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Abstract

The aim of this study is to investigate the potential of using walnut shells, an agricultural waste product, in polymer
composites to reduce the environmental impacts and contribute to the production of sustainable materials. To this end, Flame
Retardant Polyester (FRP) was used as a binder in the production of composite materials, while standard CEN sand and
Waste Walnut Shells (WWS) were used as filler materials. While creating composite mixture groups, FRP was preferred at
50% and filler ratio was also maintained at 50%. Then, the WWS was replaced by standard CEN sand at volume proportions
of 25%, 50%, 75% and 100%. The apparent density, water absorption, porosity, ultrasonic pulse velocity (UPV) and
compressive strengths of the produced polymer composites were investigated. In the specimens where WWS was replaced
by 100% with standard CEN sand, a decrease of 27%, 20% and 28% was detected in compressive strengths, UPV and
apparent density values, respectively, compared to the control specimen. The most negative behavior in terms of water
absorption was observed in the specimen coded WS75 with a water absorption rate of 0.80%. The use of WWS in polymer
composite production is evaluated as an economical raw material source, contributes to the prevention of environmental
pollution and is also important with its potential to be recycled into the economy.
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Ceviz Kabugu Atig1 ve CEN Kumu Iceren Polyester Matrisli Polimer Kompozitlerin

Fiziksel ve Mekanik Ozelliklerinin Incelenmesi
Oz
Bu ¢alismanin amaci, tarimsal atik olan ceviz kabuklarinin ¢evresel etkilerini azaltmak ve siirdiiriilebilir
malzeme tretimine katki saglamak amaciyla polimer kompozitlerde kullanim potansiyelini arasgtirmaktir. Bu
dogrultuda kompozit malzeme tiretiminde Alev Geciktiricili Polyester (AGP) baglayici olarak kullanilirken
standart CEN kumu ve Atik Ceviz Kabuklar1 (ACK) dolgu malzemesi olarak kullanilmistir. Kompozit karigim
gruplari olusturulurken AGP %50 ve dolgu %50 oranlarinda tercih edilmistir. Daha sonra AGP orani sabit
tutularak ACK hacimce %25, %50, %75 ve %100 oranlarinda standart CEN kumu ile yer degistirmistir. Uretilen
polimer kompozitlerin goriiniir yogunluk, su emme, porozite, ultarses gecis hizt (UGH) ve basing dayanimlari
incelenmistir. Standart CEN kumu ile ACK’nin %100 yer degistirdigi numunelerde basing dayanimlari, UGH
ve goriliniir yogunluk degerlerinde kontrol numunesine gore sirastyla %27, %20 ve %28 oranlarinda azalma
tespit edilmistir. Su emme agisindan en olumsuz davranis %0.80 su emme oraniyla WS75 kodlu numunede
gozlenmistir. ACK’nin polimer kompozit iiretiminde kullanilmasi, ekonomik bir ham madde kaynag olarak
degerlendirilerek, cevre kirliliginin Onlenmesine katki saglamakta ve aynm1 zamanda ekonomiye geri
kazandirilma potansiyeliyle onem tasimaktadir.
Anahtar Kelimeler: Polimer kompozit, Atik ceviz kabugu, CEN kumu, Mekanik Ozellikler, Fiziksel
Ozellikler
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1. Introduction

