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Abstract Agricultural wastes, cow manure and
straw, are utilized in this study to produce biode-
gradable pots. Cow manure and 4 types of straw are
employed for pots production. The effect of type and
ratio of straw and drying method on characteristics
of biodegradable pots was investigated. Two differ-
ent drying methods were used to dry the pots (natu-
ral, electric oven); In natural drying, two types were
used, drying at room temperature and plastic green-
house, and drying at 50 °C, 80 °C, and 100 °C in
electric convection-air oven. Among the four types
of straw, rice straw-derived pots yielded highest val-
ues of 3020.67 N and 451.67 N for dry compression
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strength and dry penetration strength, respectively.,
while rape straw-based pots exhibited higher water
absorption (137.38%) than pots contained any other
type of straw. Additionally, the values of pots strength
decrease when ratio of straw increase from 0 to 10%.
Therefore, cow manure-derived pots exhibited higher
dry and wet compression strength (6935.67 N and
2042.33 N, respectively) and higher dry and wet pen-
etration strength (627.33 N, 225.33 N, respectively)
than pots contained straw. The use of natural condi-
tions in the drying process had a beneficial effect on
quality and properties of biodegradable pots, where
natural drying resulted in smooth bonded pots charac-
terized by high strength and low water absorption, as
compared to oven drying. Based on the results, dry-
ing in room condition could be an appropriate tem-
perature to achieve final high quality product aspects
with low cost.

Keywords Biodegradable pots - Drying conditions -
Pots properties - Energy consumption - Biomaterials -
Sustainable production

Introduction

Agricultural wastes, manure and straw, are one of
the outputs of the agricultural sector that is not desir-
able due to having many environmental and health
impacts (Hanifzadeh et al. 2017). Open field burn-
ing and burying are common methods of agricultural
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waste disposal for years. However, these methods
have several drawbacks including the release of toxic
gases, pathogens and heavy metals as well as loss
of significant soil nutrients (Migo-Sumagang et al.
2020; Wang et al. 2016). Accordingly in recent years,
researchers have found several methods for the man-
agement of agricultural wastes, and animal manure,
e.g. anaerobic digestion (Li et al. 2020; Mazurkiewicz
et al. 2019), biochar (Liu et al. 2015), composites
(Wei et al. 2015; Zhang and Hu 2014), composting
(Kulcu and Yaldiz 2014), straw fibre film (Ming et al.
2019a, b; Ming et al. 2019a, b), and biodegradable
pots (Postemsky et al. 2016; Schettini et al. 2013).
The present work focuses on the production of bio-
degradable pots from agricultural waste as turn-
ing agricultural wastes into biodegradable pots cre-
ates new market as well as solves disposal problem.
Raw material of container, shape, size and mould
process change the properties of biodegradable pots
(Zhang et al. 2019). Therefore, biodegradable pots
are divided into two categories on based of the raw
material including; plantable and compostable (Evans
et al. 2010).

Plantable pots buried in the soil with the plant
because it allows for plant root to grow through
their walls and thus it can biodegrade directly in the
field. On the other hand, compostable pots should be
removed before planting, because they prevent plant
roots from growing through their walls (Castron-
uovo et al. 2015). Different agricultural wastes, e.g.
oil palm mesocarp fibre waste (Saepoo et al. 2023),
sugarcane bagasse (Jamshidi et al. 2014), tomatoes
seeds and peels, hemp fibres (Schettini et al. 2013),
paddy straw (Pratibha et al. 2022), pineapple waste
from the cannery industry (Jirapornvaree et al. 2017),
residual substrate from Ganoderma lucidum mush-
room cultivation (Postemsky et al. 2016), wood fibre
(Costa et al. 2000), cow manure (Cucarella et al.
2004). Chicken feathers (Cardozo et al. 2014) were
reportedly processed to mould biodegradable pots for
studying the effects of raw materials on the proper-
ties of biodegradable pots. Many biomaterials named
gelatine, corn- and wheat-waste flour, sunflower seed
husks and rice husks, yerba mate waste and used
paper were employed to manufacture a biodegradable
pots (Fuentes et al. 2021). Compared to the plastics
pots, the Biodegradable pots as a new market has
several advantages. The most fascinating advantage
of using biodegradable pots is reducing sources of
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pollution, where these pots are made from wastes as
well as fighting plastic trash caused by plant nurseries
(Schettini et al. 2013; Zhang et al. 2019).

