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Abstract
In this study the osmotic dehydration of green pea in batch and Received: 30 December 2024
fluidized bed processes was investigated. Mass transfer operation Accepted: 11 March 2025
was carried out at the three concentrations 10, 20 and 25 % w/w of Page Number: 123-137
water-salt solution and three temperatures 30, 40 and 50°C. In
the batch process, the Azuara two-parameter model was applied to
determine the values of WL and SGo, and the values of Dew and
Des were estimated using the analytical solution of Fick's second
law. Mass transfer process was mathematically modelled in
the fluidized bed process. The results of both methods indicated
that due to the increase in temperature, concentration of osmotic
solution and time, the values of WL and SG increased.
The predictions of the mathematical model were in good
agreement with the experimental data. Mean relative error (MRE)
values between the predictions and experimental data, at 50°C and

concentrations of 10, 20, and 25 (%w/w) were 1.5, 1.2, and 1.2% Keywords:

for SG, and 1.6, 1.0, and 1.2% for WL, respectively. The values of Osmotic Dehydration,
WL and SG in the batch method and fluidized bed process reached Fluidized Bed,
equilibrium after 180 minutes and 60 minutes, respectively, which Mass Transfer,
reveals the advantage of using the fluidized bed process. Green Pea
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Figure 1. View of a Fluidized Bed.
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Figure 2. Picture of shaker incubator setup used in batch
method.
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Figure 3. (a) Fluidized bed setup, (b) Placement of samples in fluidized bed.

tSGt § WLt pusy Ly i iy SGio 5 Wi ol il
Joe gl ol aslwssa bobs ol o Al 5 1
Aol byl ol Tacssl s ,e jlosliwll 55 (S2 9 S1)
B+ slod ;o t o USGt 5 WLt boglas (8) 5 (F) (slo IS
Jooe (559 20,0 YO g Ve Ve cale an 50 g (ugennds 3250
Sl s (V) 5 (7)) Gl i iz o i ool | Sas O]
cbale 4w g ugeade a0 00 sbos jo Loy LT, SGr g WL,
polie g o yo0 polde Aol o goylis ool S
oo lis da JSi ol 5o g3l Jow sloolaiwll s s st
V) 5 (7) Sl s sl 3T Joa b (025 loools g5 illas
S WL jyolie cJsbno ,o S el I3l b a8 ol o il

RVRNERGE] e

1200

(b)

..\_u‘).é R )\)ASQ_M‘W J_ALC 99 (SG) ‘(5-’""\_9 solo

5 Yol xe asazgil a5 g seooliinl (5 hewl oyl

AL g 2
%WL = WL, = MWD +(St=50) o 100 av)
0
%SG = G, = =22 x 100 OA)
0
Co gl

OV9) O diged Ko g u,aT Glola'i sadblé duwlxo V-F
43.»:9»[3

ew

L5l 6 melyluss Jome ol o8 sloslicially SGuo 5 Wheo jyolie

Prediced(10%)

— — — - Predicted(20%)
1000 + it Predicted(25%)
+  Exp(10%)
*  Exp(20%)
A Exp(25%)

t/WI ( min / gr /10gr)
= »
2 2

&
2

200

=
5
st
2

L L s L
120 140 160 180 200

Time (min)

Aiea gl Gl gy yo Alido slaclile 0+ °C loa jo Glo) caua j3 /WL Hlagas ¥ JSub

Figure 4. Plots of t/WL against time at a temperature of 50°C and different solute concentration in Batch method.
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Figure 5. Plots of t/SG against time at a temperature of 50°C and different solute concentration in Batch method.
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Figure 7. Plots of SG against time at a temperature of 50°C and different solute concentration in Batch method.
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Table 1. Equilibrium concentrations and effective diffusivities of water and salt in Batch method.

Desx101° Dewx101°
(m?/s) (m?/s)
0.061 0.927 0.872 0.059 0.927 3.101 0.069
0.068 0.939 1.091 0.057 0.868 3.260 0.061
0.056 0.919 1.848 0.060 0.918 3.593 0.054
0.067 0.911 0.962 0.055 0.908 3.287 0.066
0.094 0.907 1.700 0.058 0.970 3.402 0.055
0.074 0.871 2.034 0.057 0.975 3.639 0.047
0.090 0.860 1.201 0.053 0.974 3.451 0.075
0.088 0.972 1.904 0.059 0.962 3.837 0.051
0.081 0.934 2.315 0.061 0.969 3.873 0.065