Polymer composites are economically disadvantageous materials despite their high strength and
chemical resistance [1]. However, the economically disadvantageous situation can be avoided
by using agricultural wastes such as sunflower stalks, corn cobs, rice husks, wheat husks etc.
as reinforcement materials in polymer composites. The use of agricultural wastes in the
production of composite materials has the potential to directly improve environmental
sustainability. The use of agricultural wastes as reinforcement materials in polymer composites
both enables the recycling of wastes and offers an alternative to petrochemical-based materials
[2—4]. Agricultural wastes contribute to the reduction of the density of polymer composites due
to their light weight and contribute to the improvement of the mechanical properties of
composites due to their natural fibrous structure. [5,6]. Agricultural wastes are frequently
preferred by researchers in composite production. Agricultural wastes such as jute [7] and hemp
[8], [9], [10] have been extensively studied as reinforcement materials in cement-bonded
composites. In composites with a lime binder, materials such as hemp stalk [11-13] and wheat
husk [14] have been utilized. Similarly, for composites with a polymer binder, jute [15-20],
hemp [21-23] etc. have been employed. In addition to the agricultural products mentioned
above, another agricultural product that has the potential to be used is walnut shells.

According to Turkish Statistical Institute data, 360.000 tonnes of walnuts were produced in
Turkey in 2023. Yaman [24] reported that the average waste amount of seven different walnut
species produced in Turkey is 48%. Based on these data, it can be concluded that there are
172.800 tonnes of waste walnut shells in Turkey for 2023. The utilisation of walnut shells in
composite materials promotes environmental waste reduction. Therefore, the use of walnut
shells in polymer composites contributes to environmental sustainability goals. Walnut shells
are generally a low-cost and readily available material. The use of these products can reduce
production costs and make the cost of final products competitive [25]. Walnut shells have a
structure containing natural fibres. These fibres can increase the mechanical properties of the
composite material when combined with the polymer matrix. Based on this data, walnut shells
are expected to contribute to the production of more durable and lightweight products. Walnut
shell has superior technical properties compared to other agricultural wastes [26,27]. The
authors state that its strength and resistance to decay are much higher than other agricultural
waste materials. According to Beskopylny et al. [25], walnut shell contains 50.3% lignin, 23.9%
cellulose, 22.4% hemicellulose and 3.4% ash. Kolak [4] stated that materials with high lignin
content exhibit hydrophobic behavior. Due to its high lignin content, walnut shell is expected
to show lower water absorption behaviour compared to other agricultural products.
Furthermore, the biodegradability and low density of walnut shells may offer significant
advantages for certain applications (lightweight building elements, insulation materials, etc.).
Abdulwahid et al. [27] investigated the use of walnut shells as fillers in insulation materials.
They stated that walnut shell has good thermal properties and can be used as insulation material.
Balcioglu et al. [28] examined the wear resistance of polyester resin based walnut shell
reinforced polymer composite and stated that the amount of wear increased as the walnut shell
ratio increased. Beskopylny et al. [25] investigated the physical and mechanical properties of
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the composite containing waste walnut shells. They stated that the properties of concrete
improved and the density decreased with the addition of walnut shell at low rates.

Pradhan and Satapathy [29] investigated the mechanical and thermal properties of walnut shell
filled polyester based composite. They emphasised that walnut shell substitution increased the
compressive strength while decreasing the thermal conductivity and density. Talikoti et al. [30]
reported that the flexural, tensile and compressive strengths of the composite with epoxy binder
to which walnut shell powder was added increased in their study. It was stated that there was a
42% increase in compressive strength with walnut shell powder-epoxy substitution. Ahlawat et
al. [31] examined the flexural, tensile and tribological properties of polyester binder composite
produced using walnut shell powder brought to 75-250 micron size. It was stated that the
flexural and tensile strengths decreased as the walnut shell content increased. Despite the
increase in the load applied to the composites, a decrease in wear resistance was observed, while
a partial increase in friction coefficients was observed.

Obidiegwu et al. [32] produced 0.10, 0.20 and 0.30 mm walnut shell powder filled
polypropylene based polymer composites. In the study, walnut shell powder was used at 0%,
5%, 10%, 15% and 20%. It was reported that as the proportion of walnut shell powder increased
in the composite mixtures, flexural, compressive and elongation at break values decreased,
while water absorption and flame spread rates increased. Paczkowski [33] used walnut shell
powder and unsaturated polyester resin in the size of 0.10-0.25 m. Walnut shell powder used at
2,5, 7 and 10 wt%. The authors stated that as the amount of filler increases, flexural strength
decreases and water absorption increases.

