechanical and Morphological Properties of Woven Kenaf Reinforced PVB Film Produced Using a
Hot Press Technique, International Journal of Polymer Science.
[26] D. Maldas, Bohuslav Kokta, Claude Daneault. Composites of polyvinyl chloride-wood fiber: IV. Effect
of the nature of fibers. Journal of vinyl and additive technology. 11(2):90-99 1989.
[27] Y. A. El-Shekeil, S. M. Sapuan, and M. W. Algrafi, “Effect of fiber loading on mechanical and
morphological properties of cocoa pod husk fibers reinforced thermoplastic polyurethane
composites,” Materials & Design, vol. 64, pp. 330–333, 2014.
[28] R. Wirawan, S. M. Sapuan, K. Abdan, and R. Yunus, “Tensile and impact properties of sugarcane
bagasse/poly (vinyl chloride) composites,” Key Engineering Materials, vol. 471-472, pp. 167–172,
2011.
[29] Samsul Rizal, Ikramullah, Deepu A. Gopakumar, Sulaiman Thalib, Syifaul Huzni and H. P. S. Abdul
Khalil, Interfacial Compatibility Evaluation on the Fiber Treatment in the Typha Fiber Reinforced
Epoxy Composites and Their Effect on the Chemical and Mechanical Properties,
Polymers 2018, 10(12), 1316; doi:10.3390/polym10121316.
[30] Francesco La Mantia, Handbook of Plastics Recycling, Rapra Technology Limited, UK, 2002.
[31] Eckhard Plinke, Niklaus Wenk, Gunther Wolff, Diana Castigline, Mogens Palmrk, Mechanical
recycling of PVC waste, Study for DG X1 of the European Commission, Final report,
Basel/Milan/Lyngby, 2000.
[32] M.J. Choudhury, G.M.A. Khan, Utilization of sawmill by-product for making cellulose and its valuable
derivatives, in book: biomass and bioenergy: applications, Springer International Publishing,
Switzerland, 2014, p.168.
[33] Ma Wenguang , F. P. La Mantia, Processing and mechanical properties of recycled PVC and of
homopolymer blends with virgin PVC, Journal of Applied Polymer Science 59(5):759-767.
[34] Zosin Sergiu Petri, Dumitru Ristoiu, Mihail Simion Beldean-galea, Radu Mihaiescu, Comparative
studies regarding the use of recycled PVC in finite products, studia UBB AMBIENTUM, LXII, 2, 2017,
pp. 45-51.
[35] Alcides Lopes Leȃo, Rui Manuel Fernandes Teixeira , and Paulo Cadete Ferrȃo, Production of
Reinforced Composites with Natural Fibers for Industrial Applications – Extrusion and Injection WPC,
Mol. Cryst. Liq. Cryst., Vol. 484, pp. 157=[523]–166=[532], 2008.
[36] Apusraporn Prompunja , Waranyou Sridach, Preparation and Some Mechanical Properties of
Composite Materials Made from Sawdust, Cassava Starch and Natural Rubber Latex, International
Journal of Materials and Metallurgical Engineering Vol:4, No:12, 2010.
[37] Haliza Jaya, N. Z. Noriman , H. K. AbdulKadir2, Omar S. Dahham, Nazmizan Muhammad , N.A.
Latip , A. K. Aini , The Effects of Wood Sawdust Loading on Tensile and Physical Properties of
Up/Pf/Wsd Composites, International Conference on Materials Engineering and Science, Materials
Science and Engineering 454 (2018) 012193.

10

