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Patented Mar. 3, 1953 2,630,191 

UNITED STATES PATENT OFFICE 
2,630,191 

CYCLIC AIDSORPTION PROCESS 

Ernest B. Miller, Houston, Tex., assignor to 
Jefferson Lake Sulphur Company, New Orleans, 
La., a corporation of New Jersey 

Original application October 28, 1946, Serial No. 
706,108. Divided and this application April 14, 
1950, Serial No. 155,956 

This invention relates to gas dehydrating and 
has more particular reference to a novel and 
continuous method of removing moisture and 
condensable hydrocarbons from wet natural gaS 
at the source, prior to the transmission thereof 
through pipelines and recovering the condensable 
hydrocarbons. 

Natural gas transmitted through pipe lines 
always contains moisture. This moisture forms 
crystalline hydrates which clog the pipe lines 
and valves. Heretofore, the moisture has been 
removed from the gas at the point of entrance 
to the pipe lines by using different types of ad 
Sorbents, principally activated aluinina, and fluo 
rite. The gas is usually pumped through large 
cylinders filled with the adsorbent material and 
the material is intermittently reactivated by 
cutting off the flow of gas and utilizing either 
heated air or gas. This requires the use of at 
least two adsorption units, including compli 
cated control esuipment, for directing the flow 
of Wet gas through either unit. 
Thus far, no attempt has been made to re 

cover any gasoline as a by-product of the dehy 
dration method. In fact, the usual adsorbents 
employed, such as alumina and fluorite, are not 
sufficient for this purpose because the size of 
their pores is too large. 
One of the objects of this invention is to pro 

vide a novel nethod of dehydrating Wet gas un 
der high pressure using an adsorbent, such as 
silica, gel, and recovering a large percentage of 
the condensable hydrocarbons, Such as gasoline, 
etc. 
Another object of the invention is to provide 

a novel method of recovering condensable hydro 
carbons from Wet natural gas under high pres 
sure which is characterized by moving a series 
of separated layers of adsorbent material in a 
closed path; continuously directing a flow of 
the gas under high pressure through said ad 
sorbent material at one point in its closed path, 
whereby the condensable hydrocarbons Will be 
adsorbed by the material; continuously directing 
the flow of a hot gas through said adsorbent 
material at a second point in Said closed path 
Spaced from Said first named point, whereby the 
adsorbed COdensable hydrocarbons Will be va 
porized and stripped from said material by the 
hot gas as it paSSes therethrough; and condensing 
the vaporized hydrocarbons and separating then 
fion the hot gas after its passage through the 
adsorbert material. 
Another object of the invention is to provide 

a novel method of dehydrating wet natural gas 
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2 
under high pressure and recovering condensable 
hydrocarbons therefrom as characterized above 
wherein the gas to be treated is directed in suc 
cession through the adsorbent material at at least 
two points in its closed path. 
Another object of the invention is to provide 

a novel method as characterized above wherein 
the flow of the gas to be treated through the ad 
sorbent material is counter-current to the flow 
of the hot gas therethrough. 
Other objects and advantages of the invention 

Will appear in the specification, when considered 
in connection with the accompanying drawings, 
in Which: . 

Fig. 1 is a side elevation showing the mountin 
and arrangement of the apparatus of this in 
vention; 

Fig. 2 is a plan view of the apparatus shown in 
Fig. 1; 

Fig. 3 is a plan view of the dehydrater; 
Fig. 4 is a side elevation, partly in Section, of 

the dehydrater driving mechanism; 
Fig. 5 is a vertical sectional view of the dehy 

drater, taken on the line 5-5 of Fig. 3, but omit 
ting the driving mechanism; 

Fig. 6 is a horizontal sectional view of the de 
hydrater, taken on the line 6-6 of Fig. 5, but 
drawn to a Smaller scale. 

