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ABSTRACT
The present study used raw and recycled (milk bottle) high-density polyethylene and pistachio
shell flour with adaptive and Nano clay particles to manufacture wood plastic composite. The
effect of Nano clay particles in four levels of 0, 1, 3 and 5% and pistachio shell flour in three
levels of 25, 35 and 50% were taken as the dependent variables. Physical and mechanical
strengths were measured on specimens according to the ASTM code. Using the two-factor
factorial test, a totally random statistical analysis was conducted and the means were compared
through Duncan's Multiple-Range Test (DMRT). The results revealed that using of 1 and 3%
amount of Nano clay particles in a blend with 25 and 35% pistachio shell flour results in an
increase in sheared impact resistance and tensile strength. Moreover, it is revealed that increase
in Nano clay and pistachio shell flour amount results in bending strength, bending and tensile
module increase. Thickness swelling after 2 and 24 hour soaking in water is not effected by
amount of Nano clay, while water absorption after 2 and 24h decreased with adding Nano clay.
Key words:composite; pistachio shell flour; Nano clay; mechanical strength; physical
strength.

INTRODUCTION
Wood plastic composite made of wood and bigger subcategory of naturally fabricated

flour composite materials. WPCs are among a plastic composites that could be used as
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cellulose fillers based on paper paste,
agricultural waste, bamboo, and wood

industry wastes. Thermoplastic composites
play extremely important roles in life and
their applications vary from kitchen utensils
to space shuttles (Hetzer et.al. 2008).modern
technologies and especially nanotechnology
have affected the future of wood products and
improved their functions. Nanotechnology
provides the opportunity for large-scale
industries including wood to develop new
materials and products. It tries to develop
materials and structures with significantly
small physical and chemical characteristics in
nano scales (Wegner et. al. 2005 & 2006).

Wan et.al.(2006) investigated morphological
and thermo-mechanical characteristics of
polymers reinforced with nanoclay particles
and concluded that these fillers induce better
distribution of particles in polymer matrix and
better stretching module, tension resistance,
and polymer toughness for they form layered

structures and interlayer formations.

Wu et.al. (2007) found that adding 2% of
nanoclay filler to the nanopolymer made of
pine wood flour and heavy HDPE increases
bending resistance from 19.6 to 24% and
stretch resistance from 11.8 to 13%. However,
water absorption and thickness swelling
decreases by 5 to 7%. Therefore, the

introduction presented leads the present study

to investigate the effects of nanoclay particles
and pistachio bark flour on mechanical and
physical characteristics of wood plastic

composites.

Composites are multipart materials with a
better quality in compare to the quality of the
parts creating it. Moreover, these parts
improve whole performance of composite.
Composites are of different kinds and one of
the most common forms are wood-plastic
composites (WPCs). These composites use a
wide range of plastics like polyolephines and
PVCs as the base material and wood powders
and cotton fibers as fillers. Considering the
increasing cost of wooden material in one
hand, and preserving environment and forests
on the other, these composites are made of
agricultural waste like rice bran, rape shoot,
sugar cane shoot, the peel of various farm
products and palm tree straws. Thanks to
modern technology and the science of Nano
composites reinforced with Nano fillers, great
scientific

field.

properties  of

attention in  industrial and

conventions drawn to  this
Improvements in  the
composites, especially in the field of wood
and paper, have gained craftsmen's attention.
There are two major features for layered
silicates that are of great importance in
studying composites. The first one is their

ability to disperse in the polymer matrix and
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change the surface of the layers to a more fit
surfaces with polymer matrices through ionic
change reactions. Since the level of dispersion
in the layers in the polymer matrix depends
on the ionic load among the layers
(Nourbakhsh, 2013), Nano materials have
been used in Nano composite wood recently
in such a way that application of a little
amount of it increases the module and the
strength of composite significantly and
improves its physical properties as well
(Kaffashi, et.al. 2007).

METHODS AND MATERIALS

The pistachio shell flour in three levels of 25,
35 and 50% and the Nano clay in four levels
of 0, 1, 3 and 5% were considered as the
dependent variables of this study. In all
fifteen treatments, the amount of the coupling
agent was fixed and considered 3% of the
total weight. Raw and recycled high-density
polyethylene (HDPE) was also used.
Preparing the raw materials

Wooden materials

The pistachio shell used in the study was first

fed into a disc flicker machine and were

smashed into small pieces. Then, they were

changed into flour through a crushing
machine. Next, in order to reach the desired
dimension and smoothness in the size of the
particles, they were sieved and the particles
went through mesh size 60 and the remaining
particles were collected on mesh size 80. The
sieved particles were then dried up at oven
103 + 2° C for 24 hours and were kept out of
humidity in closed plastic bags.

