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UNITED STATES PATENT office 
METHOD of AND APPARATUs FoR TREAT 

NG GASES 
William E. Moore, Pittsburgh, Pa., assignor, by 
mesne assignments, to Delaware Engineering 
Corporation, Wilmington, Del, a corporation of 
Delaware 

Application July 31, 1939, serial No. 28,461 
9 Claims. (C. 83-4) 

This invention relates in general to the treat 
ment of gases by bringing 'e gases into con 
tact with reagents or materials, which alter in 
some way the physical characteristics or com 
position of the gas or gases so treated, as, for 
example, adsorption processes and apparatus. 
The present invention is chiefly concerned with 
improvements in adsorbing apparatus and more 
particularly to adsorption systems and appara 
tus for continuous operation in which the ad 
sorbent material employed is of a nature which 

0. 

can be reactivated or revivified by heating. Ad 
sorbents are well known which readily adsorb by 
contact certain ... constituents from a moving 
stream of gaseous mixture and when saturated 

' With such constituent can be renewed for re-use. 
by heating. The heating can be conveniently 
effected by means in contact with the material 
or by passing hot gases through the adsorbent 
material, which is conveniently in granular form. 
An adsorber of the nature to which this in 

: wention is particularly applicable removes mois 
ture from the air or other gas by the physical 
process of adsorption. Two streams of air, flow 
through the apparatus continuously. The main 
stream of air to be dried passes through the 
adsorber beds and gives up its moisture to the 
granular particles of the adsorbent naterial. 
the apparatus has several beds of adsorbing 
material and the spent beds are reactivated by 

* a second stream of air while the recently re 
activated beds are on the drying cycle. 
second stream of air is heated to draw off the 
released moisture from the activated alumina O.' 
the alumina, may itself be heated so as to cause 
the moisture to be given up to the second strear. 
of air. A single valve control system directs and 
controls the air, streams and an associated sys 
tem controls the heating and cooling of the 
adsorbent beds so that the operation is a continu 
Olsone, . . . 

My invention is 

This: 

circumstances. 

spent alumina may be reactivated by the con 
trolled application of heat, the source of which 
may be gas, steam, electricity or in some cases, 
waste heat from other processes, according to 

The moisture evolved during 
activation is removed by a stream of gas or a 
vacuum. After all the moisture has been re 
moved, the alumina is cooled and is once more ready for adsorption. 
One of the objects of the invention resides in 

the novel, construction and arrangement of the 
means for controlling the flow of dehumidifying 
air and the flow. of reactivated air through the 
adsorber unit so that a relatively fixed output 
of dried air having relatively constant physical 
properties can be sustained. An important fea 
ture resides in the construction and arrange 
ment of the adsorber units and the valves for 
controlling the flow of air through the unit and 
the valves for controlling the flow of heating or 
cooling fluid through various portions of the 
adsorber unit. The arrangement is such that 
the operation is continuous and automatic and 
the apparatus. will continue to operate without 
attention on the part of anyone. The appara 
tus can be adjusted to cope with varied con 
ditions. . 
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particularly applicable for use 
in connection with drying and conditioning air 
and will be described in connection with appara 
tus for that purpose, but it is to be understood 
that it is of value for the treatment of other 
gases as well. I prefer to use activated alumina 

45 

in granular. form as the adsorbent medium, since 
this material has a very large capacity for ad 
sorbing moisture due to its extensive surface. 
After adsorption has been carried out, the nois 
ture adsorbed can be driven off by heat and the 
material used again. This cycle can be repeated 

50 

prefer to make my apparatus of rectangular 
or square shape, so as to utilize the floor area 
to the best advantage. The adsorbing beds are 
placed in layers, one above the other, according 
to the size of the dryer and are disposed, so that 
between the edges of the beds and the ways of 
the apparatus, a space will be left which is ulti 

5 lized as air ducts. The beds are separated physi 
cally and baffle plates are interposed so as to 
direct part of the air flow through one bed and 
part of the air flow through the bed directly 
beneath. This arrangement gives & greater area 
of contact of the air and adsorbent materia and 
diminishes the thickness of materia through 
which the air must flow, and consequently lowers 
the resistance of the material to the flow of 
the air. ....' -- ". . . . . . . . 