Fig. 7 is an enlarged vertical view of the seal 
shown in the upper manifold of Fig. 5; 

Fig. 8 is an enlarged plan view of the Seal 
shown in the upper manifold Of Fig. 5; 

Fig. 9 is a vertical sectional view, taken 
the line 9-9 of Fig. 8: 

Fig. 0 is a horizontal Sectional view of the 
dehydrater, taken on the line - of Fig. 5; 

Fig. 11 is a partial vertical sectional view of 
a manifold, showing the details of a roller; 

Fig. 12 is a plan view of a cylindrical adsorb 
ent containing unit; 

Fig. 13 is a vertical sectional view, taken on 
the line 3-3 of Fig. 12; 

Fig. 14 is a Schematic View to show the flow 
of Wet gas through the first and second dehy 
dration StepS, and the flow of hot gas through 
the activation Stage and the condenser and 
Separator; and W 

Fig 15 is a schematic view to show a modifica 
tion of the flow of hot gas through the activation 
stage and the condenser and separator. - 
This application is a division of my co-pending 

application, Serial No. 706,108, filed October 28, 
1946, for Apparatus for Dehydrating Gas and Re 
covering Condensable Hydrocarbons Therefrom, 
now Patent No. 2,507,608. a. 
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The present invention is drawn to a novel 
method of dehydrating wet natural gas under 
high pressure and recovering the condensable hy 
drocarbons therefrom. While any suitable ap 
paratus may be employed in carrying out the 
novel method of the present invention, for the 
purpose of illustration, the novel method will be 
described as employing the apparatus shown and 
described in my aforesaid co-pending application. 

Referring now to the drawings, there is shown 
in Figs. 1 and 2, one embodiment of apparatus 
and the arrangement thereof for carrying. Out 
the method of this invention. The apparatuS 
shown includes a three-stage dehydrater , the 
first and Second stages of which are used to de 
hydrate the wet gas, the third Stage being used 
to reactivate the adsorbent material within the 
dehydrater; an intercooler 2, employed to cool the: 
wet gas between the first and Second dehydra 
tion stages: a heater 3, employed to heat the gas 
used in the reactivating stage of the dehydrater; 
a condenser 4 employed to condense the moisture 
from the heated gas. after it has passed through 
the reactivation stage of the dehydrater; and a . 
Separator 5 employed to Separate the condensate 
from the gas. The dehydrater, cooler and con 
denser are preferably supported in a raised posi 
tion by a Suitable framework, indicated general 
ly at 6. 
The Wetgas is delivered, at high pressure, from 

the usual compressor or source of supply (not 
shown), to the first Stage of the dehydlater by 
means of a pipe line 7. After passing through 
the first stage of the dehydrater, during which 
passage Some of the moisture was removed, the 
now partially dried gas passes through a pipe 
line 8 into the intercooler 2. From the inter 
cooler, the cooled, partially dry gas passes 
through a pipe line 9 into the second stage of 
the dehydrater, where it is completely stripped of 
its remaining moisture. From the second stage, 
the now dry gas passes into a pipe line 0 for 
transmission to the points of use. 
A portion of the Wet gas is diverted from the 

Supply pipe line 7, by means of a pipe line , 
through the heater 3, where its temperature is 
raised to from 300 F. to 600°F., depending upon 
the moisture content and the type of hydro 
carbons to be recovered, and, from the heater, 
passes through a pipe line 2 into the third or : 
reactivation stage of the dehydrater. The heated 
gas passes through the third stage, vaporizing 
and Stripping the accumulated moisture and hy 
drocarbons from the adsorbent. The heated gas 
and its vapors stripped from the-adsorbent pass 
through a pipeline 3 into the condenser 4, where 
the vapors are condensed; from the condensel, 
the gas and its condensates pass through a pipe 
line 4 into the separator 5 in which the con 
densate is separated from the gas. The separa 
tor is provided with a drain. 5 for removing the 
water and hydrocarbons. The now cooled gas 
in the Separator passes through a pipe line 6 
back into the Supply pipe line 7, where it mixes 
with the incoming wet gas on the way to the first 
Stage of the dehydrater. The process is contin 
OS. 
The details. Of construction of the dehydrater 
are shown in Figs. 1 to 13, inclusive. There is 

shown, a cylindrical pressure vesel fi comprising 
an upper Shell or cap 8 having an annular 
flange 9 welded thereto and a lower shell 20 hav 
ing an annular flange 2 welded thereto. The 
two shells are fastened together with their flanges 
forming a gas-tight joint, by means of bolts 22. 
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4 
The vessel 7 forms a gas-tight housing for the 
adsorber unit and is capable of withstanding 
pipe line preSSure. 
The adsorber unit includes a rotatable annu 

