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Abstract

The main aim of this work is to study the effect of using different materials (sugarcane bagasse, compost,
peat moss, vermiculite and activated carbon) on the physicomechanical properties of cultivating pots. Water
absorption, density, elastic modulus were studied. Also, theoretical analytical models are employed to predict
these properties. The results indicate that the water absorption was 10.73, 8.74, 18.23, 15.56 and 12.98 % for
fillers made from sugarcane bagasse, compost, peat moss, activated carbon and vermiculite, respectively. The
highest values of the theoretical and actual density (5.15 and 5.05 g cm™) were found with fillers made from
sugarcane bagasse, while the lowest values of the theoretical and actual density (1.74 and 1.72 g cm™) were
found with fillers made from compost. The tensile strength for sugarcane bagasse, compost, peat moss, activated
carbon, and vermiculite were 6.84, 11.02, 4.00, 10.97 and 13.24 MPa, respectively. The elastic modulus for
these materials were measured at 4.85, 10.66, 0.11, 8.37 and 15.00 MPa for sugarcane bagasse, compost, peat
moss, activated carbon, and vermiculite, respectively. The highest values of theoretical elastic modulus for
sugarcane bagasse, compost, peat moss, activated carbon and vermiculite (2.67, 5.94, 4.08, 4.94 and 2.31MPa)
were found with Guth model. While, the lowest values of theoretical elastic modulus for sugarcane bagasse,
compost, peat moss, activated carbon and vermiculite (0.06, 0.15, 0.10, 0.12 and 0.25 MPa) were found with
Bowyer-Bader model. The germination ratio ranged from 80 to 100% for different pots made from different raw
materials.
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high surface area (Ayyaswamy et al., 2019),
provides a diverse range of attributes that impact
the physical characteristics of the composite
materials.

Water absorption reflects the potential for
moisture retention, while density influences the
compactness of the mix. Void space, on the other
hand, influences root penetration and aeration. In
addition to physical attributes, the mechanical

Introduction

Green composites play a crucial contribution
toward promoting environmental sustainability.
Biodegradable cultivating pots play a crucial role in
reducing plastic waste, thus reducing greenhouse
gas emissions, in addition to supporting plant
growth, and their physical and mechanical

properties are of paramount importance in ensuring
optimal performance. Utilizing various fillers in the
fabrication of these pots offers opportunities to
enhance their characteristics. The physical
characteristics of various fillers significantly
influence their water management capabilities,
density, and structural integrity. Parameters such as
water absorption, density, and void space play
integral roles in determining the overall efficiency
of water retention and root aeration. The
incorporation of sugarcane bagasse, compost, peat
moss, and vermiculite as fillers facilitates oxygen
access (Balaguer et al., 2016) and activated carbon,
which attains more absorption capability due to its

properties of those mixes significantly contribute to
the stability and support of plant growth. Tensile
strength and elongation are key mechanical
attributes that determine the ability of the mix to
withstand mechanical stresses and maintain
structural integrity. The incorporation of various
fillers contributes to the composite material's
mechanical attributes, with each filler type offering
distinct reinforcement mechanisms that can impact
tensile strength and elongation properties. High
stiffness and tensile strength values have been
demonstrated for natural fibers. The reinforcing
employed in composites is a major determinant of
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tensile strength. As a result, natural fibers and
matrices can create the necessary mechanical
qualities for a particular application (Bhat et al.,
2021).

The use of the cereal residues or by-products
as a filler or reinforcement in the production of
plastic composites alleviate the shortage of wood
resources and can have the potential to start a
natural fiber industry in countries where there are
little wood resources left. The composite industries
are looking into alternative low cost lignocellulose
sources, which can decrease overall manufacturing
costs and increase properties of the materials. Agro
husk raw material could be a potential alternative
replacing wood for making composites material
particularly for automobile, packaging and
construction applications. Last couple of years,
cereal lignocellulose raw material (straw, cornstalk,
bagasse) has been used for making composites with
polypropylene, polyethylene, polyester, polyvinyl
acetate, polyurethane, poly (3-hydroxybutyrate-co-
3- hydroxyvalearate), polylactic acid and Novolac
resin (Jahan and S.P. Mun, 2009 and Bledzki el
al., 2010). Apart from composite materials, the
particleboards from agro by-product could be
another potential alternative (Davisand Song,
2006).