One: of the disadvantages heretofore experi 
enced in apparatus of this nature is the difficulty 
of keeping the degree of dryness of the treated 
air relatively constant. Heretofore when the air 

- to be dried is first passed through the bed, the 
bed is at its maximum adsorption capacity, but 

... shortly thereafter the adsorption ability is de 
creased and the air is not so thoroughly dried, 

indefinitely, which obviates the expense and in-s: 
convenience of changing the adsorbent. The 55 

due to the partial saturation of the adsorbent 
material. To insure that the dryness of the 
treated air will not greatly vary from time to 



2 
time during the operation of the device, I pro 
wide apparatus which permits the air to be 
treated to pass through one full bed and through 
part of an adjoining bed, while reactivating air 
is passing through still other beds. The flow to 
each bed is controlled by a port associated there 
With and these ports are Successively uncovered 
or Covered so that the Open area of the port to 
an adjoining bed is simultaneously progressively 
increased, thus decreasing the air flow to a bed 
which has been partly saturated and increasing 
the air flow to a bed which is fresh or less satu 
rated than the bed being cut out. The portions 
of the fresh beds which are thus cut in from 
time to time equalize the adsorbing ability of the 
apparatus so that the treated air has relatively 
constant physical characteristics. 
In the drawings I have shown for the purpose 

of illustration only the present preferred embodi 
ment of apparatus suitable for the practice of 
ny invention. - 

In the drawings: 
Figure 1 is a plan view of the apparatus; 
Figure 2 is a side view partly in elevation and 

partly in section along the line II-II of Fig 
lure ; 

Figure 3 is an end view partly in elevation and 
partly in section of the apparatus, a portion 
at the top thereof being omitted for the sake 
Of clearness; Figure 4 is a plan view of the top of the appa 
ratus showing the arrangement of the steam and 
water valve control system and to an enlarged 
Scale; Figure 5 is a view partly in section and partly 
in elevation of the apparatus shown in Figure 4; 

Figures 6,7, and 8 are plan views of the rotat 
ing member of the air valve, the steam valve, and 
the water valve, respectively; 

Figures 9, 10, and 11 are plan views of the sta 
tionary member of the air valve, the steam valve, 
and the water valve, respectively; 

Figures 12, 13, and 14 are plan views of the air 
valve, the steam valve, and the Water valve, re 
spectively, showing the rotating members of each 
superimposed on the stationary members in 
dwell position I - 

Figures 15, 16 and 1 are similar views to Fig 
ures 12, 13 and 14 but show the valves in dwell 
position II; 

Figure 18 is a flow sheet showing the flow of 
air to be treated and reactivating air through 
the various beds when the valves are in the dwell 
position I and 

Figure 19 is a view similar to Figure 18 but 
showing the flow in the dwell position i. 

In the drawings there is shown an apparatus 
constructed according to my invention for de 
humidifying air or other gases, or for extracting 
one gas from a mixture. The apparatus is par 
ticularly suitable for dehumidifying air and will 
be described in connection there with. 
The adsorber is in the form of a metal box or 
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casing 2 rectangular in plan, the top, bottom 
and sides of which are made from metal sheets, 
The box is divided by vertical partitions . . . . 
and B which extend from the top to the bottom 
of the box and intersect to form four separate 
compartments A, B, C, and D. In each con 
partment or bed section there are two horizon 
tally extending beds T and of a suitable mate 
rial such as activated alumina. The alumina 
of each bed is enclosed in a box having the side, 
top and bottom of foraminous metal. The beds 
and Are 

70 
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are spaces between the beds and between the 
beds and the top and bottom of the adsorber 2, 
Each bed is of the same width as its compart 
ment so as to fit closely between the partitions 
and the adjoining side of the adsorber, but the 
bed is shorter in length than the compartment 
So that when the upper bed is in place with 
the inner end against the partition 5, there is a 
space 9 between the outer end of the bed and 
the end wall of the adsorber and when the lower 
bed 8 is in position with one end resting against 
the end wall of the adsorber 2, there is a space 

between the inner end of the bed and the para 
tition 5. The spaces 9 and 0 provide passages 
for the flow of air around the upper bed and 
lower bed 8, respectively. An inclined zigzag 
partition of sheet metal extends along the 
edges of beds 7 and 8 and diagonally from the 
outer bottom edge of the upper bed. T to the inner 
top edge of the lower bed 8 and from the part 
tion to the Outer side wall of the adsorber. 
By this arrangement air passing through the 

compartment B will be guided and part of the 
air will flow through the upper bed 7 and part 
through the lower bed 8 as indicated by the 
arrows. While only two beds have been illus 
trated and described in each compartment, it 
is evidept that one or more beds can be pro 
vided and where more than one bed is provided 
the beds and partitions should be arranged so 
that the air to be treated will flow equally 
through each bed. By arranging the beds in this 
nanner, a large Surface area is presented to the 
air to be treated and the thickness of the beds 
may be kept to such a point that there is not too. 
much resistance to the flow of the air there 
through while insuring that there will be ample 
contact area for the air with the particles of 
adsorbent material. 
Adsorbent material, on taking up vapors or 

