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. 1 -

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

Natural gas transmitted through pipe lineg
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 alumina 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 comupli-
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 method of dehydrating wet gas un-

~der high pressure using an adsorbent, such as
silica gel, and recovering a large percentage of
the conaensable hydrocarbons, such as gasoline,
efe.

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 ifs 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 condensable 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 them
from the hot gas after its passage through the
adsorbent material.

Ancther object of the invention is to provide
"- a novel method of dehydrating wet natural gas
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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 lea.st
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 ¢onsidered
in connection with the accompanymg drawmgs,
in which:

Fig. 1 is a side elevatlon showing the mountmg
and arrangement of the apparatus of this in-
vention;

Fig. 2 is a plan viéw of the appar atus 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—35 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—8 of Fig. 5, but
drawn to a smaller gcale.

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, faken on
the line 9—9 of Fig. 8;

Fig. 10 is a horizontal sectional view of the
dehydrater, taken on the line 18—I198 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—123 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

Pig 15is a schematlc 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, - .
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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 he 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 Pigs. 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 I, .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 ta.cool the;

wet gas between the first and second dehydra-

tion stages; a heater 3 employed to heat the gas 20

used in the reactivating stage of the. dehydrater;
a candenser 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-
1y at 6.

The wet-gas is delivered, at high pressure; from
the usual compressor or source of supply (not
shown), to the first stage of the dehydrater by
means of a pipe line 1. 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 10 for
transmission to- the points of use.

A portion of the wet gas is diverted from the
supply pipe line 1, by means of a pipe line i1,
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 12 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 adsorhent. The heated gas
and. its vapors stripped from the- adsorbent pass
through a pipe-line 13 into the condenser 4, where
the vapors are condensed; from the condenser,
the gas and its condensates pass through a pipe
line (4 into the separator 5 in. whiech 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 1, where it mixes
with the incoming wet gas on the way to the first
stage of the dehydrater. The process is contin-
uous.

The details- of construction of the dehydrater
{ are shown in Figs. 1 to 13 inclusive. There is
shown.a cylindrical pressure vesel |71 comprising
an upper shell or cap (8 having an annular
flange 19 welded thereto and a lower shell 20 hav-
ing an annular flange 21 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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The vessel §T 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 drum. 23 mounted within. the vessel {T 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 I8 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 (8.

The driving mechanism includes a shaft 30
ecnnected 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, 38 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, 41, each secured to the bottom of the
cylinders 35, 38, respectively, form the bottom
of the annular drum; the space between the
annular plates 40, 41 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 41, 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 59 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 49 is closed at its top by means of
concentric. hoops 51, 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 54 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 §5
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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Fach is formed in the shape of an annular trough
having an annular top (or bottom) 58 and an-

nular side walls 60, 61.
A plurality of compression springs 62, mounted
on brackets §3 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 annular drum. 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 66, 61 of the manifolds by means
of a plurality of circumferentially spaced thread-
ed bolts 66, which engage the ring gaskeis and

" the lower portions of the hoops and side walls.
The ring gaskets §4 are yieldingly held in en-
gagement with the top and bottom of the drum
23 by means of a plurality of compression springs
87 mounted on stud bolts 68 secured to the top
(or bottom) of the manifolds and engaging an-

" nular plates or members 68 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 S.
Fach seal includes a bottom or sealing plate 78
mounted within the manifold between spaced
radial partition walls T, 72. The bottom plate
- 18 is yieldingly urged against the top (or bottom)
of the drum and rests on the concentric annu-

lar plates 87, 38 which form the top of the :

drum (or plates 48, 41 which form the bottom
of the drum), as shown in Fig. 7. The side edges
of the plate are bifurcated, as shown at 13, 74

25

30

for the reception of gasket strips 15, 78 which

are yieldingly pressed outwardly against the par-
tition walls T{, 72 of the seal by leaf springs 77,
18, 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 19 mounted on projections 88, formed on
the upper surface of the plate 78. The springs
79 engage the top (or hottom) of the seal and
are held in position by bolts 81 projecting through
the top (or bottom) of the seal and the coiled
springs and threaded into the projections 88
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 gaskes
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.