lar drun. 23 mounted within the vessel 7 and 
fixedly attached, by means of upper and lower 
plates 24, 25, to a central vertical shaft 26 
journalled in a stuffing box bearing 27 formed in 
the upper shell or cap 8 and a step thrust bear 
ing 28 secured to the bottom of the lower shell 
20. A platform. 29 for Supporting the mecha 
nism for rotating the drum is mounted on the 
cap f 8. 
The driving mechanism includes a shaft 30 

connected to the upper end of shaft 26 by a 
coupling 3f. The shaft 30 is driven by suitable 
reduction gearing mounted in a housing 32, the 
reduction, gearing being driven by a motor 33 by 
means of belting 34 (see Figs. 3 and 4). 
The rotatable annular drum 23 includes two 

Spaced concentric cylinders 35, 36 which form 
the Side. Walls of the drum (see Figs. 5 and 6). 
TWO Spaced concentric annular plates 37, 38, 
each Secured to the top of the cylinders 35, 36, 
respectively, form the top of the annular drum, 
the Space between the annular plates 37, 38 form 
ing a continuous annular opening 39 in the top 
of the drum. Two Spaced concentric annular 
plates 40, 4f, each secured to the bottom of the 
Cylinders 35, 36, respectively, form the bottom 
of the annular drum; the space between the 
annular plates 40, 4 forming a continuous an 
nular opening 42 in the bottom of the drum. 
The rotatable annular drum 23 is divided into 

a plurality of compartments, 43 by radial par 
titions or diaphragms 44. In each of the radial 
compartments 43, near the bottom thereof, there 
is provided a plate 45 attached to the walls of 
the compartment, as by welding, to form a gas 
tight joint. Each plate 45 forms a support for 
an elongated, foraminous, annular adsorbent 
container 46, which comprises two concentric 
tubular wire Screens 47, 48 (Figs. 12 and 13), held 
in Spaced relation by a plurality of longitudinal 
radial fins 49, with the annular space between 
the Screens closed at the bottom. The mesh of 
the Screens is such as to retain a granular ad 
Sorbent 50 in the annular space between the 
Screens. The adsorbent employed may be any 
adsorbent having characteristics substantially 
like Silica gel or the gel of other activated hy 
drous Oxides. Preferably, silica gel is used. Each 
container 46 is closed at its top by means of 
concentric hoops 5, 52 mounted on the con 
Centric Screens 47, 48 and a cover plate 53 de 
tachably connected to the inner hoop 52. An 
annular fin 5 is secured to the cover plate 53 
and projects downwardly between the hoops 5i, 
52, all as shown in Figs. 12 and 13, the construc 
tion being such that, as the silica gel settles 
down, leaving a Space between the top portion 
of the Wire Screen devoid of silica gel, the fin 54 
Will prevent gas from passing through the space 
devoid of silica, gel. 
Each container 46 has its bottom end detach 

ably mounted on a hollow cylindrical hub 55 
projecting upwardly from an opening formed in 
the plate 45, as clearly shown in Fig. 5. The hub 
55 is Secured in the opening 56 in the plate 
45, as by welding, to form a gas-tight joint. Top 
and bottom manifolds 57, 58 are mounted on 
the top and bottom of the annular drum 23 and 
close the annular openings 39, 42 formed in the 
top and bottom of the drum. The top and bot 
tom manifolds are identical in construction. 
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Each is formed in the shape of an annular trough 
having an annular top (or bottom) 59 and an 
nular Side walls 60, 6. 
A plurality of compression springs 62, mounted 

On bracketS 63 suitably Secured to the inner 
walls of the vessel 7, yieldably press the top 
and bottom manifolds against the top and bot 
tom, respectively, of the annual drun. The 
top and bottom manifolds are held stationary 
relative to the rotation of the annular drum 
by means hereinafter to be described and, to 
prevent the escape of gas between the rotating 
drum and the manifolds, Sealing ring gaskets 64 
are placed at the junction of the side Walls of 
the manifolds and the drum. The sealing ring 
gaskets 64 are held in tight sealing engagement 
with the top and bottom of the drum by means 
of annular hoops 65 (see Fig. 7) which engage 
the gaskets and hold them against the side walls 
of the manifold. The upper (or lower) ends of : 
the hoops 65 are secured to the top (or bottom) 
plate of the manifold, as by welding. The ring 
gaskets are retained between the hoops 65 and 
the side walls 60, 6 of the manifolds by means 
of a plurality of circumferentially spaced thread 
ed bolts 66, which engage the ring gaskets and 
the lower portions of the hoops and side walls. 
The ring gaskets 64 are yieldingly held in en 
gagement with the top and bottom of the drum 
23 by means of a plurality of compression springs 
6 mounted on Stud bolts 68 secured to the top 
(or bottom) of the manifolds and engaging an 
nular plates or members 69 mounted on the top 
(or bottom) of the ring gaskets, all as clearly 
shown in Fig. 7, 
At three circumferentially spaced points in 

