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Abstract 

Manufacturers have been compelled to improve soybean meal, a vital protein source for global 

human and animal nutrition, due to continuous advancements in product quality and cost 

reduction. The utilization of fluidized bed dryers (FBD) has gained significant popularity in the 

drying of diverse products, primarily due to their numerous benefits. These advantages 

encompass efficient gas-solid contact resulting in a high drying rate, exceptional thermal 

efficiency, and relatively economical operational costs, among others. The primary focus of our 

investigation was to experimentally investigate the drying of soybean meal using a fluidized bed 

dryer. The height of fluidization during fluidized bed drying of soybean was thoroughly 

examined in this comprehensive study, focusing on the influence of mass flow rate, number of 

holes in the perforated sheet, and air entry speed. An electric heater was employed as the heating 

medium. The results clearly indicate that the fluidized bed height exhibited an upward trend as 

the inlet Us (air entry speed) increased, while the height of fluidization decreased at lower inlet 

Us values. When the mass flow rate was decreased, the corresponding bed height increased, 

whereas a higher mass flow rate led to a decrease in bed height. Furthermore, an increase in the 

quantity of holes present in the perforated plate leads to a reduction in the height of fluidization. 

Keywords Fluidized Bed Dryer, Soybean, Hot Air Inlet Velocity, Height of Fluidization, Mass 

Flow Rate, Perforated Sheet.  

Introduction 

Soybean (Glycine max (L.) Merril) has been widely recognized as an affordable protein source, 

suitable for both human and animal consumption, particularly due to its high yield capacity and 

low harvest cost.
1
 At the time of harvest, soybean typically contains a moisture content ranging 
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from 25 % to 33 % on a db.
2
 To ensure the grain's quality during storage, it is crucial to rapidly 

reduce its moisture content. Lowering the moisture content to around 14 % on a dry basis is 

essential to prevent microbial spoilage and respiratory activity in the legume, facilitating an 

extended storage period.
3
 Furthermore, raw soybean is unsuitable for direct human consumption 

due to the presence of adverse nutritional elements such as proteases.
4
 However, the application 

of rapid heat treatment can reduce the levels of these anti-nutritional substances while preserving 

the protein content of the legume, provided the heat treatment is carefully controlled.
5
 

Fluidized bed drying (FBD) is an increasingly acknowledged rapid drying technique in the grain 

processing sector.
6
 It is characterized by high temperatures and short treatment durations, 

allowing for efficient moisture removal. This method capitalizes on the fluidization of the 

product, which enhances the contact area between the air and the product, and utilizes high 

airspeeds and elevated temperatures.
7
 The utilization of a fluidized bed dryer (FBD) leads to a 

notable increase in the contact area between the air and the product being dried, surpassing what 

can be achieved in static bed drying methods. This enhanced air-to-product contact area is a 

distinctive advantage offered by the fluidized bed drying technique.
8
 

In their research, R. Martín Torrez Irigoyen and Sergio A. Giner investigated the pressure drop 

of air passing through fixed and fluidized beds of soybeans, with a focus on the superficial air 

velocity.
9
 Their objective was to determine the coefficients of the Ergun equation and identify 

the minimum fluidization velocity (Umf) for each sample. The authors emphasized the crucial 

need for automatic control of the fluidization velocity in this process. They highlighted that an 

uncontrolled process, coupled with the reduction in pressure drop caused by bed drying, could 

lead to the fan increasing the airflow. This scenario could result in excessive energy consumption 

to maintain a constant air temperature and the risk of undesired pneumatic transport leading to 

solids losses.
10,11

 

In a comprehensive investigation carried out by Fernanda Ribeiro Gaspar Branco da Silva, both 

experimental and computational approaches were employed to study the drying of soybean meal 

within a fluidized bed dryer. The primary objective was to determine the drying kinetics of 

soybean and evaluate how temperature, drying agent speed, and bed height affect the fluidized 

bed drying process. Remarkably, the numerical simulations conducted by the researcher 

exhibited an exceptional level of agreement when compared to the experimental data. This 

striking outcome serves as strong evidence that the mathematical model utilized by the 
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researcher effectively captures the intricate fluid dynamics and drying behavior of soybean 

within a fluidized bed. The successful application of Computational Fluid Dynamics in this study 

not only emphasizes its potential in the field of fluidized bed drying but also underscores its 

capability to enhance our understanding of complex drying processes.
12

 