The main aim of this work is to study the
effect of using different materials (sugarcane
bagasse, compost, peat moss, vermiculite and
activated carbon) on the physicomechanical
properties of cultivating pots. Water absorption,
density, elastic modulus were studied. Also,
theoretical analytical models are employed to
predict these properties. Furthermore, the potential
ecotoxicity effects of the composite extracts on
germinating cucumber seeds are assessed,

Sugarcane : )
- Compost
bagasse

Peatmoss

contributing to our understanding of the
environmental impact of these materials.

Materials and Methods

The experiments were carried out at the
Agricultural and  Bio-Systems  Engineering
Department, Faculty of Agriculture, Moshtohor,
Benha University, during the months of October
and November, 2022 season.

2.1. Materials:

Sugarcane bagasse was collected from local
farms dried and milled to get the powders.
Different fillers, including compost, peatmoss,
vermiculite, and activated carbon were purchased
from local suppliers. Palm wax was obtained from
the local market. Sorbitol was added as a plasticizer
and brought from a local provider.

2.1.1. Cultivating pots fabrication:

Eight sets of filler mixes were configured for
fabricating cultivating pots. The cultivating pot
composites were fabricated by melt-blending and
compression molding. Palm wax was heated and
mixed well with each neat filler in a ratio of 4:3,
0.42:1, 0.63:1, 1:2, and 2:1 by weight for sugarcane
bagasse, compost, peat moss, activated carbon, and
vermiculite, respectively, then poured in a pre-
prepared steel mold for hot pressing and forming at
160 bar and 60 °C); afterwards, it was left at room
temperature for curing. Sorbitol was added to
fillers at a 0.5: 2 weight percentage before mixing
with palm wax. Specimens were cut from
fabricated composite pots for further measurements
as shown in fig. (1).

Activated '
Vermiculize
carbon

Fig. (1): Biodegradable cultivating pots fabricated from a neat type of filler

2.2. Methods:

2.2.2.1. Physical Properties:

- Water absorption (WA):

The water sorption (WA) by the composite
specimens was measured by taking the initial
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weight (W) before immersing them in a beaker
filled with water for approximately 24 h, then
removing out, surface drying using tissue paper to
remove the excess water up to reach equilibrium
state and recording their weight (W) frequently
using a digital balance with a 0.1 mg accuracy.
Average value was calculated considering three
reps of square specimens (20 x 20 mm). The water
absorption was calculated according to the
following formula according to Fuentes et al.
(2021):

WA (%) =%xloo

0

Where:
WA is the water sorption, %
W, is the initial weight, g
W is the weight at any time, g
- Theoretical density (p):

The theoretical density of composites in
respect of weight fraction is attained using the
following generalized equation for an arbitrary
number of constituents (Werber, 1980):

1
> (wi/ pi)

Where:
W, is the weight fraction

pi is the density of constituent of the filler,
Kgm?

- Porosity or Voids (V):

As the bulk density may not agree with the
actual density due to voids existence in the
composites, the actual density was determined
experimentally by means of a simple gravimetrical
water immersion technique and the voids were

determined by the ratio of difference between
densities to the theoretical one as given as follows:

v =P~ Pa 3)
p)

Where:

V is the porosity

pa is the actual density, g cm™
2.2.2.2. Mechanical Properties:
- Tensile strength (‘I(g')):

Seedling pots face numerous forces
emanating from the inside of the pots due to plant
growth and handling in a greenhouse setting
(Juanga-Labayen and Yuan, 2021). Therefore,
tensile strength is an important indicator of internal
bonding and pots stability. Uniaxial tensile strength
was conducted on the specimens with dimensions
500 x 250 mm cut from the fabricated pots wall
using a universal testing machine (UTM)
instrument equipped with 5 kN load cell at a
crosshead extension speed of 2- ~5 mm/min at
room temperature.

P
TS =— 4
bh 4)

Where: (2)
P is the load, kN

b is the width of a sample at the gauge
region, m

h is the height of the sample at the gauge
region, m

Triplicates of each composite were tested
as shown in Fig. 2 and the average value is reported
according to Prasad et al., (2020).

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023



602 EL-Bath A.A. etal .

Ay
\'i“’aHiiil\".n\\\\n_\\\\\

AL

Zrich

Fig. (2): Tensile strength measurement of the samples.

