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Microwave drying characteristics and energy consumption analysis of dredged sediment
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Chemical Engineering, Tianjin University of Science & Technology, T ianjin 300457, China)
Abstract: In this paper, microwave drying of dredged sediment was carried out using domestic microw ave oven in order to ex
plore a new way of effective dry processing for dredge sediment. Effects of different sediment thicknesses and microwave pow er
outputs on the drying characteristics of dredged sediment by microw ave energy were discussed and the unit energy consumption
was analyzed, and thin layer drying model w as introduced to simulate the drying process. The results showed that the decreasing
rate of dry basis moisture content reduced and the drying time extended with the increasing of sediment thickness successively
the drying time shortened significantly with the increasing of the powers; and the maximum drying rate of 10 mm thick sediment
was about 3. 0 times of that of 40 mm thick sediment. T he unit energy consumption analysis showed that the unit energy corr
sumption was lower under 280 W for different thicknesses of sediment, and energy utilization w as more effective. Modified Page
I model was determined to be applicable to analyze the microw ave drying of sediment through the analysis of experimental data,
and the model had good fittings. Therefore, the model can be used to predict the drying time for different thicknesses of dredged
sediment with different moisture contents.

Key words: m icrow ave drying; dredged sediment; drying characteristics; energy consumption analysis; drying model

R SR A 175 5k WIVE S DAL AT A A RS ST AR
R ARV . TRV A KA, B D m A
R, ORT BV R HE T B B M R MR W . S T

T LR T Rl PR TR 29 50 L RE R e
TRREE IS, iz N T i 256 AE AT k.
FEl A AMIE S LR P BB B AR ) ¥ 9 Sk A AT AL

2ot S PR R S, 0N JECE BEAT VR B I K Ak B, SEELK
A o W S R BEME K T ik 32 A BB /K L 24 770 i 7K
DAKC TR 30 o SRTATATL B K AR ST JE T8 1) 5 K 8 M Bk 22
50% LLRU 250 i K it SRR AN ] 3 DX e 1 R L BE S
ANTRIRITE LE, DAL i A SR A 38 1 058 330 AT T D8 11 % 5 M
KTAL

: 2014 1F 21 : 2015 10-09

BT ARG AE R S AERE 1) 2 ) TR A AR
TZHRAF AR HI BB o DRI, A K 0 X LA U Ve Tl T
REVEREATBI ST, 2R 0T LT e, JF X ILFE REREAT T 0 e
PG AT RS Ecdie I 2R b, 0908 T VR IR PRI TR K K
BERY, HI T F0000 145 e AN [R) I 220 00 5 2K 8, O sl T4 AE
G VR JEC e T U A Ak 7 THI 2 B AR A

12015 1F 30

: http: // www. enki. net/ kems/ detail/ 13. 1334. T V. 20151130. 2201. 056. htm1

SOTHRRE(1977), B, RRUEIEN, S LR, £ 2 g

BRI AR FT . B m ail: 383086310@ qq. com.

c R M(1976), L, Wi E RN, @ 2%, L, BN Gy f A T T . B mail: wuyan_tust@ 163. com.

1128 « W ¥ B R



J7 WS e BIR R VAR TR A M B R AT

1

1.1 XM 5E &

WRIGA B B2 RIER 42T RERF K 22 N W, Xt
HLIEARYIPEHEAT 2, MILE S KE H 44 56% ,pH A5 80~
6. 20, FLERZ N 66 46% , 75 H FI% [E 53 54 0 94 g/em® F
280 g/em’, HHLR &R AT 26%, & hEh 0 4%, 7FH
Ls WOGHTSERLEE 23 BT 0 28 IV T R AE 24 9 62 Bmo

RGO, PTOD20TR C6( WO), T #4044 7T i
(700.595.462.280 W) , &€ ¥t 4012 24 2 450 M Hz, AR
SF 210 mm x 315 mm x 314 mm, A% 2% 50 Db H 8 RA
w3 377,100 em?, it
1.2 &R Fik

WK KRN 0 01 g i TR MHATHUHE R E. &
Fe il BN GR IS YE AE, S B 10 mm 20 mm.
30 mm <40 mm, FEHILT IRE S BN R FESCE e R
IR K (280 W)~ HHK(462 W) K (595 W) <& k(700 W)
PUARSAL B AK RHEAT 05, BB 1 min W& — K& AFER T
Jite, HEREKEREE 8% LLT Ak, THE &0 5 ke S &
VINE i o B e S Ct o L i S = S A SR N AR R S e
TARBAATLZ O 2% , 20 T4k BE b Ky s m .

