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(57) ABSTRACT 

A gas adsorbing element is formed into a honeycomb 
shaped laminate having many small channels penetrating 
from one end surface to the other and in Which hydrophobic 
high silica Zeolite poWder is exposed on the Walls of the 
small channels. The hydrophobic high silica Zeolite is, for 
example, a Zeolite Which is produced by removing most of 
the aluminum component from an ordinary Zeolite. In form 
ing the honeycomb-shaped laminate, it is favorable that non 
?ammable sheets are laminated and the laminate is impreg 
nated With a dispersion of high silica Zeolite poWder and 
With an inorganic binder, and that the high silica Zeolite 
poWder is ?xed in ?ber gaps and on the surface of the non 
?ammable paper. It is desirable that the non-?ammable sheet 
is a loW density inorganic ?ber paper and is baked either 
before or after forming the honeycomb-shaped laminate. 
This element adsorbs little Water vapor even When the pro 
cess air is highly humid, and is able to adsorb and remove 
organic solvent vapor and bad odor material in the air With 
high ef?ciency. 

13 Claims, 6 Drawing Sheets 
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FIG. 6 

O ABSOLUTE HUMiDiTY OF 
PROCESS AIR AT 'INLET 5 W9‘ 

0 ABSOLUTE HUMIDITY OF 
PROCESS AIR AT INLET 16.5 g/kg' 

5 10 15 20 25 30 
ROTATION SPEED (r.p.h.) 



US. Patent 

100 

SOLVENT 
REMOVAL 
HATE cm 50 

May 4, 2010 Sheet 6 0f 6 

FIG. 7 

US RE41,314 E 

100 200 300 400 

LENGTH OF SMALL CHANNELS (mm) 
500 



US RE41,314 E 
1 

GAS ADSORBING ELEMENT AND METHOD 
FOR FORMING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation application ofapplica 
tion Sen No. O9/433,272,?ledNov. 3, 1999, now abandoned, 
which was a reissue application ofU.S. Pat. No. 5,348,922. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a gas adsorbing element 

Which selectively adsorbs and removes active gases con 
tained in inert gases such as air, especially harmful gases 
such as organic solvent vapor, bad odor material, etc., to 
obtain clean inert gases such as air. 

2. Description of the Prior Art 
Zeolite is a molecular sieve and is used as an adsorbent 

because it mainly consists of aluminosilicate. Zeolite also 
selectively adsorbs Water and other gas molecules such as 
organic solvent vapor, in accordance With the diameter of the 
molecules, making good use of the difference in diameters 
of micropores Which are formed by elimination of crystal 
Water. 

A rotative reactivation type dehumidi?er element has 
been proposed in Japanese Patent Publication No. 19548/ 
1979 (laid open to the public Without examination) Which 
consists of a corrugated and laminated cylindrical 
honeycomb-structure made of sheets of asbestos paper, glass 
?ber paper, and etc., With a molecular sieve, for example, 
4A, 13X, etc., attached to it. Also in Japanese Patent Publi 
cation No. 240921/ 1988 (laid open to the public Without 
examination) a honeycomb-structure dehumidi?er element 
is proposed Which is made by adding a binding agent to 
synthetic Zeolite poWder of, for example, A type, X type, Y 
type, or natural Zeolite poWder such as mordenite and 
formed, for example, by extruding, press forming, or some 
other similar method. On the other hand, a honeycomb 
structure element is proposed in Japanese Patent Publication 
No. 50068/1978 (laid open to the public Without 
examination) as a rotative adsorbing element that adsorbs 
and separates organic solvent vapor, bad odor gas and other 
gases from the air. The honeycomb-structure element set 
forth in this publication is made of paper containing ?brous 
active carbon. 

The above mentioned Zeolite is able to selectively adsorb 
gas molecules in accordance With its molecular diameter. In 
adsorbing/separating organic solvent vapor, bad odor gases 
and other gases from the air, Water vapor is alWays adsorbed 
together With organic solvent vapor, bad odor gas and other 
gases because there is alWays Water vapor coexisting With 
the air. The molecular diameter of Water is 2.8 A. The 
molecular diameter or organic solvents or bad odor gases are 
all larger than that of Water. For example, the molecular 
diameter of benzene is 6.7 A, that of cyclohexane is 6.1 A, 
etc. Therefore, Zeolite can adsorb and separate Water only 
but not organic solvent vapor or bad odor gas. Rather, Water 
vapor is preferentially adsorbed and adsorption of organic 
solvent vapor or bad odor gas is obstructed by the adsorbed 
Water molecules. Therefore, When the absolute humidity of 
process air is high, Zeolite cannot e?iciently adsorb and 
separate organic solvent vapor or bad odor material. 

