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InvestIgatIons on MechanIcal ProPertIes of BIo-Waste MIcro PartIcles reInforced Phenol  
forMaldehyde coMPosItes

A characteristic study on the phenol formaldehyde (PF) composite is carried out based on the micro level bio waste particles 
such as wood sawdust (WSd) and coir pith (CP). Composite is characterized by mechanical properties such as tensile, flexural 
and impact at different percentages of particles (0-50% by weight) to find out the optimum percentage of particle loading to get 
the maximum properties. the WSd/CP/PF hybrid composite is also prepared by two different methods i.e., one: one (1:1) ratio 
and rule of mixture. the first method (1:1) is used to find out the optimum level of hybrid particles loading to get the maximum 
properties. But, the second method is followed to find out the weight percentages of particles influencing the properties of result-
ing composite. the results show that the mechanical properties of WSd/PF are higher than CP/PF composite in the entire particle 
loading. the optimum particle loading to get the maximum properties is 40 wt.% in CP/PF composite, whereas for WSd/PF com-
posite are at 30 wt.%. the hybrid composite (1:1) also gives the maximum properties at 30 wt.%. moreover, the hybrid composite 
(20WSd/10CP) prepared by rule of mixture showed the highest mechanical properties compared to the other particle loading. it is 
identified that the WSd particles are most influencing the properties of PF composites than the CP particles. Fractographic study 
was performed using scanning electron microscope to examine the failure mechanism of the composite specimens.

Keywords: Wood Sawdust Particles; Coir Pith Particles; hybrid Composites; mechanical Properties; the rule of mixture  
method

1. Introduction

Currently, the bio-based natural cellulosic fiber and particle 
Reinforced Polymer composites are becoming a popular material 
and the substitute of synthetic fibers for a wide range of industrial 
and structural applications due to their high specific properties, 
low cost and low density, etc. [1-4]. in india, the bio-waste cel-
lulosic particles as bio residues like rice straw, rice husk, wheat 
straw, cotton gin waste, corn stalks and cop, groundnut shells, 
coconut shells, wood sawdust, sugar cane trash, coir pith, etc. are 
creating a problem to their industries due to the no way for the 
disposal, i.e. increasing transportation and storage costs [5-7]. 
Among these, the waste coir pith particles, a by-product spongy 
material obtained after extraction of fibers from the husk, are 
considered as a bio waste, creating serious environmental pol-
lution in the east and Southern region of india [8-10]. the WSd 
particles are also considered as bio-waste materials, creating an 

environment and health problems. the fertile and useful lands 
are occupied due to the increasing accumulation and dumping of 
these saw dust every year. they spoil the quality and health of 
useful lands by contaminated water due to leaching and microbial 
growths [11-13]. the natural bio waste particulates are used as a 
potent reinforcing agent in polymer composites [14].the tensile 
strength and other mechanical properties of polymer compos-
ites have been increased by the addition of coir and wood dust 
particles [15].mechanical properties with fiber were increased 
linearly with fiber loadings [16]. the bad odor created by the 
waste WSd particles is creating serious health problems for 
human living and the nearest village people. to overcome these 
problems created by these bio waste particles, they should convert 
as a useful material or they should use for making other materials 
like as a reinforcement for polymer composite materials. 

this study is started to create awareness for utilization 
of bio-agricultural waste as reinforcing agents for polymer 
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composite because of their abundant availability. moreover, 
the purchase cost of these materials is very low compared to 
others. due to lack of sufficient literatures about the utilization 
of bio-agricultural waste particulates as reinforcing agent in 
resole type phenol formaldehyde matrix, this attempt is carried 
out on the mechanical properties of WSd/CP particles reinforced 
phenol formaldehyde hybrid composites. the effects of parti-
cle loading on the mechanical properties of CP/PF, WSd/PF, 
WSd/CP/PF hybrid composite prepared by 1:1 ratio and WSd/
CP/PF hybrid composite prepared by the rule of mixture method 
are studied in a detailed manner. Finally, a comparison is car-
ried out among the mechanical properties of these four com- 
posites.

2. Materials and methods

2.1. Materials

the WSd particles of the variety of woods are taken from 
the waste godown of the Kumar timber and Sawmill, Karai-
kudi, tamilnadu, india. After collection, the wood dust particles 
are cleaned by an air blower and then, separated based on their 
size using a sieving machine. the raw coir pith particles with 
non-uniform is collected from the Coir industry, Sozhavanthan, 
tamilnadu, india. then, they are also cleaned by an air blower 
and separated by sieving machine based on their size. Before 
crushing and sieving both particles (with non-uniform size), the 
raw particles are washed with 2% soap or detergent solution at 
50°C for 1 h, then washed with distilled water and finally dried 
in a oven at 70°C. the cleaning and separating process are car-
ried out in our composite laboratory. 

the resole type Phenol formaldehyde liquid resin (trade 
name: Axotherm industry, Bengaluru) was used with the di-
vinylbenzene as cross-linking agent and hydrochloric acid as 
acidic catalyst. All the chemicals were procured from the PoojA 
Chemicals, madurai, tamil nadu, india.

