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Abstract: The annual yield of maize straws is almost exclusively treated by field burning in China. Therefore, exploring the
potential utilization value of maize straws is important to further realize modern agriculture in China. Maize straw-based
organic degradable seedling bowls, formulated with pig manure and biogas slurry as binding agents, can be utilized for planting
seedlings. These seedling bowls serve to supply organic material to the seedlings, thereby aiding in pest prevention and
enhancing soil fertility. The vacuum filter suction forming method was proposed to prepare degradable seedling bowls
according to its characteristics. Using the theory of fluid flow, drag reduction, and pressure drop control, the fluid model of
seedling bowl material in the process of vacuum filtration was established, and the preparation of seedling bowl mold resistance
factors was analyzed. The verification test showed that the pressure change interval and the blowing pressure are important
factors influencing the formation of the wet body of the seedling bowl. This study provides theoretical support and guidance for

the preparation of biodegradable seedling pots.
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1 Introduction

China boasts a substantial annual maize straw yield, reaching
about 300 million tons per year!”.. However, due to the small-scale,
dispersed, and independent nature of agricultural structures in
China, maize straws are primarily disposed of through field burning,
alongside their use as livestock feed*”. Therefore, broadening the
industrial chain by finding the potential utilization value of maize
stalks and realizing the sustainable development of agriculture is a
crucial approach for China to further realize modern agriculture®”.
Biologically generated hydrogen and methane derived from
renewable sources such as biomass, wastewater, and organic wastes
are collectively termed as “biohydrogen™’. Waste and/or
wastewater containing organic pollutants serve as carbon and
energy sources for the microbes used for biohydrogen production".
Biohydrogen can be synthesized through two primary approaches:
photosynthetic (photo-autotrophic and photo-heterotrophic) and
fermentative pathways!""'?. Biohydrogen production involves direct
photolysis, indirect photolysis, photo-fermentation, or dark
fermentation!*'. Each biohydrogen production method presents
distinct advantages and drawbacks. Collectively, biological
strategies for hydrogen production hold significant potential for
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large-scale H, generation, as microorganisms have the ability to
produce hydrogen from abundant and renewable feedstock. This
renders the biological process a competitive alternative to
traditional chemical methods like reforming and gasification for
hydrogen production'”. Agricultural residues, as well as food
wastes and effluents from industrial processes such as sugar
refining, olive processing, and cheese production serve as
appropriate feedstocks for biohydrogen generation processes.
Although traditional plastic seedling raising bowls are cost-
effective, their non-degradable nature poses significant
environmental challenges. Moreover, the lack of biodegradability in
plastic containers hinders healthy seedling root growth, potentially
leading to root rot and damage, consequently impacting crop
survival rates!"’. In dark-fermentation, bacteria thrive on organic
substrates, breaking them down through oxidation to enhance
biomass production and metabolic energy. In anaerobic conditions,
to uphold cellular electrical neutrality, the electrons produced
during substrate oxidation are balanced by reducing protons to H,.
Dark-fermentation processes typically exhibit a rapid H, production
rate and are unaffected by light exposure. When utilizing various
organic wastes as carbon sources, dark fermentative H, production
predominantly results in the generation of acetic and butyric acid,
along with other volatile fatty acids (VFAs), ultimately contributing
to soil enrichment"”". Fortunately, organic degradable seedling
bowls, composed of maize straws as raw material and pig manure
and biogas slurry as adhesive, can solve the above problems. Firstly,
all constituent raw materials are organic and can be planted
alongside seedlings to furnish organic matter and improve soil
fertility. Secondly, due to the loose and porous structure of raw
materials, plant roots can fully absorb water and other nutrients!'"”.
Finally, the utilization of pig biogas slurry as an adhesive in the raw
materials provides a rich source of essential elements required for
plant growth. This not only aids in pest prevention and control but
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also improves soil fertility™*!. The preparation of slurry for
seedling bowls necessitates a specific apparent viscosity. The
complex bridging interactions among fiber molecules in the raw
materials require enhancements in the efficiency of seedling bowl
preparation using traditional processes”**. The degradable seedling
bowl yield achieved through constant pressure adsorption is about
80%, with the total process duration averaging about 70 s. However,
the fiber distribution in the resultant seedling bowl is uneven,
highlighting the need to strengthen its mechanical integrity™.