Polymeric materials

The polymeric material used in this study
included recycled polyethylene produced

from milk bottle and high-density
polyethylene. Melt flow index was measured
according to ASTM-D1238-98 standard code
using Plasto-meter melt flow index gauge.
This index was 2.164 kg at 190° Celsius. The
properties of raw and recycled polymers are
displayed in Table 1.

Nano clay

The Nano clay used in this study was an
improved under
trademark  Cloisite  30B

Southern-Clay Co. (Table 2).

montmorillonite  type

produced by

Table 1: Raw and recycled polymer properties

Type of polymer type color Melt flow index(g/10min at 190 C)
High density raw polymer (Maroon and Granule transparent 0.28
Petrochemical)
High density recycled polyethylene Milk can Milk white 0.41

Table 2: Properties of Nano clay

Brand Producer Type of mineral | Density (gr/cm®) Particles ionic exchange
company size(nm) coefficient(meg/100gr)
Cloisite30B Southern-clay Mont Morilonit 5-7 1-2 48
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Table 3: Formulations of composites

Seq. High density polyethylene | Pistachio shell flour Maleic anhydride Nano clay (%0)

(%) (%) synthesized with

polyethylene (%6)
A 72 25 3 0
B 62 35 3 0
C 47 50 3 0
D 72* 25 3 0
E 71* 25 3 1
F 69* 25 3 3
G 67* 25 3 5
H 62* 35 3 0
I 61* 35 3 1
J 59* 35 3 3
K 57* 35 3 5
L 47* 50 3 0
M 46* 50 3 1
N 44* 50 3 3
0 42* 50 3 5

* Recycled plastic

Production stages
In order to conduct the process of merging,
twin-screw extruders of DrCOlin-GmbH.d-
8017 made in Germany were used. This twin-
screw machine is divided into six thermal
regions. The screw's speed varies around 70
rounds per minute and the temperature of
building polymer in this extruder is 120 to
170 degrees centigrade. Mixing was done
using a Collin mixer in the Iranian Research
Center for Polymer and Petrochemical
Sciences. This set was a two-coil extruder.
The Screw speed was set at a70 rounds per
minute and the temperature of the multi-
170°

polymer materials and coupling

structure set at C. Lignocellulose
material,
agents were mixed with Nano clay and were
then fed into the feeding cone of the extruder.
For all 15 treatments, mixing process was

conducted similarly. Composite blends came

out of the extruder as a cord and cooled in
ambient temperature. In order to produce the
final specimen using the injective casting
machine, Nano wood plastic was changed into
granule through a semi-industrial crushing
machine modeled WG-LS 200/200 made by
WEISER company in Germany in the Iranian
Research  Center  for  Polymer and
The

granules were packed in plastic in order to

Petrochemical  Sciences. produced
keep away from humidity.

Injection process

The

through a one- Screw extruder with an

laboratory specimens were created

injective casting system. The temperature in
the machine was set to be between 150 to
170° C and Screw speed 60 rounds per
minute. After the casting, tensile, bending and
impact specimens with splits were marked

and prepared for the mechanical properties
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tests. Measurements of the mechanical
properties were conducted according to
ASTM code
module and strength measurement was done
based on ASTM-D638 code using dumbbell

shaped specimens at a speed of 5 mm per

in three times. The tensile

minute with Instron 4486 device. Bending test
measurement was conducted through the
same device at the speed of 2 mm per minute
according to ASTM-D790 code. The impact
resistance test was conducted according to
ASTM-D256 code using Santam-Sit- 20D
device. Water absorption after 2 and 24 hours
immersion in water and thickness swelling
test followed 2 and 24 hours immersion in
cold water conducted according to ASTM-
D7031 Code.

Statistical analysis

The results of the physical and mechanical
tests were analyzed with two dependent
variables of pistachio shell flour and Nano
clay in the framework of factorial and in a
totally random way. The comparisons of the
mean amounts were made through Duncan
method. Amount of properties and the mutual
effect for 25, 35 and 50% pistachio shell flour
and 0, 1, 3 and 5% for Nano clay were taken
into consideration.