gases, rises in temperature due to the heat of 
adsorption. Most adsorbent materials function 
more effectively if the temperature is maintained 
at a fairly low point and for this purpose pro 
vide cooling coils of pipe 2 and in each of 
the beds and 8 for removing the heat of 
adsorption from the adsorber beds and/or cool 
ing the air on passage therethrough. The Col 
2 is connected at the top to a water and steam 
control system 4, later to be described, and at 
the bottom to the coil 3. The bottom of the 
coil 8 runs to a drainage system . If desired, 
a cooling fluid can be passed through these coils 
by Way of the valve system 4 or steam or hot 
water can also be passed through this system by 
way of the valve f4 so that the beds may be 
cooled or heated as desired. 
The passage of air through the adsorber unit 

is controlled by a top valve at the top of the 
unit and a bottom valve at the bottom of the 
unit. Both valves are actuated by a shaft 
which is centrally located in the box between the 
partitions and extends from the bottom to the 
top of the box and beyond to the Water and steam 
control valve system f4, which will later be de 
scribed. As the valves it and it are similar to 
one another, it will sufce to describe the top 
valve le. The top valve' is made up of a stan 
tionary member (Figure 9) and a rotating 
member 2 (Figure 8) which overles and is con 
centric with the member and is spring urged 
against it. The stationary member 8 has a cen 
tral hub portion 2 through which the shaft 
projects. Four radial spokes 2 equally spaced 

spaced apart vertically so that there is apart extend from the hub 20 to the peripher 



22. The spokes have a radial width of about 30 
and between the adjoining spokes there are open 
spaces or ports 2a, 2b, 28c, and 23d, extending 
from the hub to the periphery, the sides of each 
of which are about 60° apart. The member 
is secured to the adsorber box 2 at the top there 
of so that the center lines of the spokes 2 tie 
along the center lines of the partitions , , and 
6. There are openings in the top of the ad 
sorber unit corresponding...to the ports. 23a, 23b, 
2c and 23d in the stationary member 9, and 
leading to bed sections A, B, C, and D, re 
spectively. 
The rotating member 24 has a hub portion 2S 

through which the shaft 8 projects and to which 
the member is secured so as to turn with the 
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shaft. Projecting from the hub 25 to the periph 
ery 26 is a spoke 27 which has an angular width 
of about 66 and a spoke 28 which has an angul 
lar width of about 63. Between the spokes there 
is an adsorption port 29 the sides of which are 
radia and spaced about 143 apart and a reacti 
Vation port 30, the sides of which are radia and 
spaced about 88° apart. In Figures 12 and 15 
I have shown the top valve 6 in an assembled 
position, the stationary member 9 underlying 
the irotating member 24. It will be apparent 
from an inspection of these figures that either of 
the spokes 2 and 28 will completely cover either 
of the ports 23a, 23b, 23c and 23d of the station 
agy member 9 and that the adsorption port 29 
is large enough to extend over one complete port, 
e.g. 23a, and a part of an adjoining port, e. g. 
23d, while the reactivation port 30 is large enough 
to completely extend over one port 23c or over 
parts of two adjoining ports, e. g. 23e and 23d. 

Resting on top of the adsorber unit 2 and sur. 
rounding the valve 6 is a sheet metal air chest 
3 awing sheet metal sides and top. In one of 
the sheet metal sides is a port 32 through which 
the air to be dried is forced by means of the 
blower S3. The blower is driven by the motor 34. 
Inside the chest 3 and adjacent the top is a 
chamber 35 which is smaller in all dimensions 
than the chest 3i. The chamber 35 has a port 
36 into which reactivating air is introduced from 
the blower 3 driven by the motor 34. Around 
the shaft 8 which projects through the chest 3 
and concentric with the shaft is an opening 38 
in the bottom of the chamber 35. A sloping 
Retal ict 39 connects the opening 38 with the 
reactivation port, 3 in the rotating ember 2 
of the valve 6. The duct 39 is secured to the 
arotating member 2 and rotates therewith. 
Tarough the duct 39 the reactivating air is led 
to the various ports 23a, 2b, 2c, or 23d, as the 
case 2ay be, and at the proper interval in the 
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cycle of operation the reactivating air passes 
tarough certain of the ports 2a, 23b, 28c, or 
23d in the stationary member 9 and through 
the beds and 8 and through the botton waive 
a from whence it is discharged through the duct 
3. Attached to the botton of the adsorber unit 
2 and surrounding the bottom valve is a chest 

which has a port 2 through which the treated 
aise may be discharged. The duct 40 projects into 
the chest 4 and has a circular opening 83 which 
is concentric with the center line of the shaft 8. 
A duct member 4, similar to the member 9, is 
connected to the rotating member of the valve 
and covers the reactivation port therein and leads 
the air from the reactivating port to the opening 
43. The arrangement is very similar to the ar 
rangement described in connection with the top 
valve As. The valves are disposed with respect 
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3 
to and operated by the shaft B, so that the vari 
ous ports of the stationary member of both valves 
are in line and the rotating members have their 
corresponding ports in line. 
Mounted on the top of the chest 35 is the con 

trol system 4 for the cooling water and the steam 
which is used to cool or heat, as the case may be, 
the beds and by means of the coils 2 and 3, 
embedded therein. The admission of Water to 
the coils 2 and f is controlled by a water con 
trol valve 5 and the admission of steam to the 
coils is controlled by a steam control valve 46. 
The steam control valve 4 consists of a stean 

chamber 4 to which steam is led, at a suitable 
pressure from a suitable source, by a pipe 48 and 
a stationary member 49 and a rotating member 