In this study, flame retardant polyester was used as binder while standard CEN sand and waste
walnut shells were used as fillers. Flame retardant polyesters were preferred because they
prevent flame formation by forming a char layer on the composite surface during fire. Walnut
shell was used in 0, 25, 50, 75 and 100 % by volume replacement with standard CEN sand. The
composite specimens were subjected to apparent density, porosity, water absorption, UPV,
compressive strength and UL94 vertical combustion tests. Since the studies on waste walnut
shell reinforced/filled composites are limited in the literature, this study aims to make an
important contribution to the literature.

2. Material and Method
2.1. Material

Flame Retardant Polyester, one of the components of the polymer matrix, was obtained from
Ilkalem A.S. Methyl Ethyl Ketone Peroxide (MEKP) was used as hardener and cobalt octoate
was used as accelerator. While standard CEN sand was used as filling material, walnut shells
grown in Bingodl region were substituted with CEN sand.

MEKP is a mixture product and contains methyl, ethyl, ketone and peroxide. This mixture is
used to initiate the polymerisation reaction of polyester resins. In the presence of a cobalt
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accelerator, it can be applied at room temperature or at elevated temperatures. Technical
properties of MEKP are given in Table 1.

Table 1. MEKP technical specifications

Properties Value
Density g/cm? 1.16
Colour Colourless
Active Oxygen Content (%) 9.4-9.6
Peroxide Content (%) 40

Cobalt octoate was used to accelerate the polymerisation reaction. Technical specifications of
the product are given in Table 2.

Table 2. Cobalt octoate technical specifications

Properties Value
Density g/cm? 0.93
View Liquid
Colour Violet blue
Metal content (%) 5.9-6.1
Total solid content (%) 30+2

In order to minimise the effect of the filler material on the polymer composite, standard CEN
sand was preferred as filler material. In addition, walnut shells obtained from local walnut
species grown in Bing6l province were used as filling material (Figure 1).

Figure 1. (a) unground and (b) grounded walnut shells

Walnut shells to be used in the study were sieved and granulometry was determined. The
particle size distribution of walnut shells is shown in Figure 2a and the sieved walnut shells are
shown in Figure 2b. In the study, walnut shells smaller than 8 mm in diameter were preferred
to ensure a more homogeneous dispersion. Due to their larger surface area, small particles allow
a stronger interfacial bonding with the polymer. In addition, these sizes can be more easily
processed during the manufacturing process and increase the consistency of the physical
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properties of the composites. In this way, walnut shells can be used more efficiently and
effectively as reinforcement material.
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Figure 2. (a) grain size distribution of walnut shells, (b) sieved walnut shells

The porous structure of the walnut shell used as filler in the study was visualised by scanning
electron microscope (SEM) (Figure 3a). Elemental analysis was performed by X-ray
spectroscopy (EDX) (Figure 3b). The walnut shell was coated with gold and palladium prior to
SEM imaging. It was then imaged in a scanning electron microscope under 20 kV voltage at
250 times magnification. Figure 3a clearly shows the porous structure of the walnut shell. The
elements O, C, Ca, Si, K and Mg were detected in the walnut shell by EDX at 50.551%,
44.720%, 2.308%, 1.199%, 0.657% and 0.566% by weight, respectively.
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Figure 3. (a) SEM and (b) EDX image of walnut shell
2.2. Production of Polymer Composites

In the production of polymer composites, the matrix was produced first. While producing the
matrix, 2 wt% MEKP was added to FRP and mixed for 90 seconds. Then 0.2 wt% cobalt octoate
was added and mixed for another 90 seconds to obtain a homogenous mixture. Then, standard
CEN sand and ground walnut shells passed through 8 mm sieve were added to the prepared
polymer matrix by mixing for 90 seconds in the mixer. The prepared filler and polymer matrix
mixture was mixed in a mixer for 180 seconds at a constant speed of 140 rpm, then placed in
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moulds and kept under laboratory conditions (23+2°C and 45+5% relative humidity) for 24
hours. The polymer composite production scheme is shown in Figure 4.