the top and bottom manifolds, there are located 
seals which, by reason of the sliding contact of 
the radial partitions 44 against the under Sur 
face of the bottoms of the seals, divide the mani 
folds and drum into three sectors, each sector 
gas-tight with respect to the adjacent Sectors. 
The seals are identical in construction and the 
details thereof are best shown in Figs. 7, 8 and 9. 
Each seal includes a bottom or sealing plate 70 
mounted within the manifold between spaced 
radial partition walls Ti, 72. The bottom plate 
0 is yieldingly urged against the top (or bottom) 

of the drum and rests on the concentric annu 
lar plates 37, 38 which form the top of the 
drum (or plates 4), 4 which form the bottom 
of the drum), as shown in Fig. 7. The side edges 
of the plate are bifurcated, as shown at 73, 4 
for the reception of gasket strips 75, S which 
are yieldingly pressed outwardly against the par 
tition walls 7, 72 of the seal by leaf springs it, 
8, as shown in FigS. 8 and 9. 
The means for yieldingly pressing the bottom 

plate 70 of the seal against the top (or bottom) 
of the drum comprise a plurality of compression 
Springs 79 mounted on projections 80, formed on 
the upper surface of the plate 7). The springs 
9 engage the top (or bottom) of the seal and 

are held in position by bolts 8 projecting through 
the top (or bottom) of the seal and the coiled 
springs and threaded into the projections 8 
formed on the plate 70. 

Each radial partition or diaphragm 44 has a 
portion of its top and bottom edges extending 
upwardly between the edges of the openings 
in the top and bottom of the drum. A gasket 
82 is secured on these portions and extends above 
(or below) their top (or bottom) edges and en 
gages the under face of the bottom plate 70 of 
the Seal. 
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Plates 83 are secured to the tops and bottoms 

Of the partitions and are held spaced therefrom 
by a Spacer strip 84, the plates and spacer strip 
being secured to the partitions by bolts 85. The 
gaskets 82 are confined between the partitions 
and the plates 83, as by means of bolts 86, and 
are pressed upwardly (or downwardly) against 
the under Surface of the bottom plates 70 of the 
Seals by means of leaf springs 87, all as shown 
is Fig. 9. 

In order to prevent the gaskets 82 from being 
unduly preSSed upwardly when the gaskets are 
not engaging the bottoms of the seals, means 
are provided for Spanning the reaches of the 
manifolds between the seals. These means com 
prise Spaced pairs of curved plates 88, 89 which 
extend between and are secured to the partition 
Walls of the seal, as shown in Fig. 10. The bot 
tom, Surfaces of the plates 88, 89 are in the same 
horizontal plane as the bottom surfaces of the 
bottom plates 70 of the seals, as shown in Fig. 5, 
So that, as the gaskets 82 move out of engage 
ment with the bottom plate of the seal, they im 
mediately engage the plates 88, 89. 
A plurality of rollers 99 are mounted within 

the top and bottom manifolds. These rollers are 
circumferentially spaced within the manifolds 
and are adapted to engage the annular plates 37, 
40 which form parts of the top and bottom, re 
Spectively, of the rotatable drum. These rollers 
are adapted to prevent frictional surface en 
gagement between the side walls of the mani 
folds and the top or bottom of the drum. These 
rollers are identical in construction and mount 
ing and each comprises a threaded stud bolt 9 
Screwed into the side wall 6 of the manifold; 
a ball race 92 fixedly mounted on the bolt and 
a wheel 93 mounted on the ball race, all as shown 
in Fig. 11. 
Three elbow-shaped pipes or conduits 94, 95, 