Despite all these studies, there is still little infor-
mation on pot drying conditions as a major factor
during the mould process for biodegradable pots pro-
duction. Drying process is a final step in the stages
of biodegradable pots production. The main aim of
drying is to remove existing water and decrease the
moisture content of produced pots to a suitable level
for handling and storage. Researchers mentioned
that drying temperature is the main parameter affect-
ing the mechanical properties of materials (Aguirre-
Loredo et al. 2018). The composition of biomass,
wheat straw and corn stover, is not significantly dif-
ferent when it is dried at temperatures up to 100 °C
(Houghton et al. 2009). However, the internal struc-
ture of the composite is changed during drying
because of water removal, a moisture gradient builds
up, creating shrinkage stresses, which result in break-
age, cracking, and discontinuity in its structure (Abasi
and Minaei 2014). Hence, drying conditions affect
the quality of final product (Piwinska et al. 2016),
with the selection of the appropriate drying method
leading to a final product with high quality (Vega-
Galvez et al. 2015).

There are no studies showing the effect of drying
methods and conditions on the characteristics of bio-
degradable pots, in addition to the energy consump-
tion and economic values for these processes. There-
fore, in this paper, cow manure, rice, wheat, corn,
and rape straws were employed as raw materials for
production biodegradable pots that can be used for
seeding, nursery, and transplanting. Characteriza-
tions such mechanical (compression and penetration
strength) and physical (density and water absorption)
properties of produced biodegradable pots as affected
by the straw usage as well as drying conditions were
investigated. Finally, the energy consumption for pot
drying and cost analysis were calculated.

Materials and methods
Materials
Five agricultural wastes were used in this study

which are rape straw (PS), rice straw (RS), wheat
straw (WS), corn straw (CS), and cow manure (CM).
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All these wastes were obtained from the farm of
Huazhong Agricultural University, Wuhan, China
(latitude 30.6° N, longitude 114.1° E and altitude is
23.1 m). The characteristics of these wastes are listed
in Table 1. The collected straw was grounded using
electrical milling machine through 3 mm mesh as
shown in Fig. S1 (Supplementary Data).

Deign of experiment

In this study, single factor tests were carried out to
study the effect of type of straw, straw ratio, and dry-
ing method on the properties of biodegradable pots.
The available wastes used for pots are cow manure
and rape straw. Therefore, the rape straw among 4
types of straw named; rape, rice, wheat, and corn
straws, is selected to study the effect of straw ratio
and drying methods. To make the experiment results
more obvious and more accurate, the maximum ratio
of straw (10%) in the mixture is selected as a base
case study for studying the effect of drying method
and straw type from 6 ratios named: 0, 2, 4, 6, 8, and
10%. Finally, the drying temperature 50 °C in electric
oven is selected as a base case study among 3 values
of temperature named; 50 °C, 80 °C, and 100 °C, to

Table 1 Characteristics of the used agricultural wastes

study the effect of type and ratio of straw (when the
temperature of drying was high, the properties of bio-
degradable pots was too low). Table 2 illustrates the
design of experiment and the base cases.

Preparation of pots

At room temperature and natural working condi-
tions, different mixtures of cow manure and straw
were prepared manually. The cow manure acts as a
natural binding therefore, there were no wax or any
other adhesive substances used for production of pots.
To prepare the cow manure and straw derived bio-
degradable pots (CM-S), a manual rotating machine
was manufactured and used to form the pot using the
rotary extrusion method as seen in Fig. S2 (Supple-
mentary Data).

Drying methods

After pots formation process, the produced pots were
subjected to dry under different conditions until
weight constant. Several drying methods includ-
ing electric drying oven at 50 °C, 80 °C and 100 °C,
inside greenhouse, and inside living room conditions
were used in this study as shown in Fig. S3 (Supple-
mentary Data). An electrical drying oven (Shanghai
CIMO, DHG-9243BS) was used for the conventional