The fluid model of the raw material serves as a fundamental
component in the vacuum filtration forming method for preparing
degradable seedling bowls. This study aimed to utilize data derived
from the analysis of raw material flow characteristics during the
preparation process of seedling raising bowls to establish a pertinent
fluid model. Numerical simulations were conducted to analyze the
factors influencing mold resistance and propose necessary
modifications. Finally, several key indices affecting the seedling
bowl system in the preparation process were identified.

2 Materials and methods

2.1 Properties of porous media

The main medium components in the seedling bowl consist of
multiple phases, including liquid phase, gas phase, and solid
phase®. Due to the existence of solid phase, the whole seedling
bowl forms a porous structure, with the gas phase and liquid phases
occupying these voids. Some parameters require definition before
establishing the model.
2.1.1 Porosity

The porosity index reflects the pore structure characteristics of
the material, it can be expressed as:

AV,
AV M

where, e represents void ratio; AV is the volume of skeleton in

e =lim

porous media, with dimension in L°.
2.1.2  Specific surface area

The specific surface area of the porous media is the total
surface area of all particles within the porous media volume:

AA,
a=— 2

where, a is specific surface area, L''; AA, denotes the total surface

area of all particles in volume AV, with dimension in L.
2.1.3 Curvature
The curvature degree is a measure of the bending degree of the
capillary channel and is defined as the square of the ratio of the
sample length to the total length of liquid motion.
L 2
() @)
where, T represents the curvature of porous media; L, is the length
of the fluid variable, mm; L denotes the sample length, mm.
Obviously, 0<z<l, the higher the bending degree, the smaller the
value of 7.
2.2 Properties of fluids
2.2.1 Density of fluids
Density refers to the quantity of material present in a unit
volume:
M

b= 4)

where, p is the density of the liquid, kg/m3;, M represents the mass
of the substance contained in the fluid of volume 7, kg.

2.2.2  Unit weight
The relationship between the gravity and the density of the
fluid:
y=p8 )
where, y signifies the unit weight, kg; g denotes the acceleration of
gravity, which is 9.8 m/s%.

2.2.3  Viscosity of fluids
Derived from Newton’s law of internal friction:

T=ﬂd*y (6)

where, 7 denotes shear stress, Pa; % represents the shear
deformation rate of the fluid, s'; u denotes the dynamic viscosity of
the fluid, Pa-s.
2.3 Establishment of fluid model in vacuum filtration molding
2.3.1 The mixture flow of straw, pig manure, and biogas slurry

In the presence of an air pressure differential generated by the
pneumatic device, the raw material undergoes filtration to separate
the filtrate through the filter net and mold. Assuming a filter with a
complex cross-sectional shape characterized by porosity £(%) and
its specific surface area a, the whole flow distance is set to long
pipe of length L. The pipe diameter is calculated from the porosity
and the specific surface area of the straw fiber®. The formula for
the flow rate of the filtrate during the molding process is obtained as

1 3 AP,
wm g (85) )

Za*(1-¢g) \ puL
where, Z represents the proportional constant, which is related to the
fiber quality of the straw in the raw material and can be measured

follows:

experimentally. In fact, the speed of the filtrate during the suction
filtration process is not constant, and the resistance increases as the
thickness of the molding increases, resulting in a gradual decrease
in its velocity.

The speed at any moment is as follows:

. dv_1373<APL) ®)

T Adt Za(1-g) \ uL

The formula above illustrates that the key factors affecting the
molding speed during the molding process are mainly the pressure
difference on both sides of the model, the thickness of the filter
screen, the dynamic viscosity of the raw material, and the
physicochemical characteristics of the straw fiber. The resistance
formula of the filtrate can be further deduced from the above
process.

2.3.2 Resistance of mixture of straw and pig manure biogas during
filtration molding

In the above formula, given that the raw material ratio remains
constant, it can be considered that € is a constant, and the fiber
shape and size of maize stalk are substantially the same, so a is a

constant.

