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5 Claims. 

The present invention is concerned with the 
recovery of vaporous constituents from gases 
containing the same. The invention is more 
particularly directed to an improved process and 
apparatus comprising compressing, 
and expanding stages by which valuable petro 
leum hydrocarbon constituents,‘ particularly 
those constituents which may be included in 
motor fuels and utilized in polymerization, al 
kylation and related processes are recovered. In 
accordance with the present process feed gases 
containing recoverable vaporous constituents are 
passed through a compression zone. The come 
pressed gases are cooled in an initial cooling zone 
with water or equivalent means and further 
cooled in a secondary cooling zone with expanded 
‘gases. The cooled compressed feed gases are 
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passed from the secondary cooling zone to a ‘ 
separation zone in which zone a condensate is 
segregated from uncondensed vapors. The un 
condensed vapors are withdrawn from the sepa 
ration zone and utilized in an expanding engine 
for furnishing power to the compression zone. 
The cooled expanded vapors, after withdrawal 
from the expanding engine, are passed through 
the secondary cooling zone and then introduced 
into a gas combustion engine utilized in fur 
nishing additional power for the compression 
zone. - 

It is knOwn in the art to employ various proc 
esses and operations for the recovery of valuable 
vaporous constituents from gas mixture in order 
to prevent the loss of the same. For example, in 
the re?ning of petroleum oils in which volatile 
motor fuels and similar oils'are stored in vapor 
tight cone roofs, pressure or equivalent tanks 
‘and the like, an appreciable quantity of the oil 
is lost in the vapors expelled from the tanks as a 
result of ?lling the tanks or due to the. expan 
sion of vapors in the tanks with daily tempera 
ture changes. Methods which have been pro. 
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,posed for recovering at least a portion of the'val- - 
'uable vaporous constituents contained in the 
gases vented from the tanks include various oil 
absorption operations as well as processes in 
which, the vented gases are compressed and 

, cooled in order to condense the vaporized valuable 
constituents. These processes however are relae 
tively expensive, which materially raises ‘the 
overall manufacturing costs. Furthermore, ‘in 
many instances it is uneconomical'to recover 
these vaporized constituents which thus repre 
sentsadirect loss. ‘ , ' I , 

We have now discovered an improved process 
comprising compressing, ' cooling; separating, ex‘ 
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panding and burning zones which are arranged 
with respect to each other in a manner by which 
it is possible to e?iciently and economically re 
cover valuable 1 constituents which otherwise 
would be lost or relatively expensive to recover. 
The process of our invention may be readily ' 

understood by reference to the attached drawing 
illustrating modi?cations of the same. For pur 
pose of illustration it is assumed that the vapors 
comprise'vapors expelled from vessels and tanks 
utilized in the storing and processing of ?nished 
petroleum oils boiling in the motor fuel boiling 
range. These vapors mixed with air or other 
gases employed in repressing operations, as for 
example an inert gas or a'natural gas are with 
drawn from tank I by means of line 2. It is to 
be understood that tank I may comprise any 
type or number of tanks arranged in any suitable 
manner. The gases are passed through com 
pressing zone 3, the power being supplied from 
expanding engine 4 and gas combustion engine 
5. The compressing zone 3 may comprise a sin- ' 
gle two-stage compressor, in which the power 
for one stage is supplied by expanding engine 
4, and the power for the other' stage is supplied 
from gas combustion engine 5. Compressing 
zone 3 may likewise comprise two individual 
compressors in which the power for one is sup 
plied by expanding engine 4 and in which the 
power for the other is supplied by gas combus 
tion engine 5. It is to be understood that any 
desirable arrangement of the individual stages 
of the compressors, or arrangement and num- . 
ber of the compressors may be utilized. The - 
compressed gases are withdrawn from com 
pressing zone 3 by means of line 6 and-passed 
into an initial cooling zone ‘I, the cooling medium 
preferably being water. The partially cooled 
compressed gases are withdrawn from initial 
cooling zone ‘I by means of line 8 and‘passed 
into a secondary cooling zone 9, the cooling 
medium of which is cooled vapors derived from 
a source hereinafter explained. The cooled 
gases are withdrawn from secondary cooling zone 
9 by means cf-line' Ill and passed into a separa 
tion zone ll wherein a separation is made be-, 
tween the liquid condensate and the uncon 
densed gases and vapors. The condensed liquid is 
withdrawn from separation zone H by means of 
line I! and handled inany manner desirable, 
preferably returned to the tank or tanks from 
which the vapors have beenevolved or utilized ' 
for blending in‘?nished products. The desired 
liquid level is maintained in separation zone H 
by means of a ?oat control‘v‘alve arrangement 