Mohsen Ranjbaran and Dariush Zare conducted a comprehensive study on the drying 

characteristics of soybean using a combined hot air-microwave drying method. The investigation 

involved five different microwave power densities (0.89, 1.6, 3.2, 4.3, and 5.3 W/g) and four 

levels of air temperatures (30, 40, 50, and 60 °C).
13

 The researchers meticulously analyzed and 

interpreted the results, specifically focusing on the impact of inlet air temperature, microwave 

power density, bed thickness, and air velocity (Us) on the effectiveness and limitations of the 

drying process.
14

 

With the objective of gaining a deeper understanding of the microwave-assisted fluidized bed 

drying process and generating practical insights for enhancement, M. Ranjbaran and D. Zare 

conducted a comprehensive investigation. They employed a previously validated mathematical 

model to simulate and analyze the performance of microwave-assisted fluidized bed drying of 

soybeans. The study encompassed an energy and exergy analysis under various drying 

conditions. By simulating and examining the effects of inlet air temperature, microwave power 

density, bed thickness, and inlet air velocity, they assessed the efficiency and inefficiency of the 

drying process.
15

 

Samira Afrakhteh and Esfandiar Frahmandfar conducted a study analyzing the effects of various 

independent variables in moving-bed dryers on the quality of soybean seeds, utilizing data from 

the Seed and Plant Certification and Registration Institute in Iran.
16

 Marcela L. Martínez, María 

A. Marín, and Pablo D. Ribotta conducted research focused on improving the drying process and 

inactivating heat-labile inhibitors in soybean, leading to reduced treatment time and losses. They 

also designed a fluidized bed dryer for this purpose.
17

 Suherman Suherman, Slamet Priyanto, and 

Ratnawati utilized a simulator fluid bed drying method to investigate the drying kinetics of 

individual soybean particles. Through experiments involving different air temperatures, bed 

masses, and superficial air velocities, they designed a simulated continuous fluidized bed dryer 

for soybean, capable of handling 500 kgh
-1

 of seeds using the scale-up method.
18

 

The impact of air temperature and velocity on the drying kinetics and specific energy 

consumption in the fluidized bed drying of soybean was examined by H. Darvishi, M. H. 
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Khoshtaghaza, and S. Minaei.
19

 The study encompassed different temperatures and airflow rates, 

and six mathematical models were explored to characterize the behavior of fluidized bed drying. 

The findings revealed that a decrease in the energy of activation corresponded to an increase in 

the drying rate. Additionally, the researchers identified the minimum and maximum specific 

energy requirements for the soybean drying process.
20

 

H. Darvishi, Md. H. Khoshtaghaza, and S. Minaei conducted a study to examine the impact of air 

temperature and air velocity on the drying characteristics of soybean kernels using a fluidized 

bed drying method. The study focused on evaluating the drying qualities, including cracking, 

bulk density, shrinkage, and rehydration. The researchers successfully established regression 

equations that could be utilized to estimate the quality parameters based on the drying 

variables.
21,22

 

Based on the aforementioned study, it was discovered that fluidized bed drying is widely 

employed in the food and chemical processing industries due to its ability to achieve high heat 

and mass transfer coefficients, resulting in high-quality dried products. When air passes through 

a bed of Soybeans supported by a perforated plate, the frictional drag generated leads to a 

pressure drop across the bed. As the air velocity and bed size increase, the drag and pressure 

drop also increase. This causes the particles to behave like a fluid, a phenomenon known as 

fluidization. The incipient fluidization velocity (Us) marks the point at which fluidization first 

occurs and is utilized to attain optimal outcomes. 