2.2. fabrication of composites

Composites were fabricated by casting using mould with 
the size of 150 × 150 × 3 mm dimension at room temperature 
in the form of lamina. Before applying resin, the mould was 
sprayed with mould releasing agent to ensure easy removal of 
cured composite plate without damage. A mixture of resin and 
particles (ratio of 100:2.5:1.5) was prepared by a mechanical 
stirrer for 30 minutes and poured into the mould. the power of 
the mechanical stirrer is a few hundred to a few thousand watts 
with the speed of 100 to 1000 revolution per minute. then, the 
mould was closed and allowed to cure at room temperature for 
48 hours. After curing, composites were removed from the mould 
and cut into composite specimens (for tensile and flexural test: 
150 × 20 × 3 mm), for impact test (20 × 10 × 3 mm) specimens 
as per AStm standard for mechanical characterization. 

2.3. testing of composite specimens

the tensile property values of composite specimens were 
measured according to AStm d638-10 (AStm d638, 2010) on 
an Fie universal testing machine (ute 40 hgFl). the flexural 
property values were measured according to AStm d790-10 
(AStm d790, 2010) on the same testing machine. According 
to iSo 180 (iSo 180, 2000), the impact strength values of com-
posite specimens were measured. Five specimens were tested 
for each combination to get the average value. 

2.4. scanning electron Microscope (seM) study

the surface of the fracture surface of composite specimens 
was observed under the Scanning electron microscope (model 
hitachi S-3000n). Prior to process, composite specimens were 
gold coated with a sputter coater using ultrathin film. 

3. results and discussion

mechanical properties of WSd/PF, CP/PF, WSd/CP/PF 
(1:1) and WSd/CP/PF (rule of mixture) based on the particle 
loading is presented here. the optimum particle loading to obtain 
the best combination mechanical properties was identified for 
these four categories of PF composites. the variation of mechani-
cal properties of composites for different particle loading was 
studied in a detailed manner.

3.1. effects of cP particles addition on the mechanical 
properties of Pf composite

the tensile property values of the CP particles reinforced 
and neat resin sample recorded during the tests are presented in 
Fig. 1a. Fig. 1a shows that initially, the incorporation of coir pith 
particles reduces the tensile properties of PF composite and then, 
enhances the properties of PF composite on further addition of CP 
particles. it is due to the reason that in lower particle loading, the 
interface zone of the resulting composites is unable to play major 
role in transferring the applied load between the particle and the 
matrix. Another reason is available of the ineffective surface area 
of the particle to contact with the matrix. the tensile strength of 
composite was increased up to 40 wt.% of particle loading and 
then decreased. it can be observed from this that the addition of 
40 wt.% of particles enhances the strength and modulus of PF 
composites in higher range due to the effective surface area of 
particles and the effective interface zone between the particles 
and the matrix. Similarly, the modulus of composite also showed 
an increasing trend up to 40 wt% of particles. generally, the 
toughness of polymer composites may increase with the addi-
tion of particle reinforcement. the plasticizing effect increases 
in particle-reinforced polymer composites due to the presence 
of cellulosic particles. 
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Fig. 1b shows flexural properties of CP/PF composites at 
different particle loading. it can be seen that the flexural proper-
ties of PF composite also decreased with the initial addition of 
CP particles and then, shown an increasing trend with the further 
addition of CP particles. it was also observed that the flexural 
strength got increased with particle loading, and the maximum 
value was also for 40 wt.% of particle loading and thereafter 
decreased. in the case of lower particle loading, the particles 
could not have the efficient surface area for contact with the 
polymer matrix, which results in failure of composites under 
low strain. Similarly, at higher particle loading (50 wt.%), the 
effective stress transfer between the particle and the matrix is 
not possible due to dumping of particles in a particular location. 
therefore, the optimum range (40 wt.%) of particle loading was 
necessary for effective reinforcement in polymer matrix. the 
flexural modulus was also increased up to 40 wt.% of particles. 
it may also be due to the plasticizing effect of composites due 
to the addition of CP particles.