. . The stationary member 49 (see Figure 10) 
has four ports sa, 5 lb, 5c, and Sid equiangu 
larly and equi-radially disposed about the cen 
ter of the member, which ports are connected to 
the heat exchange coils of the compartments A, 
B, C and D, respectively. The rotating member 
or disk 50, see Figure, has a steam port 52 which 
is annular in shape, the ends of which are about 
90 apart and the port 52 is concentric with the 
ports a, b, c, and 5d of the stationary 
rhember 9 and the radial distances of the cen 
ters of the port 52 and the ports 5a, 5b, 5c, 
and Sid are equal. The members 19 and 50 are 
concentrically disposed, relative to each other, so 
that upon rotation of the member 5C, relative to 
the member 49, the ports sa, 5 b, 5c, and 5d. 
are covered or uncovered depending on the rela 
tive position of the ports, see Figures 3 and 14. 
The rotating member 30 is concentrically mount 
ed on and rotated by the shaft 53. The abutting 
faces of the valve cover 48 and the rotating disk 
ge are ground so as to have a fluid tight fit and 
the disk. 50 is urged against the bottom of the 
disk. 9 by the shaft S3. The shaft 53, in turn, 
is urged upwardly by the spring 54, which is in 
terposed between the top of the shaft 8 and a 
Sprocket wheel 55 which is secured to the shafts. 
The water valve 65 is constructed similarly. 

to the steam valve & which has just been die. 
scribed. Water from a suitable source and at a 
suitsole pressure and temperature is led to the 
valve by the pipe 56. The supply of water to the 
coils 2 and is controlled by a stationary 
member similar to disk 69 and a rotating 
rember 5 which is somewhat similar to the 
rotating anember 5. The stationary member 
6 has four ports 59c, 59b, 89e, and Sed which 
are equi-angularly and equi-radially disposed 
With respect to the center of the disk 5. Pipes 
lead the Water at the desired temperature fron 
the ports sea, 582, 59c, and S3d to the coils : 
and 8 of the compartments A, B, C, and D. 
The rotating disk 58 has a port 89 which is some 
What similar to port 52 of member 50, but the 
port 68 extends through an angle of 180° so that 
the port 8 may extend over two full ports, e. g. 
Sec, 69E (Figure 27) or over one full port is 
and tWO port8 sea, c, one on each of the full 
port Sea (Figure 4). The disk 58 is rotatably 
Secured to and rotatally supported by the shaft 

which is resiliently grged upward by the 
Spring 62 supported on the bracket 63. A 
Spirocket wheel 66 is secured to the shaft GE, and 
is connected to the sprocket wheel SS by a chain. 
88 so that the two sprocket wheels are driven 
Synchronously arid in the same direction. 

The Water or steam, as the case may be, is 
led from the ports Sid, S2, Sic, and Sid and 
sa, 68b, 58c, and 63d of the valve device 4 to 



4. 
each of the compartments A, B, C and D by the 
pipes sea, 66b, 66c, and 63d, respectively, one to 
each compartment. Each of the pipes is con 
nected by the manifold 6a, 678, sc, and 6d to 
the ports Sla, 5 b, 5 c, and 6d, respectively of 5 
the steam and to the ports 58.2, 89b, 39c, and 
33d of the water valve (see Figure 4). 

. A Geneva wheel 68 is secred to the upper end 
of shaft 8 and serves to drive it. The wheel 
68 is driven anti-clockwise by means of the 
driving arm 69 on the speed reducer G, which 
is in turn driven by the motor $4 by lineans of 
a belt 7. The Geneva, wheel (38 also rotates 
the sprocket wheel 58 by means of the pegs 22 
which make a sliding fit with the Geneva wheel 15 
S8, 
The apparatus is so designed that the Y&rious 

rotating valve members are moved step by step 
in unison by the operation of the Geneva, wihee 
$8 to eight separate dwell positions through 
VIII spaced 45° apart. The length of the dwell 
period is determined by the conditions to be net. 
Successive portions of fresh compartments are 
at each interval subjected to the foW of the air 
to be treated, and the flow to the partially sate 
urated compartments is being cut of at the 
same time, while the compartments which have 
the adsorbent saturated with noisture are being 
reactivated. The air which has flowed through 
the fresh compartment and the air which has 30 
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cycle, since port 23b is fully opened. Steam is 
being admitted to the coils 2 and 3 in beds 
and 8, compartment B, since the steam port 
2Sb, which leads to compartment B is uncovered." 
Cooling water at full flow is being Supplied to . 
the coils in the compartment D, the water port , 
53d being fully opened and Water at reduced 
flow is being supplied to the coils 2 and 3 in 
compartments A and C, since the Water ports 
56a and 59c are partly opened (Figure 4). 