Experimental Setup 

For experimental purposes, a fluidized bed dryer has been designed, incorporating various 

components. It includes a single-phase electric motor rated at 1 kW and operating at 900 rpm, a 

centrifugal fan with four heating coils, each rated at 1 kW. A schematic sketch of the fluidized 

bed dryer is shown in the Figure 2.1. Additionally, the setup consists of a fluidized bed and a 

perforated sheet. The fluidization chamber is equipped with both an inlet and an outlet 

specifically designed for soybean. Furthermore, a duct has been installed connecting the top of 

the fluidization chamber to the centrifugal fan, enabling the expulsion of hot air from the 

chamber. Detailed specifications of the fluidized bed and the perforated plate can be found in 

Table 2.1. 
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Table 2.1 Specifications of Fluidization Bed 

Sr. Nos. Specifications Values 

1 Lb (m) 0.41 

2 Wb (m) 0.084 

3 Hb (m) 0.27 

4 nh 1096, 1824, 3348 

5 Thpp (mm) 0.55 

6 dh (mm) 2 

7 App (mm)2 0.03 

 

 

 

Figure 2.1 Schematic sketch of a fluidized bed dryer 

Materials and methods 

The soybean seeds were acquired from a local market and subsequently soaked in water for a 

duration of 24 hours. Afterward, a 1 kg sample of the soybean seeds was placed inside a 

refrigerator set at a temperature range of 6-7 ºC. This step was carried out for a period of 5-7 

days to allow the seeds to reach equilibrium. Once the equilibrium was achieved, the sample was 

carefully packed inside a sealed plastic bag. Subsequently, the sample was left at room 

temperature for a minimum of 24 hours prior to conducting the experiment. 



An experimental investigation of soybean fluidization height in a fluidized bed dryer  

    Section A-Research paper 

 

2201 

Eur. Chem. Bull. 2023,12(10), 2196-2213 

 

A 1 kg batch of soybean samples was subjected to the drying process in a fluidized bed dryer. 

The drying operation took place within a rectangular fluidization chamber, measuring 0.41 m in 

length and 0.084 m in width. To facilitate the drying, a blower was utilized to deliver hot air, 

which passed through a perforated plate or grid where the soybean seeds were positioned. The 

grain temperature was monitored using a probe-type thermometer, while the velocity of the air 

was measured using a digital anemometer. During the drying process, the soybean seeds dried 

uniformly above the perforated plate, and their behavior resembled that of a fluid. Following the 

drying process, the dried soybean seeds were allowed to cool down to room temperature. 

Properties and conditions of soybean as well as hot air are mentioned in the Table 3.1.  

Table 3.1 Soybean and hot air properties and conditions
12

 

S. No. Parameter Value 

1 ρ
s 
(kgm

-3

) 1106 

2 ρ
a
(kgm

-3

) 1.234 

3 d
s 
(mm) 5 to 8 

4 U
mf

 (ms-1) 1.5 to 3.0 

5 ms (kg) 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 

6 Ua (ms-1) 4.5, 5.9, 6.7, 7.7 

 

Results & discussion 

The aim of this investigation was to determine the fluidization characteristics of soybean using 

an experimental setup. Different mass flow rates of soybean, ranging from 0.5 to 2 kgmin
-1

, were 

introduced into the bed. For each mass flow rate, the initial bed height (h1) was measured. With a 

fixed inlet air velocity of 4.5 ms
-1

, the blower was activated, leading to fluidization within the 

bed. The final bed height was measured after the fluidization process. To ensure accuracy, the 

experiment was repeated five times for each mass flow rate, resulting in five values of the final 

bed height. The average of these values was considered as the final bed height (h2). By 

subtracting the initial bed height from the final bed height, the height of fluidization (hF) for each 

mass flow rate of soybean was determined. 

The aforementioned process was repeated for three additional inlet air velocities: 5.9, 6.7 and 7.7 

ms
-1

, using the same mass flow rates of soybean. The heights of fluidizations were calculated for 
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each combination of mass flow rate and inlet air velocity. Notable observations from the 

experiments were compiled and organized in Table 4.1.  

