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Microwave-vacuum Drying Characteristics and Kinetics Model of Litchi Pulp
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Abstract

The microwave-vacuum drying characteristics of litchi pulp were studied and the effects of microwave
power, relative pressure and loading capacity on drying rate of litchi pulp were investigated. The results
showed that the drying rates of litchi pulp were markedly affected by microwave power and loading
capacity, whereas, there was no obviously affected by relative pressure. The experimental drying data of
litchi pulp were used to fit twelve available drying models, and coefficients of models were determined by
non-linear regression analysis. It showed that Modified Henderson and Pabis model had higher correction
coefficient R*, lower square sum of error (SSE) value and root mean square error (RMSE) value and could

exactly describe and predict the moisture dynamics of litchi pulp during microwave-vacuum drying process.
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Tab.1 Selected thin layer-drying mathematical models
WAL P BE R 7 BE A J5 f X

1 Lewis/Newton My =exp( —kt)
2 Henderson and Pabis My =aexp( —kt)
3 Modified Henderson and Pabis My =aexp( —kt) + bexp( —gt) + cexp( —ht)
4 Page My =exp( - k")
5 Modified Page My =exp( —kt)"
6 Logarithmic My =aexp( —kt) +c¢
7 Two-term My =aexp( —kyt) +bexp( —k;t)
8 Two-term exponential My =aexp( —kt) + (1 —a)exp( - kat)
9 Diffusion approximation My =aexp( —kt) + (1 —a)exp( - kbt)
10 Verma et al My =aexp( —kt) + (1 —a)exp( —gt)
11 Wang and Singh My =1 +at +bi®
12 Midilli and Kucuk My = aexp( —kt") +bt
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Fig. 1 Microwave-vacuum drying curves of litchi pulp

at different microwave power levels
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Fig.2 Microwave-vacuum drying rate curves of litchi pulp
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at different microwave power levels
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Fig.3 Microwave-vacuum drying curves of litchi pulp

at different relative pressures
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at different relative pressures
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Fig. 6 Microwave-vacuum drying rate curves of litchi pulp

with different loading capacity

2R A A I, M e R T 2 R Y UK 0t R B
T T A BB 0 AR ) 155 BT, B2 5T 4k 7K 0 R
R R I8 T D AL T 2 B30 75 A 2R P I T A K

N6 AT R, 7 A5 R PR 2 288 o X A B S T
WA B o A BOR A S R ) D
PRASRPR A [ B A A BOR W TE TR R
7 A5 DAL ) T 4 AR A A T R 3 A B
B, L2 0 B L AR I BB ) P[] G
2.2 HZREAMBEEZTTRNEFRE
2.2.1 TR

SRR TR 12 B R AT PR AT AU SR i, O
T 3 PG AL DI B R W e DA ) TR AL L 2 sk
AR kW AR E ) - 80 kPa, AN [F] 3 2 i I 45 4y
B U5 S5 N3 2 FoR o 0 A RN A 405 0
Gt =0 AT 255 0 M, 7] 48 Modified Henderson
and Pabis R 10L& 5 0, oo R R B, R
0.999 4 ~0.999 8, 5k 2=~ J5 FI (SSE ) F133 J5 iR 22
(RMSE) 1%, 43 5 24 0.000 2 ~0.000 7 #1 0.004 4 ~
0.007 8, X A< 3¢ H:Ath T 44 18 30 $i 48 2 47 23 B 19 45
B 778 Modified Henderson and Pabis 55 5 (15§01 &
ROR B o PG, 32455 T REAR 4 3t il 38 35 BOR Y
P s TR R
2.2.2 TR I IE

Shy 5 IR ASE B DL B A HE A L 0 25 R I TEAS [
TR Dy A& AR He g 026 4R A5 A R I B LA T
S A S s AT TR, s 7 ~ 9 BR .