RESULTS

Table 4 and 5 represents variance analysis of
mechanical and physical strength and
independent and mutual effects as a function
of pistachio shell flour and Nano clay content
respectively. Moreover, comparative analysis
of obtained mean amount was conducted

based on Duncan multi- range test.

Table 4: Summary of variance analysis of mechanical strength

source Tensile strength Bending strength Sheared Impact resistance
Pistachio shell flour 0.007** 0.000** 0.000**
Nano clay particles 0.9(ns) 0.038* 0.002**
Mutual effect (pistachio 0.044* 0.025* 0.000**
shell flour and Nano clay
ratio)
Table 5: Summary of variance analysis of physical strength
source Thickness swelling Thickness swelling 2hWater absorption 24h Water
after 2h after 24h absorption
Pistachio shell flour *0.014 0.000** 0.010* 0.000**
Nano clay particles 0.148(ns) 0.316(ns) 0,574(ns) 0.002**
Mutual effect *0.025 0.010* 0.643(ns) 0.000**
(pistachio shell flour
and Nano clay ratios
%)

** level of significance 99%; * Level of significance 95%; ns: no significance

Tensile strength
As it is shown in variance table, it could be

concluded that the effects of pistachio shell

flour on tensile strength and module in 1%
level are significant. As it can be seen in

figure 1, independent effects of pistachio shell
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flour on tensile properties of the wood-plastic
Nano composite were significant in 1% level.
Results also revealed that application of 25%
pistachio shell flour increased tensile strength
compared to application of 50% of it. A
comparison of the means using Duncan
method shows that using 25% pistachio shell
flour in the top group "a" had a 5.9% increase
compared to the 50% ratio in group "b".
Results demonstrate that application of 50%
pistachio shell flour increased the tensile
module compared to the 25% pistachio shell
flour. Comparison of the means through
Duncan method reveals that application of
50% pistachio shell flour in top group "a"
induced a 69.46% increase in the tensile
module compared to group "b". Adding shell
flour to the matrix increased the tensile
strength up to 25% treatment and after that
induced an increase in the tensile module in
50% treatment compared to the 25 and 35%
treatments. The role of shell flour as a
reinforcement with a proper coefficient in the
tension loaded on some structures was heated
and soft. Najafabadi et.al. (2011) reached
similar results. On the other hand, presence of
grafted maleic Andric with the polyethylene
improves the joints between fillers and the
background matrix and as a result improve
overall mechanical properties. Najafi et.al.
(2007) stated that one of the most effective

factors on the elasticity module of wood
plastic composites is the elasticity module of
lignocellulose material which are higher than
high-density polyethylene. Furthermore, high
tensile coefficients of Nano clay particles and
formation of interlayer structures in wood-
plastic Nano composites increases the
common surface between them and finally
improves tensile strength of the fibers. Wan
et.al. (2005) also found that these fillers
improve the particle filling in the polymer
matrix because of their layered and interlayer
structures; thereby tensile strength, stiffness

and module of the composite increases.
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Fig.1. independent effect of pistachio shell flour on tensile
strength of wood plastic Nano composite

Considering the variance analysis table, it can
be concluded that there is no significant
difference between the independent effects of
the percentage of Nano clay and the tensile
module. As it can be seen in figure 2, an
independent effect of the percentage of Nano
clay on wood-plastic Nano composites is not

significant. The results also revealed that
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increasing the Nano clay from 0 to 3%
increased the tensile strength of wood-plastic
Nano composite and decreased it after using
5% Nano clay. Comparison of the means
through Duncan method shows that using 3%
Nano clay in the top group "a" was 0.25%
more than group "c" with 5% Nano clay.
Results showed that application of 5% Nano
clay increases the tensile module by 1%.
Therefore, a comparison of the means through
Duncan method shows that using 5% Nano
clay in the top group "a “had a 2.04% more
increase compared to the 1% Nano clay in
group "b". Adding Nano clay to the
composition of wood-plastic Nano composite
increases the tensile module and strength.
Kord and Behzad (2009) reached similar
results in his studies. Moreover, increase in
the module of clay Nano composites, has a
direct relationship with the average size of
clay particles and as a result with their size
ratios. Furthermore, structural factors like
volume ratio, Nano clay facial coefficient,
horizontal distance between particles and the
amount of indentation in Nano clay particles
affect mechanical properties of wood-plastic
Nano clay significantly (Shokriyeh and