Table 4.1 Experimental observations of bed characteristics for various inlet air velocities 

 

For Ua = 4.5 ms
-1

 

ms (kg) 0.5 0.75 1 1.25 1.5 1.75 2 

h1 (cm) 1.6 2.7 3.7 4.8 5.9 6.9 8 

h2  (cm) 3.3 4.3 5.1 6.1 7 7.9 8.9 

hF = h2-h1 (cm) 1.7 1.6 1.4 1.3 1.1 1 0.9 

 
For Ua = 5.9 ms

-1
 

ms (kg) 0.5 0.75 1 1.25 1.5 1.75 2 

h1 (cm) 1.6 2.7 3.7 4.8 5.9 6.9 8 

h2  (cm) 4.4 5.4 6.2 7.2 8.1 9 10 

hF = h2-h1 (cm) 2.8 2.7 2.5 2.4 2.2 2.1 2 

 
For Ua = 6.7 ms

-1
 

ms (kg) 0.5 0.75 1 1.25 1.5 1.75 2 

h1 (cm) 1.6 2.7 3.7 4.8 5.9 6.9 8 

h2  (cm) 5.3 6.2 7.1 8.1 8.9 9.8 10.7 

hF = h2-h1 (cm) 3.7 3.5 3.4 3.3 3 2.9 2.7 

 
For Ua = 7.7 ms

-1
 

ms (kg) 0.5 0.75 1 1.25 1.5 1.75 2 

h1 (cm) 1.6 2.7 3.7 4.8 5.9 6.9 8 

h2  (cm) 6 7 7.8 8.8 9.8 10.6 11.6 

hF = h2-h1 (cm) 4.4 4.3 4.1 4 3.9 3.7 3.6 

 

The relationship between height of fluidization and mass flow rates of soybean for four different 

inlet air velocities is illustrated in Figure 4.1. The curves plotted in the figure represent this 

behavior, with the black curve depicting fluidization at an inlet air velocity of 4.5 ms
-1

, while the 

red, blue and green curves represent 5.9, 6.7 and 7.7 ms
-1 

inlet air velocities, respectively. It can 

be observed from all four curves that an increase in the mass flow rate of soybean in the bed 

leads to a decrease in height of fluidization. Additionally, a closer examination reveals that a 

small increase of 0.25 kg in the mass flow rate of soybean results in a minimal reduction of 
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height of fluidization, typically in the range of 1 to 2 mm. On the other hand, a larger increment 

of 1.5 kg in the mass flow rate of soybean leads to a more significant decrease in height of 

fluidization, typically ranging from 8 to 10 mm. 

When the mass flow rate of soybean in the bed exceeded 2 kg, a distinct behavior of fluidization 

was observed. While fluidization of soybeans was effective in the central region of the bed, it 

was significantly lower in both corners. As a result, the fluidization achieved was not deemed 

uniform throughout the bed. 

 

Figure 4.1 Variation of height of fluidization Vs mass flow rate with respect to four different hot air inlet 

velocities 

Figure 4.2 illustrates the relationship between height of fluidization and inlet air velocity for 

seven different mass flow rates of soybean: 0.5, 0.75, 1, 1.25, 1.5, 1.75 and 2 kgmin
-1

. The black 

curve represents the 0.5 kgmin
-1 

mass flow rate, while the red, blue, green, purple, brown and sky 

blue curves represent the 0.75, 1, 1.25, 1.5, 1.75 and 2 kgmin
-1

 mass flow rates. All the curves 

demonstrate a noticeable decrease in height of fluidization as the inlet air velocity decreases. 

At an inlet air velocity of 7.7 m/s, the heights of fluidizations are relatively high, measuring 4.4 

and 4.3 cm for the black and red curves, respectively. However, as the inlet air velocity decreases 

to 4.5 ms
-1

, the heights of fluidizations substantially decrease to 1.7 and 1.6 cm for the respective 
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curves. It is evident that achieving a significant and uniform height of fluidization in the bed is 

challenging at inlet air velocities below 4.5 m/s. 

