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Abstract
Tirawanichakul, Y.}, Tirawanichakul, S.? and Saniso, E.*
Moisture removal of paddy by agricultural residues: basic physical parameters

and drying kinetics modeling
Songklanakarin J. Sci. Technol., May 2007, Suppl 2 : 347-363

The objectives of this research were to study basic physical parameters of three agricultural residues
that could be used for prediction of paddy drying kinetics using desiccants, to investigate a suitable method
for moisture reduction of fresh paddy using 3 absorbents, and to modify the drying model of Inoue et al. for
determining the evolution of moisture transfer during the drying period. Rice husk, sago palm rachis and
coconut husk were used as moisture desiccants in these experiments. From the results, it was concluded that
the apparent density of all adsorbents was a linear function of moisture content whilst an equilibrium
moisture content equation following Hendersonis model gave the best fit to the experimental results. From
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studying the relationship between moisture ratio and drying time under the condition of drying temper-
atures of 30, 50 and 70°C, air flow rate of 1.6 m/s and initial moisture content of absorbents of 15, 20 and
27% dry-basis, it was shown that the moisture ratio decreased when drying time increased. In addition, the
thin-layer desiccant drying equation following of the Page model can appropriately explain the evolution of
moisture content of paddy over the drying time. The diffusion coefficient of all absorbents, which was in the
range of 1x10 to 6x10® m?h, was relatively dependent on drying temperature and inversely related to dry-
ing time. The diffusivity of coconut husk had the highest value compared to the other absorbents.

The simulating modified mathematical model to determine drying Kinetics of paddy using absorp-
tion technique and the simulated results had good relation to the experimental results for all adsorbents.

Key words : agricultural residues, drying, equilibrium moisture content, diffusion coefficient,
Mathematical model
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Table 1. Example data of equilibrium moisture
content coefficients of Henderson model
for coconut husk, rice husk sago and palm
rachis in temperature range of 30-50°C

Arbitrary constants
of Henderson model
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Adsorbents R? RMSE

Coconut husk 1.608x10° 2.374 0.77 2.34
Rice husk 2.750x10* 1.130 0.99 0.86
Sago palm rachis 1.289x10° 2.257 0.99 0.39
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Figure 4. Evolution of moisture profile of paddy and adsorbents in various volumetric ratios
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and (c) paddy and coconut husk (initial moisture content of paddy and adsorbents
is 23.2% and 7.7% dry-basis, respectively) and ambient air temperature of 30°C).
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Table 2. Average absolute difference (AAD) value and mean relative percentage
error (S.E.) value between measured results and simulated results of
moisture content for different volumetric ratios.

Adsorbents Statistical error  Volumetric ratio between paddy and adsorbents

Analysis

1:0.5 1:1.0 1:15 1:20 1:25

Rice husk AAD (% dry-basis) 0.34 0.93 1.35 157 1.88

S.E. (% dry-basis) 0.82 2.28 3.12 3.84 4.60

Sago palm rachis  AAD (% dry-basis) 0.18 0.18 0.45 058 0.61

S.E. (% dry-basis) 0.44 0.43 1.10 142 149

Coconut husk AAD (% dry-basis) 0.59 0.29 0.30 0.21 0.39

S.E. (% dry-basis) 1.45 0.70 0.73 050 0.95
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Input : 1) Volume of drying chamber and dimension of paddy and adsorbents
2) Initial moisture content of samples, M_or M,
3) Surrounding temperature, T
4) Assumed value of a mass transfer coefficient of adsorbents, m
5) Volumetric ratio between paddy and adsorbent

}— Assume mass transfer coefficient

Calculate : 1) Apparent density of paddy and adsorbents, p
2) Equilibrium moisture content, M,
3) Drying rate constant, k
4) Diffusion coefficient, D
5) Hysteresis of paddy and adsorbent,
6) Moisture content ratio
7) Moisture content of paddy and adsorbent at drying time, t

!

Comparison the moisture difference between
simulated and experimental value [A data difference < 10%)]

I

Plot graph illustration of evolution of moisture content of paddy and adsorbents

Figure 5. lllustration of flow chart of mathematical model for the paddy drying with adsorp-
tion technique
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Figure 6. Simulated and measured data of paddy drying using rice husk at volumetric
ratio of 1:0.5 by volume (MO of paddy and rice husk is 23.2% dry-basis and
7.7% dry-basis, respectively)
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