SG.. Salt .
(gr/10gr) (gr/10gr) con((;j)r:,:;’;;lon
0.937 0.169 0.061 0.945 0.145 10
0.956 0.180 0.085 0.973 0.258 20 30
0.986 0.250 0.064  0.994 0.330 25
0.935 0.188 0.071 0.937 0.157 10
0.937 0.226 0.037 0.992 0.259 20 40
0.898 0.269 0.044  0.996 0.365 25
0.978 0.215 0.036 0.960 0.216 10
0.978 0.259 0.042 0.999 0.315 20 50
0.904 0.336 0.050 0.996 0.390 25
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Figure 8. Comparison between modeling and experimental method for solid gain in samples against time at a temperature
of 30°C and different solute concentration in fluidized bed.
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Figure 9. Comparison between modeling and experimental method for solid gain in samples against time at a temperature
of 40°C and different solute concentration in fluidized bed.
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Figure 10. Comparison between modeling and experimental method for solid gain in samples against time at a temperature

of 50°C and different solute concentration in fluidized bed.
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Table 2. Mean Relative Error between modeling and experimental data for solid gain in samples.

MRE (%) Salt concentration (Yow/w) T (<C)
0.7 10
0.8 20 30
1.2 25
0.6 10
1.1 20 40
1.8 25
15 10
— 20 50
2.1 25
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Figure 11. Comparison between modeling and experimental method for water loss in samples against time at
a temperature of 30°C and different solute concentration in fluidized bed.
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Figure 12. Comparison between modeling and experimental method for water loss in samples against time at
a temperature of 40 °C and different solute concentration in fluidized bed.
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Figure 13. Comparison between modeling and experimental method for for water loss in samples against time at
a temperature of 50°C and different solute concentration in fluidized bed.

i e son i (F) Jsoz shiel o5 jobilan el K258 ppolin o (MRE) o slbis eSlio o o L5 Ceansd alice
9 Sl 05 s WL dslono po altylojl 5 g5l Joe sl 0 WL (sl cilizes slocdale 5 Lo jo (alliulosl 5 5l Jo
=2l Jae Lo ot polie G o allas 5l ojLis sl )0 MRE ke o Jlis lgreas Cawloaison gl (V) Jgo
8l alilesl polie 99—, YO g ¥ N slacdale § yug wdis i >0 0

(\&-¢) 939 M 9 340 o lous — P9 Jlw — gl RENT O ETTR VTP Vg4




WYY o — S g b SR

—

w03 55993555 (S ousl 213 33T 13 p 32 il 2Bl (5 ilwd e

\¥d

Lol gad yu b joaen 3 o oAl 3T 9 s 5ludae pallis (s aeads sl (aSilae lads ¥ Jgaa

Table 2. Mean Relative Error between modeling and experimental data for water loss in samples.

MRE (%)

14
0.7
2.3
2.7
1.9
1.0
1.6
1.0

1.2

Salt concentration (%ow/w) T (°C)
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WL jolio S0 Bkl sl aiwgul Gig) aans Jlow i

Jolws asaado P lojoan 5l am (Jlw s anld 0 SG

Gl aaBo VA ledy digul ey yo polde (pl a5 oo,

polie o Jlow i 0l 8 sloslaul a5 el o sosmsylis a8

Slosalgzcawsds (6,50lsS oy 401, SG g WL 31 (6 ,5VL

SG

(gr/10gr)

Fluidized bed process
(after 60 min)

0.101
0.150
0.172
0.104
0.154
0.178
0.115
0.157
0.182

9 Aiwgnl by 50 (BB ulojl b dwglic Y-F

Il yiumn o8
BE—ialojl (B, 99 0 SG g WL ol ie dylia jglatea
aS ol len .canloadsall )l (F) Jgoz o Jlaw s aily8 g gl
St 9l 8 386 s WL piolie ol oy 3 Jsur @l 5o

Aol )8 6, daums lis oS el dlwgnl (g, 5l i ( Sl

Jh e 3l § g diew gaals i gy o osdicda sola § 488 jon ) G juulie duwlis ¥ Jgua

Table 4. Comparison between water loss and solid gain in Batch and fluidized bed process.

SG

0.089
0.101
0.138
0.098
0.109
0.143
0.109
0.115
0.151

(gr/10gr)
Batch method (after
180 min)

WL WL
(gr/10gr) (gr/10gr) Salt concentration
Fluidized bed process Batch method (Yow/w)
(after 60 min) (after180 min)

0.183 0.140 10

0.255 0.225 20 30
0.344 0.275 25

0.184 0.149 10

0.266 0.239 20 40
0.354 0.289 25

0.196 0.156 10

0.287 0.245 20 50
0.382 0.305 25
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