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Abstract : The dehumidifiers were prepared by the impregnation of the zeolites such as MCM 48, USY, beta on
the silica ceramic paper. Their capacities for H,O absorption and regeneration of the bed were tested in a fixed
bed reactor system. The H>O absorption capacities of the dehumidifiers impregnated with the zeolites were 1.5 ~
2 times higher than those without the zeolites. Especially, the humidifier using MCM 48 and colloidal silica
showed an excellent capacity (42.1 g H,O/ g absorbent). It was found that the H,O absorption capacities of the
dehumidifiers were improved because the amount of silica gel, the main component in absorbing H»O, increased
due to the large surface area and pore volume of the zeolites. In addition, H,O was easily desorbed from the
dehumidifiers with zeolites at 80 °C of regeneration temperature and the desorption amount of H,O was the same
as that absorbed. It was confirmed that the H,O absorption capacities of the dehumidifiers impregnated with
zeolite were maintained without deactivation through the repeated cyclic experiments.
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Table 1. Information of the samples prepared by the
colloidal silica

Zeolites (wt%)
MCM-48 USY beta

Sample LiCl (wt%)

SL 20 - - -
SLM-10 20 10 - -
SLU-10 20 - 10 -

SLBeta-10 20 - - 10
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Figure 2. Scheme for the preparation of silica-ceramic
dehumidifier using colloidal silica.

Table 2. Physical properties of the various zeolites

Surface area  Pore volume Main pore size
(m” g") (em’ g") (A)
MCM-48 899.0 1.2 40.2
USsy 615.9 0.9 38.7
Zeolite- 3 724.6 1.0 45.0
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Figure 3. Schematic of the apparatus used in this work.



Table 3. Experimental conditions

Absorption Desorption
process process
Ceramic sheet 05 g N/A
Flow rate (mL min™) 60 60
H.O 3 vol%
Composition (vol%) R.H.*: 56%) N Balance
N; Balance
Temperature (C) 35 80

*R.H.; Relative Humidity

C/Co

0 20 40 60 80 100

Time (min)

Figure 4. Breakthrough curves for H,0 absorption on
WG and WGU absorbents.
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Figure 5. H,O absorption capacities of WG and WGU
absorbents.
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Figure 7. (a) Net and (b) total H,O absorption capacities on
WG and WGU absorbents with multiple cycles.
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Figure 8. Breakthrough curves for H,O absorption on SL,
SLM-10, SLU-10 and SLBeta-10 absorbents.
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Figure 11. (a) Net and (b) total H,O absorption capacities of
SL, SLM-10, SLU-10 and SLBeta-10 absorbents
with multiple cycles.

4. =2

MCM-48, USY, beta 53 22 Al&elo|EE Agtd]Fo]
of Zx3le] AFAAE Ax e HO 55 9 A4
st Frke ARSI AlEaaks Alxsh] flE T 7
AzgE ddsisled, 2 F shvs EhElE o838t
|&52AE AlZzskes Zlo]al, T shve R0l HAtE
o] gsto] AFaAtE Axdte ATt oA AxH AF
27 5 HoO F580] 7H £& AlFaale Sxolt 4
2712 o] g3Fe] MCM-48S T 33 SLM-10 Al&5AAk3 T
AT ES XA 2l Az AFaAES] 49 AS
ZolES TXS AlFaAEY HO F58o] v 718 &
T AN, AlggolEL v xHA g 7| FRIT} S e E
H:09] 5582 F7ketdink olefdt A= & v

2

il

3} 2 713598 M3 Qe Algeel e o8 HOS &
S Y A Aol FFB F Y Tl Fksa
webd] FhFel F7H3el nek H09) F5HE F71E A
©% Wolth ek Al&eolErh B A2 AYEA
2 80°CY APEEAINE 47 HO% BHEI, eRY



46 FEl=, AH142 A1z, 20084 32

H:09) & A a7t 548 H09 3} 5
P N s ] e 09 F4E ght wEEd 9o

om, 27] F5ee] fAH 2

r
12
|o
it
2
fifo
i)
<
ul
(o

EXE AFAAY Aes FIATIeH To8 9Es ot
Ao IhckEck

& Al

o] 7= 20078hdE RSt Aty AHe] <
&to] AFE GG U oo A=Ytk

ks

1. Moon, I. H., “Basic Concept and Present Condition of
Domestic Market for Dehumidifiers,” Soc. Air-Cond. Refrig.
Eng. Korea, 27(6), 523-532 (1998).