1.3 HEAE
1.3.1 K4tk

ARG FBIRIE Ve & K& 10 2240 7T LU & 7K H 4 b

(MR) FR7 4k

1

MR= (M,- M.)/ (My— M.) % 100% (1)
AP MR I BKE 4 (%) s Mo 4] B S T 3¢
SIKF (o ) s M, Jy THRTHT RS LT e b 5 K (o @) 5
M,y TH B i TR IR T A K (gl )
1.3.2 FlgsE

LI 200 S VR (T B A R LR 2)

Xii- X,
2
v (2)

P DR, J KNI Z T TR A g/ (g s): X, | A
SRR I 22 i — K R KT 2 5K (%) 5 X, N D
ZIEPR T F KA (%) 5 Av A PN F I T8 25 s) o

2

DR, =

2.1 fRORTRRAFE B

4 AR JEEE (10 mm<20 mm 30 mm .40 mm) [ JEJE
FE, BT ROP (ZhER 280 W.462 W.595 W.700 W) 1
HEAT T, DU AN [ B 20 JEG Ve 1) B d, b LT ke PRt 42

Pl LRI 2 AN [E) 2% 0 T TRV I T 3 7K 3R Tl 3 AR
gz A1 Atk aT LUE & Fb R R A
[ T2 TR T 1300 B K AR a3 K — 3. Tk
TR B, TRV % K2 A Ko EAR R T, MK
Ve RE T M E I, FL K2R 2R B, A8 BRI T ik 3 19
IR, BT G Y6 I3 (R T, G K AR T I R PR, T F
TSR T A BRI T3

Fig.1 Variation curves of dry bask mosture content with time for the dredged sediment withdifferent thicknesses under different microwave powers
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Fig.2 Variation curves of drying rate for different thicknesses of dredged sediment under different powers
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Tab.1 Unit energy consumption of microwave drying
under different powers
MJ/ kg

PES BRIV )5 E/ mm
W 10 20 30 40
700 7.02 5.10 4.31 3.97
595 5.25 5.05 5.68 5.69
462 4.98 4.22 4.29 3.76
280 3.22 3.08 2.24 2.10
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3
Fig.3 Variation of MR with time for dredged
sediment by microwave drying
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Fig.4 Vanation of In(MR) with time for
dredged sediment by microwave drying
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Tab.2 Fitting results of dredged sediment under different thicknesses by microwave drying
(power: 595 W) between Page and M odified Page 1 drying models

7 JEEE/ mm R 2 il R? X2 RSS
10 k= 1.886x 102, y= 0. 958 9 0.994 2.931x 104 0.001 47
20 k= 5.816x 10, y= 2. 239 0.999 1.509% 107 0.001 36

Puge 30 k= 1.228%x 10, y= 2. 119 0.995 7.050% 10 0.006 38
40 k= 1.911x 106, y= 2. 014 0.998 2.685% 104 0.003 22
10 k= 0.00654,y= 1.003 0.997 3.598x 107 0.001 44
20 k= 0.00459,y= 2.275 0.999 1.457% 10 0.001 31

Modified Page 1

30 k= 0.00162,y= 2.195 0.996 6.642x 107 0. 005 98
40 k= 0.001 45, y= 2.069 0.998 2.478x 104 0.002 97

(1) AN B B3R Ve 76 AN D28 R T 8UR W A
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FET IR v KR D7 T o 45 B 8 I R T MR B
R BEe 3ok 5 B

(2)700 W I, By i Je B T AL AE e — H 4+

FeA iy, FLAE 5 FIF 2 Wi & B, IR 948 /b, 280 W I, iR
TRV R0 T 45 B A FE REAE 2% B JE R 38 b T BRI £k
18, fig 3R F T n 7843

(3) FINHEZE T 1A AL, 6F i V8 ST T el 72 kAT A
B, T+ B2 Modified Page I 155 A4 H 47 45 w5 10 B2 2 G R
H(R* 750 993 LL b)) K BARH X2 A8, & H T-AN [A) )52 B it
VR VB I T 2 1R AL, W T T A [R] 5L R VR
Ve T4 AN TR B 7K 2 BT FH ) K B )
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3 Modified Page 1
Tab.3 Fiting results obtained from Modiied Page I model under different conditions
DIEIAG JEJE/ mm R K R? x2 RSS

10 k= 0.00791,y= 1.885 0. 999 4.718% 1075 3.372x 104

20 k= 0.00588,y= 2.349 0. 998 2.938x 10 0. 002 06
700 30 k=0.00306,y= 1.935 0. 993 0.00104 0.007 31

40 k=0.00317,y= 2.104 0. 998 3.337x 10 0. 002

10 k= 0.00518,y= 2.061 0. 999 6.794x 103 5.435x 104
462 20 k=0.00407,y= 2.422 0. 999 2.217x 10* 0. 002

30 k=0.00326,y=1.922 0. 998 3.273x 104 0.002 62

40 k= 0.0023,y= 2. 274 0. 999 1.597x 104 0.001 6

10 k= 0.00466,y=2.013 0. 999 1.792x 104 0.006 72
280 20 k= 0.00319,y= 2.062 0. 997 4.586x% 104 0. 005 04

30 k=0.00215,y= 2.020 0. 996 4.922x 10 0. 006 89

40 k= 0.00164,y= 2.260 0. 998 3.559% 10 0.003 2
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