In the dwell position the port 23d leading. ... 
to the bed section D is fully opened to the flow. 
of air for adsorption and the port 23a leading. 
to the compartment A is partly open, allowing 
partial flow of air through that compartment. 
The flow of reactivating gas through the com 
partment B has been cut down by the partial 
closing of the port 59b to that compartment and 
a small flow of reactivating air has been estab 
lished through compartment C by the partial 
operating of the port 59c. Steam will pass in re 
duced volume through the coils 2 and 8 in the 
compartments B and C as both steam ports G. b 
and 5c are partially opened, Cooling water will 
pass at full force through the coils 2 and 3 in 
the compartments D and A since the ports 52d 
and 58a are fully open. The following list shows 
the flow cycle of the air to be treated, the re 
activating air, the cooling water and the heat 
medium (steam) for the various dwell positions. 

s 

th Conpartnuent A Compartment B Compartment C Compartment) 

I-------------- No airflow.------------- Full reactivation.------ Partial adsorption...----- Full adsorption. 
Reduced waterflow----- Full stean flow ... Reduced waterflow----- Full waterflow. 

II------------- Partial adsorption.----- Partial reactivation----- Partial reactivation.---- Full adsorption. 
Full water flow-------- Reduced steaua flow..... Reduced steam flow...-- Full waterflow. 

III------------ Full adsorption.----...-- No airflow.-----...-...-- Full reactivation.-------- artial adsorption. 
Full water flow - - Reduced water flow..... Full steam flow. -------- Reduced water flow. 

IV------------ full adsorption.-------- Partial adsorption...---- Partial reactivation.----. Partial reactivation. 
Full waterflow-------- Full waterflow--------- Reduced steam flow-...-- Reduced steam flow. 

V-------------- Partial adsorption.-----. Full adsorption--- No airflow-------------- Full reactivation. 
Reduced water flow.... : Full water flow... - Reduced waterflow----- Full steam flow. 

VI.------------ Partial reactivation---.. Full adsorption.-- Partial adsorption - Partial reactivation. 
Reduced steam flow.... Full waterflow.-- - Full water flow--- - Reduced steam flow. 

VII------------ Full reactivation........ Partial adsorption. - Full adsorption... - No airflow. 
Full stean flow-------.. Reduced waterflow----- Full waterflow.-------- Reduced waterflow. 

VIII. - Partial reactivation.----- Partial reactivation.----- Full adsorption.-------- Partial adsorptinn. 
Reduced steam flow.---- Reduced steam flow----- Full waterflow --...---. Full water flow, 

flowed through the partially saturated compart 
ments mingle and are discharged through the 
duct 42, with a relatively constant moisture con 
tent. 
The dwell positions for air in description are 