and 96 having threaded ends project through 
the cap of the vessle 7 and have their threaded 
ends secured to the top plate of the top mani 
fold by means of lock nuts 97 (Fig. 5), which 
form gas-tight ioints. The pipes are welded to 
the cap and hold the top manifold stationary 
Telative to the rotation of the drum. The three 
pipes are circumferentially spaced with respect 
to the top manifold and each is secured to and 
communicates with the manifold at a point lo 
cated between the seals. 
Three additional pipes 98, 99 and too. having 

threaded ends, project through the bottom of 
the vessel 7 and have their threaded ends se 
gured to the bottom plate of the bottom mani 
fold by means of lock nuts of which form gas 
tight joints. These pipes are welded to the bot 
tom of the vessel 7 and hold the bottom mani 
fold stationary relative to the rotation of the 
drum. These pipes are circumferentially Spaced 
With respect to the bottom manifold and each 
is Secured to and communicates with the mani. 
fold at a point located between the seals. The 
Width of the seals with respect to the radial com 
partments 43 containing the adsorbent units is 
Such that at all times at least one of the parti 
tions or diaphragms 44 is engaging the botton 
plate 70 of the seal in gas-tight engagement. AS 
clearly seen from the foregoing, the manifolds 
and drum are divided into three gas-tight sec 
tors by the engagement of the radial partitions 
or diaphragms with the seals. 
As the drum carrying the annular adsorbent 

containers rotates, they are continuously and 
Successively moved through the three sectors, 
called, for convenience, the first stage, the sec 
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ond stage and the activation stage. The three 
elbow-shaped pipes 94, 95, and 96 are connected 
to, pipelines 7, 9, and 3, respectively; and the 
three pipes 98, 99, and 00 are connected to pipe 
lines 8, 10 and 2, respectively, by means of which 
the wet gas and hot gas flow into and through 
the dehydrater. 
The flow of wet gas through the fil'St and Sec 

ond dehydration stages and the flow of hot gases 
through the activation stage is Schematically 
shown in Fig. 14. 
The wet gas from which moisture and hydro 

carbons are to be removed is Supplied under high 
pressure by-pipe line 7 and enters the top mani 
fold of the first stage through pipe 94. Then it 
moves downwardly from the manifold through 
the opening in the top of the drum into the vari 
ous compartments. of the drum, containing the 
adsorber units, as are at that time contained 
within the Sector forming the first Stage. The 
gas passes through the pervious layer of adsorb 
ent material, which removes part of the nois 
ture- content therefrom, into the hollow interior 
of the adsorber units, thence downwardly 
through the openings in the plates 45 into the 
bottom of the drun and through the opening 
therein into the bottom manifold. From the 
bottom manifold; the now partially dried gas 
passes through pipes. 98 and 8 to the intercooler 
2, where it is cooled. The intercooler 2 may be 
of the Water circulating type. From the inter 
cooler, the gas moves through pipes 9 and 95 in 
to the top manifold of the second stage. The 
gas moves downwardly through the Second stage, 
in a manner similar to its downward movement 
through the first stage, into the bottom manifold 
of the Second stage, the remainder of the mois 
ture content of the gas being removed during its 
passage through the Second stage. 
From the bottom manifold of the second Stage, 

the now dried gas moves through pipes 99 and 
0 to the various points of use. 
The removal of moisture and hydrocarbons 

from the adsorbent material carried by the an 
nular adsorber units is effected in the activation 
Stage. 
A portion of the incoming wet gas is diverted 

from the supply line 7 by means of a pipe line 
, through the heater 3, where its temperature 

is raised to from 300 F. to 600 F., depending : 
upon the moisture content and the type of hy 
drocarbons to be recovered. From the heater, 
the heated gas passes through pipe lines 2 and 
OO into the bottom manifold of the activation 

stage. From the bottom manifold, the hot gases 
pass through the opening in the bottom of the 
drum into the bottom of the various compart 
ments of the drum as are at that time con 
tained within the Sector forming the activa 
tion stage, thence upwardly through the open 
ings in the plates 45 and up into the hollow in 
terior of the annular adsorber units, through 
the pervious Solid layer of adsorbent material 
into the Compartments of the drun. As the hot 
gas passes through the adsorbent material it re 
moves the moisture and hydrocarbons therefrom. 
The hot, moisture-hydrocarbon laden gas then 
passes upwardly through the opening in the top 
of the drum into the top manifold. From the 
top manifold, the hot gas passes through pipe 
lines 96 and 3 to the condenser 4, where the 
moisture and hydrocarbons are condensed. The 
now cooled gas and the condensate pass from the 
condenser through pipe line f4 to the separator 
5, where the condensate is separated from the 
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8 
gas. The water and hydrocarbons are drained 
from the bottom of the separator by means of 
drain line 5. 
From the separator the gas passes through 

