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Enhancement of Water Desorption from Zeolite by Microwave Irradiation
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Abstract

microwave irradiation for desorption of water from zeolite was studied.

For effective regeneration of the adsorbent used in a desiccant humidity conditioner, the possibility of

To investigate the effect of microwave irradiation on the water desorption rate from zeolite (0.69 mm), experiments
were conducted in a N, flow type adsorption column equipped with a microwave irradiator. Desorption of water from
zeolite by microwave heating under conditions of N, gas of 30°C with relative humidity 40%, gas flow rate of 0.053 m/s and
microwave power of 200-800 W was compared with that for hot-air heating at 47°C.  The following results were obtained.

1. The amount of water desorbed from zeolite was 1.6-2.0 times larger by microwave heating than by hot-air heating. ~This
amount corresponded to that obtained by hot-air heating at 10-16°C higher than the zeolite bed temperature. It was found
that the desorption amount with microwave irradiation was larger than that with hot-air heating, regardless of microwave

power.

2. Maximum desorption rate was about 5 times faster by microwave heating at 800 W than that by hot-air heating.

3. Desorption rate with microwave irradiation increased with microwave power, and it decreased linearly with the increase in

water adsorption ratio in zeolite.
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Fig. 1 Adsorption isotherms of water vapor on zeolite

at 10 and30°C

= X m Temperature controlled room S
Dew point detector S Optical fiber
& thermometer E
thermometer

# & Heater

Dummy

load 4]: ﬁ
e _DE]: p \
i Adsorption Adsorbent

i column
{ Dew point detector

b
~3 )
+ & thermometer

MW
irradiator |

Evaporator N, \;
2 ” Thermal insulator
SRR (e

Fig.2 Schematic diagram of experimental apparatus
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Fig.3 Adsorption and desorption characteristics of zeolite when

microwave was irradiated during desorption process
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Fig. 4 Comparison of desorption ratio and temperature rise of

zeolite bed between MW heating and hot-air heating
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Table 1 Time-change of amount of desorbed water and temperature

rise of zeolite bed with microwave irradiation

Time [min] 5 10 15
Rq[] 138 149 157
Taw [C] 459 46.8 46.7
T [C] 589 60.7 614
T [C] 13.0 139 147

Table2 Effect of MW power on amount of desorbed water and

temperature rise of zeolite bed at 15 min

MW [W] 200 400 800
Rql] 1.86 197 157
Tww ['C] 352 37.8 46.7
T [C] 455 534 614
T [C] 103 15.6 14.7

Table 2 lIZ—f5 L TR LTS, ALY, 200 W OIKHIIEATT
HERIAE SR IND, 728, <A 7 271400 W iZ80
TRy DIIEKEERL, BEATET 250~ 7 milgH)
DIFENNE S LD,
322 A7 EBAEOHAERE  Figure 4 TR LIS

(g/gr) ORI D IR (A /A 0) ZRGRBATIR (A
0) U=V ORiEEE (Ag &L TR, WEER (I-gdg) I
S L CHEH L 72 [% Figure 6 (0757

AREVLLTFOZ EBIERESND, 1) <A 7 nEliEOBE
BT, WEER 1.0 TRONME (9.4%10-3 kg-H20/(kg * min))
R UTzte, WS ROBINTEE > TRIEERRANED L.,
1-quw/ge=0.87 FHECIEF Y1 L 725, 1) IEEBEDAGA §
TEERAESRD 1.0 BT BT o THER L. 1-gua/ge=0.98



~A 7 UEINC L 284 T A b b OREE KD

THRNE (1.8x108 kg-H20/(kg min)) %7~ L7=#E800 e
L. 1-gHA/gE=0.92 TIHFHETHET D, 1) ORI~
7 NEADS . RS BRAARIE HICRE KOS EENE S LD
ZEIC L VAMEBAENECD L, BLUYA 7 ailgh s
MRS E TR 5 Z EFERTH Y . ZORE, W5
KIS H o & HEWBEENIHIZ R TS I 2o T2 &
Exz bbb, —H, i) OREBEOSAIIENEE 720 | B
FEVIEMR T ORE R~ OB R TR Z 2, 2Dk,
FEERBAAE) DIAEIE 2 5 F TICHR BN ME L, <=4 2
A T S T ERDSROR N S Ml ORISR EE O R /A
Bhic &z oNb, T, ~A 7 alEaE R 2 iiaEsEE
DENERERBECBIT 5 E00R) 5 5 Thb, Jiud, #if
WUz LT~ A 7 B L BWEKICH D EREER 72 5
NGRERNENERT 2 & &2 b,