indicated on the Figure 12 by the Roman n 
merals I through VII. It will be observed thet 
these numerals run anti-clockwise. A small 
arrowhead has been shown on the periphery of 
the rotating member 24. (Figure 12) to indicate 
the position of the rotating members in the 
operating cycle. Thus Figures 6, 9, and 12 show 
the relative positions of the ports in the rotato 
ing member 24 and the stationary member of 
the valve 6 in the dwell position. I; Figtze 3 
shows the relative positions of the ports of the 
stationary member 89 and the rotating member, 
50 of the steam valve 48; Figure 14 shows the 
relative position of the ports of the stationary 
member 57 and the rotating member 6 of the 
water valve 45, all in dwell position I. In the 
dwell position I the beds in compartment D are 
fully opened to the flow of air for adsorption, 
since port 23d is fully opened; the compartment 
C is also partly open to air for adsorption, since 
port 23c is partly opened; compartment, A is On 
the cooling cycle, just preparatory to being cut 
in for adsorption, since port 23a is closed; and 
the compartment B is on the full reactivation 75 
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From a consideration of the cycle of operation 
set forth in the above table, it will be seen that, 
adsorption is taking place in and there are paral 
lel streams of air to be treated flowing through 
the beds of two adjoining compartments at all 
times. It is well known that the adsorber beds 
become Saturated after a period of adsorption 
and the rate of adsorption drops so that the 
amount of moisture in the air output rises, but be 
fore this rise can assume any significant value, 
a new adsorber component is partially cut in, 
which keeps the variation in the moisture con 
tent of the treated air output at a minimum. At 
the time of adsorption the beds in adsorption are 
cooled by the water flowing through the coils in 
those beds, since most adsorbent material func 
tions more effectively if the temperature thereof 
is kept fairly low. It will be observed that the flow 
of water to the beds is proportional to the flow 
of air to be treated. When a lived is on full ad 
Sorption, the water through the coils of that bed 
is in full flow and when the bed is on partial ad 
Sorption, the flow of water through that bed is 
also partial. The circulation of the water may 
also serve to lower the temperature of the bed and 
consequently of the treated air. As soon as the 
passage of adsorption air to a compartment is cut 
of the steam flow is established through the coils 
in that compartment in reduced volume and re 
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activating air in reduced volume is passed through 
the beds. This will be readily appreciated by com 
paring Figures 12, 13, and 14 with Figures 15, 16, 
and 17, respectively. In Figure 15 which shows 
the valves in the dwell position II, the reactivating 
air has just begun to flow at reduced volume to 
compartment C. through the partly opened port 
2c and steam is beginning to flow through the 
coils 2 and 3 in the compartment C through 
the partly opened steam port 5b and continues 
to flow to the compartment B through the partly 
closed steam port 5 fc. The heating of the beds 
by the steam passing through the coils aids the 
reactivating process. The rate of flow of the 
steam is varied with the flow of reactivating air. 
The apparatus which I have described operates 

automatically and continuously, once it is ad 
justed to meet the desired conditions. The ap 
paratus can be adjusted at any time to meet varied 
conditions. 

It is, of course, apparent that the reactivating 
air could itself be heated, the heating thereof 
being controlled by the Operation of the valve 
system 4, in which case it might be unnecessary 
to allow steam to pass through the embedded coils. 

5 

O 

20 

If desired, the reactivating air and coils could 
both be heated and this valve system 4 can be 
adapted to control such an operation. It is also 
apparent that the reactivating air could flow 
conter to the flow of the air to be treated. 30 

In Figure 18 have shown diagrammatically the 
flow of air to be treated, the flow of reactivating 
air and the flow of the cooling water through the 
39paratus, when the valves are in the dwell posi 
on (Figures 2, 13 and 14). 

dried, urged by the fan R, is forced at full flow 
through the compartment D since the port 23d is 
wide open, and at partial flow through the com 

The air to be 

partinent C, since the port 23c is almost closed. 
he reactivating air is shown as being heated by 

being passed through the heater H before it is 
drawn through the compartment 8, at full fiow 
by the exhaust fan F, since the port 238 is wide 
Open. The beds in compartments A, C and O 
2.É'e being cooled by water from the water header 
W. The flow of Water through the compartment 
D is ful, while the flow through the compart 
releats A and C is partial, since the port 59d is 
wide opera, the port 59a has just been partly 
opened, and the port 53d has just been partly 
closed. The beds in the compartment A are being 
finally cooled by flowing water preparatory to 
being cut in for treatment of the airflow. 
The Figure 19, which diagrammatically shows. 

the various flows, when the valves are in the dwell 
position I. The air to be treated, driven by the 
as R, is fiowing at full rate through the con 
92.Étient D and flow at a partial rate has just 
been established through the compartment A. 
The beds 3 and C are being reactivated by the 
flow therethrough of reactivating air heated by 
passage through the heater H and drawn through 
the beds by the exhaust fan F. The flow through 
both the compartments B and C is partial, since 
the port 23b has been reduced and the port 2Sc 
23 just been partly opened. The beds in the 

corrigartments A and d are being cooled by water 
fron the water header W which is flowing at ful 
force through the wide open ports 59a and 5sd. 
The invention has been described as being par 

ticularly useful for the purpose of dehydrating 
atmospheric air, such as for conditioning the 
air in an enclosed space and for use in opera 
tions which require substantial dehydration of 
air, Such as metalurgical operations, but it is 
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5 
to be understood that the invention is not to be 
limited to such application, since it can be used 
for treating other gases from which one or more 
constituents are to be removed. 
Where the word 'air' is used in the claims, 

it is intended to include mixtures of gases and/or 
gases and vapors such as humidified air. 
While I have described a preferred embodi 

ment of my invention, it is to be understood that 
my invention is not limited to this embodiment 
but may be practiced within the scope of the following claims. 

I claim: 
1. The method of treating gas with a reagent 

contained in a series of compartments which 
comprises dividing the flow of gases in such a 
manner that a portion of the total gas flow is 
passed through one compartment and the re 
mainder through an adjoining compartment in 
predetermined relative portions, intermittently 
advancing the flow through the series of com 
partments while maintaining said division of 
flow while reversing the proportions of said rate 
of flow relative to each other, and maintaining a 
flow of conditioning fluid through ducts in said 
compartments which flow of conditioning fluid 
is substantially proportional to the rate of flow 
of gas through said compartments. 