pipe line f6 back into the supply line 7, where it 
is mixed with the incoming gas on the way to 
the first dehydration stage. The process is con 
tinuous. 
The chief purpose in mounting the annular 

drum and manifolds Within the pressure vessel 
is to permit the equalization of pressure within 
the drum, manifolds and vessel, thereby permit 
ting the drum and manifolds to be made of 
lighter Weight material, which adds considerably 
to the efficient and economic operation of the 
dehydrator. This equalization of pressure is ac 
Complished by means of a small opening O2 
formed in that portion of the pipe line 94 with 
in the vessel fl. And too, due to the unequal 
temperature of the gas as it passes through the 
various sectors, thereby resulting in unequal ex 
pansion of the parts of the drum and mani 
folds, it is considered desirable to provide each 
of the six pipes 94, 95, 96, 98, 99, and OO with 
eXpansion joints 03, located a short distance 
from their points of connection to the mani 
folds. Suitable stop valves 04 and 05 are lo 
cated in the pipe lines 7 and f , respectively, to 
provide means for controlling the flow of gas 
through the dehydration and activation stages 
of the dehydrater. 

In Fig. 15 there is shown a modification of the 
activation cycle. This modification is an alter 
native to that shown in Fig. 14 and is preferably 
used only in cases where the quantity of con 
densable vapors to be recovered from the gas 
is quite large. 
The additional apparatus shown comprises a 

low pressure blower 66 for recirculating the hot 
gas through the heater and the activation stage 
of the dehydrater; a pipeline OT connecting the 
inlet Side of the blower to pipe line 3; and a 
pipe line 108 connecting the exhaust side of 
the blower to pipe line 1. Stop valves 09 are 
mounted in the pipe lines O7 and 08 to per 
mit cutting off the circulation of gas through 
these pipe lines when desired. 

In the modification shown in Fig. 15, the cir 
culation of the wet gas through the first and 
Second stage of the dehydrater is unchanged. 
The circulation of the heated gas through the 
heater and activation stage of the dehydrater 
is modified as shown to permit the continuous 
recirculation of the heated gas. 
A portion of the hot gas and vapor stripped 

from the adsorbent in the activation Stage is 
continuously withdrawn through pipe line 3 
and passes through the condenser 4 where the 
moisture and condensable hydrocarbons are 
Condensed. From the condenser the gaS and 
the condensate pass through pipe line f4 to the 
Separator 5 where the condensate is Separated 
from the gas. The water and hydrocarbons are 
drained from the bottom of the Separator by 
means of drain line 5. From the Separator the 
gas passes through pipe line is back into the 
supply line 7, where it is mixed with the incom 
ling gaS on the way to the first dehydration 
Stage. 
The greater portion of the hot gaS after its 

passage through the activation Stage passes into 
pipe line 07 and is recirculated by the low pres 
Sure, blower 06 through the pipe line and 
the heater 3 back through the activation stage 
of the dehydrater. The PTOceSS is continuous. 
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When the recirculating system is used the 

valve O4 is closed enough to force wet gaS 
through the heater via valve 05 and pipe line 

, valve 05 being used to regulate the exact 
quantity of such gas permitted to flow to the 
heater. 
The raw gas fed into the actiation circuit is 

for the purpose of reducing the partial preSSure 
of water vapor and condensable hydrocarbons 
in the activation stage, thereby facilitating the 
removal of such adsorbed products from the 
silica gel. The quantity of gases recirculated 
by the blower is dictated by the amount of heat 
required to heat up the silica gel in the acti 
vation stage and vaporize the Water and hydro 
carbons adsorbed therein. The valves 9 pro 
vide for controlling the quantities of recircu 
lated gases. The recirculation of the hot gas 
through the activation stage is facilitated due 
to the thickness of the adsorbent in the tubular 
containerS. 
While the blower has been described as 

a low pressure blower, it actually has to Stand 
the full pressure of the System, and is low 
pressure only in the Sense that it does not have : 
to overcome much resistance in Order to recircui 
late gases through the heater and activation 
Stage of the dehydrater. 
While the gas used for reactivating the ad 

Sorbent has been shown as being obtained fron 
the supply line 7, obviously a different source 
could be used, as well as a different kind of gaS, 
Such as air or steam. 

