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MICROWAVE DRYING:CHALLENGES AND
OPPORTUNITIES

LI Zhanyong, T.Kudra, WANG Ruifang
(College of Mechanical Engineering, Tianjin University of Science and Technology, Tianjin
300222)

Abstract: This paper reviews the major challenges and barriers in microwave drying categorized
into: (1) Technical issues such as electric discharge, impedance mismatch, limited penetration
depth, short life time of magnetrons, low power from a single magnetron, and non-uniform power
distribution, (2) Non-technical issues exemplified by thermal runaway, differential heating, edge
and corner overheating, melting in freeze drying, and (3) Research-related issues such as
determination of incident power, continuous vs. intermittent irradiation, targeted application of
MW in hybrid technologies, and scale-up. Barriers to the successful adoption of microwave
processing are pointed out along with opportunities for improved process to overcome the
obstacles and open new application areas.

Key words: chemical process machinery, microwave drying, heating uniformity, penetration depth,
intermittent irradiation
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Fig. 1. Start-up time of new and old magnetrons
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Fig. 2. Edge degradation of frozen macaroni and cheese heated in a plastic container

2.2 MBTFIEAE—

B AR s 100 P A 43 A KR 38050, VA BRI S A 2 Rk el o A i 0 2 S5k 1
Bo PR RG2S S R DR 55 R R I A B A, R R 2 U
TR o Rk REL T s B 1 B 5 L A J P O o7 5 o SR 25 T NS il 43 A 4
R A v B 5 AR T P2 A 18 B AR P 38 AR Pt 2 R A IR £
— IR, AN IR AN R S R S S R AR —

2.3 PRPBERAGT R L

HR A2 2 8 b B URE DR 5 3608 F T 6 28 T e B ) — 0 I P G v 42 o1 0 i
FEARWE BTG . B PRH KOs B I T v, TR U B O TR R B K,
ok e LR (R T e o BT T LSRR o s B F0 N MDA XA RS S E R S
HE SR T F o T 2 R I FH 38 P [ PR v, SR s gk . AR, st
TR CHotm: TR RO A S Fsh, RIS AR 5 e

FEFURN I h, BCRPS MO VRTS8 5 I, T 5 R A R R P A K o
SO R o PRI, 2RV VR h D RHE TR I 7E UK A LR DLBE 4 BB A AR I 13
0 R e ), 3K T %R 7= i PR VA IR RS FET A9, B £ D A B2
LR, —BOE T B 3 2% LURIE TR A B Fy 3P 2,

3 AHICHAST )

TR BRI W0 A S AL (0 o] e o, Erh s 5 I e . —
FEC IR AT () S0 R B s T S 0y 2 e % . AT A T 1) e T 23 e [ g 48l 47 2 1 3R
TG 25 LR A N S5 2 F R 5 0

T2 5 PO A P o, 0502 B0 7 T (60, o T U AT R P A BRI 4514
— A LIRS O B E T, Sebr L, ThER BB RN %, AE ThEE 600W
(IR B T 509, JL7= AR (K 52 B3 Th 36y 300W o 3% — &5 183 & 1K I ) TAE (R i by,



165

170

175

180

185

190

195

200

m“&i&iﬁﬁ http://www.paper.edu.cn

FEANIE T ] TR 41

BRARRER T, — A AR [ E I D2 R LA, bhdn 1000W . i G ) 2 2l i 45
IR AR SRAS, R &bl - 250W [ Zh 40 24T 1000W [R5 TAERE A 25%.
) ih i, 1000W IS TAE 1 0%l SRJE45 1k 3 3%t FH 1/4 (RN IAl 34 250W 1) & St
Do USRI AT 40 3 Bhi, Wi ITFCE R 10 IR MR T R IR BT e,
R JL ) BB VR SR AL S 2 A JEN AR AR (B 3D o B AR MRS TR BV o L 1 I T4,
XK RE M 7K 53 (AR ST LER o P A FH S A ARV o M i ) e T3 9, e S )
T B TSRO DA S URE N IE LS 2%, ASRERI AT 70 1 45 AT LR

1000
800 Time base 50%
= > o power
] 600 +—m———" =
g
= 400 OFF OFF
200
0 R Rk .
20 30 40
Time, s

B3 JTIREBRAEE I T3 € D% 600W 1 20s FAI a] Py 1
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4 P T IR RS S5 Pk

FERRAE . HH 38 2 ) 2 R AG

LIl AL P AR G A e 7 — R AR A2/ 2 R el o KA ) R s AR ], K2 e 45
R LE 16Tt AR TIAN R B 08 A OB OB A B R, SR MR P SRR e s I
SEHEI) T2 R o I RS A P KRS B P RE B MR AR G (K5 sl 7 o AT
WS IR

2 NI AL BRI [ 24 W) AR ORFF 5 KR B 10 AN JRFE SR A A AR sl 38 v o e
BEA&HIIE B A Z AR — e ORI RE RS, BRIV : I3 p Ay SR — Bl R AR Y
B AT A R B AR AT RN A o AT Bl i I v AR Bl R A AR
G rhRA A e 2 A R AR B, BB AR A 13 LUK JE

3. HIF I XS Gl N Al LR A (R SOk = A AN DTS B B o XA I AT
AR, TR T Ak PR RE R REANBE B (MRS 1 A B o S X B I REHEAT 85 M, 46
RGBS X T Rb I EAN SR, JEHORT 38 7 b A T o R h SR SRS A M (R A
LEAMRALELTN IR M R AARDIIUERMIBB TR I8 b L8, RS
RIS AR BRI AL LEIUAE I T AR TR 55 52K 2 o SR, PRI B T4 17
K P AUE B AR A RN T AT, 000 T - e (i A g oK b ) Rt
Py,

[8% 3C#k] (References)

[1] Schubert H, Regier M. The microwave processing of food[M]. Boca Raton Boston New York Washington, DC,
2005.