2. The method of treating gas with a reagent 
contained in a series of compartments which 
comprises dividing the flow of gases in such a 
manner that a predetermined portion of the to 
tal gas flow is passed through one compartment 
and the remainder through an adjoining com 
partment in predetermined relative proportions, 
intermittently advancing the flow through the 
series of compartments while maintaining said 
division of flow and reversing the said rate of 
fow relative to each other, and maintaining a 
flow of fluid through ducts provided in the said 
compartments at a temperature which is differ 
ent from the temperature of the gases and at 
a rate which is substantially proportional to the 
rate of flow of gas through said compartinents. 

3. In apparatus for treating gases, 8, plurality 
of separate treating compartments disposed 
closely adjacent around a central point, each 
compartment containing a gas treating mate 
rial, an opening in each end of each compart 
ment concentric with said central point through 
which gas may be introduced to and withdrawn 
from the compartments, means for circulating 
gas through the compartments and valve means 
for controlling the slow of gases to the congpart 
ments, said valve means conprising a stationary 
disk concentric with seid central point and hav 
ing Spaced openings, One fog each co2 aparticine;Cat, 
the openings of the disk and the compartnert 
openings being in register, and a rotating disk 
concentric with the stationary disk and it face 
to face contact thereWitt, Eneas for rotating 
the rotatable disk astep by step from one posia . 
tion where the ful area of one opening in the 
stationary disk and 3, predetergained porticia of 
an adjoining opening of the stationary disk is 
uncovered, to a position where a predetes ared 
part of said disk opening &Eaci as other adjoining 
opening of the stationary disk is Ecovered, the 
rotatable disk havieg a singin port, and a Sec 
ondary port, the again got being large erotagh 
to cover one full Opening, & ad a part only of Gre 
adjoining opening of the stationary disk when 
the waive is in dwell position, the secondary port 
being large enough to slightly 20te thaxa cover 
one of the disk openings agad being oppositely 



radially disposed with reference to the main 
port. 

4. In apparatus for treating gases, a plurality 
of separate treating compaztinents disposed about 
a central point, each cox partment containing 
a gas treating material, an opening in each end 
of each compartinent through which gas may 
be introduced to and withdrawn from the Com 
partinent, means for circulating gas through the 
compartments, valve lineans for controlling the 
flow of gases to the coil partments, said valve 
means comprising a stationary disk having Spaced 
openings, one for each cost partment, the open 
ings of the disk and the co-partinent Openings 
being in register, and a rotating disk concentric 
with the stationary disk and in face to face con 
tact thesewith, neas for interatently rotat 
ing the rotatable disk step by step from one dwell 
position to another, the rotating disk having a 
main port, and a seconday port, the main port 
being large enough to cover Oie full opening and 
a part of an adjoining opening of the stationary 
disk, fluid circulating ducts in each compart 
men, and valverneans for controlling the flow 
of conditioning fluid through the ducts of a con 
partment in proportion to the rate of flow of 
gases through the gas treating material. 

5. In an adsorber fox &reating gases, a quadri 
lateral casing divided into substantially equal 
compartinents by intersecting partitions, adsorb 
ent Eaterial in each (CGSapartinent, each con 
partinent having an opening hereinto, a sta 
tionary disks having &gertures equally spaced 
about the center of the cigs, each of which aper 
tures are connected to a caRapartment opening, 
a rotestable member a cogitect with the sta 
tionary disk and concentric therewith, means for 
rotating the rotatable mezber step by step from 
One dwell position to 8:06, the ot&table mem 
ber having an adsorption port and a diametri 
cally opposed reactivsic; or, granged concen 
trically with the stationary disk Epertures and 
registrable therewith, the Gdsorption port being 
large enough to extend over oRae aperture and a 
substantial part of an adjoining sperture, the 
reactivation port being of a size substantially 
large enough to extend from the center line of 
one stationary disk aperture to the center line 
of the next aperture, means for controlling the 
passage of temperature conditioning fluids to 
said compartments, said ineans comprising a 
fixed disk having a connection to each compart 
ment and a rotatable disk having means to cover 
and uncover at least a portion of the adjoining 
terminals of two of said connections to control 
the flow of conditioning fluid to ducts in the 
various compartments, and means for syn 
chronously driving said means and rotatable 
menter. 6. In apparatus for treating gases, a plurality 
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of substantially equa separate treating conpart 
ments disposed closely adaceat a central spin 
dle, each compartment containing a bed of gas 
treating material, each compartment, having a 
radially centrally disposed opening thereinto, 
valve means controlling, the openings, said valve 
means comprising a stationasty disc and a rotat 
able disk, the stationary disk having equal radial 

2,237,684. 
being arranged concentrically with the stations 
ary disk apertures, the adsorption port having 
a radial width large enough to extend substan 
tially over two apertures and the intervering 
spoke, the reactivation port being large enough to 
extend substantially over one 2perture and an 
adjoining spoke, means for rotating the rotatable 
member from One dwell position to another well 
position step by step, the dwell positions being 
equally spaced apart. 

