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Drying kinetics and mathematical modeling of abalone
during the hot-air drying process
JIA Min, CONG Hai-hua,XUE Chang-hu*,XUE Yong,SUN Zhao-min,LI Jin—zhang

(Department of Food Science & Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: The drying dynamics characteristics and drying model of abalone were studied and constructed
respectively,using a hot air dryer at five levels of drying air temperatures in the range of 60~80°C,and a fixed
air flow velocity,1m/s. The drying process was intermittent,divided into two stages,during which the drying
behaviors of abalone were estimated respectively by mechanistic and empirical models:the diffusion model,
Newton model,Henderson and Pabis model,Logaritmic model, Two —terms model,Page model,and Modified
Page model. It could be seen that the drying process of abalone only contained deceleration stage and the
removal of moisture from the material was governed by diffusion phenomenon. Among the models,the Page
model and the Two-terms models were found to be the most suitable (Page model.r*>0.999,s<1% ; Two—terms
model . r>>0.997,s<2% ) for predicting moisture ratio of the product in the first and second stage of the drying
process.
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Table 1  Empirical models for fitting the drying of abalone
R A4 RiLAK

Newtonf5i 7! MR=exp (kv
FI HR7 (Henderson and Pabis) MR=aexp (-kt)
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Fig.1 Hot air dying curves of abalone
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Table 2 The effective diffusivity (D) and 1* for the drying

abalone at different temperatures

TSP TR BB

HE O D (x107) r? D;(x107) r
60 5.0154 0.9489 2.6570 0.9786
65 5.9979 0.9509 3.2150 0.9812
70 6.2964 0.9565 4.7524 0.9909
75 7.2257 0.9616 5.0366 0.9934
80 9.7695 0.9775 9.6266 0.9975
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Table 3 Statistical analysis of the diffusion model fitted to the
drying data of abalone

TR B

THRE B8

E (O

r s(x10™ r s (x10™
60 0.8801 7.1973 0.7617 7.3985
65 0.8562 8.4362 0.7713 8.1630
70 0.9075 6.8799 0.9084 6.3575
75 0.9106 7.0090 0.7652 10.5145
80 0.8545 9.4288 0.9568 5.5278
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Table 4  Statistical analysis of the empirical models fitted to the —— TOCPENH - TOCTIE
. 0.8 —o— T5CPEAL - T5CTRM E
drying data of abalone —— B0CH Sl ~— BOCTRI(EL

F IR 44 TR W TR BB TR BB

JeFRIB “© P s(x10D P s(x10™

60 0.84489 8.4971 0.93192 4.0988
65 0.87027 8.3126 0.93989 4.3474
70 0.88113 8.0932 0.96715 3.9497
75  0.89762 7.7846 0.97479 3.5777
80 0.92511 7.0356 0.98701 3.1449
60 0.92005 6.3482 0.97251 2.7144
Henderson and 65 0.92519 6.5727 0.97454 2.9415
Pabisfi 77 70 0.92965 6.4807 0.98493 2.7855
MR=aexp(-kD 75  0.93582 6.4187 0.98823 2.5433
80 0.94378 6.3482 0.99154 2.6415
60 0.97936 3.3615 0.99433 1.2876
65 0.98224 3.3466 0.9939 1.5037
70 0.98209 3.4205 0.99246 2.0583
75 098048 3.7014 0.99581 1.5838
80  0.9754 4.3818 0.99213 2.6619
60 0.99897 0.7883 0.99926 0.4945
Two—termsfil 65 0.99915 0.7659 0.99898 0.6450
MR=aexp (~k;D+ 70  0.99927 0.7218 0.99900 0.7863
azexp (=k,t) 75 099931 0.7267 0.99983 0.3325
80  0.99989 0.3017 0.99771 1.5056
60  0.99967 0.4101 0.99988 0.1802
65 0.99992 0.2153 0.99951 0.4087
70 0.99935 0.6225 0.99776 1.0739
75 0.99985 0.3053 0.99962 0.4542
80  0.9991 0.8028 0.99490 2.0512
60 0.99921 0.4283 0.9998 0.1882
65 09998 0.2249 0.99918 0.4268
70 0.99838 0.6502 0.99626 0.6502
75  0.99961 0.3188 0.99938 1.1217
80  0.9976 0.7590 0.99058 2.1425

Newton#5: 7!
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Table 5 Empirical model for drying abalone at different temperatures

L (O A BB A
TS — B B (PagefBi ) TIREE BB (Two—term 5 7HY)
60 MR=exp (-0.3583t"57%) MR=0.15063exp (-0.724631) +0.846585exp (-0.0462t)
65 MR=exp (-0.41017t°7%) MR=0.16485exp (-0.771050) +0.8324exp (-0.0570)
70 MR=exp (-0.41343t"5%) MR=0.86102exp (-0.091831) +0.13892exp (-1.46908)
75 MR=exp (-0.45892"%5) MR=0.14444exp (-1.0775t) +0.85476exp (-0.09665t)
80 MR=exp (-0.56698t°95%7) MR=0.11739exp (-50.63290) +0.88257exp (-0.186290)
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