[2] Proctor A. Alternatives to Conventional Food processing[M].Microwave Food Processing(chapter 11), Royal
Society of Chemistry, 2011.

[3] Zhang M, Tang J, Mujumdar A S,Wang S.Trends in microwave-related drying of fruits and vegetables[J].
Trends in Food Science & Technology, 2006,17(10):524-534.

[4] Curet S, Rouaud O, Boillereaux L. Microwave tempering and heating in a single-mode cavity: Numerical and
experimental investigations[J].Chemical Engineering and Processing: Process Intensification, 2008, 47(9-10):
1656-1665.

[5] Sumnu G. A review on microwave baking of foods[J]. International journal of food science & technology,
2001,36(2):117-127.

[6] Chamchong M, Datta A K. Thawing of foods in a microwave oven: |. Effect of power levels and power
cycling[J].Journal of Microwave Power and Electromagnetic Energy, 1999,34(1):9-21.

[7] Ramesh M N, Wolf W, Tevini D, et al. Microwave Blanching of Vegetables[J]. Journal of Food Science, 2002,
67(1):390-398.



250

255

260

265

270

275

280

285

290

m“&i&iﬁﬁ http://www.paper.edu.cn

[8] Rakesh V, Datta A K. Microwave puffing: Determination of optimal conditions using a coupled multiphase
porous media - Large deformation model[J]. Journal of Food Engineering, 2011,107: 152-163.

[9] Ramaswamy H, Tang J. Microwave and Radio Frequency Heating[J]. Food Science Technology International,
2008,14(5):423-427.

[10] Steed L E, Truong V D, Simunovic J, et al. Continuous Flow Microwave-Assisted Processing and Aseptic
Packaging of Purple-Fleshed Sweet potato Purees[J]. Journal of Food Science, 2008, 73(9): 455-462.

[11] Zhang M, Jiang H, Lim R X. Recent developments in microwave-assisted drying of vegetables, fruits, and
aquatic products - drying Kinetics and quality considerations[J]. Drying Technology, 2010, 28(11):1307-1316.

[12] Li Z Y, Wang R F and Kudra T. Uniformity issue in microwave drying. Drying Technology[J]. 2011, 29(6):
652-660.

[13] Vadivambal R, Jayas D S. Non-uniform temperature distribution during microwave heating of food
materials-A review[J]. Food Bioprocess Technology, 2010, 3(2): 161-171.

[14] Campanone L A, Zaritzky N E. Mathematical analysis of microwave heating process[J]. Journal of Food
Engineering, 2005, 69(3): 359-368.

[15] Geedipalli S S, Rakesh V, Data A K. Modeling the heating uniformity contributed by a rotating turntable in
microwave ovens[J]. Journal of Food Engineering, 2007, 82(3): 359-268.

[16] Kowalski S J, Rybicki A. Qualitative aspects of convective and microwave drying of saturated porous
materials[J]. Drying Technology, 2004, 22(5): 1173-1189.

[17] Shiffmann, R F. Microwave and dielectric drying[M]. Chapter No 12 of Handbook of Industrial Drying/ ed.
A.S. Mujumdar/, 3rd edition, CRC Press, Boca Raton, USA, 2007, 285-306.

[18] Gould J W, Kenyon E M. Gas discharge and electric field strength in microwave freeze-drying[J]. Journal of
Microwave Power, 1971, 6(2): 151-168.

[19] Metaxas A C, Meredith R J. Industrial Microwave Heating[M]. Peter Peregrinus Ltd., London, UK, 1983.

[20] Espinoza R J, Johnson A C, Thigpen L T, Lewis W A, Everleigh C A, Garard R S. Use of variable frequency
microwave power to achieve uniform results throughout large volumes for material processing[C]. Proc. 28th
Microwave Symposium: Quality Enhancements Using Microwaves. Montreal, Canada, July 11-14. 1993, 26-31.
[21] Ball M D, Lorenson C P, Hewitt B C, Lacroix C M, Keefer R M. Characterization of non-uniform heating and
its impact on food quality[C]. Proc. 28th Microwave Symposium: Quality Enhancement Using Microwaves.
Montreal, Canada, July 11-14, 1993, 246-253.

[22] Mudgett R E. Microwave properties and heating characteristics of foods[J]. Food Technology, 1986,
40(6):84-93,98.

[23] Gilbert A M. Understanding microwave oven characterization in relation to product performance[C]. Proc.
28th Microwave Symposium: Quality Enhancement Using Microwaves. Montreal, Canada, July 11-14. 1993,
244-245,

[24] Kudra T. Dielectric drying of particulate materials in a fluidized state[J]. Drying Technology, 1989, 7(1):
17-34.

[25] Feng H, Tang J. Microwave finish drying of diced apples in spouted bed[J]. Journal of Food Science, 1998,
63(4): 679-683.

[26] Bessarabov A, Shimichev V, Menshutina N. Microwave drying of multicomponent sols[J]. Drying
Technology, 1999, 17(3): 379-394.