 

Figure 4.2 Variation of height of fluidization Vs hot air inlet velocity with respect to seven different mass flow 

rates 

Figures 4.3 and 4.4 depict the relationship between height of fluidization and hot air inlet 

velocity for soybean at mass flow rates of 0.5 and 0.75 kgmin
-1

 respectively. The graphs indicate 

that an increase in hot air inlet velocity leads to a corresponding increase in height of 

fluidization. Figure also displays three distinct curves, each representing a different number of 

holes in the perforated sheets. As the number of holes in the perforated sheet increases, the 

height of fluidization decreases. Increasing the number of holes in the perforated plate leads to a 

reduction in hole diameter and open area. Consequently, the resulting heights of fluidizations 

decrease. Conversely, decreasing the number of holes in the perforated plate causes an increase 

in hole diameter while decreasing the open area. As a result, the attained heights of fluidizations 

increase. It is not advisable to use a perforated plate with hole diameters below 1 mm since it 

does not provide significant fluidization. On the other hand, hole diameters above 3 mm result in 

the expulsion of soybean seeds by the airflow, without achieving any substantial fluidization. 
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Figure 4.3 Variation of height of fluidization Vs hot air inlet velocity with respect to number of holes in 

perforated plate at a fixed mass flow rate of 0.5 kgmin
-1

 

 

Figure 4.4 Variation of height of fluidization Vs hot air inlet velocity with respect to number of holes in 

perforated plate at a fixed mass flow rate of 0.75 kgmin
-1
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Figure 4.5 Variation of height of fluidization Vs number of holes in perforated plate with respect to hot air 

inlet velocities at a fixed mass flow rate of 0.5 kgmin
-1

 

 

Figure 4.6 Variation of height of fluidization Vs number of holes in perforated plate with respect to hot air 

inlet velocities at a fixed mass flow rate of 0.75 kgmin
-1 
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Figures 4.5 and 4.6 illustrate the correlation between height of fluidization and the number of 

holes in the perforated plate for soybean at mass flow rates of 0.5 and 0.75 kgmin
-1

, respectively. 

It is evident from the figures that as the number of holes increases, the height of fluidization 

decreases. Additionally, the figures feature four curves representing different hot air inlet 

velocities and they also demonstrate that an increase in hot air inlet velocity corresponds to an 

increase in height of fluidization. 

 

Figure 4.7 Variation of pressure drop Vs hot air inlet velocity  

Figure 4.7 represents the relationship between pressure drop and hot air inlet velocity, with two 

distinct curves: one in black representing Fernanda's experimental results, and another in red 

representing the findings of the present study. The curves clearly demonstrate that as the hot air 

inlet velocity rises, the pressure drop experiences a sharp increase for certain initial values of hot 

air inlet velocities. However, it reaches a point where the pressure drop becomes nearly constant 

for higher velocities.  

Based on the aforementioned data, it is evident that an increase in the velocity of the hot air inlet 

leads to a corresponding increase in the height of fluidization. Conversely, when the mass flow 
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rate rises, the height of fluidization decreases. Furthermore, a decrease in the height of 

fluidization occurs with an increase in the number of holes present in the perforated plate. 

Conclusions 

The study reveals several important findings. Firstly, it is observed that lower mass flow rates of 

soybean result in higher height of fluidizations. Conversely, for mass flow rates exceeding 2 kg, 

uniform fluidization is not achieved. Secondly, it is evident that a minimum inlet air velocity of 

4.5 ms
-1

 is necessary for achieving uniform fluidization in the experimental setup. This was 

confirmed through experiments conducted at air velocities of 4.5, 5.9, 6.7, and 7.7 ms
-1

, which 

demonstrated uniform fluidization. 

Furthermore, the study indicates that increasing the air velocity leads to higher height of 

fluidizations, while increasing the mass flow rate of soybean results in a reduction in height of 

fluidization.  

