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PATENT OFFICE, 
ROLLAND R. ETTER, OF EAST CLEVELAND, OHIO, ASSIGNOR TO GENERAL, ELECTRIC 

COINIPANY, A CORPORATION OF NEW YORK. 

ADSORPTION APPARATUS FOR SOLVENT RECOVERY, ETC. 

Application filed January 7, 1921. Serial No. 435,573. 

To all whom it may concern: 
Be it known that I, RoLLAND R. ETTER, a 

citizen of the United States, and a resident 
of East Cleveland, county of Cuyahoga 
and State of Ohio, have invented a new and 
useful Improvement in Adsorption Appara 
tus for Solvent Recovery, Etc., of which the following is a specification, the principle of 
the invention being herein explained and the 
best mode in which I have contemplated 
applying that principle, so as to distinguish 
it from other inventions. 
The present improvements, relating, as 

indicated, to apparatus for solvent recovery, 
have more particular regard to the recovery 
of volatile hydrocarbon vapors from ad 
mixtures thereof with air or other gases, 
such as commercial natural and artificial 
fuel and lighting gas. Thus in various 
manufacturing processes involving the use 
of benzene and other similar solvent agents, 
considerable quantities of such agents ordi 
marily are converted into vapor form and 
so lost. It has also been found that a con 
siderable quantity of naphtha and high test 
gasoline are present in the form of vapors 
in commercial natural gas, and the recovery 
and liquefaction of such vapors has become 
an important phase of the industry. 
The present invention has as its object the 

provision of a simple and compact appara 
tus whereby vapors of the character just re 
ferred to may be readily and economically 
recovered from relatively dilute mixtures 
of the same with atmospheric air or other 
gaseous constituents. To the accomplish 
ment of the foregoing and related ends, said 
invention, then, consists of the means here 
inafter fully described and particularly 
pointed out in the claims, the annexed draw 
ing and the following description setting 
forth in letail certain mechanism embody. 
ing the invention, such disclosed means con 
stituting, however, but one of various me 
chanical forms in which the principle of the 
invention may be used. 

In sail annexed drawing :- 
Fig. 1 is a central vertical section of an 

apparatus embodying the present improve 
ments; and Fig. 2 is a broken horizontal 
section, showing a portion of such apparatus. 
The main element of the apparatus as 

illustrated in the foregoing drawing is a 
closed chamber 1, preferably of the cylin 
drical form shown, within which is located 

an annular compartment 2 formed by means 
of two circular walls 3 and 4 concentrically 
arranged with respect to each other and the 
outer cylindrical wall of such chamber. 
Said walls 3 and 4 are perforated and rest 
on a false bottom 5 that is spaced a suitable 
distance from the lower end or bottom of 
the chamber 1, and that serves to seal off 
the lower end, both of the annular com 
partment 2 and of the central compartment 
6 that is formed inside of the wall 4. The 
space between the false bottom 5 and the 
lower end of chamber 1, however, has free 
communication with the annular-space 7 
that is left between the walls 1 and 3. The 
upper end of internal compartment 2 is 
closed by the top wall of chamber 1 save 
where manholes 8 are provided, in order to 
afford access to the interior of compartment 
2. Other manholes 9 in the bottom of cham 
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ber 1 afford access to the space between 
such bottom and false bottom 5 for the pur 
pose of inspection and cleaning. 
Connected with a central opening in the 

bottom of chamber 1 is a vapor supply line 
10 controlled by a valve 11 also a line 12 
controlled by a valve 13 that leads to a 
suitable condenser, not shown. There is, 
in addition, connected with such opening, a 
chamber 14 provided with a valve-con 
trolled drain pipe 15 that serves to collect 
any condensate that may form in the con 
nection just described, or in the bottom of 
the chamber, such bottom being interiorly 
concave so as to cause any liquid in the 
chamber to flow towards the aforesaid cen 
tral opening therein. 

Similarly connected with a central open 
ing in the upper wall of chamber 1 is a 
steam supply line 16 controlled by a suitable 
valve 17 whereby, when desired, superheated 
steam, or equivalent heating medium, at 
any prescribed pressure and temperature 
may be introduced into compartment 6. 
There also leads from the same opening in 
the upper wall of chamber 1, an exit duct 
18 controlled by a valve 19. 