Sonbolestan, 2007).
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Fig.2. Independent effect of Nano clay on tensne strength
of wood plastic composite

Bending strength

According to Table .3 (variance analysis),
independent effect of pistachio shell flour on
strength is significant in 1% level. As it is
show in Fig.3. Independent effect of pistachio
shell flour in 1% level on bending properties
of wood plastic composite is significant. Our
findings indicate that adding 50% pistachio
shell flour in compare to 35% resulted in an
increase in bending strength. Comparing
mean amounts based on Duncan method
shows that pistachio shell flour 50% content
goes to top group (a) , while 35% content
belongs to group (b) with an increase of

8.86%.
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Fig.3. independent effect of pistachio shell flour on
bending strength of wood plastic Nano composite
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According to Table 3. Independent effect of

Nano clay percentage on strength is
significant in 5% level. As it is shown in
Fig.4, independent impact of Nano clay on
bending strength of wood plastic Nano
composite is significant in 5%. Results show
that 5% Nano clay in compare to 1%
increases bending strength of composite.
Comparing mean amount with Duncan
method shows that 5% goes to top group (a)
which in compare to 1% (group b) resulted in

an 0.11 % increase.
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Fig.4. independent effect of Nano clay on bending
strength of wood plastic Nano plastic

Impact resistance

According to Table 3, Independent effect of
Nano clay percentage on impact resistance is
significant in 1% level. As it is shown in
Fig.5, independent effect of pistachio shell
flour on impact resistance of wood plastic
Nano composite is significant in 1% level.
Results shows that 25% of pistachio shell
flour in compare to 50% increases impact
resistance of composite. Comparing mean

amount with Duncan method shows that 25%

pistachio shell flour belongs to top group (a)
which in compare to 50% (group b) had 15.6
% increase.
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Fig.5. independent effect of pistachio shell flour on impact
resistance of wood plastic Nano composite

According to Table 3, Independent effect of
Nano clay percentage on impact resistance is
significant in 1% level. As it is shown in
Fig.6, independent effect of Nano clay on
impact resistance of wood plastic Nano
composite is significant in 1% level. Results
shows that 1% of Nano clay in compare to 5%
increases impact resistance of composite.
Comparing mean amount with Duncan
method shows that 1% Nano clay belongs to
top group (a) which in compare to 5% (group

b) resulted in an 14.5 % increase.

Sheared-impact resistance j/m

1 3 5
Fig.6. independent effect of Nano clay on impact
resistance of wood plastic Nano composite
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Thickness swelling after 2 and 24 h
immersion in water

It can be observed from Table .4, that
Independent effect of pistachio shell flour
percentage on thickness swelling after 2 h is
significant in 5% level. As it is shown in
Fig.7, independent effect of pistachio shell
flour on thickness swelling of wood plastic
Nano composite after 2 h immersion in water
is significant in 5%. Results show that 50% of
pistachio shell flour in compare to 25%
decreases thickness swelling of composite
after 2h immersion. Comparing mean amount
with Duncan method shows that 50%
pistachio shell flour goes to top group (a)
which in compare to 25% (group b) resulted
in 44.7% decrease in thickness swelling.
Rowel, et.al (2002) used maleic anhydride as
coupler in their study on polyethylene- pine
fibers composites. Their results indicate that
anhydride maleic  decreases composite
moisture in high humidity conditions. Ashouri
et.al (2009) stated that adding grafted maleic
anhydride with high density polyethylene
results in improved coupling between wood
fibers and high density recycled polyethylene.
Najafabadi et.al (2011) on their study on
effects of pistachio shell flour and coupling
agent on mechanical properties of wood
plastic composite found out that presence of

grafted maleic anhydride with polyethylene

resulted in a better coupling of filler with

matrix, thereby, a better mechanical
properties of composite.
0.28 &
= —®
g17 £
P
. =l
- S
— g (T S
;D 35 TES
(%) pistachio shell flour amount 50

Fig.7.independent effect of pistachio shell flour on
thickness swelling after 2 h immersion in water on wood
plastic Nano composite