Fig. 1c shows the impact strength of the CP/PF composite 
for varying particle loading. the impact strength of CP/PF 
composite reached the strength of the neat resin sample at 
30 wt.% and gets the maximum value at 40 wt.%. the impact 
strength of 50 wt% composite was slightly lower than 30 wt.% 
of composites. it can be observed that enhanced particle-
matrix compatibility was created in optimum particle content 

(40 wt.%), which leads to improved transfer of stress from the 
polymer matrix to the particles and thus, the impact strength 
was found to increase. in general, the properties of the polymer 
composite reinforced with the particles are strongly influenced 
by the interfacial adhesion between the particles and the matrix. 
the strength of the interfacial zone plays an important role in 
the fracture of particle reinforced polymer composites. For ef-
fective stress transfer through the particles, the effective surface 
area to contact with the polymer matrix is necessary in particle 
reinforced polymer composites. But, at the particular range of 
particle loading, the brittleness of composites is increased due 
to the insufficient polymer matrix to wet the particles, results in 
very quick failure of composite.

3.2. effects of Wsd particles addition on the mechanical 
properties of Pf composite

the effect of WSd particle loading on the tensile properties 
of PF composites is presented in tABle 1. it was observed that 
the tensile strength initially decreased with the incorporation of 
WSd particles, i.e. lower particle loading and then increased 
with the further incorporation of WSd particles.

Composite reached the tensile strength of the neat resin 
sample at 20 wt.%. From 10 to 50 wt.% particle loading, the 

Fig. 1. Variation of (a) tensile properties, (b) flexural properties, and (c) impact strength of CP/PF composites
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tensile strength reached the maximum value at 30 wt.%, which 
is 39.8 mPa. therefore, it is proved that composite having the 
particle loading of 30 wt.% are stiffer and tougher than the 
composites with lower and higher particle loading and also, 
with the near resin sample. the effective surface area (better 
interaction between the particle and the matrix) is essential in 
the case of particle reinforced polymer composites because, in 
theory, the strength of the polymer composite reinforced with 
the particles is lower than that of the unreinforced neat resin 
sample. it is indicated by the inability of particles to transfer the 
applied load during tests. tABle 1 shows the opposite results 
for the theory of the tensile strength of polymer composites 
reinforced with the particles. it may be due to the interaction 
between the particle and the matrix, resulting in a better stress 
transfer between the particles and the matrix. in further addi-
tion of WSd particle loading (beyond 30 with. %), the tensile 
strength of composite decreased. this may be due to the poor 
interaction between the particle and the matrix and the particle  
agglomeration.

the effect of particle loading on the tensile modulus of 
WSd/PF composites is given in tABle 1. From the table, it 
is clear that the tensile modulus values decreased by the initial 
addition of the particles (10 wt.%) and then, increased with 
the further addition (20 wt.%). it reaches the maximum value 
at 30 wt.%, which is 3.86% higher than the neat resin sample. 
it can be observed that the mechanical properties of polymer 
composites reinforced with the particles mainly depend on the 
strong and fully bonded interface between the particle and the 
matrix i.e. the strength of the interface. due to this, the stress 
from the matrix can be easily transferred to the particles. 

tABle 1also shows the variation of flexural properties of 
WSd/PF composites for different particle loading. initially, the 
flexural properties decreased with the addition of WSd particles 
and then increased with the further addition of particles. the 
flexural strength of composite also reaches maximum value 
when the particle loading was about 30 wt.% (44.8 mPa). this 
maximum value of flexural strength may be due to the existing 
of the better interaction (static adhesion strength and interfacial 
stiffness) between the particle and the matrix. Beyond 30 wt.% 
particle loading, the flexural strength of the composite decreased. 
this may be due to the aggregation of particles with a lower 
surface area by poor dispersion of particles, which reduces the 
interfacial adhesion between the particles and the matrix. Finally, 

it initiates the composite failure due to the reduced interaction 
between the particles and the matrix. 

tABle 1shows the effect of different particle loading on 
the flexural modulus of WSd/PF composites. From the table, it is 
clear that the results of flexural modulus of WSd/PF composite 
show a similar trend with the flexural strength which initially 
decreased with the particle loading and then increased with in-
creasing particle loading. the maximum flexural modulus was 
identified at 30 wt% of particles, after which it decreased. the 
reason for this trend is strong tendency of particles to join each 
other i.e. particle-to-particle interaction (particle agglomeration), 
which reduce the particle and the matrix interaction. due to this, 
the strength and modulus of composite are reduced. 

the impact strength of WSd/PF composite for five different 
particle loading is also presented in tABle 1. it can be seen that 
the impact strength of WSd/PF composite shows an identical 
trend of tensile and flexural strength which initially decreases 
with the addition of particles and then increases and also gets 
the maximum value at 30 wt% of particles. the impact strength 
of 50 wt% composite was 1.20 Kj/m2, which was 6.98% lower 
than the 30 wt.% composite.