Polymer Composite Production Scheme
Standart Walnut
Polyester MEKP Cobalt CEN Sand Shell
I | e
Y A 4
: Filler /
L Reinforcement
[ |
v
Polymer
Composite

Figure 4. Polymer composite production scheme

The blend ratios of the polymer composite groups are shown in Table 3 and the specimens
produced using these ratios are shown in Figure 5. FRP/filler was preferred at a ratio of 1:1
when forming the mixture groups. Walnut shell was used by replacing with standard CEN sand
at 0, 25, 50, 75 and 100 % by volume. The mixture group in which only standard CEN sand
was used as filler was coded as control specimen (Ref.). Other mixture groups were coded
depending on the proportion of walnut shell used. For example, in the specimen coded WS25,
walnut shell was used by replacing 25% by volume with standard CEN sand.

Table 3. Composite mix ratios

Mi Mix Ratios (%, by vol.)
ix . .
Code Matrix Filler

FRP CEN sand Walnut Shell
Ref. 50 50 0
WS25 50 37.5 12.5
WS50 50 25 25
WS75 50 12.5 37.5
WS100 50 0 50

Figure 5. Produced composite specimens
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2.3. Experimental Procedure

Archimedes balance was used for apparent density, porosity and water absorption tests of the
produced polymer composites. The specimens used in the Archimedes balance experiment were
dried in an oven at 105+5°C and mass measurements were made. Then, the specimens were
kept in water until they were completely saturated with water. The surface of the saturated
specimens was dried with a damp cloth and the saturated dry surface mass was measured. In
the final stage, the masses of the specimens immersed in water were determined on the
Archimedes balance and using these data, the apparent density, water absorption and porosity
values of the specimens were calculated using the equations given below.

Apparent density : Mo/(Mo-Mi) (1)
Water absorption : (M2-Mo)/Mo*100 (2)
Porosity : (M2-Mo)/ (M2-M1)*100 (3)

Here, Mo: oven dry mass, Mi: mass in water, M»: saturated dry surface mass.

Three specimens of 5x5x5 cm each were used to determine density, water absorption, porosity,
UPYV and compressive strength values. The UPV test was performed according to ASTM C597-
16 (2016) [34] and the compressive strength test was performed according to TS EN 12390-3
(2021) [35]. UL94 vertical combustion test was performed according to TS EN 60695-11-10
(2014) [36].

3. Results and Discussion
3.1. Apparent Density Test Results

The apparent density test results of the composite mixture groups are given in Figure 6.
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Figure 6. Apparent Density Test Results

177



Investigation of Physical and Mechanical Properties of Polyester Matrix Polymer Composites Containing
Walnut Shell Waste and CEN Sand

While the apparent density of the control specimen was 1.98 g/cm?, a decrease in apparent
density was observed with walnut shell substitution. The lowest apparent density was
determined as 1.42 g/cm? in the specimen coded WS100. The increase in the amount of walnut
shell caused a decrease in the apparent density of the composites. Compared to the control
specimen, the apparent densities decreased by 6%, 16%, 21% and 28% with walnut shell-
standard CEN sand substitutions of 25%, 50%, 75% and 100% by volume, respectively. In
previous studies, researchers [25,29] reported that composite densities decreased with an
increase in the amount of porous material.