it. The uncondensed gases are withdrawn from 
separation zone H by means of vapor line M. 
and utilized as a driving medium in expanding 
engine it. The power of engine d is transmitted 
by suitable means is and utilized as a driving 
force for compressor 3. The expanded vapors 
are withdrawn from expanding engine It by means 
of line it and passed through heat exchanger 9 
wherein the chilled expanded vapors cool the 
compressed feed gases in the secondary cooling 
zone. The expanded vapors are withdrawn from 
secondary cooling zone 9 by means of line H 
and utilized as the driving fuel for gas combus 
tion engine 5. The power from gas combustion 
engine 5 is transmitted by suitable means l8 
and employed as the driving power for com 
pressor 3. The spent vapors are withdrawn from 
gas engine 5 by means of line H! and disposed 
of in any suitable manner. Excess vapors which 
cannot be utilized in gas engine 5 are withdrawn 
from the system by means of line 20 and like 
wise handled in any desirable manner. 
The process of the present invention may be 

widely varied. The invention essentially com 
prises an improved system utilizing a novel ar 
rangement of compressing, cooling, separating, 
expanding and burning zones by which valuable 
vaporized constituents may be readily and ef? 
ciently recovered from gas mixtures containing 
the .same. In accordance with the present proc 
ess it is possible to economically justify the re 
covery of recoverable vaporized petroleum hydro 
carbon constituents which otherwise would be 
lost. By employing the particular combination 
of an expanding engine, a gas engine and com 
pressor in combination with a two-stage cooling 
operation as disclosed appreciable advantages are 
secured. 
The extent to which the feed gas mixture is 

cooled in the respective cooling zones will be a 
function of the composition of the particular 
feed gas mixture being processed, the extent to 
which the feed gas is compressed in the com 
pression zone, and the extent of recovery de 
sired. For example, when processing vapors 
evolved from motor fuels in storage, it is desired 
to compress the gases to a pressure in excess of 
250 pounds per square inch, preferably to a pres 
sure of approximately 300 pounds per square 
inch. It is then preferred to cool the compressed 
gases in the initial cooling zone .to-a temperature 
below about 100° F. and to cool the gases in the 
secondary cooling zone to a temperature below 
about 50° F., preferably to a temperature below 
about 40° F. 
In order to further illustrate the invention, 

the following example is given which should not 
be construed as limiting the invention in any 
manner whatsoever. ' 

Example’ 
In one operation a gaseous mixture of about 

the following composition evolved from petroleum 
oils boiling in the motor fuel boiling range was 
collected and handled as follows: . - Per cent 

Air _____________________________________ _- 70 
Butanes ________________________________ __ 15 

Pentanes ______________________________ __i__ 10 
Hexanes and heavier _____________ _‘___‘ ____ _.. 5 

These gases were removed from 
at a temperature of about 80° ' 
atmospheric pressure, passed to a compression 
zone in which the gases were compressed to about 
300 pounds per square inch. The resulting tem 

the storage tank ' I 

F. and at about 
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perature of the compressed gases was about 350° 
F. The compressed gases were then passed 
through an initial cooling zone in which the tem 
perature of the same was lowered to about 95° F. 
by means of salt water introduced at a tempera~ 
ture of 70° F. and withdrawn at a temperature 
of about 85° F. The partially cooled gases were 
passed through a secondary cooling zone in which 
the temperature of the same was lowered to about 
35° F. The cooled gases were then passed into 
the separation zone at a pressure of about 300 
pounds per square inch in which approximately 
90% of the butanes and higher boiling constit 
uents were condensed. The condensate was re 
cycled to the storage tanks from which the vapors 
were withdrawn. The uncondensed vapors were 
withdrawn from the separation zone and passed 
through an expanding engine, the power of which 
was utilized in running the compressors in the 
compression zone. The expanded vapors at a‘ 
pressure of about 25 pounds per square inch and 
at a temperature of about ~50° F. were passed 
through the secondary cooling zone and utilized 
in cooling the compressed vapors as described. 
The expanded vapors were then passed to a gas 
combustion engine and utilized as a driving me 
dium, the power of which was employed to supply 
power to the compressors in the compression 
zone. 

In another operation an identical gaseous mix 
ture was processed according to current practice 
and compressed to a temperature of about 300 
pounds per square inch gauge. The compressed 
gases were then cooled by means of cooling water 
to a temperature of about 95° F. Under these 
conditions only about 60% of the butanes and 
higher boiling constituents were condensed. In 