Considering the variance analysis table.4, it
can be concluded that independent effects of
the percentage of pistachio shell flour on
thickness swelling for 24h in 1% level is
significant. As it can be seen in figure 8,
independent effect of pistachio shell flour of
1% on thickness swelling for 24h on the
wood-plastic Nano composite is significant.
Results reveal that application of 25%
pistachio shell flour decreases the thickness
swelling for 24h compared to the 50%
treatment. A comparison of the means
through Duncan method shows that using
25% pistachio shell flour in the top group "a"
decreases the thickness swelling by 31.81%

compared to the 50% in group "b".
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Fig.8. independent effect of pistachio shell flour on
thickness swelling (24 h) of wood plastic Nano
composite

Considering the variance analysis table.4, it
can be concluded that independent effects of
the percentage of pistachio shell flour on
thickness swelling for 2h in 5% level is not
significant. As it can be seen in figure 9,
results indicate that in absence of Nano clay
particles , thickness swelling for 2h shows
significant decrease compared to 3% Nano
clay. A comparison of the means through
Duncan method shows that using 0%
pistachio shell flour in the top group "a"
decreases the thickness swelling by 63.3%
compared to the 3% Nano clay in group "d".
Kord and Behzad (2009) suggested the main
reason for this is that hydrophilic properties of
clay changes to organophilic one during
modifying process because of ammonium salt
presence. As a result, Nano clay particles’
surface create crystal structures due to
denucleation property, which in turns help to
water absorption process and stability of

composite dimensions.
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Fig.9. independent effect of Nano clay on 2 h thickness
swelling in wood plastic Nano composite

Considering the variance analysis table.4, it
can be concluded that independent effects of
the percentage of pistachio shell flour on
thickness swelling for 24h is not significant.
As it can be seen in figure 10 results indicate
that in absence of Nano clay particles,
thickness swelling for 24h shows significant
decrease compared with 5% Nano clay. A
comparison of the means through Duncan
method shows that using 0% pistachio shell
flour in the top group "a" decreases the
thickness swelling by 67.7% compared to the

3% Nano clay in group "c"
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0.25 1021

thickness swelling after

(%)24h

(%) Nanoclay Qmount 1 3 5

Fig.10. independent effect of Nano clay on 24 h thickness
swelling of wood plastic Nano composite
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Water absorption after 2 and 24 h
immersion in water

Considering the variance analysis table .4, it
is revealed that the independent effects of the
percentage of pistachio shell flour on water
absorption after 2h in the levels of 5% is
significant. As it can be seen in figure 11,
independent effects of pistachio shell flour in
the level of 5% after 2 h water absorption on
properties of wood-plastic Nano composites is
significant. Results reveal that using 25% of
pistachio shell flour induces more decrease in
2h water absorption compared to the 50%
pistachio shell flour. Comparing the means
through Duncan method, using 25% pistachio
shell flour is in the top group "a" and the 50%
pistachio shell flour goes to group "c" with a

56.25% decrease in water absorption.
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Figure .11.Independent effect of pistachio shell flour on
water absorption 2 h in wood plastic Nano composite

Considering the variance analysis table.4, it is
revealed that the independent effects of the
percentage of pistachio shell flour on water
absorption after 24h in the levels of 1% is
significant. As it can be seen in figure .12,

independent effects pistachio shell flour in the

of 1%

properties of wood-plastic Nano composites

level affects water absorption
after 24 h significantly. Results reveal that
using 35% of pistachio shell flour induces
more decrease in water absorption after 24h
compared to the 50% pistachio shell flour.
Comparing the means through Duncan
method, using 35% pistachio shell flour is in
the top group "a" and the 50% pistachio shell
flour goes to group "c" with a 62.96%

decrease in water absorption.
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Figure.12. Independent effect of pistachio shell on 24h
water absorption of wood plastic Nano plastic

Considering the variance analysis table .4, it
is revealed that the independent effects of the
percentage of Nanoclay on water absorption
after 2h is not significant. As it can be seen in
figure 13, results reveal that using 3% of
Nano clay in matrix induces more decrease in
2h water absorption to the 5% content.
Comparing the means through Duncan
method, using 3% Nano clay is in the top
group "a" and the 5% content goes to group
"d" with a 71.42%

absorption.

decrease in water
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Figure 13- independent effect of Nano clay on water
absorption (2h) of wood plastic Nano composite