Type of Hemi-Cellu- Cellulose (%)  Lignin (%) drying. For natural drying, pots were placed inside
raw material lose (%) room and plastic greenhouse and were left to dry for
Rane st 330 4759 1723 4 and 8 days, respectively. The average air tempera-
?pe straw ’ ’ ' ture of greenhouse and room were 36 °C and 25 °C,
Rice straw 27.30 34.44 6.0 . . .1
Wheat straw 55 61 50,30 104 respectively, and the average relative humidity were
’ ’ ' 20.2% and 41.54%, respectively, as shown in Fig. 1.
Corn straw 27.30 39.56 4.67 . . .
The pots samples were weighed immediately
Cow manure 20.18 46.33 18.52 . .
after moulding process and before drying (m;) and
Table 2 Experimental design
No Investigation of parameters
Type of straw Ratio of straw (%) Drying condition
1 Effect of type of straw on the properties of CM-S Rape, rice, 10 50 °C in electric oven
biodegradable pots wheat, and

corn straws

2 Effect of ratio of straw on the properties of CM-S Rape straw 0,2,4,6,8, and 10 50 °C in electric oven
biodegradable pots
3 Effect of drying condition on the properties of CM-S  Rape straw 10 electric oven (50 °C, 80 °C,

biodegradable pots

and 100 °C), greenhouse,
and room

@ Springer
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constant (mg). After starting to dry for a period of
time, each sample was taken out and weighed (m,),
and then put back into drying process to dry again
for another period. The measurement of drying pro-
cess was repeated for several time based on drying
method. The moisture content percentage (MC) cal-
culate using the equation:

m, —

=M 00
my

Mc = (1)

where MC is the moisture content, %, m, is the pot
weight at any drying time ¢, g, and m, is the pot
weight after drying process, g.

While the percentage of weight loss was calcu-
lated according to the following formula:
mt

m; —
— x 100

m;

WL )

where WL is the percentage of weight loss, %, and M;
is the pot weight after moulding process and before
drying, g.

Finally, the drying rate can be calculated as
follows:

@ Springer

where DR is the drying rate, %, MC; and MC, are
moisture content of samples, kg/kg (d.b) at different
drying times, and t; and t, are different drying times,
h, during drying processs.

Measurement of density

The apparent density of pots is identified as the ratio
of the mass of pot to the pots volume at 25+2 °C
and 50 +2% RH. Three samples of each treatment
were taken, and the apparent density were calcu-
lated from the following equation:

V= %h(s1 +5,+ (5, xX5,)

where V is the volume of incomplete cone, m>, & is
the height of incomplete cone, m, §; and S, are the
surface areas of lower cone base and upper cone base,

m?, respectively.

“
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Mechanical tests

Compression (CS) and penetration strength (PS)
tests were determined using REGER RGM-3005
universal material test machine at a crosshead speed
of 100 mm/min according to Nechita et al. (2010).
The produced pots were measured for dry strength,
while they were immersed in water for 10 min at
room temperature and then wet strength was meas-
ured. The penetration test was carried out with a
5 mm rounded end probe for pot wall and bottom
according to Evans and Karcher (2004) (Fig. S4,
Supplementary Data). For each test, four samples
were taken from each treatment (24 samples in
total) and the results were averaged with standard
deviations.

Water absorption test

For this test, three replicates from each sample were
used for each treatment. The pots samples were
weighed to the nearest 0.01 g before immersion pro-
cess. After 10 min of soaking, each sample was taken
out from water and genteelly wiped with a piece of
cloth to remove excess surface water. The wet sam-
ple was weighed, and then put back into water to soak
again for another 10 min. The water absorption of the
pots was measured over a time period of one hour.
The measurement was repeated for six iterations, tak-
ing a total of 60 min. The water absorption (WA) was
calculated as follows:

m, —m

WA =—"—49%100
o )

where WA is the water absorption, %, m,, is the wet
pot weight after immersion process, g, and m, is the
dry pot weight before immersion process, g.

Fourier-transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) was
carried out to compare any differences in chemical
structure of straw (rape, rice, wheat, and corn) and
produced pots from different straw types and mixtures
with cow manure. FTIR measurements were per-
formed using a Thermo Nicolet IS50 FTIR spectrom-
eter, SMART iTX, UK. FTIR spectra were recorded

in a range of 4000-400 cm™! at a resolution of 4 cm™"

with 200 cumulative scans.
Scanning electron microscopy (SEM) analysis

Morphological analysis of produced pot surfaces was
performed by means of scanning electron microscopy
(JSM-6390LV, NTC, Japan). The oven-dried samples
were placed on a sample board and examined after
applied a light gold coating using an acceleration
voltage of 10.0 kV.