- Elongation at break (E): elastic modulus of the composites, namely the rules

. . of mixture (ROM) (parallel), inverse rule of
Elongation of the composites was detected at the mixture (IROM) (series), Guth, Halpin-Tsai
break point at the ultimate tensile strength. equation (Werber, 1980, Behera et al., 2014)

modified Halpin-Tsai (Facca et al., 2006), Hirsch

1.3. Theoretical analytical models of the
composites: y model, and Bowyer—Bader model (Kalaprasad et
’ al., 1997) as denoted in the following equations:
Seven analytical models were studied for Rule of mixtures (ROM) (parallel):
prediction of the theoretical tensile strength and
Tc=XI'TV; (5)
Ec=X!EV; (6)
Inverse rule of mixtures (IROM) (series):
_ 1
Te= STV (7)
_ 1
Ec= U Ev; (8)
Guth model:
Tc=Tm (1- Vf 2/3)
9)
Ec=Em[1+25V;+14.1Vf?]
Halpin-Tsai equation: (10)
— 1+{nVf
Tc=Tm (—1_11”) (1 1)
— 1+dnVf
Ec=Em (—1—I]_Vf) (12)
Modified Halpin-Tsai equation:
= 1Hnvf
Te=Tm Gy (13)
— 1+nbf
Ee=Em Gy (14)

Hirsch model:

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Te =X (T,,V,, + TpVp) + —=TmlF

Ec =X (E,Vm + EFVp) +

Bowyer and Badar’s model:

Tc = ay Tf Vf +Tme
Ec =ayEs Vi +tE Vi

Where:
T is the tensile strength,
E is the elastic modulus

V is the volume fraction of the constituent,

TmV+TfVm

(A-X)EmTF
EmVf+EfVm

(16)

¢, m, and f are symbols of composites, matrix, and filler, respectively,

i is arbitrary number of constituents n,

G, v, X, a, are empirical parameters explained later.

2.4. Ecotoxicity effect:

A saturated agqueous composite extract with a
1:5 mass ratio of grinding composites to water
suspension from each filler was soaked at room
temperature for 24 hours of incubation. The leachate
extract was filtered with a mesh cloth before use
(Wan Mohd Zamri et al., 2021). The saturated
aqueous extract was deployed in germinating
cucumber seed to analyze the toxicity effect of the
composites on the plants. Ten identical seeds were
spread evenly and placed in plastic containers. The
aqueous extract was provided in equal amount as
equal as needed to keep the seeds wet. The plastic
containers were placed in a greenhouse tunnel. The
seeds were monitored daily, and the number of
germinated seeds (SG) was counted, as in the
following equation according to Juanga-Labayen
and Yuan (2021).

G = Number of germinated seeds
Number of total seeds

x100 (19)

Results and Discussions

1. Physical properties:
1.1. Water absorption properties:

Fig. (3) shows the water absorption for different
fillers made from different (sugarcane bagasse,
compost, peat moss, activated carbon and
vermiculite). It could be seen that the water
absorption was 10.73, 8.74, 18.23, 15.56 and 12.98
% for fillers made from sugarcane bagasse, compost,
peat moss, activated carbon and vermiculite,
respectively. The results indicate that the highest
value of the water absorption (18.23 %) was found
with fillers made from peat mass, while the lowest
value of the water absorption (8.74 %) was found
with fillers made from compost. The statistical
analysis showed that the differences between the
obtained data of the water absorption for fillers made
from sugarcane bagasse, compost, peat moss,
activated carbon and vermiculite was significant.

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Analysis of Variance

Source DF Adjss aAdjmMs  F-Value P-Value
Filler type 4 57 .32 1433 = =
20
18
16

Water Absorption (g cm™)

O N B O

Sugarcane
bagasse

14
12
10 I
T I T T T

Compost Peatmoss

Activated  Vermicuilite
Carbon

Filler Type

Fig. 3: Water absorption properties of the fillers.

1.2. Theoretical and actual density:

Figs. (4 and 5) show the theoretical and actual
density for different fillers made from different
(sugarcane bagasse, compost, peat moss, activated
carbon and vermiculite). It could be seen that the
theoretical density was 5.15. 1.74, 1.93, 4.46 and
2.32 g cm® for fillers made from sugarcane
bagasse, compost, peat moss, activated carbon and
vermiculite, respectively. The results also indicated
that the actual density was 5.05, 1.72, 1.91, 4.07
and 2.26 g cm™ for fillers made from sugarcane
bagasse, compost, peat moss, activated carbon and
vermiculite, respectively. The results indicate that
the highest value of the theoretical and actual
density (5.15 and 5.05 g cm™®) were found with

fillers made from sugarcane bagasse, while the
lowest value of the theoretical and actual density
(1.74 and 1.72 g cm™®) was found with fillers made
from compost. The statistical analysis showed that
the differences between the obtained data of the
theoretical and actual density for fillers made from
sugarcane bagasse, compost, peat moss, activated
carbon and vermiculite was significant.