3.2. Water Absorption and Porosity Test Results

Water absorption and porosity test results of the mixture groups are shown in Figure 7. The
lowest water absorption value was reached in the control specimen with 0.07%. When CEN
sand was used up to 75% in place of walnut shells, higher water absorption values were seen.
When compared to the control specimen, an increase in water absorption values was observed
at 100% displacement. However, a decrease was observed when compared to 50% and 75%
displacement. The changes in the water absorption values of WS25, WS50, WS75 and WS100
coded specimens compared to the control specimen were determined as 200, 671, 1043 and
443%, respectively. Although the exchange rates are high compared to the control specimen,
the water absorption is low. The highest water absorption was measured as 0.80% in the
specimen coded WS75. The low water absorption values of the composite mixture groups were
attributed to the low water absorption properties of polyester resin as stated in previous studies.
Since polyester resin was used at 50% by volume, it affected the water absorption behaviour of
the composite. The partial increase in water absorption due to the increase in walnut shell
content was attributed to the fact that walnut shell exhibited more water absorption behaviour
than CEN sand. In previous studies, researchers [32,33] stated that water absorption increased
due to the increase in walnut shell content.
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Figure 7. Water Absorption and Porosity Test Results
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Since the walnut shells used have a more porous structure than the standard CEN sand, an
increase in the porosity ratios of the composite was observed as the walnut shell ratio increased
in the mixture groups compared to the control specimen. The lowest porosity value was 0.13%
in the control specimen, while the highest porosity value was 1.24% in the specimen coded
WS75. The fact that the water absorption and porosity values of the specimen coded WS100
are partially lower compared to the specimens coded WS50 and WS75 is thought to be related
to the absence of CEN sand in this specimen and the better coating of the walnut shell with the
matrix.

3.3. Ultrasonic Pulse Velocity Test Results

UPYV test results are given in Figure 8. When Figure 8a is analysed, it is seen that the UPV
values decrease as the walnut shell ratio increases in the mixture groups. While the UPV value
of the control specimen (Ref.) was 3762 m/s, the UPV values of the specimens coded WS25,
WS50, WS75 and WS100 were determined as 3471, 3247, 3019 and 2991 m/s, respectively,
depending on the increase in walnut shell ratio. In previous studies have also reported a decrease
in UPV values due to an increase in the porous filler ratio [37-39].
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Figure 8. (a) UPV Test Results and (b) Relationship with Apparent Density

The relationship between UPV and apparent density is shown in Figure 8b. As can be seen from
the figure, as the apparent density increases, UPV values also increase. There is a positive non-
linear polynomial relationship between apparent intensity and UPV values. The correlation
coefficient of this relationship was determined as R?>=0.98. Correlation coefficients above 0.95
indicate a strong relationship between the parameters. From this point of view, it can be said
that there is a strong relationship between visible density and UPV.

3.3. Compressive Strength Test Results

The compressive strength test results are presented in Figure 9a. According to these results, the
compressive strength of the control specimen consisting of FRP matrix and CEN sand was
determined as 87.80 MPa. Compared to the other specimens, the control specimen exhibited
the highest compressive strength. The compressive strengths of specimens coded WS25, WS50,
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WS75 and WS100 were determined as 74.62 MPa, 69.83 MPa, 64.55 MPa and 63.66 MPa,
respectively. These data clearly show that the compressive strength decreases with increasing
walnut shell content. In particular, the lowest compressive strength was observed in the WS100
specimen where the walnut shell ratio reached 100%. The decrease in compressive strength as
the walnut shell ratio increases in the mixture groups may be due to the fact that walnut shell
has a more porous structure. In previous studies, it has been reported that the compressive
strength of composite materials generally decreases as the porous material ratio increases
[39,40]. In this study, it is thought that the homogeneous distribution of walnut shell in the
matrix and the structural properties of walnut shell cause a decrease in compressive strength.
However, the compressive strength of the composites produced showed a level of performance
that can be used in structural elements despite the walnut shell substitution. Compared to the
control specimen, the rates of decrease in compressive strength with walnut shell substitution
were determined as 15%, 20%, 26% and 27%, respectively. These results show that there is a
gradual decrease in compressive strength with the increase in walnut shell ratio.