3.3. effects of hybrid Wsd/cP particle loading  
(in 1:1 ratio) on the mechanical properties  

of Pf composites

to study the hybridization effects of particles on the me-
chanical properties of PF composite, the WSd/CP/PF hybrid 
composites were prepared in 1:1 (50:50) ratio for five different 
particle loading (10, 20, 30, 40 and 50 wt.%) and their mechanical 
properties were evaluated based on the particle loading. 

Fig. 2a shows the variation of tensile properties of WSd/CP/
PF hybrid composites for different particle loading. the figure 
shows that the tensile strength of hybrid composite reached the 
tensile strength of the neat resin sample at 10 wt.%. the addition 
of hybrid particles to the PF matrix increases the tensile strength 
of the composite up to 30 wt.% of particles and then decreased 
with the further addition of particles. An improvement of 39.26% 
was obtained at 30 wt.% composite when compared with the neat 
resin sample. this may be due to the better interaction of the 
particles and the matrix, as it is shown in Fig. 3a. the addition 
of 40 and 50 wt.% of particles reduced the tensile strength of the 

tABle 1

the mean value with the standard deviation for the mechanical properties of WSd/PF composite based on particle loading

Particle loading 
[wt%]

tensile strength 
[MPa]

tensile modulus 
[MPa]

flexural strength 
[MPa]

flexural modulus 
[MPa]

Impact strength 
[MPa]

0 29.8 (±3.3) 1168.4 (±48.2) 34.7 (±4.1) 1257.4 (±50.3) 1.24 (±0. 08)
10 26.6 (±2.9) 1131.2 (±40.3) 29.2 (±3.4) 1208.6 (±46.4) 1.18 (±0.07)
20 32.5 (±4.2) 1189.9 (±50.4) 35.7 (±4.8) 1259.4 (±48.6) 1.25 (±0.14)
30 39.8 (±5.1) 1213.5 (±47.9) 44.8 (±5.3) 1311.3 (±39.2) 1.29 (±0.19)
40 36.7 (±4.6) 1182.1 (±49.1) 38.5 (±4.2) 1294.5 (±41.5) 1.24 (±0.13)
50 32.1 (±3.8) 1143.6 (±44.8) 34.9 (±3.9) 1262.8 (±42.9) 1.20 (±0.10)
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composites. the tensile strength of the 50 wt.% composite was 
19.04% lower than the 30 wt.% composites. it may be due to the 
aggregation of particles by particle-to-particle interaction, what 
is clearly shown in Fig. 3b,c (formation of agglomeration). the 
tensile modulus of hybrid composites was also increased up to 
30 wt.% of particles and then decreased. the maximum tensile 
modulus of 1249.6 mPa was obtained at 30 wt.% of particles 
which is 6.95% and 5.58% higher than neat resin sample and 
50 wt.% composite, respectively. 

Fig. 2. Variation of (a) tensile properties, (b) flexural properties, and 
(c) impact strength of WSd/CP/PF composites prepared by 1:1 ratio

the variation of flexural properties of hybrid composites 
for five different particle loading is given in Fig. 2b. it was clear 
from the figure that the results of flexural tests also show the 
identical trend with the tensile properties. the flexural strength 
increased with the increase of particle loading up to 30 wt.% 
and then dropped. 30 wt.% composite showed 42.94% incre-

ment compared to the neat resin sample. Composite having the 
particle loading of 50 wt.% shows the lower flexural strength 
than the 20 wt.% composite. the reason is that poor wettability 
of particles by the matrix is created due to higher possibility for 
the particle-to-particle interaction. the flexural modulus values 
also increase with increase of particle loading up to 30 wt.% and 
then decreased. the flexural modulus of 30 wt.% composite is 
6.59% higher than the 10 wt.% composite and 7.13% higher 
than the neat resin sample.

the impact strength of hybrid composites at five different 
particle loading is shown in Fig. 2c. the impact strength of hy-
brid composites increased initially and decreased for 40 wt.% 
of hybrid particles, as shown in Fig. 2c. the maximum impact 
strength was identified at 30 wt.% of hybrid particles which 
was 6.45% higher than the neat resin sample. the increase in 
impact strength of hybrid composite may be due to the better 
interaction between the particles and the matrix. on the other 
hand, the decrease of impact strength at higher particle loading 
may be due to the weak interfacial adhesion between the particles 
and the matrix.

3.4. effects of hybrid Wsd/cP particle loading  
(the rule of hybrid mixture) on the mechanical properties 

of Pf composites

mechanical properties of WSd/CP/PF hybrid composite 
prepared by rule of mixture method were measured based on the 
relative weight fraction of particles and presented in Fig. 3.the 
total reinforcement loading of hybrid composite was maintained 
at 30 wt.% of particles because WSd/PF composite showed 
the maximum property values at 30 wt.%. on the other hand, 
in the case of CP/PF composite, the maximum property values 
were obtained at 40 wt.% of particles. But, the property values 
of WSd/PF composite at 30 wt% were higher than the CP/PF 
composite at 40 wt.%.