In operation, the internal chamber 2 is filled 
with a suitable adsorbent material, the char 
acter of which will depend upon various con 
siderations, including the particular vapor 
or gas which it is desired to recover and also 
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upon the gaseous medium with which such 
vapor or gas is admixed. For the purpose 
of recovering benzene from an admixture 10 
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of air, for example, the compartment in 
question is preferably filled with activated 
carbon, although silicagel, as well as other 
adsorbents, may be utilized if desired, pro 
vided they are adapted to give up the ad 
sorbent volatile compound when exposed to 
superheated steam, or equivalent heating 
medium. Assuming the compartment in 
question to be filled with such adsorbent ma 
terial, the manholes 8 being conveniently 
provided for this purpose, and that valves 
13 and 17 are closed, valve 19 in the exit 
18 is opened, and then valve 11 in the sup 
ply line 10. The mixture of air and vola 
tile compound, if not already under suffi 
cient pressure, is either forced by means 
of a fan or equivalent device associated with 
said line 10, or is drawn by similar means 
attached to exit 18, into the space between 
the bottom of chamber 1 and false bottom 
5, and thence into the annular space 7 that 
Surrounds the annular compartment 2. The 
walls of the latter being perforated, the 
gaseous mixture passes readily therethrough, 
and through the filling of adsorbent mate 
rial between such walls, with the result that 
the volatile constituent is adsorbed to a de 
gree depending upon the rate of flow, the 
thickness of the annular layer of material 
and other factors, including that of tem 
perature. The residual unadsorbed gas es 
capes into the central compartment 6 and 
thence passes out through exit 18. 
At the end of a period of time sufficiently 

long to permit the activated carbon, or other 
equivalent material in compartment. 2, to 
adsorb the volatile constituent from the air 
or other gas supplied through line 10 to ap 
proximately the saturation point of such 
carbon, the valves 11 and 19 are closed, and 
valves 18 and 17 opened in the order indi 
cated. As a result superheated steam will 
be admitted into the central compartment 6 

ing in a re 
verse direction to that just described for the 
air through the internal compartment 2 into 
the annular space 7 and out through the con 
nection with the bottom of said chamber 1 
to line 12. The steam removes the volatile 
compound from the activated carbon, or 
other filling material in such compartment 
2, and carries it to the condenser which 
operates in familiar manner to condense the 
mixed vapor into a liquid, from which the 
volatile compound may be separated upon 
Settling, or by other means, as will be readily 
understood. Any moisture that condenses 
in chamber 1 or in line 12 is drained into 
the trap 14, from which it may be with 
drawn, as previously described. 
By means of an apparatus constructed as 

aforesaid, the adsorbent material may be disposed in the form of a thin layer or 
shell, and yet present a uniform resistance 
throughout the entire extent of such layer 
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to the passage therethrough of either the 
original mixture of gases or the superheated 
steam, or equivalent heating medium. The 
use of such thin shell permits the steam to 
be employed at a relatively low pressure, 
(such pressure may be as low as one pound 
above atmospheric pressure) at a corre 
sponding decreased cost of operation. 
the difference, compared with the use of 
steam at a pressure of from ten to fifteen 
RE, is as one to ten or even greater. oreover, by admitting the steam, or equiv 
alent heating medium, into the center of 
annular chamber 2, loss from radiation is 
kept down, and when flow is reversed it is 
the cooler adsorbent material with which the 
gas first comes into contact, thus cutting 
down the time required for changing from 
one phase of operation to the other. The 
disposition of such adsorbent material in 
the fashion described presents equal, if not 
greater, advantages in the charging phase 
of the operation, since the large surface 
area exposed to the gas flow for any given 
amount of the material admits of the use 
of a lower pressure than would otherwise 
be possible without decreasing the velocity 
of such flow, or in other words the capacity 
of the apparatus. The compactness of this 
apparatus will be obvious, while the arrange 
ment of connections and valves is such as 
to permit of the convenient manipulation of 
the apparatus so that the latter will require 
the minimum of attention on the part of the 
operator. 
As previously described, the walls 3 and 

4, which laterally define the annular cham 
ber 2, consist of plates, the size of the per 
forations and their spacing being gaged to 
suit the character of the adsorbent material 
used. However, as shown, a woven wire 
screen'20 may be used to line such walls in 
teriorly of such chamber and thus assist 
in retaining the finer particles of the ma 
terial from escape, without, however, inter 
fering with the free passage of the gases 
or vapors through such walls. Further 
more, in order to facilitate the assembly of 
the apparatus and the taking apart of the 
same, said walls 3 and 4, instead of being 
extended entirely up to the top wall of 
chamber 1, and there attached, are discon 
tinued a short distance below such top wall, 
and separate imperforate walls 21 and 22 
are attached to said top or cover, being of 
such a length as to depend a suitable dis 
tance below the upper edges of walls 3 and 
4, and at the same time closely fitting the 
S8. 

portions of walls 3 and 4 are imperforate, 
the object in both cases being to prevent 
these gases or steam from “channelling’ or 
short-circuiting around the ends of the 
filler of adsorbent material. 

It will be understood of course that in 

Thus, 
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It will also be noted that the lower . 
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any installation of size, a battery of cham 
bers like chamber 1 will be utilized, so that 
the flow of vapor-laden gas need not be in 
terrupted when any particular chamber is 
cut out in order to recover the adsorbed va 
por (benzol, gasoline, etc.) from the ma 
terial filling said chamber 2. A sufficient 
number of units, in other words, will be em 
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ployed, so that while certain ones are ad 
sorbing such vapors others may be in the 
process of being blown out, whereupon the 
connections will be reversed and the oper 
ation of the plant as a whole thus rendered 
continuous. 
Other modes of applying the principle 

of my invention may be employed instead 
of the one explained, change being made 
as regards the mechanism herein disclosed, 
provided the means stated by any of the 
following claims or the equivalent of such 
stated means be employed. 