Figure 7 13~ 7 w7103 872 5454 (200, 400, 800 W)
IZRITD AgA 0 DEERD, Figure 6 L [REOEREZIT-T-
WRTHD, AREVUTOZ EBBESNS, 1) v 7ol
HZE B3, Ag/A 0138 1.0 FHECTEREEZRL, £0
BIRAEROBIN > QHIEANFDT 5, 1) FORKE
IE~A 7 aigH) 200-800 W OHEKRIZHES T, 3.7-9.4x103
kg-H20/(kg - min) & #1473 1i) H77200, 400, 800 W
IZRWT, NN 1-g/ge s 095, 0.93 X 00.88 LT
PAERENITEY r L5, 1) 1%, Figure 6 C¥=< A 7 1
RN 1 DS K DEENEGh SRS L OV IR S
BiEss~A 7 e LS THEL S Z L AR LTV A, i) 13,
WERDOIBGNRD A 7 2N FT D 22128 b, £
7z, iil) OFEFIIEMBIRE FEFICER L TRY ., <1 27 o
HADHERIC > TRIBEN LR L2 itk bbneEL S
b,

G
==

AHFFETII~ 1 7 v REATIOT U NREsEREL, ¥
T A MAFEGSRIEI TR 5~ A 7 wiRRhE & S50
Wt LTRSS CLL R O S 2187,

1. A7 oA CIHRENA LT, EELET
1.6-2.0 fEOERILESIRERH D Z &L 238D, ZOMNEAIRE
FYECHR 92 SIREAGE L VK 10-16°CRIE TS S17-2
LI Uz, F7o, <A 7 mEHINTh Db SIS B
BED_ SRS EORBE R 577,

2. 800 W DA 7 milfitag OO M AR R RS DRk
JBAEREED b fi5 & 72 o 7=

3. A7 mEBEOS G MAEREIT A 7 a0
PEo TR LT, E7o, BEAEERE IS FOR o TR
FZIE L=,

X103
15 T T T
)
< || © 9nw (300 W) i
sE 2T
<]~é qua
g5 97 ¢
= ==
3 6| °
£ &
5% °
A= 70 o’ ‘
Y
. g, K

0.8 0.85 0.9 0.95 1
Adsorption ratio, 1-g/qg [-]

Fig. 6 Relationship between desorption rate and adsorbed ratio: @
microwave heating, hot-air heating

X107
15 T T T
)
< _ L Key MW [W] |
SE m 200
L E A 400 o
<§ 0 91 | e 800
20 ®
O ™
S 6
=% ¢
|72 3wl 3 ] BE -
a o alm
0 - _J ‘L
0.8 0.85 09 095 1
Adsorption ratio, 1-q/qg [-]
Fig. 7 Effect of microwave power on desorption rate
(BRE]  AWTZTE, SRR 16-17 SRESGHR AR Ao (9

2FRFFE) No. 15710056) DBIREIC &> TfToiie, ZZICRLL
THEEZRLEY,

Nomenclature
AH = absolute humidity [ke-H20/kg-DA]
0 = desorbed amount of water [ke-H20/kg-zeolite]
Q.s = adsorbed amount of water [keg-H20/kg-zeolite]
gE = equilibrium adsorbed amount [ke-H20/kg-zeolite]
qua = desorbed amount of water by hot-air heating
[kg-H20/kg-zeolite]
quw = desorbed amount of water by microwave heating
[ke-H20/kg-zeolite]
q’ = desorbed amount of water calculated from temperature rise of
zeolite bed [ke-H20/kg-zeolite]
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RH = relative humidity [%0] of Microwave-Regenerated Adsorbent Systems for Recovery of Volatile

Ry = ratioofguwandg’ [ Organic Compounds,” Proceedings of the Microwave and

s = T-Tuw [C] High-Frequency Heating Conference, C4, Cambridge, UK. (1995)

Tun = temperature of zeolite bed during hot-air heatin [’C] Suenaga, T, H. Nikzat, M. Kubota, F. Watanabe, N. Kobayashi

Tuw = temperature of zeolite bed during microwave irradiation [°C] and M. Hasatani; “Effect of Microwave Irradiation on Vapor Desorption

T’ = temperature of zeolite bed calculated from desorption amount in Zeolite Packed Bed” (in Japanese), Proceedings of the 2003 JSRAE
of water [’C] Annual Conference, A103, Tokyo, Japan (2003)

u = velocity of air [my/s]

6 = time [minute]
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