Active carbon is a hydrophobic adsorbent and preferen 
tially adsorbs non-polar molecules such as hydrocarbon. 
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2 
However, it is ?ammable and has a danger of catching ?re 
When hot air about 1300 C. is used for reactivation. Also 
some types of adsorbed solvent generate high adsorption 
heat and the adsorbing element has a danger of catching ?re. 
Thus, it is extremely dif?cult to use. Moreover, the adsorb 
ing capability of the element decreases by the adsorption of 
oil. After being used for a certain period of time, regenera 
tion of the element at a high temperature of approximately 
300° C. is necessary. This active carbon element, however, 
has a defect such that during high temperature regeneration 
hot air cannot be used; rather, superheated Water vapor 
should be used for regeneration. 

SUMMARY OF THE INVENTION 

In the present invention, a gas adsorbing element is pro 
vided in Which Zeolite is used as an adsorbent having a high 
silica content to impart a hydrophobic property, and Which is 
formed into a block, i.e., a honeycomb-shaped laminate, 
having many small channels penetrating from one end sur 
face to the other. The high silica Zeolite is exposed on the 
surface of the small channels. The gas adsorbing element of 
the present invention does not adsorb vapor in inert gases 
such as air Which contain Water vapor and organic solvent 
vapor and/or bad odor material, and has the ability to e?i 
ciently adsorb the organic solvent vapor and the bad odor 
material. 
The composition of Zeolite is generally shoWn as xM2/ 

nO.Al2O3.ySiO2.ZH2O (here M is an alkali metal or 
alkaline-earth metal, n is its valence and yil , y is usually 
1~10). For example, the adsorbent ‘Zeolum A-4’ manufac 
tured by Toyo Soda Co., Ltd., Which is a 4A type Zeolite, has 
a composition of 1.0102 N2l2O.Al2O3.l.85i0.5S1O2.ZH2O. 
When high silica Zeolite having a high silica content so that 
y is above approximately 8, is used, it obtains a hydrophobic 
property. That is, it has a decreased ability to adsorb highly 
polar materials such as Water molecules, and an increased 
ability to adsorb non-polar or loW polar materials such as 
organic solvent vapor and bad odor materials. 

There are methods of obtaining high silica Zeolite having 
a hydrophobic property. A prior art method includes 
de-aluminiZing a typical Zeolite having a y of 146. Another 
method is a direct synthesis from a Na2OiAl2O3iSiO2i 
H2O composition. In the prior art de-aluminiZing methods, 
there include: 

(1) a method in Which erionite of y=3, mordenite of y=5 or 
L Zeolite of y=6, etc., is soaked in mineral acid and 
heated; 

(2) a method in Which a Y type Zeolite of y=3~6 or 
mordenite of y=5, etc., is heat treated in the presence of 
phosgene gas; 

(3) a method in Which aY type Zeolite of M=NH4 or H and 
y=3~6 is baked preferably in the co-existence of steam; 
and 

(4) a method in Which an A type Zeolite of y=2, an X type 
Zeolite of y=2~3 or a Y type Zeolite of y=3~6, etc., is 
brought into contact With silicon tetrachloride at a high 
temperature and aluminum in Zeolite is partially substi 
tuted With silicon by the reaction of SiCl4+ 
A12O3QSiO2+A1C13. 

For high silica Zeolite having a hydrophobic property 
Which can be used in the present invention the value of y 
should be roughly above 8. Of course, in either method men 
tioned above, it is necessary as an indispensable condition of 
a molecular sieve that micropores having a diameter larger 
than approximately 3 A are maintained. 