The investigation of soybean meal drying within a fluidized bed offers crucial knowledge that 

can be applied to effectively manage, optimize, and design such drying systems. Notably, the 

experimental results revealed variations in height of fluidizations ranging from 2 cm to 4.3 cm, 

depending on the specific inlet air velocities employed. Interestingly, it was observed that as the 

mass flow rate increased, the height of fluidization showed a corresponding decrease. Moreover, 

when examining different mass flow rates, a decrease in height of fluidization was observed with 

decreasing inlet air velocity. This finding suggests a clear relationship between mass flow rates, 

inlet air speeds, and the resulting height of fluidizations, providing valuable insights for the 

control and optimization of fluidized bed dryers. 

Nomenclature 

ds  Soybean diameter (mm) 

Umf  Minimum fluidization velocity of hot air (ms
-1

) 

Ua   Superficial air velocity (ms
-1

) 

ms  Mass of soybean (kg) 

ṁs  Mass flow rate of soybean (kgmin
-1

) 

RH  Relative humidity (dimensionless quantity) 

db  Dry basis 
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Lb  Bed length (m) 

Wb  Bed width (m) 

Hb  Bed height (m) 

nh  Number of holes in perforated plate 

dh  Diameter of hole 

Thpp  Thickness of perforated plate 

App  Area of perforated plate 

h1  Initial height of soybean bed 

h2  Final height of soybean bed 

hF  Height of fluidization  

Greek symbols 

ρ
s  Density of soybean (kgm

-3
) 

ρ
a  Density of air (kgm

-3
) 

Subscripts 

1  Initial 

2  Final 

s  Soybean 

a  Air 

mf  Minimum fluidization 

References 

Shahin Rafiee, Alireza Keyhani and Ali Mohammadi, “Soybean Seeds Mass Transfer Simulation 

during Drying Using Finite Element Method”, Department of Agricultural Machinery 

Engineering, Faculty of Biosystems Engineering, University of Tehran, Karaj, 

Iran, World Applied Sciences Journal 4 (2): 284-288, 2008. 

http://www.idosi.org/wasj/wasj4(2)/20.pdf 



An experimental investigation of soybean fluidization height in a fluidized bed dryer  

    Section A-Research paper 

 

2210 

Eur. Chem. Bull. 2023,12(10), 2196-2213 

 

Z. V. P. Murthy and Dhruv Joshi, “Fluidized Bed Drying of Aonla (Emblica officinalis)” 

Department of Chemical Engineering, S. V. National Institute of Technology, Surat, Gujarat, 

India, Drying Technology, 25: 883–889, 2007. https://doi.org/10.1080/07373930701370290 

Ayushi Anand, Yvan Gareipy & Vijaya Raghavan, “Fluidized bed and microwave-assisted 

fluidized bed drying of seed grade soybean”, Department of Bioresource Engineering, Faculty of 

Agricultural and Environmental Sciences, McGill University, Montreal, Canada, Technology: 

An International Journal, 39:4, 507-527, 2021. https://doi.org/10.1080/07373937.2019.1709495  

V. P. Chandramohan, “Experimental Analysis and Simultaneous Heat and Moisture Transfer 

with Coupled CFD Model for Convective Drying of Moist Object” Department of Mechanical 

Engineering, National Institute of Technology Warangal, Warangal, Telangana, India, 

International Journal for Computational Methods in Engineering Science and Mechanics, 17:59–

71, 2016. https://doi.org/10.1080/15502287.2016.1147506 

Alexandre M. S. Costa, Paulo R. Paraíso, Luiz Mário M. Jorge, Fernanda R. G. B. da Silva, 

“Fluidized Bed Drying of Soybean Meal: The Effect of Drying Kinetics Using Computational 

Fluid Dynamics”, Universidade Estadual de Maringá Av. Colombo 5790, bloco 104, 

Maringá, PR, 87020-900, 20th International Congress of Mechanical Engineering, Gramado, 

RS, Brazil, COBEM 2009. http://dx.doi.org/10.1016/j.powtec.2012.06.008 

M.A.S. Barrozo, V.V. Murata & S.M. Costa, “The Drying of Soybean Seeds in Countercurrent 

and Concurrent Moving Bed Dryers”, Departamento de Engenharia Química, Campus Santa 

Mônica, Bloco K, UniversidadeFederal de Uberlândia, CP. 593, Uberlandia, MG, CEP 38400-

