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Abstract: Objective To study the change rule of water content in the drying process of hot air drying of thin layer drying
characteristic and model research, and to provide reference for improving the quality of Erzhi Pills (EP). Methods The moisture ratio,
drying rate of dry basis, and drying rate curves along with the change of drying time and relationship between dry basis moisture
content and drying rate of EP were studied using a hot air dryer at five levels of drying air temperature in the range of 50—90 °C. The
model was fitted and verified by the empirical model Henderson & Pabis model, Newton model, Page model, Logarithmic model, two
term exponential model, Wang & Singh model, Midilli et al. model, etc. Meanwhile, based on Fick’s diffusion law, the effective

diffusion coefticients of water (D.g) and activation energy value in EP were calculated. Results The drying curves of EP show that the
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moisture ratio and drying rate of EP were closely related to the temperature of drying medium, and the moisture of the material

decreases with the prolonged drying time. It could be seen from the drying rate curve that the drying rate increased with the increase of

hot air temperature, and the migration of moisture was accelerated. By comparing the correlation coefficient (R?), chi-square (y*) and

standard error (RMSE), we could see that the mean value of R? of model number 7 was the maximum, the ){2 and RMSE mean were the
smallest (0.996 86,2.43 x 10°*, and 1.93 x 10™*), respectively. The results showed that the model number 7 could describe and predict

the drying process of the pills. The experimental data had the effective diffusion coefficient (D.g) value of 8.6 x 10 ''—3.13 x 107"

m?/s, and the activation energy (E,) was 30.97 kJ/mol. Conclusion The hot air drying process of EP can be modeled and verified. The

research provides a new way to explore the drying characteristics and quality of pills.

Key words: Erzhi Pill; temperature; drying kinetics; empirical model; thin layer drying; hot air drying; mathematical simulation; pills;

moisture; dry basis moisture content; drying rate; moisture diffusion coefficient; activation energy
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Table 1 Mathematical thin-layer drying models used for approximation

RS A 42 R 7
1 Henderson&Pabis!”! MR =a exp(—k)
2 Newton!'" MR =-exp(—k?)
3 Page!'! MR=exp(—k")
4 Logarithmic'? MR=a exp(—k#)+b
5 Two term Exponential''*! MR=a exp(—k¢)+(1—a) exp(—kar)
6 Wangé&Singh!'¥ MR =1+ar+b/

7 Midilli et al.'™

MR=a exp(—ki")+bt

t TSR] (s): av k. by n AR R

t is drying time (s); a, k, b, n are model coefficients
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Fig. 1 Drying curves of EP at different hot air temperature
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Table 2 Fitting results obtained from thin-layer drying models
ZH EE/C i
2 3 4 5 6 7
R? 50 0.889 18 0.784 40 0.983 95 0.985 38 0.868 71 0.770 61  0.99502
60 0.893 06 0.803 92 0.986 44 0.985 98 0.879 12 0.72757  0.996 34
70 0.916 73 0.870 13 0.988 12 0.989 07 0.925 61 0.7578  0.996 97
80 0.946 47 0.929 90 0.989 33 0.992 84 0.946 47 077479  0.997 51
90 0.972 46 0.967 89 0.991 69 0.997 55 0.987 69 0.85736  0.998 47
ba 50 7.94X107°  0.01545 1.15X107  1.05X107°  9.41X107 0.01644  3.60x10*
60 7.84X107°  0.01437 1.00X107°  1.03X107°  8.86X 107 0.01997  2.70x10°*
70 6.51X107°  0.01015 930X10* 850X10* 5.81X107 0.01893  240x10*
80 466X107°  6.11X1073  930X10* 620X10*  4.66X107° 001962  220x10*
90 2.50X107°  2.92X107°  7.50X107* 220X10*  1.12X107 0.01295  1.30x10*
RMSE 50 7.25X107°  0.01478 1.05X107°  9.10X10™* 859X 107 0.01501  3.00x10°*
60 7.09%X107°  0.013 69 9.00X10* 880X10™* 8.02X107 0.01807  2.20x10*
70 582X107°  9.62X107°  830X10*  720X10*  520%X10° 0.01694  1.90x10*
80 414X107%  576X107°  830X10* 520X10* 4.14X107 0.01744  1.70x10™*
90 2.19%X107°  2.73X107°  6.60X10*  1.80X10* 9.80Xx107* 0.01133  1.00x10™*
WS 5% 1 AR

Model No. is consistent with table 1
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Table 3 Model coefficients of model number 7 at different

drying temperature

o R R
W/ C
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50 1.03446 0.04126 0.61971 1.9%x10™*
60 1.026 73 0.046 74  0.630 65 2.0X107*
70 1.02364 0.04367 0.67907 2.3X%X107*
80 1.022 35 0.03990 0.73850 2.2X107*
90 1.01709 0.03079 0.83680 2.7X107*
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