83

- -M . . .
If Za(1-c) , as the coefficient of permeation layer, it
can reflect the characteristics of the fiber in maize stalk. Generally,

1
the value of Zis 5. If y = u’ we have the following equations:

1 5a*(1-¢)’
= ©)
P>
The aforementioned formula indicates that a smaller value of ¢
corresponds to a finer and denser final product, resulting in
increased resistance to the flow of raw materials.
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2.3.3 Establishment of filtration equation
Assuming that the net volume of seedling bowl is » m® of 1 m’

raw material, the relationship between thickness and ¥ can be

expressed as follows:

_nV

L
A

(10)

In practical applications, consideration should be given to the
thickness of the filter screen and the mold. The correction formula
for the filtrate velocity under these circumstances is as follows:

dV. AP,
Adt ~ UR,

(11)

where, AP, represents the pressure difference provided by the
pneumatic device, Pa; while uR, is the medium resistance, Pa.
Given that the nursery area is equivalent to the filter screen area, the
filtration velocity is calculated as follows:
dVv _Ap,+Ap.  Ap
Adt ~ u(R,+R)  uR,+R)

(12)

where, Ap,, + Ap. represents the total pressure drop on both sides of
the filter, Pa. If the thickness of the seedling bowl is L., m; then:

PL. =R, (13)
Thereupon:
av Ap Ap

a = 14
Adt (R, +R) i (yL, +RL) (1

If the liquid volume of the raw material needed to form a
seedling bowl with thickness of L, is V,, then
nv,

: 15
- (15)

where, V, is the equivalent filtrate volume of the filter medium, L°.

L=

Thereupon:
dv_ A’Ap

dr— pyn(V+V,) (16)

Therefore, the relationship between resistance, pressure, and
velocity is obtained.

3 Results and discussion

The relationship between pressure, resistance, and velocity
reveals that the resistance encountered during the adsorption
molding of the seedling bowl emanates from abrupt changes in the
suction hole section, the length of the suction hole, and the quality
of hole processing. To comprehensively elucidate the impact of
various influencing factors on mold formation, it is imperative to
develop a model that delineates the interaction between the mold
and the seedling bowl.

3.1 Problem description of the parameters of forming die

To mitigate mold resistance losses, strategies such as reducing
the length of the suction hole, minimizing structural alterations in
the suction section, and substituting high-quality suction holes with
alternative methods can be implemented™. In the finite element
analysis conducted in this study, enhancements were made to the
varying angles of the suction hole and conical hole to alleviate the
abrupt changes in the weakening suction hole section. The impact of
suction hole quality on pressure loss was examined by altering the
surface roughness of the suction hole, while the effect of hole length
on pressure loss was investigated by modifying between long and
short holes.

The roughness of the subject during processing is 6.3. The ideal
smooth model, chamfer model, and tapered hole model have a hole

length of 0.02 m. Its aspect ratio is 10, which is greater than 4.
Conversely, the short hole model has a suction hole length of
0.005 m, accompanied by an aspect ratio of 2.5, which is less than 4.

The geometric dimensions are as follows: the pressure flow
hole measures 0.020 m in length and 0.022 m in height; the radius
hole of ideal model and rough model is 0.004 m. In the ideal model,
a chamfer of 0.0004 m is incorporated post-machining, while all
other dimensions remain consistent with the rough model. The
conical pore model features a pressure outflow hole diameter of
0.003 m and a pressure inlet hole diameter of 0.0065 m.

The analysis region models for each model are illustrated as
follows (Figures 1-4):

T LT I I B | LI

Figure I Smooth and added roughness model (main view)

™

Figure 2 Smooth and added roughness model (top view)

£
Figure 3 Chamfer model
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Figure 4 Conical hole model

In this study, FLOTRAN (Ansys, America) was used to make
corresponding modeling and analysis. The computer simulation
model constructed encompasses numerous suction holes in the
convex die. The mesh division of the suction filter convex die and
structures such as the material box are shown in Figure 5. The
pressure-based solver was selected for solution. Given the transient
nature of the observed state, the time setting is configured to an
unsteady state, with results presented in the form of apparent
velocity. The viscous model is initiated to account for fluid
viscosity effects. The operational sequence entails: Pressure Based -
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Unsteady - Superficial Velocity - Viscous Model. In the component
model, the component transport model is chosen, while the mixture
material adopts the mixed mode. The specific operational sequence
comprises: Species Model - Species Transport - Mixture Material -
Mixture Template. In the material control panel, the material type is
defined as a mixed fluid with the specific steps of Materials -
Mixture. The liquid flow exhibited laminar characteristics, with a
pressure difference of 5 N between the inlet and outlet. All wall
surfaces were assigned no-slip boundary conditions. The fluid
behavior was assumed to be incompressible, with the average
density of the mixture set at 1.005x10° kg/m’, with a viscosity of
0.002 Pa-s.