The relationship between compressive strength and apparent density is shown in Figure 9b. As
can be seen from the graphs, as the apparent density increases, a significant increase in
compressive strength is observed. There is a non-linear polynomial relationship between
apparent density and compressive strength and there is a positive correlation between these two
parameters. The correlation coefficient greater than 0.95 (R?=0.96) shows that the relationship
between apparent density and compressive strength is quite strong. These findings reveal that
the mechanical properties of composite materials are directly related to the density and porous
materials such as walnut shells significantly affect this relationship. The results show that
walnut shell substitution significantly reduces the compressive strength of composite materials,
but still these materials exhibit sufficient mechanical performance to be used in structural
elements.
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Figure 9. (a) Compressive Strength Test Results and (b) Relationship with Apparent Density

The relationship between UPV and compressive strength is shown in Figure 10. As can be seen
from the figure, as the UPV increases, the compressive strength values also increase. There is
a positive polynomial relationship between UPV and compressive strength values. It can be
said that there is a strong relationship between UPV and compressive strength (R2=0.99).
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Figure 10. Relationship between compressive strength and UPV

The type and proportion of binder material used can improve the mechanical performance of
composites. Increasing the amount of binder polyester can increase the strength of walnut shell
reinforced composites. In addition, applying alkaline surface treatment to walnut shell can
improve the strength of composites. Reducing the size of walnut shell can improve the
mechanical properties due to its better wettability associated with increased surface area.
Finally, the combination of walnut shell with other reinforcing materials or hybrid composites
can increase the compressive strength.

Although there is a reduction in strength values, there are significant benefits in terms of
environmental sustainability, economic costs and innovation potential. Especially for
environmentally sensitive industries and sectors looking for low-cost, sustainable solutions,
walnut shell offers a strong alternative. The reduction in mechanical performance can be offset
by performance that is often sufficient for lighter weight and affordable applications, which is
one of the reasons why the use of walnut shell is favoured.

Investigations on the mechanical properties of the binder materials used in this study can form
the basis for future research. In particular, studies on how biodegradable polymer binders
provide better interaction with organic wastes such as walnut shells can be advanced.
Improvements on binder type and ratio can improve the performance of composites.

The findings of this research shed light on future studies and contribute to the production of
more efficient, environmentally friendly composite materials. The present research has helped
us to understand the potential of walnut shell and improvements can be made in different
aspects to improve the utilisation of this material.

3.4. UL94 Vertical Burning Test Results

All of the specimens ignited in the UL94 vertical combustion test of the produced composites,
but when the flame source was removed from the environment, the flame on the specimen
surfaces extinguished spontaneously within 2-4 seconds. The first ignition occurred at the 10th
second in the specimen coded WS100 and the flame was extinguished spontaneously within 4
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seconds when the flame source was removed. Aluminium Hydroxide-Al(OH);3 in the FRP used
in the study prevents flame propagation by forming a char layer on the specimen surface during
combustion. This has also been reported in previous studies [41,42]. Flame retardants enter
early degradation and form a protective shell on the material. This shell slows down the
combustion process by cutting the contact between the material and oxygen [43]. Since no
flame propagation was observed on the material surface, no flaming droplet formation occurred
and no flame-induced combustion occurred in the cotton under the experimental setup.
According to the results of the UL94 vertical combustion test, all specimens were evaluated in
class Vo.

3.5. Statistical Analyses

In order to test the response of the obtained material under different conditions, apparent
density, water absorption, porosity, ultrasonic pulse velocity and compressive strength values
were determined and included in the research (Table 4).