Results and discussion
Density of CM-S biodegradable pots

Density of pots was affected by the composition
of the formulation, where it ranged from 634.2 kg/
m? to 800.6 kg/m? for all straw types and ratios. At
10% straw ratio, the maximum density of pots was
730.7 kg/m? for pots produced from rice straw, while
pots contained rape straw had the lowest density
which was 634.2 kg/m>. The addition of straw to the
cow manure-derived pots showed a significant impact
on density of pots, where the density decreased with
the increasing of ratio of rape straw, where the ratio
of rape straw increased from 0 to 10%, the density of
pots decreased from 800.6 to 634.2 kg/m® (Table 3).
According to density values, the cow manure derived
pots have a more compact structure resulting in a
reduction of spaces between particles in the compos-
ite compared to cow manure and straw derived pots.

SEM analysis of biodegradable pots

The SEM analysis of the produced pots are reported
in Fig. 2. The surfaces of the pots produced from rice
and corn straw were more compact than those con-
tain wheat and rape straw which contain some cavi-
ties on the surface. On the other hand, the surface of
the cow manure-based pots was smoother and homo-
geneous than those contain straw. Adding the straw to
the mixture showed a rough surface with the presence
of pores which were dispersed throughout the biode-
gradable pot surface, probably due to the irregular
distribution of fibres among components of matrix.
The size of these pores increased with straw amount
in the matrix. Furthermore, the morphological

@ Springer
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Table 3 Effect of type and ratio of straw on density of CM-S biodegradable pots

Item Parameter
Type of straw Ratio of straw (%)
PS RS WS CS 2 4 6 8 10

Density (kg/
m’)

634.2+2.1730.7+1.6 666.0+1.7 695.7+2.6 800.6+0.5 756.3+0.8 726.8 +1.0 692.6 +1.1 662.6 +1.8 634.2+2.1

characteristics of the biodegradable pots were altered
by drying conditions. Where, oven drying induced
cracks of the outer surface specially at high tempera-
ture (100 °C). This result clearly showed that bio-
degradable pots characteristics not only depended
on raw materials but also on production procedure
including drying method.

FTIR analysis

Figure 3a, b and c, illustrates the FTIR spectra results
which explain the differences in chemical struc-
ture of the straw (Fig. 3a) and produced pots from
different straw types (Fig. 3b) and ratios of straw
(Fig. 3c). From left to right, the two peaks observed
at 3447 cm™! and 3289 cm™! are both attributed to
O-H stretching in alcohols. On one hand, the peak
at 2925 cm™! is due to C—H stretching in asymmet-
ric and symmetric stretching in methyl and methyl-
ene group (Bledzki et al. 2010). On the other hand,
the band at 1646 cm™' and 1629 cm™! are attributed
to C=0 stretching. As, the band at 1512 cm~! s
assigned to N-O stretching and the band observed at
1456 cm™ is assigned from the C-H bending. Addi-
tionally, the vibrational band observed at 1159 cm™!
corresponds to C-O stretching in ester and the
absorption band at 1034 cm™! is characteristic for
C-0 stretching of an alcohol both in cellulose and
hemicellulose. Finally, the band observed at 572 cm™!
corresponds to C—I stretching in halo compound.

It can be noted that those fibres content are more
similar in chemical components. However, there are
some differences in the peak area and sharpness,
which is associated with different amounts for con-
stituents (Xu et al. 2021). Furthermore, the peaks for
the same component are shifted in some cases, which
is associated with the nature of hydrogen bonding and
coupling effects. Compared to pure straw, the peak at
1034 cm™! increased with the addition of cow manure

@ Springer

to straw because of the contribution of C-O stretching
from the cellulosic component. With increasing rape
straw content, there is also a sharpening of the rape
straw characteristic peaks at 1629 cm™!, 1512 cm™,
and 1409 cm™!, reflecting the adding of hemicellulose
and lignin as the rape straw ccontribution became
principal in the matrix (Fuentes et al. 2021). Overall,
the type and ratio of straw have noticeable effect on
the infrared spectra of the biodegradable pots.