902, Brazil, Drying Technology: An International Journal, 16:9-10, 2033-2047, 2007. 

https://www.researchgate.net/publication/244603002 

M. A. S. Barrozo, C. A. S. Felipe, D. J. M. Sartori, And J. T. Freire, “Quality of Soybean Seeds 

Undergoing Moving Bed Drying: Countercurrent and Crosscurrent Flows”, Chemical 

Engineering School, Federal University of Uberlândia, Uberlândia-MG, Brazil, Drying 

Technology: An International Journal, 24:4, 415-422, 2007. 

https://doi.org/10.1080/07373930600611638 



An experimental investigation of soybean fluidization height in a fluidized bed dryer  

    Section A-Research paper 

 

2211 

Eur. Chem. Bull. 2023,12(10), 2196-2213 

 

C. A. S. Felipe and M. A. S. Barrozo, “Drying of Soybean Seeds in a Concurrent Moving Bed: 

Heat and Mass Transfer and Quality Analysis”, niversidade Federal de Uberlândia, Faculdade de 

Engenharia Química, Campus Santa Mônica, Uberlândia-MG, Brazil, Drying Technology: An 

International Journal, 21:3, 439-456, 2007. https://doi.org/10.1081/DRT-120018456 

R. Martín Torrez Irigoyen, Sergio A. Giner, “Variation of fluidization velocities during drying-

toasting of precooked whole soybeans”, Universidad Nacional de La Plata, Calle 47 y 116 

(1900)- La Plata, Provincia de Buenos Aires, Argentina, 2011. 

http://dx.doi.org/10.1016/j.jfoodeng.2013.12.009 

A.A. Gowen, N. Abu-Ghannam, J. Frias, J. Oliveira, “Modeling dehydration and rehydration of 

cooked soybeans subjected to combined microwave–hot-air drying”, Biosystems Engineering, 

School of Agriculture, Food Science and Veterinary Medicine, University College Dublin, 

Belfield, Dublin 4, Ireland, Innovative Food Science and Emerging Technologies 9, 129–137, 

2008. https://doi.org/10.1016/j.ifset.2007.06.009 

A. Abbasi Surki1, F. Sharifzade, R. Tavakkol Afshari, N. Majnoun Hosseini, and H. R. Gazor, 

“Optimization of Processing Parameters of Soybean Seeds Dried in a Constant-bed Dryer Using 

Response Surface Methodology”, Department of Agronomy and Plant Breeding, Faculty of 

Agriculture and Natural Resources, Tehran University, Karaj, Islamic Republic of Iran, J. Agr. 

Sci. Tech. Vol. 12: 409-423, 2010. https://www.researchgate.net/publication/266010878 

Fernanda Ribeiro Gaspar Branco da Silva, Marcos de Souza, Alexandre Marconi de Souza da 

Costa, Luiz Mario de Matos Jorge, Paulo Roberto Paraíso, “Experimental and numerical analysis 

of soybean meal drying in fluidized bed”, Department of Chemical Engineering, State University 

of Maringa, UEM, Av. Colombo 5790, Block D90, 87020–900, Maringa, Parana, Brazil, Powder 

Technology 229, 61-70, 2012. https://doi.org/10.1016/j.powtec.2012.06.008 

Mohsen Ranjbaran, Dariush Zare, “A New Approach for Modeling of Hot Air-Microwave Thin 

Layer Drying of Soybean”, Agricultural Engineering Department, Shiraz University, Shiraz, 

Iran, Electronic Journal of Polish Agricultural Universities, Topic Agricultural Engineering, 

Volume 15 Issue 3, 2012. http://www.ejpau.media.pl/volume15/issue3/abs-01.html 

https://doi.org/10.1016/j.powtec.2012.06.008


An experimental investigation of soybean fluidization height in a fluidized bed dryer  

    Section A-Research paper 

 

2212 

Eur. Chem. Bull. 2023,12(10), 2196-2213 

 

Uma Sangkram and Athapol Noom horm, “The Effect of Drying and Storage of Soybean on the 