In the present invention, a gas adsorbing element is 
formed into a block having many small channels penetrating 
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from one end surface to the other, i.e., a honeycomb 
structure, so that the above-mentioned high silica Zeolite 
having a hydrophobic property ef?ciently adsorbs and sepa 
rates organic solvent vapor and bad odor material. For form 
ing the honey-comb structure into a block there is a method, 
for example, in Which the above-mentioned high silica Zeo 
lite is mixed With inorganic binder such as kaolinite and is 
formed into a honeycomb structure by extruding, press 
forming, etc. There is another method in Which a sheet car 
rier such as paper or cloth is formed into a honeycomb block 
and high silica Zeolite poWder is bound on and in the sheet 
carrier With an inorganic binder either before or after the 
formation of the block. In the latter method the contacting 
area of high silica Zeolite With process gas is larger and is 
utiliZed more ef?ciently. A porous sheet formed of ?bers 
such as paper, cloth and non-Woven fabrics are preferable as 
a sheet carrier than one With a smooth surface and Without a 
permeating property such as a metal sheet and a plastic 
sheet. This is because high silica Zeolite is carried not only 
on the sheet surface but also in the ?ber gaps. Especially 
bulky sheets of ?bers having a high aperture rate are desir 
able. During gas adsorption, desorption/reactivation is nec 
essary. For desorption, a pressure sWing method Which does 
not need heating can be used, but desorption/reactivation by 
heating can be performed more easily and With simpler 
equipment. For heating reactivation, the element should be 
heat resistant and non?ammable, and therefore inorganic 
?ber papers are used Which have no danger of catching ?re. 
These inorganic ?ber papers include paper formed from 
ceramic ?bers, rock ?bers, slag ?bers, or glass ?bers, or 
paper mainly consisting of a mixture of these ?bers. The use 
of asbestos ?ber, Which is also an inorganic ?ber and does 
not pose a danger of catching ?re, is not preferable because 
asbestos is harmful to the health of humans. 

Further, in a suitable step of manufacturing a gas adsorb 
ing element using the above-mentioned paper including 
mainly inorganic ?bers, the paper is baked to burn and the 
small amount of organic ingredients contained therein are 
removed. There is also a method Which uses a non?ammable 
paper made by mixing high silica Zeolite poWder. 

It is preferable that in the honeycomb-structure the Wave 
length 1 is 2.5 to 4.5 mm and the Wave height h is 1.0 to 3.0 
mm. When these siZes are too large, the total surface area of 
the gas adsorbing element becomes smaller. Consequently, 
the ef?ciency of gas adsorption drops. In contrast, When 
these siZes are too small, pressure drops in the process air 
and the reactivation air become large, and subsequently an 
economical operation is not possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a gas adsorbing element 
according to the present invention; 

FIG. 2 is a perspective vieW of a single-faced corrugated 
sheet; 

FIG. 3 is a perspective vieW of an example of a gas 
adsorbing and concentrating apparatus, a portion being bro 
ken aWay for the purpose of illustration; 

FIG. 4 is a graph shoWing a change in the ef?ciency of the 
gas adsorbing element of the present invention due to a 
change in process air humidity at the inlet; 

FIG. 5 is a graph shoWing a change in the ef?ciency of the 
gas adsorbing element of a contrasting example due to a 
change in process air humidity at the inlet; 

FIG. 6 is a graph shoWing a change in the ef?ciency of the 
gas adsorbing element of the present invention due to a 
change in element rotation speed; and 