Effect of straw type on the properties CM-S
biodegradable pots

Figure 4 shows the effect of straw type on the proper-
ties of cow manure and straw-derived biodegradable
pots. Among the four types of straw, pots that were
based on rice straw and cow manure had a higher
dry and wet compression and penetration strengths
than others, where the dry specimens achieved com-
pression and penetration strengths of 3020.67 N
and 451.67 N, respectively, and the wet specimens
yielded compression and penetration strength of
562 N and 70 N, respectively. In contrast, the addition
of rape straw to cow manure causes lower dry and wet
compression and penetration strengths than the addi-
tion of any other type of straw. Where, the compres-
sion and penetration strengths for the dry specimens
were 2082.33 N and 302.33 N, respectively, and the
compression and penetration strength of wet speci-
mens were only 417.67 N and 55.67 N, respectively.
While, using corn straw resulting in changes of the
dry and wet compression strengths which increased
from 2329.67 to 2614.67 N and from 455.33 to
482.67 N, respectively, and the dry and wet penetra-
tion strengths which increased from 332.33 to 355 N
and from 31 to 34 N for pot wall, respectively, when
compared with wheat straw (Fig. 4a, b). This may be
due to those pots that were based on rice straw which
had the highest density compared to pots that were
based on other straw types as listed in Table 3.
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Fig. 2 Scanning electron micrograph of different biodegradable pots

Density values suggest that the pots that were
based on rice straw have a more compact structure
resulting in a reduction of interstitial spaces between
particles in the composites compared to pots that
were based on other straw types. Accordingly, pots
that were based on rice straw had the highest rigid-
ity and the lowest pore surface and thus, it led to
high strength compared to pots that were based on
other straw types. This is consistent with the results
obtained by Evans et al. (2010), who found that the
dry compression strength is primarily a function
of pot wall rigidity as well as the openings in the
pot walls affects negatively on the dry penetration
strength.

X1,500  10um

X1,500 10pm X1,500 10pm

X1,000 10pm

100 °C

X1,000 10pm

50 °C

In the water absorption test, adding rape straw to
cow manure indeed improved the pots uptake dur-
ing immersion time, causing an increase in water
absorption (137.38%). In contrast, wheat straw-
based pots exhibited lower water absorption than
pots contained rice or corn straw, which reached
110.94%. For pots that were based on rice and corn
straw, the water absorption values reached 115.62%
and 127.86%, respectively. Accordingly, the water
absorption of rice straw-based pots was lower than
that observed from corn straw-based pots as seen in
Fig. 4c. This finding indicated the negative effect of
density of pots on water absorption except for wheat
straw-based pots, where material compositions play

@ Springer
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manure and different rape straw ratio

an important role in water uptake (Zhang et al.
2019). Furthermore, values obtained from this study
were much lower than the tomato and hemp fibres
based-biodegradable pots, which had water absorp-
tion from 128 to 186% (Schettini et al. 2013).

Effect of straw ratio on the properties of CM-S
biodegradable pots

Figure 5 demonstrates the effect of straw ratio on the
properties of CM-S biodegradable pots. The addition

@ Springer

of straw to the cow manure-derived pots illustrated
a significant effect on the mechanical and physical
properties of the pots. It caused a decreasing of the
dry and wet compression and penetration strength
and increasing the water absorption. For pots that
were based on cow manure, the dry and wet com-
pression and penetration strengths were 6935.67 N,
2042.33 N and 627.33 N, 225.33 N, respectively,
which were lower than that the pots that were based
on cow manure and straw. As expected, increasing of
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ratio of straw to cow manure from 2 to 10% lead to
decrease the pots strength, where the dry compression
and penetration strengths decreased from 6156.67 to
3167 N and from 585.33 to 243.67 N, respectively,
and for wet samples, they decreased from 1387 to
737 N and from 124.33 to 43.33 N, respectively. This
is due to the following two reasons; the first reason
is the density which decreased with increasing straw
ratio as explained before (Table 3); the second rea-
son is the amount of adhesive, where the quantity of
cow manure which acted as adhesive decreased with
increasing straw ratio. Accordingly, the rigidity of
the pots decreased resulting in reduction of strengths.
The SEM results supported these results, where more

pores were observed with higher straw amount, and
therefore, low rigidity of cow manure and straw-
based pots.

From Fig. Sc, at the high ratio of straw, more
water was absorbed during immersion process. Pro-
duced pots showed water absorption of 99.70%
when using cow manure to produce the biodegrad-
able pots. This value was lower than 110.92% which
was achieved by the pots obtained by adding 2% of
straw to cow manure. Moreover, the water absorption
value increased to 160.75% when the ratio of straw
to cow manure increased from 2 to 10%. Therefore,
straw ratio has a positive relation with water absorp-
tion. This may be due to that pots density decreases
with increasing the straw ratio and thus increasing the

@ Springer
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pores of pots resulting in more water uptake (Pratibha
et al. 2022).