Fig. 3a shows the tensile property values of hybrid com-
posite for four different particle loading. the maximum tensile 
strength was observed at 20WSd/10CP/PF hybrid composite, 
which is 9.79% and 36.99% higher than the virgin WSd/PF and 
CP/PF composites respectively. it may be due to the plasticiz-
ing effect of CP particles to the effective surface area of WSd 
particles. the interaction between the particles may be high in 
the 20WSd/10CP/PF hybrid composite. the tensile strength of 
10WSd/20CP/PF hybrid composite was lower than the virgin 
WSd/PF composite. this is due to the ineffective interaction 
between the particles and the matrix. the effective surface area 
for contact with the matrix is reduced by lower loading of WSd 
particles, which reduce the interfacial adhesion between the 
particles and the matrix. therefore, the 10WSd/20CP/PF hybrid 
composite shows lower property values than virgin WSd/PF and 
20WSd/10CP/PF hybrid composites. the tensile modulus value 
of 20WSd/10CP/PF hybrid composite was also high compared 
to the other composites. it was 5.22% and 8.78% higher than 
virgin WSd/PF and CP/PF composites.
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the flexural strength and modulus of the WSd/CP/PF hy-
brid composites are shown in Fig. 3b. the figure indicates that 
the flexural strength and modulus of 20WSd/PF composite was 
improved as 10 wt.% of CP particles were added to form a hybrid 
composite. however, further addition of CP particles (20 wt.%) 
decreased the flexural strength and modulus of 10WSd/20CP/PF 
hybrid composite. the flexural strength of 20WSd/10CP/PF 
hybrid composite was 17.63% and 51% higher than the virgin 
WSd/PF and CP/PF composites respectively. this may be due to 
effective interaction of particles which helps to effective transfer 
of applied load from the matrix to the particles.

the impact strength of WSd/CP/PF hybrid composite 
was measured in various weight fractions of particles such 
as 0WSd/30CP, 10WSd/20CP, 20WSd/10CP, 30WSd/0CP 
respectively and presented in Fig. 3c. it shows that the impact 
strength increases with the addition of 10 wt.% of CP particles, 
after increasing the CP particle (20 wt.%) the impact strength 
was reduced. 20WSd/10CP/PF hybrid composite shows the 
maximum value of impact strength when compared to the virgin 
WSd/PF and CP/PF composites respectively.

From the above results of WSd/CP/PF hybrid composites 
prepared by the rule of mixture, it can be observed that the 
optimum hybrid effect occurred at 20 wt.% of WSd particles 
and 10 wt.% of CP particles, i.e. at 20WSd/10CP. moreover, 
the contribution of WSd and CP particles for the mechanical 
properties of the PF hybrid composite can also be observed from 
the above results. Based on the weight fraction, the contribution 
of WSd and CP particles was different for the properties of PF 
composite. to know the effective contribution of the particles, 
the hybrid composite was fabricated with the rule of mixture 
method and found that the contribution of WSd particles was 
higher than the CP particles on the mechanical properties of PF 
hybrid composites.

3.5. comparison of results of Wsd/Pf, cP/Pf, Wsd/cP/
Pf hybrid composite (1:1) and Wsd/cP/Pf  

hybrid composite (roM)

in the case of virgin WSd/PF and CP/PF composites, 
the CP/PF composites showed maximum property levels at 
40 wt.%, whereas the WSd/PF composites showed the maxi-
mum property levels at 30 wt.%. Besides, the properties of 
WSd/PF composites were higher than the CP/PF composites. 
however, the WSd/CP/PF hybrid composites prepared by 1:1 
ratio also showed the maximum property values at 30 wt.% 
(15WSd:15CP). the maximum property values of the hybrid 
composites prepared by rule of mixture method can be observed 
at 30 wt.% of hybrid particles (20WSd/10CP).

it may be concluded that the optimum particle loading 
required to get the maximum mechanical properties is varied 
depending upon the effective interfacial adhesion due to the ef-
fective surface area of the particles for contact with the polymer 
matrix. When considering the virgin composites, the optimum 
particle loading for CP/PF composites was 40 wt.%, whereas the 
optimum particle loading for WSd/PF composite were 30 wt.%. 
the maximum properties of hybrid composites prepared by 1:1 
ratio were identified at the optimum particle loading of about 
30 cwt.% (15WSd:15CP). the WSd particles have most influ-
enced on the properties of PF composites than the CP particles.