I therefore particularly point out and 
distinctly claim as my invention:- 

1. In apparatus for solvent recovery, the 
combination of an annular chamber having 
approximately concentrically disposed per 
forate walls and containing adsorbent ma 
terial, and connections for alternately pass 
ing vapor-laden gases and a heating me 
dium transversely through said chamber 
thus filled, from the exterior to the open 
central space surrounded by said chamber, 
or vice versa as desired. . 

2. In apparatus for solvent recovery, the 
combination of an annular chamber hav 
ing approximately concentrically disposed 
perforate walls, solid adsorbent material 
filling such chambers, and connections 
whereby vapor-laden gases and a heating 
medium may be passed transversely through 
said chamber thus filled, from the exterior 
to the open central space surrounded by 
said chamber or vice versa as desired. 

3. In apparatus for solvent recovery, the 
combination of an annular chamber hav 
ing approximately concentrically disposed 
perforate walls, a body of activated char 
coal filling such chamber, and connections whereby vapor-laden gases and a heating 
medium may be passed transversely through 
said chamber thus filled, from the exterior 
to the open central space surrounded by 
said chamber or vice versa as desired. 

4. In apparatus for solvent recovery, the 
combination of an annular chamber hav ing approximately concentrically disposed 
perforate walls, said chamber having an 
opening in an end wall whereby access may 
be had to the interior of said chamber for 
filling or removing solid adsorbent ma 
terial, a removable closure for such opening, 
and connections whereby vapor-laden gases 
and a heating medium may be passed trans 
versely through said chamber thus filled, 
from the exterior to the open central space 

surrounded by said chamber or vice versa. 
as desired. 

5. In apparatus for solvent recovery, the 
combination of a main chamber, an annu 
lar sub-chamber formed within said main 
chamber and having perforate side walls, 
said sub-chamber extending from one end 
of said main chamber and terminating 
short of the other end thereof, a closure 
for the central space surrounded by said 
sub-chamber at such last-mentioned end 
thereof, and independent external connec 
tions with such central space and with the 
space in said main chamber lying outside 
of said sub-chamber. 

6. In apparatus for solvent recovery, the 
combination of a main chamber, an annu 
lar sub-chamber formed within said main 
chamber and having perforate side walls, 
said sub-chamber extending from the upper 
end of said main chamber and terminating 
short of the lower end thereof, a closure 
for the lower end of the central space sur 
rounded by said sub-chamber, and inde 
pendent external connections with such 
central space and with the space in said 
main chamber lying outside of said sub 
chamber. 

7. In apparatus for solvent recovery, the 
combination of a main chamber, an annular 
sub-chamber formed within said main 
chamber and having perforate side walls, 
said sub-chamber extending from the upper 
end of said main chamber and terminating 
short of the lower end thereof, a closure 
for the lower end of the central space sur 
rounded by said sub-chamber, and independ 
ent external connections with the upper, 
end of such central space and with the 
lower end of said main chamber. 
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8. In apparatus for solvent recovery, the 

combination of a main chamber, concentri 
cally disposed perforate walls therein de 
fining an annular chamber spaced from the 
outer wall of said main chamber and leav 
ing a central open space, adsorbent material 
filling such annular chamber, and connec 
tions with the space between said annular 
chamber and outer wall and with such cen tral space, whereby vapor-laden gases and 
a heating medium may be passed trans 
versely through said annular chamber, as 
desired. 

9. In apparatus for solvent recovery, the 
combination of a main chamber, concentri 
cally disposed perforate walls therein de 
fining an annular chamber spaced from the 
outer wall of said main chamber and leav 
ing a central open space, adsorbent material 
filling such annular chamber, a false bot 
tom in said main chamber supporting the 
walls of said annular chamber and closing 
the lower end thereof and of such central 
open space, connections with the bottom of 
said main chamber for supplying vapor 
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laden gases and for conducting vapors to 
a condenser, as desired, and other connec 
tions with the top of such central open 
space for exit or supplying a heating me 
dium, as desired. 

10. In apparatus for solvent recovery, the 
combination of a main chamber, concentri 
cally disposed perforate walls therein de 
fining an annular chamber spaced from the 
outer wall of said main chamber and leav 
ing a central open space, adsorbent ma 
terial filling such annular chamber, the 
walls of said annular chamber terminating 
short of the top of said main chamber, cor 
responding walls depending from such top 

tions with the top 
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and interfitting with the aforesaid walls to 
complete said annular chamber, a false bot 
tom in said main chamber supporting the 
walls of said annular chamber and closing 
the lower end thereof and of such central 
open space, connections with the bottom of 
said main chamber for supplying vapor 
laden gases and for conducting vapors to 
a condenser, as desired, and other connec 

of such central open 
space for exit or supplying a heating me 
dium, as desired. . 

Signed by me, this 3rd day of January, 
1921. 

ROLLAND R. ETTER. 
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