Drying of biodegradable pots

Effect of drying conditions on the CM-S
biodegradable pots

Table 4 presents drying times, the moisture content
after drying, and average drying rate for produced
pots using different drying methods. Decreasing dry-
ing temperature increases the moisture content after
drying in the pots at constant drying time, whereas
the value of average drying rate of the drying process

@ Springer

decreases. Moreover, the drying time of natural con-
ditions continued increasing as a result of low dry-
ing temperature (36 °C and 25 °C for greenhouse
and room, respectively) and fluctuated air moisture
content. Hence, drying time of samples dried under
oven conditions was less than of samples dried under
natural conditions. This reduction in drying time at
oven conditions may be due to the increased tem-
perature as well as controlled relative humidity inside
the oven. Furthermore, High temperature increased
molecular vibrations between material molecules,
which allows the oven-dried materials to desiccated
more rapidly compared to materials dried at room
conditions (Suderman et al. 2016). We found that
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the drying times of oven-dried pots were only 36 and
24 h at 50 °C and 100 °C, respectively, while the dry-
ing times of natural-dried pots were 4 and 8§ days in
greenhouse and room, respectively. Accordingly, the
100 °C oven drying had the highest drying rate (0.086
Ewater! 8dry marer/N), While drying in room condition had
the lowest drying rate (0.01 gy4e,/8ary matter/h)- Over-
all, the drying time depends on drying conditions and
this result was consistent with the results obtained by
Li et al. (2019).

To compare the effect of different drying condi-
tions on the CM-S biodegradable pots, the curves of
MC and weight loss versus drying times under differ-
ent drying processes were shown in Fig. 6. The mois-
ture content curves dropped rapidly during the initial
stage, but it slightly decreased at the last period dur-
ing the drying process. The weight loss was signifi-
cantly influenced by drying conditions. The weight
loss of samples dried in natural conditions was lower
than samples dried in oven conditions. Hence, higher
moisture content in pots samples dried in natural
conditions than in pots dried in oven conditions. The
minimum moisture content of CM-S biodegradable
pots was 0% for pots dried in oven at 100 °C drying
temperature, while maximum value was 11.4% for
those dried under room condition.

Effect of drying methods on the properties of CM-S
biodegradable pots

Figure 7 illustrates the effect of drying methods on
the properties of CM-S biodegradable pots. There
were obvious differences in the strength and wet-
tability properties of biodegradable pots obtained at
different drying conditions. The results indicate that
high drying temperature resulted in lower dry and wet
compression and penetration strength value, except
the wet compression strength. As seen on the figure of
100 °C drying temperature have value lower than the

drying temperature of 50 °C. When the drying tem-
perature decreased from 100 to 50 °C, the dry com-
pression and penetration strength values increased
from 1619 to 2082.33 N and from 231 to 293.67 N,
respectively and for wet penetration strength value
was from 40 to 55.67 N, while wet compression
strength value decreased from 482.67 to 417.67 N.

In natural conditions, dry and wet compression
and penetration strength values of pots were dried
in room condition give higher result than pots dried
in greenhouse condition. The dry compression and
penetration strength were 2893.67 N and 348 N,
respectively and for wet samples were 576.33 N and
42.33 N, respectively of samples dried in room condi-
tion, while the results in greenhouse condition were
2600.67 N and 325.33 N for dry samples and were
526.67 N and 26.67 N for wet samples, respectively.
Strength reduction in oven conditions may be due that
to the temperature and moisture gradients between the
internal and external layers of the material increased
with increasing temperature of drying as show in
Fig. 6a. This led to create internal stresses, result-
ing in cracks, which lead to damage in the structure
of products (Abasi and Minaei 2014). Therefore, the
pots dried in natural conditions had a smooth bonded
surface compared to those dried in oven conditions.
Similar results were obtained by (Harahap et al. 2018;
Juanicé et al. 2017) who noticed high drying temper-
ature resulted in lower strength of composites.