3.6. seM observations

With the help of scanning electron microscopy, the frac-
tured surfaces of the composite specimens after mechanical 
tests were examined to understand the WSd/CP particles and 
phenol formaldehyde matrix interfaces. the scanning electron 
microscopy studies can help us to understand the interfacial 
adhesion between the various components of reinforcements 
and matrices. the surfaces of the fractured composite speci-
men in this study were examined by Sem, using a hitachi 
S-3000n. From Sem images, Figures 4a-c, it is observed that 
many voids and porosity are identified on the surface of the 
composite specimens. these voids and porosity can act as 

Fig. 3. Sem view of fracture surfaces of WSd/CP/PF composit (1:1) 
(a) WSd 30 wt. %, (b) WSd 40 wt. % (c), WSd 50 wt. %
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stress concentration points, which leads to the early failure of 
the composite specimens during mechanical testing. the Sem 
images are also shown the matrix failure, crack formation and 
pull outed particles with the matrix. the failure identified by 
the Sem examination was brittle nature. When the irregularly 
shaped particles were placed in composites they did not ordered 
properly, leading to a disordered agglomeration position. the 
order of particles played a crucial role in the final properties of 
composite specimens because of the disordered agglomeration 
of particles reduces the interfacial adhesion or bonding between 
the particle and resin matrix. there was a particle agglomeration 
in particle-reinforced polymer composites, resulted in the quick 
failure of the composites. generally, the nature and geometry of 
particles, particle content and particle-matrix interfacial adhesion 
plays the major role on the mechanical properties of particle 
reinforced polymer composites.

4. conclusion

A detailed mechanical characteristic study between me-
chanical properties of fabricated PF composite with the micro 
level WSd and CP particles has been qualitatively and quantita-
tively evaluated. mechanical properties of PF composites were 
found to increase with increase in particle loading. in CP/PF 

composites, 40 wt.% were identified as an optimum loading to 
obtain the maximum mechanical properties, whereas in WSd/PF 
composites, 30 wt.% were identified as an optimum loading to 
obtain the maximum mechanical properties. WSd/PF composites 
give higher property levels than the CP/PF composites. the test 
results of WSd/CP/PF (1:1) composites clearly reveal that the 
optimum particle loading to obtain the maximum properties was 
also 30 wt.% (15WSd/15CP). When compared with the virgin 
WSd/PF and CP/PF composites, the WSd/CP/PF (1:1) compos-
ite gives superior property levels. moreover, the WSd/CP/PF 
composites prepared with the rule of mixture method show the 
maximum property levels at the combination of 20WSd/10CP. 
it is proved that WSd particles are most influencing on mechani-
cal properties of PF composite. therefore, it is designated as 
most contributing parameter for the mechanical properties of 
PF composite. 

ReFeRenCeS

[1] l. mohammed, m.n. Ansari, g. Pua, m. jawaid, m.S. islam, inter. 
j. Polym Sci. (2015). doi: https://doi.org/10.1155/2015/243947

[2] A.Athijayamani, B. Stalin, S. Sidhardhan, C. Boopathi, j. Compos. 
mater. 50 (4), 481-493 (2016). 

 doi: https://doi.org/10.1177/0021998315576555

Fig. 4. Variation of (a) tensile properties, (b) flexural properties, and (c) impact strength of WSd/CP/PF composites prepared by Rom

https://doi.org/10.1155/2015/243947
https://doi.org/10.1177/0021998315576555


384

[3] m.g.A. Selvan, A. Athijayamani, Fibers Polym. 17 (1), 104-116 
(2016). doi: https://doi.org/10.1007/s12221-016-5593-x

[4] A. Sujin jose, A. Athijayamani, K. Ramanathan, S. Sidhardhan, 
Fibres text. east. eur. (2017). 

 doi: https://doi.org/10.5604/ 01.3001.0010.2664
[5] n.S. Aprilia, h.A. Khalil, A.h. Bhat, R. dungani, m.S. hossain, 

Bioresour. 9 (3), 4888-4898 (2014).
[6] S. ojha, g. Raghavendra, S. Acharya, j. miner. metal. mater. eng. 

2, 6-10 (2016).
[7] S.P. jani, A. Senthil Kumar, m. AdamKhan, S. Sajith, A. Sara-

vanan, j. nat. Fibers. 1-12 (2019). 
 doi: https://doi.org/10.1080/15440478.2019.1692321
[8] V. manikandan, R. Velmurugan, mater. Sci. 7 (2), 94-99 (2011).
[9] P.R. Ross, j. Paramanandham, P. thenmozhi, K.S. Abbiramy, 

m. muthulingam, int. j. Rec. environ. Sci. technol. 2 (2), 45-47 
(2012).

[10] h.W.A. Weerawansa, int. j. Sci. Res. develop. 3 (11), 872-875 
(2016). 