VA ¢
Figure 5 Meshing of the suction filter forming mold model

Initially, maize straws were utilized as raw material to fabricate
the seedling bowl. The apparent viscosity, cellulose composition,
and rheological properties of the raw materials were determined.
Subsequently, the impact of slurry suction time on the formation of
the green body of the seedling bowl was investigated™. To assess
the accuracy and effectiveness of the model, the simulation results
were compared with the previous test results, as outlined in Table 1.
Analysis of the table reveals a minimal error between the
experimental results and simulated values, falling within a narrow
margin of 2.2%. This alignment signifies that the four models
closely adhere to the experimental conditions. Therefore, the
subsequent results are based on these four models.

Table 1 Numerical simulation and experimental results under
different models

Flow/ Pressure/Pa
Model S T - : -
m*h” Sjmulation value Experimental result Relative error
' 5.0 10.64 10.75 1.03%
Ordinary smooth ¢ 20.02 20.39 1.85%
mold
10.0 32.78 33.22 1.34%
5.0 1127 11.48 1.86%
Common rough ; 5 21.65 22.12 2.17%
mold
10.0 36.78 37.04 0.71%
5.0 12.78 12.99 1.64%
Chamfer smooth — 5 22.68 22.85 0.75%
mold
10.0 37.64 37.88 0.64%
' 5.0 13.06 13.25 1.45%
Conical hole ¢ 23.76 24.01 1.05%
mold
10.0 39.02 39.24 0.56%

3.2 Analysis of factors affecting resistance of seedling bowl
during adsorption molding

When the viscous fluid flows along a fixed boundary, the fluid
can exhibit an arbitrary motion state. Since the flow velocity is zero
at the mixture boundary, the upward velocity gradient of the

boundary surface method is non-zero, leading to the presence of
shear force on the boundary surface”'*?. The action of shear forces
on the mixture results in the dissipation of energy outwardly in the
form of heat energy, necessitating additional energy input to uphold
operational efficiency and the shaping quality of the seedling bowl.

In accordance with resistance theory, the size of vortices is
dictated by the Reynolds number, whereas the vortex size is
influenced by the relative roughness”®’. The escalation in the rate of
drag reduction for smoother surfaces is attributed to the
augmentation of local vortex size induced by the boundary of the
mixed liquid, which enlarges with an increase in the relative
roughness rate while maintaining a constant Reynolds number. The
variation in the drag reduction rate for smoother surfaces ranges
notably between 0.045 and 4.300 under different relative roughness.
The influence of smoothness on the resistance coefficient in the
inner flow of the mixture is obvious. Drag reduction prioritizes
smooth drag reduction followed by viscous drag reduction. It is
imperative to enhance the surface quality of both the back cavity
and suction surface of the mold, thereby minimizing resistance in
the adsorption molding process and enhancing production
efficiency. To ensure surface roughness accuracy remains below
7.5, the diameter of the drill hole must not exceed 15 mm in this
study.
3.3 Analysis of finite volume results

The provided images depict the output results following finite
element analysis. The velocity and pressure change graphs illustrate
speed and pressure values, respectively, measured in international
units. The horizontal coordinates represent the relative positions of
the points along the suction aperture near the inlet of the suction
holes in each model.
3.3.1 Analysis results of ideal smooth suction hole model

The axial pressure change trend chart of the suction hole
reveals that the primary pressure loss region occurs in the suction
section, where the loss value significantly exceeds that of the
surrounding areas of the suction hole (Figure 6). Therefore,
modifying the design of the mold suction hole exerts a considerable
impact on the pressure resistance of the mold, aligning with the
theoretical model as discussed earlier. Additionally, examination of
the velocity contour map indicates the formation of a vortex at the
suction hole outlet, contributing to localized pressure losses.

Velccity vector 1
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0.000025 0.000075

Figure 6 Exit velocity diagram

3.3.2  Analysis results of adding roughness model

Figure 7 shows the velocity diagram of the holes in the model
after adding roughness. From this figure, the vertical coordinates
indicate the velocity of the holes in the roughness model. A
comparison with the model under ideal conditions reveals a notable
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decrease in the speed of each point, accompanied by a
corresponding reduction in speed differentials. As the roughness
value increases, the inherent resistance of the mold to the mixed
liquid intensifies, leading to elevated fluid pressures within. Hence,
it is imperative to enhance processing accuracy to improve the

surface quality.