For this purpose a pipe line having a stop 
valve mounted therein has been showin as 
connected to pipe line . The pipe line 
being connected to a Suitable Source of gas (not 
shown). By closing valve 95, the gas for the 
recirculating circuit may be obtained through 
pipe line 0. 

Obviously, the invention is not restricted to 
the particular embodiments thereof herein 
shown and described. Moreover, it is not in 
dispensable that all of the features of the in 
wention be used conjointly, Since they may be 
employed advantageously in Various combina 
tions and Subcombinations. 
What is claimed is: 
1. In the removal of water vapor and con 

densable hydrocarbons from wet natural gases in 
volving the contact of adsorbent material with 
the gas With resultant adsorption of the Water 
and condensable hydrocarbons by the adsorbent 
material and the Subsequent treatment of the 
adsorbent material With a heated medium to 
vaporize and remove the Water and condensable 
hydrocarbons and thereby reactivate the ad 
Sorbent material for further contact with the 
natural gases, the improvement which comprises 
rotating a Series of Separated thin beds of ad 
sorbent material directly in succession and 
Substantially continuously relative to and through 
a dehydration ZOne and a reactivating Zone; 
Continuously Withdrawing the dehydrated gas 
from the dehydration Zone; continuously di 
recting a foW of the gas to be treated under 
high preSSure through said dehydration Zone; 
continuously heating and recycling a flow of 
natural gas under high preSSure through Said 
reactivating ZOne to Vaporize the Water and con 
densable hydrocarbons contained in the beds 
Of adsorbent therein and reactivate the beds; 
continuously withdrawing a portion of the 
natural gas from its recycling path after its 
passage through the reactivating Zone; condens 
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ing and recovering the water and condensable 
hydrocarbons from the withdrawn hot gas; di 
recting the flow of the stripped withdrawn gaS 
into the flow of the gas being treated before 
it is delivered to the dehydrating Zone and COn 
tinuously supplying additional natural gas to 
the recycled gas to compensate for the gas With 
dra Wn. 

2. In the removal of Water vapor and COn 
densable hydrocarbons from Wet natural gases 
involving the contact of adsorbent material with 
the gas with resultant adsorption of the Water 
and condensable hydrocarbons by the adsorbent 
material and the Subsequent treatment of the 
adsorbent material with a heated medium to 
vaporize and remove the Water and condensable 
hydrocarbons and thereby reactivate the ad 
Sorbent material for further contact with the 
natural gases, the improvement which com 
prises rotating a Series of Separated thin beds 
of adsorbent material directly in Succession and 
Substantially continuously relative to and through 
a dehydration. ZOne and a reactivating Zone; 
continuously directing a flow of the gas to be 
treated through Said dehydration Zone; Con 
tinuously heating and recycling a flow of gas 
through said reactivating ZOne to vaporize the 
water and condenSable hydrocarbons contained 
in the beds of adsorbent laterial therein and 
reactivate the beds; continuously withdrawing 
a portion of the hot gas from itS recycling path 
after its passage through the reactivating zone; 
condensing and recovering the Water and con 
densable hydrocarbons from the Withdrawn hot 
gas; and continuously Supplying additional gas 
to the recycled gas to compensate for the gas 
Withdra W. 