2. Choi, K. H., “Application for Air Conditioning of Cooling
System Using Desiccant,” Soc. Air-Cond. Refrig. Eng. Korea,
27(6), 513-522 (1998).

3. Kim, H. S, Yoo, Y. J., Ahn, Y. S, Han, M. H,, Chu, K. T, Lee,
C. M, and Park, M. K., “Adsorption and Desorption Characteristics
of humidity on Silica Gel Impregnated Ceramic Paper,”
Korean Soc. Energy Eng., 1, 155-160 (2002).

4. Singh, S., and Singh, P. P., “Regeneration of Silica Gel in
Multi-Shelf Regenerator,” Renew. Energy, 13(1), 105-119
(1998).

5. Jain, S., Dhar, P. L., and Kaushik, S. C., “Experimental Studies
on the Dehumidifier and Regenerator of a Liquid Desiccant
Cooling System,” Appl. Therm. Eng., 20, 253-267 (2000).

6. Yin, Y., Zhang, X., and Chen, Z., “Experimental Study on
Dehumidifier and Regenerator of Liquid Desiccant Cooling
Air Conditioning System,” Build. Envir., 42, 25052511 (2007).

7. Kodama, A., Goto, M., and Kuma, T., “Experimental Study of

10.

11

12.

13.

14.

15.

16.

17.

Optimal Operation for a Honeycomb Adsorber Operated with
Thermal Swing,” J. Chem. Eng. Japan, 26(5), 530-535 (1993).

. Wiwut, T., and Anawut, P., “New Simple Mathematical Model

of a Honeycomb Rotary Absorption-type Dehumidifier,” Chem.
Eng. J., 3942, 1-5 (2002).

. Oh, J. S, Kim, J. H., and Seo, G., “Dehumidifying Property of

Zeolites and Mesoporous Materials in Adsorption-Desorption
Dehumidification Process,” KIChE Proceedings: Theories and
Applications of Chemical Engineering, 7(1), 177-180 (2001).
Jung, M. H., Kim, J. H,, and Seo, G.., “Improvement of
Hydrothermal and Mechanical Stabilities KIT-1 Mesoporous
Material by Silane Modification,” HWAHAK KONGHAK,
35(6), 895-899 (1997).

Ryoo, R., and Kim, J. M., “Characterization of High-Quality
MCM-48 and SBA-1 Mesoporous Silicas,” Chem. Mater., 11,
2568-2572 (1999).

Zhao, D., Sun, J., Li, Q., and Stucky, G. D., “Morphological
Control of High Ordered Mesoporous Silica SBA-15,” Chem.
Mater., 12, 275279 (2000).

Kuma, T., and Okano, H., “Active Gas Adsorbing Element and
Method of Manufacturing,” US Patent No. 4,886,769 (1989).
Sowards, D. M., Hills, A., Claymont, and Stiles, A. B.,
“Supported Catalysts Composed of Substrate Coated with
Colloidal Silica and Catalyst,” US Patent No. 3,518,206 (1970).
Tseng, P. C., Chuah, Y. K, Hwang, C. U.,, Chu, S. J., Chang, H.
T., Huang, C. S., and Chen, C. C., “Process for Manufacturing
Moisture Exchange Element,” US Patent No. 5,254,195
(1993).

Kuma, T., Shirahama, N., and [zumi, H., “Adsorber for Humidity
and Odorous Gas Exchange,” US Patent No. 5,753,345 (1998).
Kuma, T., and Okano, H., “Method of Manufacturing
Dehumidifier Element,” US Patent No. 4,911,775 (1990).