Pressure plane 1
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Figure 7 Vertical profile pressure nephogram

3.3.3 Results of chamfer model analysis

The pressure difference of the chamfer model was 28%-35%
lower than that of the mold without casting chamfering. This
practice ensures template uniformity, enhances fluid velocity,
accelerates filtrate precipitation, reduces internal mixture losses, and
notably diminishes vortex intensity and range at the hole’s inlet and
outlet (Figure 8).

Velccity streamline 1
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Figure 8 Cross-sectional flow pattern

3.3.4 Analysis result of tapered hole model

Compared with the inlet and outlet of equal diameter, the
pressure of the conical hole model was gradually increased at the
hole entrance. This effect mitigated the hindrance of the mold on
the mixture, augmented fluid kinetic energy, and potentially
increased speed between the two holes by approximately 50%.
However, the results showed that the method could reduce the
uniformity of the seedling growing bowl, rendering it an inadvisable
strategy (Figure 9).

Finally, by shortening the length of the suction hole,
minimizing abrupt changes in the suction hole section, and
enhancing the processing quality of the suction hole, it is feasible to
mitigate the pressure loss attributable to the mold itself and alleviate

the inherent resistance posed by the mold.
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Figure 9 Lumen density map

3.4 Analysis results of constant pressure adsorption

In the simulation of pot-making by constant pressure
adsorption, the velocity nephograms at 5 s, 10's, 15 s, and 20 s were
selected, as shown in Figure 10.

During the constant pressure adsorption process, the designated
negative pressure value must meet the requisite pressure to enhance
the resistance of the wet billet in the subsequent stages. Thus, in the
initial stage of adsorption forming, there is a higher material-liquid
flow rate within the bin. As the wet billet attains a certain thickness,
the resistance of the wet billet significantly escalates, thereby
impeding material-liquid flow within the bin and affecting the wet
billet in the seedling raising bowl. Consequently, the precipitation
rate decreases. The precipitation rate of seedling raising bowl
decreases compared with the initial rate at 10 s and remains stable
during 10-15 s. This indicates that during the first 10 s of
adsorption, larger fibers are first lapped and formed, leading to a
continuous increase in the thickness of the porous medium of the
wet billet. During this period, the resistance of the wet billet
increases gradually due to the filling of smaller fibers, resulting in a
weakened force of the material liquid and a subsequent decrease in
flow rate. In the previous experiment of preparing the seedling bowl
with constant pressure, the precipitation rate of the wet billet was
faster in the early stage of adsorption, yet the rate of increase in the
wet billet thickness diminished swiftly. However, during this
period, the thickness of the wet billet did not reach the required
thickness. Subsequently, at a lower speed, the wet billet thickness
exhibited gradual augmentation and required approximately 40 s to
attain the specified thickness, with the outer layer retaining
moisture. Following the drying of the wet billet, distinct
characteristics are observed: the initial wet billet layer appears
rough, the middle layer is fine, and the outer layer exhibits larger
voids. This observation suggests that the adsorption force of fibers
fluctuates during the wet billet formation process, indicating a
staged decrease in material-liquid velocity, which is consistent with
the simulation results.

3.5 Verification experiments
3.5.1 Trial production of degradable seedling bowl

To validate the conclusions drawn in the preceding section, a
small-scale production of seedling raising bowls was conducted
following the outlined manufacturing process, and the key
characteristics were analyzed. Four sets of molds for the seedling
raising bowl were fabricated, including an ordinary smooth mold,
an ordinary rough mold, a chamfer smooth mold, and a conical hole
mold. All other factors remained constant except for the specified
parameter variations in the four molds. Each group of molds was
used to produce 100 groups of seedling bowls, with a pressure
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sensor integrated to measure the mold pressure throughout the bowl-
making process. The influence of smoothness degree, chamfering,
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a. Velocity of the constant pressure adsorption model at 5 s
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c. Velocity of the constant pressure adsorption model at 15 s

and conical hole on the pressure of mold in the process of
production were systematically analyzed.
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d. Velocity of the constant pressure adsorption model at 20 s

Figure 10 The velocity nephogram during constant pressure adsorption

3.5.2 Test indicators

In the process of preparing the seedling bowl, the
manufacturing parameters of the mold can play a key role in the
extrusion resistance and water retention ability, thereby exerting a
decisive role in the seedling growth. Therefore, the test factors are
the smoothness, chamfer, and conical hole of the mold.

1) Smoothness: the smooth mold and the ordinary rough mold
were used to produce seedlings, respectively, and the pressure
inside the internal mold pressures were compared during
production.