Quality of Bean, Oil, and Lecithin Production”, Processing Technology Program, School of 

Environment, Resources and Development, Asian Institute of Technology, P.O. Box 4, Klong 

Luang, Pathumthani, Thailand, Drying Technology: An International Journal, 20:10, 2041-2054, 

2007. https://doi.org/10.1081/DRT-120015583 

M. Ranjbaran, D. Zare, “Simulation of energetic- and exergetic performance of microwave-

assisted fluidized bed drying of soybeans”, Agricultural Engineering Department, Shiraz 

University, Shiraz 7144165186, Iran, SciVerse ScienceDirect, Elsevier, Energy 59, 484-493, 

2013. https://doi.org/10.1016/j.energy.2013.06.057.  

Samira Afrakhteh, Esfandiar Frahmandfar, Aidin Hamidi and Hadi Darzi Ramandi, “Evaluation 

of Growth Characteristics and Seedling Vigor in Two Cultivars of Soybean dried under different 

Temperature and Fluidized bed dryer”, Crop Sciences Faculty, Sari Agricultural Sciences and 

Natural Resources University, Sari, Iran, Intl J Agri Crop Sci. Vol., 5 (21), 2537-2544, 2013. 

https://www.researchgate.net/publication/306018055 

Marcela L. Martínez & María A. Marín & Pablo D. Ribotta, “Optimization of soybean heat-

treating using a fluidized bed dryer”, IMBIV (CONICET-UNC), ICTA- FCEFyN-UNC, Av. 

Vélez Sársfield 1611, CPAX5016GCA, Córdoba, Argentina, J Food Sci Technol, 50(6):1144–

1150, 2013. https://doi.org/10.1007%2Fs13197-011-0434-9 

Suherman Suherman, Slamet Priyanto and Ratnawati, “Drying of Soybean Seeds in Fluidized 

Bed: Experimental and Scale-up Simulation in Continuous Operation Mode”, Department of 

Chemical Engineering, University of Diponegoro, Semarang, Indonesia, Advance Journal of 

Food Science and Technology 6(3): 403-407, 2014. 

https://www.researchgate.net/publication/282718995 

H. Darvishi, M. H. Khoshtaghaza and S. Minaei, “Fluidized Bed Drying Characteristics of 

Soybeans”, Department of Agricultural Machinery Engineering, Tarbiat Modares University, 

Tehran, Islamic Republic of Iran, J. Agr. Sci. Tech., Vol. 16: 1017-1031, 2014. 

https://www.researchgate.net/publication/277716817 



An experimental investigation of soybean fluidization height in a fluidized bed dryer  

    Section A-Research paper 

 

2213 

Eur. Chem. Bull. 2023,12(10), 2196-2213 

 

Sakchai Dondee, Naret Meeso, Somchart Soponronnarit, Sirithon Siriamornpun, “Reducing 

cracking and breakage of soybean grains under combined near-infrared radiation and fluidized-

bed drying”, Research Unit of Drying Technology for Agricultural Products, Mahasarakham 

University, Thailand, Journal of Food Engineering 104, 6–13, 2011. 

https://doi.org/10.1016/j.jfoodeng.2010.11.018 

Hosain Darvishi, Mohammad Hadi Khoshtaghaza, Saied Minaei, “Effects of fluidized bed drying 

on the quality of soybean kernels”, Department of Agricultural Machinery Engineering, Tarbiat 

Modares University, Tehran, Iran, Journal of the Saudi Society of Agricultural Sciences, 14, 

134–139, 2015. https://doi.org/10.1016/j.jssas.2013.09.002 

A.A. Pfeifer, V.V. Murata, M.A.S. Barrozo, “Modelling of soybean seed drying in concurrent 

sliding bed dryers: Effect of the number of stages on the seed quality and drying performance”, 

Federal University of Uberlaˆndia, Chemical Engineering School, Block 1K, Campus Santa 

Moˆnica, 38400-902 Uberlaˆndia, MG, Brazil, Biosystems Engineering 107, 341-348, 2010. 

https://doi.org/10.1016/j.biosystemseng.2010.09.008 

 