7. In apparatus for treating gases, 8, plurality 
of substantially equal sepaste treating corapart 
ments disposed closely adjacent a central spin 
dile, each compartment containing a bed of gas 
treating material, each compartment having a 
radially centrally disposed Opening thereinto, 
valve means controlling the openings, said waive 
means comprising a stationary sk and a rotata 
able disk, the stationary disk having equal radia 
apertures uniformly spaced about the center of 
the disk, a spoke between each aparture, each of 
Said apertures being connected to a compartment 
Opening, a rotatable disk being in face to face 
contact with the stationary disk, said rotatable 
disk having an adsorption port and a diametrio 
cally opposed reactivation port, the ports being 
arranged concentrically With the stationary disk 
apertures, the adsorption port having a rada 
width large enough to extendi substantially Over 
two apertures and the intervening spoke, the 
reactivation port being large enough to extend 
substantially over one aperture &nd an adjoining 
Spoke, means for rotating the rotataole member 
from one dwell position to another dwell position 
step by step, the dwell positions being equally 
spaced apart, one of the dwell positions being 
such that the adsorption port extends over & 8 
aperture, a substantial part of an adjoining ape 
ture, the spoke between said apertures, and C. 
substantial part of a second spoke adjoining the 
full aperture, 

8. In apparatus for treating gases, a plurality 
of Substantially equai separate treating compart 
ments disposed closely adjacent a central spin 
dle, each compartment containing a bed of gas 
treating material, heat exchange coils in said 
compartments, each compartment having a radi 
ally centrally disposed opening therento, valve 
means Controlling the Openings, said Waive raeating 
Comprising a stationary disk &nd a rotatable disk, 
the stationary disk having equal radial apartures 
unifornly spaced about the center of the disk, a 
spoke between each aperture, each of said aper 
tures being connected to a compartment operting, 
a rotatable disk being in face to face contact with 
the stationary disk, said rotatable disk having an 
adsorption port and a diametrically opposed re 
activation port, the ports being arranged con 
centrically with the stationary disk apertures, 
the adsorption port having a radial width large 
enough to extend substantially over two aper 
tures, &nd the intervening spoke, the reactivation 
port being large enough to extend substantially 
over one aperture and an adjoining spoke, means 
for rotating the rotatable member from one dwell 
position to another dwell position step by step, 
the dwell positions being equally spaced apart, 

apertures uniformly spaced about the center of . 
the disk, a spoke between each aperture, each 
of said agertures being connected to a compart 
ment opening, a rotatable disk being in face to . 
face contact with the stationary is, said ro 
tatable disk having an adsorptical port and a 
diametrically opposed reactivation port, the ports 5 

and means operated synchronously with the ro 
tatable disk for controlling the flow of heat ex 
changing fluids through the coils so that when 
a bad is in the partial adsorption phase, or there 
is no air flow therethrough a reduced flow of 
cooling fiuidis maintained, and while a bed is in 
partial reactivation a reduced flow of heated 
fluid is maintained, and while in the full reac 
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tivation phase a full flow of heated fluid is 
tailed, : 

9. In apparatus for treating gases, a plurality 
of substantially equal separate treating compart 
ments disposed closely adjacent a central spin 
dile, each compartment containing a bed of gas 
treating material, each compartment having a 
radially centrally disposed opening thereinto, 
Valve means controlling the Openings, said valve 
means comprising a stationary disk and a rotat 
able disk, the stationary disk having equal radial 
apertures uniformly spaced about the center of 
the disk, a spoke between each aperture, each of 
said apertures being connected to a compartment 
opening, a rotatable disk being in face to face 
contact with the stationary disk, said rotatable 
disk having an adsorption port and a diametri 
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cally opposed reactivation port, the ports being 
arranged concentrically with the stationary disk 
apertures, the adsorption port having a radial 
width large enough to extend substantially over 
two apertures and the intervening spoke, the re 
activation port being large enough to extend 
substantially over One aperture and an adjoining 
spoke, means for rotating the rotatable member 
from one dwell position to another dwell posi 
tion step by step, the dwell positions being equally 
spaced apart, an air chest surrounding the valve 
and divided into two chambers, one of which is 
connected by a revoluble duct to one of the ports 
in the rotating disk, the other being in com 

5 munication with the other port. 

WILLIAM E. MOORE. 