10 

20 

25 

30 

35 

40 

50 

55 

60 

65 

4 
FIG. 7 is a graph shoWing a change in the ef?ciency of the 

gas adsorbing element of the present invention due to a 
change in the length of the small channels. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A small amount of organic synthetic ?ber and a small 
amount of an inorganic or organic binder Were added to 
ceramic ?ber of silica alumina series to prepare loW density 
paper having an apparent speci?c gravity of approximately 
0.3~0.45 (about 604150 g/m2 Weight) and a thickness of 
approximately 0.10~0.30 mm. The paper Was then corru 
gated so that it had a Width of 400 mm, a Wavelength of 3.4 
mm and a Wave height of 1.8 mm. Using an adhesive includ 
ing a mixture of synthetic resin such as polyvinyl acetate and 
inorganic binder, a ?at paper 1 and a corrugated paper 2 Were 
bonded together at all ridged portions of the corrugated 
paper 2 as shoWn in FIG. 2 to obtain a single-faced corru 
gated sheet. The corrugated sheet Was Wound around a core 
material as shoWn in FIG. 1 and formed into a honeycomb 
shaped laminate having a cylindrical shape having a diam 
eter of 320 mm and having many small channels 3 penetrat 
ing from one end surface to the other. Zeolite of 
xNa2O.Al2O3.ySiO2.ZH2O (here X[z]El, y[z]e200, Z[z]e9 
and having a micropore diameter of approximately 10 A), 
such as DAY Zeolite manufactured by Degussa Aktieng 
esellschaft of the Federal Republic of Germany Was used as 
the high silica Zeolite. This Zeolite is obtained by treating 
NaY Zeolite, i.e., xNa2O.Al2O3.ySiO2.ZH2O (here X[z]El, 
y[z]E5, Z[z]e9 and having a micropore diameter of approxi 
mately 10 A) With silicon tetrachloride and partially substi 
tuting the [A1203] Al2O3 contained therein With SiO2. The 
Zeolite Was ?nely pulveriZed and dispersed in hydrosol of 
[either] silica [or alumina]. The above-mentioned cylindri 
cally formed body Was soaked in sol to make the high silica 
Zeolite adhere in ?ber apertures of and on the surface of the 
inorganic ?ber papers 1 and 2 With ?ne particles of silica [or 
alumina] in the hydrosol as a binding agent. The element 
Was dried and then baked for 3~4 hours at 450° C. to remove 
organic materials in the sheet and to dehydrate the Zeolite 
and thus obtain a gas adsorbing element. The rate of high 
silica Zeolite attached to the inorganic ?ber paper is approxi 
mately 35 Wt. %. This baking may occur before the impreg 
nation of Zeolite. 

FIG. 3 is a gas adsorbing apparatus using a cylindrical gas 
adsorbing element shoWn in FIG. 1. In FIG. 3, 4 is a gas 
adsorbing element, 5 is a casing, 6 is a separator, 7 is a 
process Zone, 8 is a reactivating Zone, 9 is a geared motor, 10 
is a driving belt, 11 is process air and 12 is reactivation air. 
The gas adsorbing element 4 is held rotatably in the casing 5 
Which is separated by the separator 6 into the process (gas 
adsorbing) Zone 7 and the reactivating Zone 8. The element 4 
is rotated by the geared motor 9 and the driving belt 10. The 
process air 11 is input to the process Zone 7 and hot reactiva 
tion air 12 is input to the reactivating Zone 8 to adsorb active 
ingredients in the process air 11 such as organic solvent 
vapor and bad odor materials to obtain clean air 13. In 
addition, in FIG. 3, 14 is a pulley, 15 is a tension pulley, 16 is 
a rubber seal and 17 is a reactivation air heater. 

FIG. 4 is a graph of the solvent removal rate (%) When the 
cylindrical length of the element 4 is 400 mm, the rotating 
speed is 10 r.p.h., the ratio of reactivation air volume to 
process air volume is 1:10, the process air temperature at the 
inlet is 250 C. 12° C., the velocity of process air and reacti 
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vation air is 2 m/ sec. and the reactivation air temperature at 
the inlet is 150° C.:2° C. Process air is passed as follows: 

air containing 550 ppm of toluene 
air containing 1100 ppm of xylene 
air containing 760 ppm of isopropyl alcohol 
air containing 340 ppm of n-butyl acetate 

each having an absolute humidity of 2~19 g/kg. 
Solvent removal rate in this instance means the value 

obtained by subtracting the quotient, Which is obtained by 
dividing the solvent containing rate of process air at the out 
let by that of process air at each inlet, from 1. Even When the 
solvent concentration in process air at the inlet changes, the 
solvent removal rate hardly changes. 
As a contrasting example, FIG. 5 shoWs the result of a 

similar test, i.e., the solvent removal rate of a gas adsorbing 
element manufactured in the same conditions as the above 
example using, for example, ‘Zeolum F-9’ (having a 
micropore diameter of 10 A) manufactured by Toyo Soda 
Co., Ltd., Which is a hydrophilic Zeolite on the market. As is 
clear from FIG. 5, With a hydrophilic Zeolite, solvent 
removal rates for all organic solvents are above 90% When 
absolute humidity of process air at the element inlet is 
roughly beloW 8 g/kg'. When absolute humidity of process 
air at the inlet becomes higher than 8 g/kg' the solvent 
removal rate rapidly decreases. This is because the used Zeo 
lite is hydrophilic and preferentially adsorbs Water vapor in 
the air rather than organic solvent vapor. On the other hand, 
in the present invention, When high silica Zeolite is used, 
solvent removal rates for all organic solvents tested Were 
above 90% regardless of the absolute humidity of process air 
at the inlet, as is clear from FIG. 4. Test conditions Were 
variously changed. For example, the range of process air 
temperature at the inlet Was betWeen 5°~50° C., the air 
velocity Was betWeen 1~3 m/sec., the reactivation air tem 
perature at the inlet Was betWeen 100°~160° C. and the 
organic solvent vapor concentration Was betWeen 20~2700 
ppm, and the type of organic solvent Was changed. In all 
cases, the solvent recovery rate Was 90~100%. When the 
concentration of organic solvent vapor in the exhaust air 18 
shoWn in FIG. 3 is high, it may be burnt or it may be used as 
fuel for a boiler. 