[11] A.K. Bledzki, A.A. mamun, j. Volk, Composites Part A. 41 (4), 
480-488 (2010).

[12] m.R. hossain, F. hossain, m.A. islam, j. Sci. Res. 6 (3), 431-443 
(2014).

[13] m.K. islam, m.F. hossain, m.A islam, malays. Polym. j. 10 (2), 
62-69 (2015).

[14] A. Sujin jose, A. Athijayamani, S.P. jani, mater. today: Proc. 
(2020). doi: https://doi.org/10.1016/j.matpr.2020.07.360

[15] S.P. jani, S. Sajith, C. Rajaganapathy, m. Adam Khan, mater. 
today: Proc. (2020). 

 doi: https://doi.org/10.1016/j.matpr.2020.07.180
[16] V.d.K. Vlaken, l. Prahom, e. obrabo, mater. tehnol. 51 (5), 

805-811 (2017).

https://doi.org/10.1007/s12221-016-5593-x
https://doi.org/10.1080/15440478.2019.1692321
https://doi.org/10.1016/j.matpr.2020.07.360
https://doi.org/10.1016/j.matpr.2020.07.180

	Nanfu Zong￼1,2, Tao Jing￼2*, Yang Liu￼3
	Influence of Internal Cracking on Carbide Precipitation 
in Continuous Casting Bloom Induced by Soft Reduction Technology 
and the Resulting Segregated Band in Hot-Rolled Wire Rods 

	R. Bidulský￼1,2*, P. Petroušek￼3, J. Bidulská￼3, R. Hudák￼4, 
J. Živčák￼4, M. Actis Grande￼1
	Porosity Quantification of Additive Manufactured Ti6Al4V 
and CoCrW Alloys Produced by L-PBF

	Zhibo Dong1,*, Ziao Zhang2, Wei Hu2*, Peng Gong2, Zan Lv2
	Microstructure and mechanical properties of friction stir lap welded dissimilar Al/Ti alloys 
by ultrasonic assistance

	P. Blaško￼1, B. Bulko￼1, J. Petrík￼1*, P. Demeter￼1, V. Socha￼2, 
L. Hanáková￼2, P. Palfy￼1, M. Solc￼1, A. Vasilňáková￼1
	The Adjustment of the Tundish Water Model of Continuous Casting 

	Hamid Sazegaran1*, Hasan Bahari1, Ali Mohammad Naserian-Nik2, 
Farhad KhorramShahi3
	The Influence of Aluminum Content on the Porosity, Microstructure, 
and Mechanical Properties of Powder Metallurgy Steels

	Cheng Xiaole1*, Hou Jianqiang2, Fu Hanguang1*
	Microstructure Evolution and Wear Resistance of Boron-Bearing 
High Speed Steel Roll

	M. Berendt-Marchel1, D. Siemiaszko￼1*
	The influence of Iron and Aluminium Powder Pressing on the Course of Shrinkage 
and Properties of the Fe40Al Phase Obtained by Reaction Sintering

	Haidong Zhang￼1, Xianguo Yan￼1*, Zhi Chen￼1, Minna Zhao￼1, 
Liang Tang￼1, Yuan Gao￼1, Fan Li￼1, Yao Huang￼1, Junji Li￼2
	Effect of Cryogenic Treatment on Wear Resistance and Microstructure of 42CrMo Steel

	Huaxia Zhao￼1, Peng Gong￼2, Shude Ji￼2*, Xue Gong￼2
	Enhancing the Strength of Al/Mg Dissimilar Friction Stir Lap Welded Joint 
by Zn Filler Addition Combined with an Appropriate Heat Input

	D. Pelczar1, P. Długosz￼2, P. Darłak￼2, A. Szewczyk-Nykiel￼1, 
M. Nykiel￼1, M. Hebda￼1*
	The Effect of BN or SiC Addition on PEO Properties of Coatings Formed 
on AZ91 Magnesium Alloy

	Hamed Rezazadeh￼1, Mohamadreza Hantehzadeh￼1*, Arash Boochani￼2
	Surface Effect on Electronic, Magnetic and Optical Properties 
of PtCoBi Half-Heusler: A DFT Study

	Mingxiang Liu￼1*, Shan Zhou2
	Numerical Investigation on the Gas Field Generated by High Pressure Gas Atomizer Focused 
on Physical Mechanisms of Gas Recirculation and Wake Closure Phenomenon

	M. Sroka1*, A. Zieliński2, T. Puszczało1,3, K. Sówka1,3, B. Hadzima4
	Structure of 22Cr25NiWCoCu Austenitic Stainless Steel After Ageing

	L. Sowa1*, T. Skrzypczak1, P. Kwiatoń1
	Numerical Evaluation of the Impact of Riser Geometry on The Shrinkage Defects Formation 
in the Solidifying Casting

