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2 Stages Drying Kinetics of Germinated Khao Dawk Mali-105 Paddy
by Combined Microwave and Infrared Radiation
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Abstract

The objective of this research was to study effect of 2 stages drying conditions on drying kinetics of
germinated paddy (Khao Dawk Mali-105,KDML105) which was dried by microwave(MW) of 450W (drying time 1
min) and infrared (IR) power ranging of 500-1,500 W. The drying temperature was varied between 60 and 80°C.
The experimental results showed that at constant infrared power drying of germinated KDML105 paddy with
higher drying temperature was relatively high drying rate compared to the lower temperature drying. The
experiment data of evolution of moisture transfer in each drying conditions was analyzed by non-linear regression
analysis with the empirical mathematical drying modeling. The results stated that the simulated results using the
Approximation of Diffusion model was the best fitting to the exact results of 2-stages drying with MW and IR power
of 650 and 1,350 W at drying temperature of 63°C and the IR of 650, 1,000 and 1,350 W at drying temperature of
77°C. In addition, the simulated results using the Page model was the best fitting to exact results of IR of 1,000 W
at drying temperatures of 60, 70 and 80°C and of IR power of 500, 1,000 and 1,500 W at drying temperature of
70°C. Due to evaluate the most suitable drying condition, the results showed that the 2 stages germinated
KDML105 paddy drying with MW (450 W) combined with IR power of 1,350 W at temperature of 77°C is the most
suitable drying condition.
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Table 1. Mathematical drying model for drying kinetics of germinated KDML105 rice variety

No. Mathematical drying models No. Mathematical drying models
1 Newton MR = exp(-kt) 6 Two-terms exponential MR = a exp(-kt)+ (1-a) exp (-at)
2 Page MR = exp(-kt") 7 Approximation of MR = a exp(-kt)+ (1-a) exp (-kbt)
diffusion
3 Modified Page MR = exp(-kt)" 8 Verma MR = a exp(-kt)+ (1-a) exp (-gt)
4 Henderson and Pabis MR = a exp(-kt) 9 Midlilli MR = a exp(-kt")+ (bt)
5 Logarithmic MR = a exp(-kt)+
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Table 2. Empirical drying kinetics equations and constants

Model | Constant of model | R |RrRmsg| #
MW (450 W 1 min) IR 1,000 W (60, 70 and 80°C)
Newton k=0.016exp(-28 271/T) 0.98215 | 0.02768 [ 0.00078
Page 1=0.002exp(-0.233/T), 2=1.333 0.99191 | 0.01863 | 0.00036
Modified Page k=0.040xp(-81.763/T), n=1.336 0.90296 | 0.06453 | 0.00430
Henderson and Pabis [k=0.008exp(14.724/T), a=1.031 0.90276 | 0.06460 | 0.00431
Logarithmic I=0.026exp(-1.213/T), a=0.633, =0.412 0.89421 | 0.06738 | 0.00476
Two-term exponential __|k=9.332exp(1.129/T), a=0.001 0.89556 | 0.06695 | 0.00463
Approximation of diffusion l=0.063exp(-14.638/T), a=-0311, b=0.278 0.90152 | 0.06501 | 0.00443
Verma k=0.051exp(0.56 /), a=-0.297, g=0.014 0.89958 | 0.06565 | 0.00452
Midilk k=-0.028exp(-31.367/T), a=0.997. b=-0.007, n=4 82110 | 0.87877 | 0.07213 | 0.00555
MW (450 W 1 min)-IR 63°C (650 W and 1,350 W)
Newton I=0.009exp(-63.450/P) 0.98200 | 0.03412 [ 0.00121
Page k=0.002exp(0.081/P), n=1333 0.99845 | 0.01003 [ 0.00011
Modified Page I=0.011xp(27.758/P), 1=1.341 0.99880 | 0.00887 | 0.00009
Henderson and Pabis __[k=0.010exp(57.617/P). a=1.030 0.98715 | 0.02886 | 0.00091
Logarithmic k=0.026exp(-0.968/P), a=0.634, c=0.413 0.92919 | 0.06775 | 0.00525
Two-term exponential __|k=5.621exp(5.621/P). a=0.002 0.98077 | 0.03530 | 0.00136
Approximation of diffusion [k=0.048exp(41 429/P), a=-0296, b=0.268 0.99903 | 0.00793 | 0.00007
Verma 1=0.051exp(0.100/P), a=-0.297, g=0.014 0.98077 | 0.00944 | 0.00010
Midilk k=-0.014exp(-388 236/P), a=0.998_ b=-0.007. n=0.235 099672 | 001458 | 0.00024
MW (450 W 1 min)-TR 70°C (500 W, 1,000 W and 1,500 W)
Newton k=0.015exp(-149.978/P) 0.98470 | 0.02689 [ 0.00074
Page 1=0.007exp(-169.264/P). n=1.222 0.99660 | 0.01269 | 0.00017
Modified Page 1=0.017exp(-144.539/P). n=1.227 0.99660 | 0.01276 | 0.00017
Henderson and Pabis __|k=0.016exp(-148.307/P). a=1.028 0.98930 | 0.02244 | 0.00052
Logarithmic k=0.006exp(-132.997/P). a=2.065, c=-1.054 0.99540 | 0.01471 | 0.00023
Two-term exponential __|k=13 305exp(-13.322/P), a=0.001 0.97275 | 0.03435 | 0.00123
Approximation of diffusion [k=0.03 1exp(-137.113/P), a=-17.393. b=0.963 0.99650 | 0.01291 | 0.00018
Verma k=-0.005exp(-2983.021/P), a=-2.132, g=0.003 0.99640 | 0.01296 | 0.00018
Midilk k=0.996exp(-5.290/P), a=0.996_ b=0.001, n=1.265 0.98400 | 0.02747 | 0.00082
MW (450 W 1 min)-IR 77°C (650 W, 1,000 W and 1,350 W)
Newton k=0.016exp(-111.538/P) 0.98393 | 0.04732 [ 0.00395
Page 1=0.006exp(0.077/P), n=1.228 0.99333 | 0.01950 | 0.00093
Modified Page 1k=0.017xp(-111.384/P), n=1.231 0.99467 | 0.01583 | 0.00052
Henderson and Pabis _|k=0.017exp(-112.074/P). a=1.028 0.98874 | 0.02611 | 0.00227
Logarithmic k=0.006exp(0.084/P), a=1.849, c=-0.836 0.99182 | 0.02728 | 0.00161
Two-term exponential __[k=8.120exp(-0.389/P). a=0.002 0.98179 | 0.05260 | 0.00505
Approximation of diffusion [k=0.099xp(-103.177/P), a=-0.163, b=0.196 0.99492 | 0.01252 | 0.00040
Verma k=0.084exp(0.101/P), a=-0.171, g=0.017 0.99353 | 0.01626 | 0.00074
Midilk k=0.005exp(-0.934/P), a=0.998. b=0.001, n=1.306 0.99364 | 0.01483 | 0.00070
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