In order to observe a change of solvent removal rate With 
the change of element rotation speed, an element obtained in 
the above example Was put into the equipment of FIG. 3 and 
the toluene removal rate Was measured under the conditions 
that process air temperature in the inlet Was 150 C., process 
air and reactivation air velocity Was 2 m/sec., reactivation air 
temperature at the inlet was 1400 C., process air absolute 
humidities at the inlet Were 5.0 g/kg (as identi?ed by O) and 
16.5 g/kg (as identi?ed by 0), and solvent vapor concentra 
tion in process air at the inlet Was 500 ppm of toluene. Ele 
ment rotation speed Was varied in the range of 6~26 r.p.h. 
FIG. 6 is a graph of the result. From this, it can be seen that 
the solvent removal rate changes With a change in element 
rotation speed and that for the element used in this test the 
most appropriate rotation speed that gives the highest sol 
vent removal rate is roughly 12 r.p.h. 

In order to observe a change of solvent removal rate With a 
change of length of small channels, elements Were prepared 
in Which inorganic ?ber paper having a thickness of 0.20 
mm after impregnation With Zeolite as in the above example 
Was corrugated so that a Wavelength Was 3.4 mm and a Wave 
height Was 1.8 mm, and the length of the small channels L 
Was changed from 100 mm to 500 mm. The prepared ele 
ments Were then put into the equipment of FIG. 3. The 
equipment Was then operated under the folloWing condi 
tions. The process air temperature at the inlet Was 15° C., the 
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6 
reactivation air temperature at the inlet Was 150° C., the 
process air velocity and reactivation air velocity Were both 2 
m/sec., the absolute humidity of process air at the inlet Was 
15 g/kg, the solvent vapor concentration in process air at the 
inlet Was 1100 ppm of xylene and the rotation speed of the 
elements Was 15 r.p.h. 

FIG. 7 is a graph of the xylene removal rate With respect to 
varying lengths of the small channels. From the graph of 
FIG. 7 it can be seen that in small channels having a length 
of 100 to 300 mm, the removal of solvent is not suf?cient. In 
small channels having a length about approximately 400 
mm, the solvent removal rate is above 95%. That is, removal 
of solvent is nearly total and, the use of small channels 
longer than approximately 400 mm is Wasteful. 

In the present invention, a gas adsorbing element manu 
factured as described above using hydrophobic high silica 
Zeolite as an adsorbent, adsorbs a comparatively small 
amount of organic solvent vapor or bad odor component 
contained in an inert gas such as air, and adsorbs very little 
Water vapor Which is alWays in the air. Therefore, the gas 
adsorbing element of the present invention is capable of 
effectively adsorbing, concentrating, and removing organic 
solvent vapor or bad odor components contained in the inert 
gas such as air regardless of the humidity. Moreover, since 
an organic solvent or bad odor component adsorbed by the 
element can be mostly desorbed at a temperature of approxi 
mately 100°~160° C., the element is incorporated into a 
rotary reactivation type gas adsorbing equipment as shoWn, 
for example, in FIG. 3, to continuously adsorb, concentrate 
and burn to remove active gas contained in the inert gas such 
as air. When sheets mainly including an inorganic ?ber are 
used for materials of the honeycomb-shaped laminate that 
carries high silica Zeolite, the honeycomb-shaped laminate 
including the sheets and the high silica Zeolite resists high 
temperature and avoids catching ?re. This ?reproof property 
is made more complete by baking non-?ammable paper 
forming the element or the honeycomb-shaped laminate 
approximately 3~4 hours at 450° C. to remove, by decom 
posing or burning, the small amount of organic material con 
tained in it. When the adsorbing performance of the element 
decreases due to the adhesion of oil mist of a high boiling 
point in the micropores of high silica Zeolite, hot air of 
approximately 350° C. is passed through the element to 
remove the oil mist and to regenerate the element. 