Regression analysis was carried out to find a
relationship between the theoretical and the actual
density for fillers made from different materials
with coefficient of determination as follows:

p=0978p, +0.007 R?=0.99 (20)

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Analysis of Variance for the theoretical density

Source

Adj 55 Adj MS F-Value P-Value

Filler type

S.142 2.286 * * ’

Analysis of Variance for the actual density

Source DF AdjSS Adj M5 F-Value P-Value
Filler type 4 23752  2.188 - -
6
B Theoretical Actual
5 -
24 -
=]
Z 3
&
W
5721
A
1 -
0 B T T T T
Sugarcane Compost Peatmoss Activated Vermicuilite
bagasse Carbon
Filler Type
Fig. (4): Theoretical and actual density of the fillers.
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Fig. (5): Comparison between the theoretical and actual density of the fillers made from different materials.

2. Experimental mechanical properties of the
filler-based composites:

The mechanical properties of the filler-based
cultivating pots, encompassing tensile strength,
elastic modulus, and elongation were illustrated in
Fig. (6). The results indicate that the tensile
strength for sugarcane bagasse, compost, peat
moss, activated carbon, and vermiculite were 6.84,
11.02, 4.00, 10.97 and 13.24 MPa, respectively.
The elastic modulus for these materials were

measured at 4.85, 10.66, 0.11, 8.37 and 15.00 MPa
for sugarcane bagasse, compost, peat moss,
activated carbon, and vermiculite, respectively. The
elongation values were 1.40, 5.21, 0.68, 2.00 and
5.00%, respectively. The choice of filler
significantly influenced the mechanical attributes
with vermiculite exhibiting the most substantial
mechanical ~ properties  while  peat  moss
demonstrated the least.

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Filler type effectonthe 4 55.38 13.84 * *
tensile strength
Filler type effectonthe 4 128.2 32.05 * *
elastic modulus
Filler type effectonthe 4 17.73 4.431 * *
elongation
|
Sugarcane
bagasse
16
14
12
10
8 L ]
Vermiculite ..'__1?_1. Compost e— Tensile strensth
o gth (Mpa)
e 2 o> .
0 % ==@==Flastic modulus (Gpa)
L

Ve

Activated
carbon

Peatmoss

®— Elongation (%)

Fig. (6): The effect of fiber types on the mechanical properties of the composites.

3. Theoretical mechanical properties of the
filler-based composites:

Fig. (7) shows the theoretical tensile strength
for different fillers made from different (sugarcane
bagasse, compost, peat moss, activated carbon and
vermiculite) by using different models (parallel,
series, Guth, Halpin-Tsai, modified Halpin-Tsai,
Hirsch and Bowyer-Bader). The results indicated
that the theoretical tensile strength for sugarcane
bagasse by using parallel, series, Guth, Halpin-Tsai,
modified Halpin-Tsai, Hirsch and Bowyer-Bader
models were 19.93, 16.14, 1.99, 2.57, 2.40, 16.51
and 0.29 MPa, respectively. These results agreed
with those obtained by Abidi et al. (2016), Li and
Zhang  (2017) and  Gholampour and
Ozbakkaloglu (2020). The theoretical tensile
strength for compost by using parallel, series, Guth,

Halpin-Tsai, modified Halpin-Tsai, Hirsch and
Bowyer-Bader models were 0.60, 3.24, 1.94, 1.74,
1.83, 2.98 and 0.39 MPa, respectively. Also, the
theoretical tensile strength for peat moss by using
parallel, series, Guth, Halpin-Tsai, modified
Halpin-Tsai, Hirsch and Bowyer-Bader models
were 0.36, 2.46, 1.97, 1.65, 1.88, 2.25 and 0.35
MPa, respectively. The theoretical tensile strength
for activated carbon by using parallel, series, Guth,
Halpin-Tsai, modified Halpin-Tsai, Hirsch and
Bowyer-Bader models were 37.12, 15.82, 1.96,
3.86, 2.67, 17.95 and 0.37 MPa, respectively. The
theoretical tensile strength for vermiculite by using
parallel, series, Guth, Halpin-Tsai, modified
Halpin-Tsai, Hirsch and Bowyer-Bader models
were 0.26, 3.87, 2.00, 1.88, 1.96, 3.51 and 0.27
MPa, respectively.
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Fig. (7): Theoretical tensile strength for different fillers made from different by using different models.