Table 4. Values of the material under different test conditions

Mix Apparent Water Porosity Ultrasonic Compressive
Code Density Absorption (%) Pulse Velocity Strength
(g/ecm?) (%) (m/s) (MPa)
Ref. 1.98 0.07 0.13 3762 87.80
WS25 1.86 0.21 0.35 3471 74.62
WS50 1.66 0.54 0.88 3247 69.83
WS75 1.57 0.80 1.24 3019 64.55
WS100 1.42 0.38 0.54 2991 63.66

According to the results of the correlation analysis, there is a negative correlation between
apparent density and water absorption and porosity, while there is a positive correlation between
apparent density and UPV and compressive strength. A positive relationship was found between
water absorption and porosity, but water absorption shows a negative relationship with UPV
and compressive strength. Likewise, porosity has a negative relationship with UPV and
compressive strength. On the other hand, a positive relationship was found between UPV and
compressive strength (Figure 11).

Following the correlation analysis, principal component analysis (PCA) was performed to
determine the direction of the relationship between the data. As a result of the analyses, a
negative correlation was observed between apparent density, compressive strength and
ultrasound transmission rate, while a positive correlation was observed between water
absorption and porosity (Table 5, Figure 12).
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Figure 11. Pearson r Correlation Data

Table 5. Principal Component Analysis Results

PC summary PC1 PC2 PC3 PC4
Eigenvalue 4332 0.6142 0.05097 0.003157
Proportion of variance 86.63% 12.28% 1.02%  0.06%

Cumulative proportion of variance 86.63% 98.92% 99.94% 100.00%

Loadings

PC1
LRSI ion

0.5

2.9e-008

PC1

-0.5

Figure 12. Basic Component Analysis

Correlation and basic component analyses showed that there are significant relationships
between the physical properties of the materials. There are positive correlations between
apparent density and compressive strength and ultrasonic transmission rate. In addition, there
are negative correlations between apparent density and water absorption and porosity. This
shows that it has a significant effect on the durability and structural properties of the material.
As a result, it is understood that the performance properties of materials are interrelated and
these relationships should be optimised.
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4. Conclusion

In this study, the potential of using flame retardant polyester resin, CEN sand and walnut shell,
an agricultural waste, in polymer composites was investigated. Within the scope of the research,
the physico-mechanical performances of the composites were examined in detail and the
changes in mechanical, physical properties and combustion behaviour were evaluated by adding
walnut shell to the composites. The results obtained show that walnut shell substitution
improves the environmental sustainability of composite materials and has significant effects on
mechanical and combustion properties. The results are listed below:

e Walnut shell substitution reduced the apparent densities of the composites.
e Water absorption and porosity ratios increased in parallel with the increase in the
amount of walnut shell, but these ratios remained at low levels due to the high amount

of polymer. The highest water absorption was determined as 0.80% in specimen
WS100.

e A decrease in ultrasonic pulse velocity (UPV) values was observed with increasing
walnut shell content in the composites. This decrease is related to the porous structure
of walnut shell. Water absorption and porosity test results also support this situation.

e The compressive strength of the composites decreased depending on the amount of
walnut shell used. This decrease is due to the structural porosity of walnut shell. The
highest compressive strength was obtained as 87.8 MPa in the control specimen, while

the lowest compressive strength was determined as 63.66 MPa in the specimen coded
WS100.

e The polymer based composites produced exhibited favourable performance in terms of
fire resistance.

In conclusion, the data obtained in this study show that walnut shell substitution significantly
reduces the compressive strength of composite materials, but despite this reduction, the
materials exhibit sufficient mechanical performance to be used in structural elements. The use
of walnut shell in composites increases environmental sustainability

Future research may enable the production of more sustainable and environmentally friendly
composites through the use of biodegradable polymer binders. Further investigation of the
compatibility of these binders with agricultural wastes and their effects on performance
properties such as mechanical and thermal properties of composites may make it possible to
make biodegradable materials more efficient and durable for industrial applications.
Furthermore, a comprehensive assessment of the environmental impact of such composites
through life cycle analyses (LCA) could be an important focus area for future research.
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