Considering the variance analysis table.4, it is
revealed that the independent effects of the
percentage of Nano clay on water absorption
after 24h in the level of 1% is significant. As
it can be seen in figure 14, independent effect
of Nano clay in the level of 1% on 24 h water
absorption of wood plastic Nano composite is
significant. Comparing the means through
Duncan method, it can be seen that using 1%
Nano clay is in the top group "a" in compare
to 5% content which goes to group "c" with a

60.71% decrease in water absorption.
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Figure 14- independent effect of Nano clay on 24h water
absorption of wood plastic Nano composite

CONCLUSION
The present study investigated the effects of

Je,

water absorp‘\ion aft

(%)24h

nanoclay particles and pistachio bark flour on

mechanical and physical characteristics of

wood plastic nanopolymers. The following

results were obtained for mechanical

characteristics:

1. The increase in clay nanocomposites is
directly related to average length of the
particles and as a result their dimensional
ratio. Besides, various structural factors
like volume ratio, external nanoclay

coefficient, distance between particles and

the level of intussusceptions of nanoclay
particles affect mechanical characteristics
of clay polymer  nanocomposites
significantly. On the other hand, the
difference in the level of yielding and
formation of layers affect nanocomposite
module  strongly.  Furthermore, the
percentage of clay in nanocomposites is of
great importance (Zhao et.al. 2006). As
the percentage of clay increase, more
intussuscepted new structures and masses
of clay form in nanocomposites for

nanoclay  particles produce strong
connections with the polymer matrix and
increase the module of the composite.
Nonetheless, after a specific limit, this
increase slows down and in some cases, it
reverses (Samel et.al. 2008). Thus, results
on mechanical characteristics show that
using 5% nanoclay increased bending

resistance, bending module and stretching
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module more than using 1 to 3%
nanoclay.

Considering the fact that nanoclay
particles form centers of tension and
collapse, increasing the level of nanoclay
decreases the resistance of composites to
impacts. Moreover, presence of nanoclay
increases the level of energy absorbed by
the composite therefore, nanoclay creates
regions in the polymer matrix in which
tension concentrates and crack begins
there (Han et.al. 2008). Thus, results
reveal that using 1 to 3% nanoclay
increases the resistance to impact more
than the use of 5% nanoclay. Results have
demonstrated that using 50% pistachio
bark flour increases bending resistance,
bending and stretching module increases
more than 25 and 35 % usage in wood
plastic nanopolymer. Besides, using 25
and 35 % pistachio bark flour increase the
resistance to impact and stretching

resistance compared to 50% .

Results on physical characteristics:

1. Lignocellulose and mineral materials in

polymers have polar characteristics; yet,
polypropylene is non-polar (Roux et.a.
2000). This increases adhesion of the
background polymer and fillers along with
pores on hybrid structure. Thus, the

composite floating in the water fills these

pores with water and this finally increases
water absorption (Molda & Kokta, 1992;
Thwe et.al. 2003). Considering the
increase  in  pores  induced by
lignocelluloses materials water
penetration increases ending in water
absorption. This provides greater access to
water ending in higher thickness swelling.
Plastic in its pure form is hydrophobic for
its very little water absorption level. Yet,
cellulose fillers are the opposites. Their
chemical  structure  makes  them
hydrophilic and as a result, larger portions
of cellulose fillers in polymers increases
absorption and thickness swelling of the
structure (Lei et.al. 2007). Using
nanoparticles affects physical
characteristics like water absorption for
they create higher coherence and have
more particles. Therefore, results on
physical characteristics show that water
absorption in 2 and 24 hours increases
with rising the percentage of pistachio
bark flour from 25 to 50%. Yet, swelling
of 2 hours decreases and thickness
swelling of 24 hours increases. Water
absorption of 2 hours with 3% nanoclay,
decreases but in case of 24 hours, it
increases. Besides, swelling follows the
same trend for 2 and 24 hours. However,

not using nanoclay in wood plastic
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polymer structure decreases 2 and 24 hour
thickness swelling.

Suggestions

e Studying other characteristics of wood
plastic nanopolymers including:

flammability, thermal, anti- erosion, long

term water absorption and swelling and

exfoliation structure of nanoclays using

TEM transmission microscope and X-Ray

radiation along  with  nanopolymer
morphology using SEM microscopes

e Investigating the feasibility of using nano
materials in wood plastic nanopolymer

e Investigating the possibility of
industrialization from economic aspects

e Investigating the possibility of using
lignocelluloses materials in any province
and finding the most proper ones using the
expertise of agriculture and botany
scientists
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