On the hand other, the water absorption of pot dry-
ing in natural conditions was lower than that observed
in the pot drying in oven conditions as demonstrated
in Fig. 7c. Compared to the pot drying in the 100 °C
oven condition, the water absorption of pot drying in
the 50 °C oven condition was higher. Produced pots
showed water absorption of 137.38% when pot dry-
ing in the 50 °C oven condition. These values were
higher than 132.56% the pots obtained by drying in
the 100 °C oven condition.

Table 4 Drying times,

Temperature Drying time

Moisture content
after drying (%)

Average drying rate
(gwalelj gdry mallex/ h)

. Drying method

the moisture content after °C)
drying, and average drying

rate for produced pots at Oven 100

different drying methods 30

50

Greenhouse 36

Room 25

24h 0 0.086
24h 1.28 0.086
36h 3.80 0.057
4 days 7.05 0.021
8 days 11.40 0.010
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Fig. 6 Effect of drying conditions on a moisture content, b weight loss, and ¢ drying rate for CM-S biodegradable pots

In natural drying, the pots dried under greenhouse
condition were more water uptake than those dried
under room condition. The drying in room condition
decreased the water absorption values from 126.56%
to 117.82% compared to that drying in greenhouse
condition. Overall, the water absorption increases as
drying temperature increases, except the drying at
100 °C, whereas drying in the 50 °C oven condition
exhibited the highest water absorption, followed by
drying in the 100 °C oven condition, and then drying
in greenhouse condition and finally drying in room
condition. This maybe refers to that dried samples at
lower temperature have higher moisture content than

@ Springer

those dried at high temperature, which affects nega-
tively on water absorption property. Drying at 100 °C
cracks and breaks surface bonds of samples which
leads to decrease the water absorption property.

Energy consumption and cost analysis

For each drying conditions, the drying capacity,
energy consumption, and costs were different as
shown in Table 5. The oven drying conditions had the
highest drying capacity and highest cost, where the
drying capacity was 144 pot/day at 100, 80 °C drying
temperature with highest total cost at 50 °C drying
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temperature (0.4538 yuan/pot). Drying under green-
house and room conditions had lower drying capaci-
ties and lower total costs compared with oven drying
conditions, it was 25 and 12.5 pot/day and 0.0013 and
0.0146 yuan/pot, respectively. Drying under green-
house condition yielded higher drying capacity and
lower total cost than drying under room condition.
These results could be attributed to the longer dry-
ing time of natural drying. Moreover, the capacity of
oven drying was 144 pot per oven, which is more than
the capacity of natural drying that was 100 pot per
square meter of ground (no shelfs used).

As show in previous results, natural drying con-
ditions exhibited the better performance based on
properties of pots as well as low cost compared to
oven drying conditions. However, they have some

drawbacks, including the effect of weather conditions
and low drying capacity as illustrated in Table 6.

Conclusions

The effect of straw type and ratio to cow manure and
drying methods on physical and mechanical proper-
ties of biodegradable pots were investigated in this
work. Among 4 straw types, rice straw over per-
formed in mechanical properties, whereas rape straw
had the lowest strength properties. Increased straw
ratio from 0 to 10% caused a decrease in pots strength
and higher straw ratio maximized the water absorp-
tion. Decreasing drying temperature caused high
compression and penetration strength. Furthermore,
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Table 5 The drying

Dryi thod T - Dryi Cost, Total cost,
capacities and costs of rying metho tue;{cn%%a ! ;g;cligty ost, yuan otal cost, yuan
different drying conditions ’ pot/day ’ Capital cost ~ Energy cost

Oven 100 144.0 0.0125 0.29 0.3025

80 144.0 0.0125 0.29 0.3025
50 96.0 0.0188 0.44 0.4538

Greenhouse 36 25.0 0.0013 - 0.0013

Room 25 12.5 0.0146 - 0.0146
Table 6 Comparison of different drying conditions Ethical approval  Not applicable.

Item Type of drying process
P ymnep Consent to participate Not applicable.
dryi Natural dryi
Oven drying atural ctymne Consent for publication Not applicable.

Drying capacity High Low
Energy consumption Yes No
Product quality Low High References
Used area Small Large
Weather conditions effect No Yes Abasi S, Mi.naei S (201.4) Effect. of drying temperature on
C Hich L mechanical properties of dried corn. Drying Technol

ost 2 ow 32(7):774-780.  https://doi.org/10.1080/07373937.2013.

845203

natural drying allowed the pots to have high strength
and low water absorption, but the drying time is very
long with low total cost.
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