	Mohd Ikhmal Haqeem Hassan￼1, Aeslina Abdul Kadir￼1,4*, Intan Seri Izzora Arzlan￼1, 
Mohd Razali Md Tomari￼2, Noor Azizi Mardi￼2, Mohd Fahrul Hassan￼3, 
Mohd Mustafa Al Bakri Abdullah￼4, M. Nabiałek￼5, B. Jeż￼5
	Recycling of PET Bottles Into Different Types of Building Materials: A Review

	Fong Sue Min1, Heah Cheng Yong￼1,2*, Liew Yun Ming1,3, Mohd Mustafa Al Bakri Abdullah1,3, 
Hasniyati Md Razi4, Foo Wah Low5, Ng Hui-Teng1,2, Ng Yong-Sing1,2
	Effect of Silica Fume and Alumina Addition on the Mechanical 
and Microstructure of Fly Ash Geopolymer Concrete

	D. Migas￼1*, T. Liptakova￼2, G. Moskal￼1
	Effect of Rare Earth Cerium Addition on Oxidation Behavior of Co-Al-W Alloys at 800°C

	Noor Amira Sarani￼1, Azini Amiza Hashim￼1, Aeslina Abdul Kadir￼1*, 
Nur Fatin Nabila Hissham￼1, Mohd Ikhmal Haqeem Hassan￼1, 
M. Nabiałek￼2, B. Jeż￼2
	Assessment on the Physical, Mechanical Properties and Leaching Behaviour 
of Fired Clay Brick Incorporated with Steel Mill Sludge

	Mohammad Firdaus Abu Hashim￼1,2*, Che Mohd Ruzaidi Ghazali￼1,4, 
Yusrina Mat Daud￼1,3, Meor Ahmad Faris￼1,2, Mohd Mustafa Al Bakri Abdullah￼1,3, 
Farah Farhana Zainal￼1,3, Saloma Hasyim￼5, Muhammad Taqiyuddin Lokman2
	Mechanical Effects on Different Solid to Liquid Ratio of Geopolymer Filler in Epoxy Resin

	Noor Fifinatasha Shahedan￼1, Mohd Mustafa Al Bakri Abdullah￼1,2*, Norsuria Mahmed￼1,2, 
Liew Yun Ming￼1,2, Shayfull Zamree Abd Rahim￼1,3, Ikmal Hakem A Aziz￼1, 
Aeslina Abdul Kadir￼4, Andrei Victor Sandu￼5, Mohd Fathullah Ghazali￼1,3
	Thermal Insulation and Mechanical Properties in the Presence of Glas Bubble 
in Fly Ash Geopolymer Paste

	Ikmal Hakem Aziz￼1*, Mohd Mustafa Al Bakri Abdullah￼2*, 
Mohd Arif Anuar Mohd Salleh￼2, Sorachon Yoriya￼3, Rafiza Abd Razak￼4, 
Rosnita Mohamed￼1, Madalina Simona Baltatu￼5
	The Investigation of Ground Granulated Blast Furnace Slag Geopolymer at High Temperature 
by Using Electron Backscatter Diffraction Analysis

	K.W. Leong￼1,2, Z. Shayfull￼1,2*, M. Fathullah￼1,2, M.F. Omar￼2,3, 
M.M.A. Abdullah￼2,3, H. Radhwan￼1,2, A.H. Mazlan￼1, B. Jeż￼4, M. Nabiałek￼4
	Surface Integrity Evaluation on Aluminium-Epoxy Composite 
in Machining using Taguchi Method

	A.R. Kamrosni￼1*, C.H. Dewi Suryani￼1, A. Azliza￼1, A.B.A. Mohd. Mustafa￼1, 
M.S. Mohd. Arif Anuar￼1, M. Norsuria￼1, V. Chobpattana￼2, L. Kaczmarek3, B. Jeż￼4, M. Nabiałek￼4
	Microstructural Studies of Ag/TiO2 Thin Film; Effect of Annealing Temperature

	Ahmad Syauqi Sauffi￼1, Wan Mastura Wan Ibrahim￼1*, Mohd Mustafa Al Bakri Abdullah￼2, 
Masdiyana Ibrahim￼1, Romisuhani Ahmad￼1, Fakhryna Ahmad Zaidi￼1
	Phase Analysis of Different Liquid Ratio on Metakaolin/Dolomite Geopolymer

	P. Rezaei-Shahreza￼1*, H. Redaei￼1, P. Moosavi￼1, S. Hasani￼1, 
A. Seifoddini￼1, B. Jeż￼2, M. Nabiałek￼2
	Effect of Cooling Rate on Mechanical Properties of new Multicomponent Fe-Based 
Amorphous Alloy During Annealing Process