2) Chamfer: the ordinary smooth mold and the smooth
chamfering mold were used to produce seedling bowls,
respectively, and the internal mold pressures were compared
between the two during production.

3) Conical hole: the common smooth mold and the conical hole
mold were used to produce seedling bowls, and the internal mold
pressures were compared.

3.5.3 Test equipment

All tests were carried out on the basis of pneumatic test bench,
comprising experimental benches, working pump stations,
pneumatic components, electrical control units, sensor units, and so
on. The specific dimensions of the test bench are as follows:
lengthxwidthxheight=1700 mmx590 mmx1900 mm, with an
approximate weight of 170 kg. The pump (Agilent Technologies
Inc., China) operates on an input voltage of AC 220 V/50 Hz,
features a motor power of 125 W, a rated output pressure of
0.8 MPa, and an air pump volume of 10 L. The programmable logic
controller (PLC) utilized the Japan Omron series (Omron, Japan),
featuring 20 I/O ports with relay output configuration. The supply
voltage is AC 220 V/50 Hz, while the control voltage is DC 24 V,

offering manual, automatic, sequential, and additional control

functionalities. The molds for seedling preparation were integrated
into the pneumatic system configuration. The raw materials
comprised a mixture of maize stalks and pig manure slurry,
specifically tailored for the cold regions of northeastern areas, and
were thoroughly stirred.
3.5.4 Test results and analysis

The pressure was adjusted to 1-4 T, and the number of
revolutions of the hydraulic mold driven by the motor was 500-
2000 r/min. Subsequently, the crop stalk mixed with adhesive was
placed in the mold to make the mash. The test results are shown in
Table 2. The single molding rate of a smooth ordinary mold reached
80.2%, while that of the ordinary molds was only 75.4%. The single
molding rates of chamfering molds and tapered hole molds were
84% and 92%, respectively.

Table 2 Four mold forming results

Primary  Relative mean Pressure breakage rate/%
Model .
molding rate/% pressure/Pa  20kg 40kg 60 kg
Ordinary smooth mold 80.2 80-85 3.92 6.14 1590
Common rough mold 75.4 100 4.55 7.20  47.20
Chamfer smooth mold 84.0 65-82 3.56 592 17.50
Conical hole mold 92.0 50 2.33 432 10.10

Upon reaching a bearing capacity of 20 kg, the breakage rate of
all four seedling raising bowls was less than 5.0%. However, as the
load was raised to 60 kg, the breakage rate of ordinary smooth
mold, smooth chamfering mold, conical hole mold, and ordinary
rough mold were 15.9%, 17.5%, 17.5%, and 17.5%, respectively.
There were significant differences among different molds. Li has
developed a new type of rice seedling carrier termed the rice straw
seedling tray®!. The study substituted the modified starch-based
adhesive with a thermosetting adhesive binder, thereby reducing
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preparation constraints such as forming pressure, forming
temperature, and dwell time. Utilizing anaerobic fermentation
biogas slurry derived from pig manure and maize straw as raw
materials for seedling bowl production, the process demonstrated
enhanced simplicity and operational ease. These findings offer
valuable insights for future research endeavors and potential
industrial applications in the realm of seedling raising bowls.
Related research found that a seedling tray made of straw and
manure was completely degraded over 40 days, with an observed
enhancement in the degradation rate of straw™’**. Additionally, the
seedling bowl prepared by this study

degradation characteristics. Future investigations will focus on

exhibited favorable

evaluating alterations in parameters such as water immersion
capacity, permeability, and air permeability.

4 Conclusions

By implementing a rational design for the hydraulic mold of the
straw seedling bowl-making machine, this study successfully
addressed issues prevalent in existing synthetic straw seedling bowl
production, including excessive mold hydraulic pressure, subpar
forming outcomes, and susceptibility to formation failures.
Concurrently, enhancements were made to the mold structure,
thereby bolstering the strength of the straw seedling bowl,
optimizing the mold’s technological process, improving the single
forming rate, and reducing production costs. The moisture content
of the wet billet decreases with the increase of the adsorption
pressure gradient and increases with the increase of the pressure
change interval. Excessive or inadequate blowing pressure hinders
the demolding process of the wet billet, with an optimal blowing
pressure of 250 kPa facilitating a smoother blowing operation.
These findings underscore the significance of pressure change
interval timing and blowing pressure as critical factors influencing
the wet billet formation in seedling bowl production.
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