Fig. (8) shows the theoretical elastic modulus
for different fillers made from different (sugarcane
bagasse, compost, peat moss, activated carbon and
vermiculite) by using different models (parallel,
series, Guth, Halpin-Tsai, modified Halpin-Tsai,
Hirsch and Bowyer-Bader). The results indicated
that the theoretical elastic modulus for sugarcane
bagasse by using parallel, series, Guth, Halpin-Tsali,
modified Halpin-Tsai, Hirsch and Bowyer-Bader
models were 1.53, 1.21, 2.67, 0.19, 0.18, 1.24 and
0.06 MPa, respectively. The theoretical elastic
modulus for compost by using parallel, series,
Guth, Halpin-Tsai, modified Halpin-Tsai, Hirsch
and Bowyer-Bader models were 2.09, 1.16, 5.94,
0.32, 0.27, 1.25 and 0.15 MPa, respectively. Also,
the theoretical elastic modulus for peat moss by
using parallel, series, Guth, Halpin-Tsai, modified
Halpin-Tsai, Hirsch and Bowyer-Bader models
were 2.19, 1.19, 4.08, 0.26, 0.22, 1.29 and 0.10
MPa, respectively. The theoretical elastic modulus

for activated carbon by using parallel, series, Guth,
Halpin-Tsai, modified Halpin-Tsai, Hirsch and
Bowyer-Bader models were 1.35, 1.15, 4.94, 0.28,
0.24, 1.17 and 0.12 MPa, respectively. The
theoretical elastic modulus for vermiculite by using
parallel, series, Guth, Halpin-Tsai, modified
Halpin-Tsai, Hirsch and Bowyer-Bader models
were 0.71, 1.21, 2.31, 0.17, 0.17, 1.16 and 0.25
MPa, respectively.

The results indicate that the highest values of
theoretical elastic modulus for sugarcane bagasse,
compost, peat moss, activated carbon and
vermiculite (2.67, 5.94, 4.08, 4.94 and 2.31MPa)
were found with Guth model. While, the lowest
values of theoretical elastic modulus for sugarcane
bagasse, compost, peat moss, activated carbon and
vermiculite (0.06, 0.15, 0.10, 0.12 and 0.25 MPa)
were found with Bowyer-Bader model. These
results agreed with those obtained by Villagran,
Leon etal. (2020).

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Fig. (8): Theoretical elastic modulus for different fillers made from different by using different models.

The IROM model demonstrated superior
predictive capability in estimating tensile strength
for a range of fillers, except for sugarcane bagasse,
where the Halpin-Tsai model exhibited a better fit.
This divergence in model performance could be
attributed to the fact that the series model is better
suited for fine particulate structures, whereas
sugarcane bagasse consists of long fibers.
Conversely, in terms of elastic modulus, the Guth
model proved to be the most suitable for the

various fillers, except for peat moss, where Bowyer
and Badar’s model emerged as the optimal choice.

4, Germination test:

Fig. (9) shows the germinated cucumber plant
using aqueous extracts from the different fillers in
the fabricated pot. The results indicate that the
germination ratio ranged from 80 to 100% for
different pots made from different raw materials.
This confirms that all the cultivating pots do not
have a toxic effect on seed germination.

Fig. (9): Germination test for cucumber seeds in different pots.

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Conclusion

The experimental study was carried out
successively to study the effect of using different
materials (sugarcane bagasse, compost, peat moss,
vermiculite and activated carbon) on the
physicomechanical properties of cultivating pots.
Water absorption, density, elastic modulus were
studied. Also, theoretical analytical models are
employed to predict these properties. The obtained
results can be summarized as follows:

- The water absorption was 10.73, 8.74,
18.23, 15.56 and 12.98 % for fillers made
from sugarcane bagasse, compost, peat
moss, activated carbon and vermiculite,
respectively.

- The highest values of the theoretical and
actual density (5.15 and 5.05 g cm™®) were
found with fillers made from sugarcane
bagasse.

- The tensile strength for sugarcane bagasse,
compost, peat moss, activated carbon, and
vermiculite were 6.84, 11.02, 4.00, 10.97
and 13.24 MPa, respectively.

- The elastic modulus for these materials
were measured at 4.85, 10.66, 0.11, 8.37
and 15.00 MPa for sugarcane bagasse,
compost, peat moss, activated carbon, and
vermiculite, respectively.

- The highest values of theoretical elastic
modulus for sugarcane bagasse, compost,
peat moss, activated carbon and
vermiculite (2.67, 5.94, 4.08, 4.94 and
2.31MPa) were found with Guth model.
While, the lowest values of theoretical
elastic modulus for sugarcane bagasse,
compost, peat moss, activated carbon and
vermiculite (0.06, 0.15, 0.10, 0.12 and
0.25 MPa) were found with Bowyer-Bader
model.
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