Bl 7 el e 2 3R 7 BOR P OB B0 TR Y
TO A8 A58 (8 1 LR
Fig.7 Comparison between predicted value and
experimental data of microwave-vacuum drying

of litchi pulp at different microwave power levels
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Fig.8 Comparison between predicted value and
experimental data of microwave-vacuum drying

of litchi pulp at different relative pressures
1.0
& 250 g A
W 500 g il
A 750 g iRBB A

= — =250 g FiENMEL
""" 500 g il 11

] i
04 N N E e T
L3 ‘m
0.2 Y -
. i Bl

0 10 20 30 40 50 60 70

KAtk
»
]

1) / min
B9 A [m] e a8 et 7 R PR i ipl 2 T 8 1% T 4 0
TR0 A B

Fig. 9 Comparison between predicted value and
experimental data of microwave-vacuum drying

of litchi pulp with different loading capacity
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Tab.2 Statistical parameters and coefficient values of each model with different loading capacity
BRTS  RHdt/g R SSE RMSE SRS
250 0.9679 0.0488 0.0781 £ =0.0603
1 500 0.9644 0.0720 0.0809 £=0.0348
750 0.9657 0.0878 0.0765 £=0.0264
250 0.9613 0.0408 0.0714 a=1.0750,k=0.0646
2 500 0.9553 0.0544 0.0704 a=1.0971,k=0.0385
750 0.9576 0.0627 0.0669 a=1.1059,k=0.0295
250 0.9998 0.0002 0.0044 a=-23.5112,b=15.2914,c=9.2222 k= -0.0240,g= -0.0154,h=-0.0320
3 500 0.9994 0.0007 0.0078 a=0.0399,b=-9.3513,c=10.3202,k= -0.0547,g=-0.0074,h = -0.0045
750 0.9996 0.0006 0.0066 a=-13.5250,6=10.4717,c=4.0649,k=-0.0117,2=-0.0069,h=-0.0174
250 0.9963 0.0038 0.0217 £=0.0108,n=1.5949
4 500 0.9944 0.0067 0.0247 £=0.0044,n=1.6168
750 0.9951 0.0071 0.0225 £=0.0030,n=1.6042
250 0.9679 0.0488 0.0781 £=0.0577,n=1.0060
5 500 0.9644 0.0720 0.0809 £=0.0317,n=1.0090
750 0.9673 0.0878 0.0792 £=0.0261,n=1.0100
250 0.9946 0.0050 0.0251 a=1.7324,k=0.0262,c= -0.7085
6 500 0.9976 0.0027 0.0156 a=2.9976,k=0.0082,c=-1.9728
750 0.9981 0.0026 0.0137 a=2.9568,k=0.0064,c=-1.9284
250 0.9949 0.0048 0.0244 a=51.3152,b=-50.2910,k, =0.0151,k, =0.0145
7 500 0.9976 0.0026 0.0155 a= —55.9694,b=56.9943k; =0.0042,k =0.0045
750 0.9981 0.0026 0.0136 a=59.8387,b= -58.8101,k;=0.0035,k =0.0033
250 0.9911 0.0096 0.0346 a=2.0336,k=0.0961
8 500 0.9963 0.0043 0.0197 a=-2.4685,k= -0.0020
750 0.9967 0.0047 0.0184 a=-2.4832,k=-0.0015
250 0.9946 0.0055 0.0263 a=-144.6362,b=1.0160,k=0.0127
9 500 0.9972 0.0037 0.0183 a=-645.0243,b=1.0109,k=0.0028
750 0.9976 0.0042 0.0173 a=-1011.2511,b=1.0074,k=0.0020
250 0.9946 0.0055 0.0263 a=-167.3551,k=0.0127,g=0.0129
10 500 0.9972 0.0037 0.0183 @=86.3759,k=0.0029,g=0.0027
750 0.9976 0.0042 0.0173 a=194.8614,k=0.0021,g=0.0020
250 0.9958 0.0045 0.0237 a=-0.0415,6=0.0004
11 500 0.9974 0.0036 0.0181 a=-0.0225,b=5.5969
750 0.9977 0.0041 0.0171 a=-0.0171,6=3.0741
250 0.9993 0.0006 0.0088 a=0.9987,b=-0.0970,n=0.7495 k= -0.0854
12 500 0.9992 0.0009 0.0090 a=1.0010,b=-0.0040,n=1.3485,k=0.0075

750 0.9996 0.0006 0.0065

a=1.0020,b=-0.0031,n=1.3445,k=0.0053
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