' addition, this latter operation was more expen 
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sive, as represented by the additional cost of 
driving the compressor by steam driven prime 
mover. 
In the present process a portion of the work 

of compression is obtained by the expansion of 
the compressed, cooled and separated gas, while 
the residual amount of energy is obtained by 
burning a portion of the lean gas in the gas com 
bustion engine part of the compression drive. 
The present invention is not to be limited by 

any theory or mode of operation, but only in and 
by the following claims in which it is desired 
to claim all novelty in so far as the prior art 
permits. 
We claim: _ 
1. Process for the segregation and recovery of 

vaporized constituents from a feed gas mixture 
comprising compressing the feed gas mixture in 
a compression zone,.cooling the compressed feed 
gas mixture in an initial cooling zone, further 
cooling the partially cooled feed gas mixture in 
a secondary cooling zone, passing the cooled feed 
gas mixture to a separation zone wherein a sepa 
ration is made between liquid condensate and 
uncondensed gases, ‘expanding said uncondensed 
gases under conditions whereby the evolved 
energy is utilized for the compression of said 
feed gas mixture in said compression zone, and 
whereby the ‘temperature of said uncondensed 
gases is materially lowered, passing the expanded - 
relatively cold uncondensed gases in heat ex 
change with said feed gas mixture in said sec 
ondary cooling zone, withdrawing said expanded 
cooled ‘uncondensed gas from said secondary 
cooling zone and burning the same in a gas 
combustion engine under conditions whereby the , 
expended energy is utilized for the compression 



amazes 
of said feed gas mixture in said compression 
zone and recovering liquid condensate from said 
separation zone. 

2. Process for the segregation and recovery of 
vaporized petroleum oil constituents which boil 
in the motor fuel boiling range from a. feed gas 
mixture containing the, same which comprises 
compressing the feed gases in an initial stage, 
cooling the compressed gases in a secondary 
stage by means of cooling water, further cooling 
the partially cooled gases in a tertiary stage by 
means of expending the cooled gases, separating 
the condensate from uncondensed gases in a 
separation zone, expanding said uncondensed 
gases in an expanding engine under conditions 
whereby the energy evolved is utilized for the 
compression of the said gas mixture in said 
initial stage, passing the cool expanded vapors 
from said expanding engine in heat exchange 
with said feed gases in said tertiary stage, with 
drawing said vapors from said tertiary stage, 
and burning the same in a gas combustion engine 
under conditions whereby the expanded energy 
is utilized for the compression of said feed gases 
in'said initial stage and recovering liquid con 
densate from said separation zone. - 

3. Process in accordance with claim 2 in which 
said gases are compressed in said initial stage 
to a pressure of about 300 pounds per square 
inch, in which said gases are cooledby means 
of cooling water in said secondary stage to a 
temperature below about 100°, F., and in which 
said gases are cooled in saidtertiary stage by 
means of expanded cooled vapors to a tempera 
ture below about 40° F. 

4. Process for the recovery of hydrocarbons 
boiling in the boiling range of hydrocarbons 
having 4 carbon atoms in the molecule and 
higher from gases comprising vapors evolved 
from petroleum oils boiling in the motor fuel 
boiling range which comprises compressing the 
gases in a compression zone-to a pressure in 
excess of about 250 pounds per square inch, cool 
ing the compressed gases in an initial cooling 
zone by means 01' cooling water to a temperature 
below about 100° F., further cooling the‘ partially 
cooled gases in a secondary cooling zone by 
means of expanding the cooled vapors to a tem 
perature below about 40° F., passing the cooled 
gases to a separation zone and separating a 
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3 
liquid condensate from uncondensed gases, ex 
panding said uncondensed gases under conditions 
whereby the energy evolved is utilized or the 
compression of said feed gases in said compres- , 
sion zone, passing the resulting expanded rela 
tively cooled uncondensed gases in heat exchange 
with said feed gas mixture in said secondary 
‘cooling zone, withdrawing said expanded cooled 
uncondensed gases from said'secondary cooling 
zone and burning the same in a gas combustion 
engine under conditions whereby the expanded 
energy is utilized for the compression of said 
feed gases in said compression zone and recov 
ering liquid condensate from said separation 
zone. 

5. Apparatus adapted for the» recovery of 
liquid hydrocarbons from feed gas mixtures con~ _ 
taining'the same which comprises means .for 
collecting and passing the feed gas mixture to 
a compression zone, compression means in said 
compression zone for compressing the feed gas 
mixture, means for passing the feed gas mixture 
from said compression means to cooling means 
comprising an initial and secondary cooling zone, 
means for passing water in heat exchange with 
said gases in said initial cooling zone, means forv 
passing expanded vapors in heat exchange with 
the feed gases in said secondary cooling zone, 
means for conducting the feed gas mixture from 
said secondary cooling zone to separation means 
for e?ecting separation between vapors and con 
densate, means for conducting the separated 
vapors'from the separation means to means for 
expanding the gases which comprises an expand 
ing engine, means for utilizing the power evolved 
from the expanding means for driving said com 
pression means, means for withdrawing the ex 
panded vapors vfrom said expanding means and 
for passing the expanded vapors in heat ex 
change with the Ieed gas mixture in said sec 
ondary cooling zone, means for withdrawing the 
‘expanded gases from the secondary cooling zone 
and means for burning the same which comprises 
a gas combustion engine, means for transmitting ' 
the power evolved from said gas combustion 
engine to said compression means, and means 
‘for withdrawing a liquid condensate product 
from said separation zone. 

' PAUL J. HARRINGTON. 
GEORGE D. PRIES'I'MAN. 