During the manufacturing process according to the 
present invention, a sheet of non-?ammable paper, etc., is 
formed into a honeycomb shape, baking the honeycomb at 
450°i500° C. and high silica Zeolite poWder is impregnated 
using an inorganic binder, etc., and adhered to it. This alloWs 
the process to proceed simply and economically Without 
special machinery or equipment, and the majority of the high 
silica Zeolite used in the gas adsorbing element Works effec 
tively as an adsorbent. When material consisting of ?bers 
having many apertures such as non-?ammable paper, par 
ticularly a loW density inorganic ?ber paper, is used as a 
carrier, high silica Zeolite ?xes not only on the surface of the 
inorganic ?ber paper but also in the apertures betWeen the 
?bers to increase the carrying ability of the element. 
The foregoing is considered as illustrative only of the 

principles of the present invention. Further, since numerous 
modi?cations and changes Will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and applications shoWn and described, and 
accordingly, all suitable modi?cations and equivalents may 
be resorted to as falling Within the scope of the invention and 
the appended claims and their equivalents. 
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I claim: 
1. A gas adsorbing [element] device comprising: 
a honeycomb-shaped laminate having many small chan 

nels penetrating from a ?rst end surface to a second end 
surface, including a hydrophobic high silica Zeolite 
poWder [placed] ?xed on Walls of said small channels, 
said high silica Zeolite having the composition of xMz/n 
OiAl2O3.yS1O2.ZH2O, Where M is an alkaki metal or 
alkaline-earth metal, n is its valence, and y is a mol ratio 
of silica [and aluminum Which] to alumina and is 
greater than approximately [8] 200, wherein 

the honeycomb-shaped laminate has an adsorbing Zone 
and a desorbing Zone, such that the adsorbing and des 
orbing Zones are repeatedly interchanged with one 
another. 

2. A gas adsorbing element according to claim 1, Wherein 
high silica Zeolite is Zeolite from Which most of an alumi 
num component is removed. 

[3. A method of manufacturing a gas adsorbing element, 
comprising the steps of: 

(a) laminating sheets having a main component of inor 
ganic ?ber to form single-faced corrugated sheets; 

(b) laminating the single-faced corrugated sheets to form 
a honeycomb-shaped laminate having a shape of a gas 
adsorbing element having many small channels; and 

(c) ?xing hydrophobic high silica Zeolite poWder in ?ber 
gaps and on the Wall of the small channels in Which a 
mol ratio of silica and alumina is more than approxi 
mately 8:1 using an inorganic binder.] 

[4. A method of manufacturing a gas adsorbing element 
according to claim 3, Wherein high silica Zeolite in said step 
(c) is Zeolite from Which most of an aluminum component is 
removed.] 

[5. A method of manufacturing a gas adsorbing element 
according to claim 3, Wherein the sheets in said step (a) are 
loW density papers 

[6. A method of manufacturing a gas adsorbing element 
according to claim 3, Wherein the inorganic ?ber paper in 
said step (a) is baked either before or after forming the 
honeycomb-shaped laminate.] 

[7. A method of manufacturing a gas adsorbing element 
according to claim 3, Wherein the thickness of the inorganic 
?ber sheet is approximately 0.l0~0.30 mm, the Wavelength 
of the corrugate is approximately 2.5 to 4.5 mm, the Wave 
height of the corrugate is approximately 1.0 to 3.0 mm, and 
the length of the small channels is approximately 100 to 500 

[8. A method of manufacturing a gas adsorbing element 
according to claim 4, Wherein the sheets in said step (a) are 
loW density papers 

[9. A method of manufacturing a gas adsorbing element 
according to claim 4, Wherein the inorganic ?ber sheets in 
said step (a) are baked either before or after forming the 
block.] 