60
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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 18 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 T8 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 98 are mounted within
the top and bettom manifolds. These rollers are
circumferentially spaced within the manifolds
and are adapted to engage the annular plates 31,
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 91
screwed into the side wall 8f 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 fo the top plate of the top mani-
fold by means of lock nuts 97 (Fig. 5), which
form gas-tight joints. The pipes are welded to
the cap and hold the top manifold stationary
relative 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, 89 and 100. having
threaded ends, proiect through the bottom of
the vessel 1T and have their threaded ends se-
cured to the hottom plate of the bottom mani-
fold by means of lock nuts {0{ 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 hetween 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 diaphrasms 44 is engaging the bottom
plate 79 of the seal in gas-tight engagement. As
clearly seen from the foregoing, the manifolds
and drum are divided into three gas-ticht sec-
tors by the engagement of the radial partitions
or diavhraems with the seals.

As the drum carrying the annular adsorbent

_ containers rotates, thev are continuouslv and

suceessively 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: pipe lines 71, 3. and 13, respectively; and the
three pipes 98, 99, and 100 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 first 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 T and enters the top mani-
fold of the first stage through pipe 94. Then it
moves. downwardly. frem.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 mois-
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 drum 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 he
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
10-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 T by means of a pipe line
i1, 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 12 and
{00 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 drum. 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 13 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 14 to the separator

§, where the condensate is separated from- the
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gas. The water and hydrocarbons are drained
from the bottom of the separator by means of
drain line I5.

From the separator the gas passes through
pipe line 16 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 (02
formed in that portion of the pipe line 94 with-
in the vessel 11. And too, due to the unequal
temperature of the gas as it passes through the
various sectors, thereby resulfing 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, 93, and 100 with
expansion joints 103, located a short distance
from their points of connection to the mani-
folds. Suitable stop valves 104 and 105 are lo-
cated in the pipe lines T and i1, respectively, to
provide means for confrolling 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 bhe recovered from the gas
is quite large.

The additional apparatus shown comprises a
low pressure blower 106 for recirculating the hot
gas through the heater and the activation stage
of the dehydrater; a pipe line {07 connecting the
inlet side of the blower to pipe line 13; and a
pipe line 108 connecting the exhaust side of
the blower to pipe line (1. Stop valves 109 are
mounted in the pipe lines (0T 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 eir-
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 I3
anq 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 (4 to the
separator 5 where the condensate is separated
frorp the gas. The water and hydrocarbons are
drained from the hottom of the separator by
means of drain line 5. From the separator the
gas passes through pipe line I8 back into the
§upp1y line 1, where it is mixed with the incom-~
ing 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 107 and is recirculated by the low pres-
sure blower (06 through the pipe line {08 and
the heater 3 back through the activation stage
of the dehydrater. The process is continuous.
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When the recirculating system is used the
valve (04 is closed enough to force wet gas
through the heater via valve 105 and pipe line
i1, valve 105 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 {89 pro-
vide for confrolling the quantities of recircu-
lated gases. The recirculation of the hot gas
through the activation stage is faecilitated due
to the thickness of the adsorbent in the tubular
containers.

While the blower 188 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 recircu-
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 from
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 1l{ mounted therein has been shown as
connected to pipe line If. The pipe line ({8
being connected to a suitable source cf gas (not
shown). By closing valve (88, the gas for the
recirculating circuit may be obtained through
pipe line 110.

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-
vention 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 materia] 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 2zone; continuously di-
recting a flow 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-
drawn.

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 material therein and
reactivate the beds; continuously withdrawing
a portion of the hot gas from its recyecling path
after its passage through the reactivating zone;
condensing and recovering the water and con-
densable hydrocarbons from the withdrawn hot
gas; and continuousiy supplying additional gas
to the recycled gas to compensate for the gas
withdrawn.

3. In the removal of water vapor and conden-
sable 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 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 flow 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 gag 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
particular flow of fluid in each of said zones soO
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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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
g 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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