3. In the removal of Water Vapor and conden 
Sable hydrocarbons from Wet natural gases in 
Wolving the contact of adsorbent material with 
the gas With resultant adsorption of the Water 
and condensable hydrocarbons by the adsorbent 
imaterial and the Subsequent treatment of the 
adsorbent material With a heated medium to 
Vaporize and remove the Water and condensable 
hydrocarbons and thereby reactivate the ad 
Sorbent material for further contact with the 
natural gases, the improvement which comprises 
rotating a Series of Separated thin beds of ad 
Sorbent material directly in Succession and Sub 
stantially continuously relative to and through 
a. SucceSSion of dehydrating ZOnes, and a reacti 
vating Zone; continuously directing a flow of the 
gas to be treated in Succession and in series 
through Said dehydrating Zones; continuously 
Withdrawing the dehydrated gas from the last, one 
of the dehydrating Zones; continuously heating 
and recycling a foW of hot gas through said re 
activating Zone to Vaporize the Water and con 
densable hydrocarbons contained in the beds of 
adsorbent material therein and reactivate the 
beds; continuously Withdrawing a portion of the 
hot gas from its recycling path after its passage 
through the reactivating Zone; condensing and 
recovering the Water and condensable hydrocar 
bons from the Withdrawn hot gas; and continu 
ously supplying additional gas to the recycled gas 
to Compensate for the gas withdrawn. 

4. The method, as set forth in claim 3, wherein 
the direction of the series flow of the gas being 
treated is opposite to the direction of rotation of 
the adsorbent material beds, whereby the gas 
being treated will make its last passage through 
the freshly regenerated adsorbent material beds. 

5. The method, as Set forth in claim 3, wherein 
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the gas used for reactivating the beds of adsorbent 
material is natural gas and Wherein the with 
drawn gas from the recycling path is directed into 
the flow of the gas being treated after being 
stripped of its water vapor and condensable 
hydrocarbons. 

6. In the removal of water vapor and conden 
Sable hydrocarbons from wet natural gas involv 
ing the contact of adsorbent material with the 
gas With resultant adsorption of the water vapor 
and condensable hydrocarbons by the adsorbent 
material and the subsequent treatment of the 
adsorbent material with a heated medium to 
Vaporize and remove the water and condensable 
hydrocarbons and thereby reactivate the ad 
Sorbent material for further contact with the 
natural gases, the improvement which comprises 
maintaining a bed of adsorbent material in each 
of two Zones; directing a continuous flow of wet 
natural gas through one of Said Zones so that the 
Water vapor and condensable hydrocarbons in the 
gas Will be adsorbed by the beds of adsorbent 
material therein; Continuously heating and re 
cycling a flow of gas through the other of said 
Zones to vaporize the Water and condensable hy 
drocarbons contained in the bed of adsorbent 
material therein; periodically shifting the relative 
position of the particular adsorbent bed and the 
particulal' flow of fluid in each of said Zones so 
that each Zone becomes, in succession, a dehydra 
tion Zone and a reactivating Zone; continuously 
withdrawing a portion of the hot gas from its 
recycling path after its passage through the re 
activating Zone, condensing and recovering the 
water and condensable hydrocarbons from the 
withdrawn hot gas; and continuously supplying 
additional gas to the recycled gas to compensate 
for the gas Withdrawn. 

7. In the removal of water vapor and conden 
Sable hydrocarbons from wet natural gas involv 
ing the contact of adsorbent material with the 
gas with resultant adsorption of the water vapor 
and condensable hydrocarbons by the adsorbent 
material and the subsequent treatment of the 
adsorbent material with a heated medium to 
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12 
vaporize and remove the water and condensable 
hydrocarbons and thereby reactivate the ad 
Sorbent material for further contact with the 
natural gas, the improvement, which comprises 
maintaining at least one bed of adsorbent ma 
terial in each of a plurality of zones; continuously 
heating and recycling a flow of gas through one 
of Said ZOnes to vaporize the Water and conden 
Sable hydrocarbons contained in the bed of ad 
SOrbent material therein; directing a continuous 
flow of Wet natural gas in Succession and in series 
through the remainder of said zones so that the 
Water vapor and condensable hydrocarbons in 
the gas Will be adsorbed by the beds of adsorbent 
material therein; periodically shifting the relative 
position of the particular adsorbent beds and the 
particular flow of fluid in each of said zones so 
that each Zone becomes, in succession, a reacti 
Vation Zone, and, in reverse order to the flow of 
gas therethrough, each a successive dehydration 
Zone, whereby the gas being dehydrated will make 
its last passage through freshly reactivated ad 
SOrbent material beds; continuously withdrawing 
a portion of the hot gas from its recycling path 
after its paSSage through the reactivation zone; 
Condensing and recovering the water and conden 
Sable hydrocarbons from the withdrawn hot gas; 
and continuously Supplying additional gas to the 
recycled gaS to compensate for the gas withdrawn. 

ERNEST B. MILLER. 
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