[10. A method of manufacturing a gas adsorbing element 
according to claim 4, Wherein the thickness of the inorganic 
?ber sheets is approximately 0.l0~0.30 mm, the Wavelength 
of the corrugate is approximately 2.5 to 4.5 mm, the Wave 
height of the corrugate is approximately 1.0 to 3.0 mm, and 
the length of the small channels is approximately 100 to 500 

[11. A method of manufacturing a gas adsorbing element 
according to claim 5, Wherein the inorganic ?ber sheets in 
said step (a) are baked either before or after forming the 

block.] 
[12. A method of manufacturing a gas adsorbing element 

according to claim 5, Wherein the thickness of the inorganic 
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8 
?ber sheets is approximately 0.l0~0.30 mm, the Wavelength 
of the corrugate is approximately 2.5 to 4.5 mm, the Wave 
height of the corrugate is approximately 1.0 to 3.0 mm, and 
the length of the small channels is approximately 100 to 500 

[13. A method of manufacturing a gas adsorbing element 
according to claim 6, Wherein the thickness of the inorganic 
?ber sheets is approximately 0.l0~0.30 mm, the Wavelength 
of the corrugate is approximately 2.5 to 4.5 mm, the Wave 
height of the corrugate is approximately 1.0 to 3.0 mm, and 
the length of the small channels is approximately 100 to 500 

[14. A method of manufacturing a gas adsorbing element, 
comprising the steps of: 

(a) laminating sheets having a main component of inor 
ganic ?ber to obtain laminated sheets; 

(b) forming the laminated sheets into a honeycomb struc 
ture having many small channels; 

(c) impregnating the honeycomb structure With a disper 
sion of high silica Zeolite poWder in Which a mol ratio 
of silica and alumina is more than approximately 8:1 
and With an inorganic binder; 

(d) ?xing the high silica Zeolite poWder in ?ber gaps in the 
honeycomb structure; and 

(e) baking the laminated sheets before or after forming the 
honeycomb shaped structure] 

15. A gas adsorbing device according to claim 1, wherein 
the honeycomb-shaped laminate is a rotor 

16. A gas adsorbing device according to claim 15, 
wherein 

the adsorbing and desorbing Zones are provided in di er 
ent sectors ofthe rotor, and 

the device further comprises a motor to rotate the rotor so 
as to interchange the adsorbing and desorbing Zones. 

17. A gas adsorbing device according to claim ],further 
comprising a heater to heat a reactivating gas which is 
passed through the desorbing Zone. 

18. A gas adsorbing device according to claim 1, wherein 
the honeycomb-shaped laminate simultaneously adsorbs 
and desorbs volatile organic compounds. 

19. A gas adsorbing device according to claim 1, wherein 
the honeycomb-shaped laminate is a rotor, and 
the device further comprises: 

a casing to rotatably support the rotor, 
a separator to separate the adsorbing Zone from the 

desorbing Zone, and 
a motor to rotate the rotor within the casing. 

20. A gas adsorbing device according to claim 19, further 
comprising a heater to heat reactivation air supplied to the 
desorbing Zone. 

2]. A method of adsorbing organic solvent vapor, com 
prising: 

passing the organic solvent vapor over a gas adsorbing 
element comprising: 
a honeycomb-shaped laminate having many small 

channels penetrating from a first end surface to a 
second end surface, including a hydrophobic high 
silica Zeolite powder fixed on walls of said small 
channels, said high silica Zeolite having the compo 
sition ofxM2/nO*Al2O3.ySiO2.ZH2O, where M is an 
alkaki metal or alkaline-earth metal, n is its valence, 
and y is a mol ratio of silica to alumina and is 
greater than approximately 200; and 

desorbing the organic solvent vapor from the gas adsorb 
ing element to thereby reactivate the gas adsorbing ele 
ment. 
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22. A method ofadsorbing organic solvent vapor accord 
ing to claim 2], wherein 

the honeycomb-shaped laminate has an adsorbing Zone 
and a desorbing Zone, and 

organic solvent vapor is passed over the adsorbing Zone 
of the gas adsorbing element at the same time as 
organic solvent vapor is desorbedfrom the desorbing 
Zone of the gas adsorbing element. 

23. A method ofadsorbing organic solvent vapor accord 
ing to claim 22, wherein the adsorbing and desorbing Zones 10 
are repeatedly interchanged with one or another 

10 
24. A method ofadsorbing organic solvent vapor accord 

ing to claim 22, wherein 
the honeycomb-shaped laminate is rotatably supported in 

a casing having a separator to separate the adsorbing 
Zonefrom the desorbing Zone, and 

the honeycomb-shaped laminate is rotated in the casing. 
25. A method ofadsorbing organic solvent vapor accord 

ing to claim 2], wherein the organic solvent vapor is des 
orbed by passing a heated reactivation air through the 
honeycomb-shaped laminate. 

* * * * * 
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