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4Claims. 
In my prior copending applications Serial No. 

52,717, ?led December 3, 1935, of which this ap 
plication is in part a continuation, and Serial No. 
97,295, ?led August 21, 1936, I have disclosed 
various processes of cracking hydrocarbon oil, in 
volving recirculation of certain normally gaseous 
constituents, primarily those having three and 
four carbon atoms per molecule, to the oil-crack 
ing zone, and as a part of the operating cycles 
disclosed in the aforesaid applications, I~ have 
disclosed novel condensing and stabilizing means, 
applicable to all types of oil-cracking and vapor 

' recovery operations but having an especial utility 
with respect to the recovery of stabilized gasoline 
from vaporous mixtures containing high propor 
tions of ?xed gases and normally gaseous hydro 
carbons too light to be included in the ?nal 
stabilized gasoline product. 
My present application is directed to such con 

densing and» stabilizing means, without regard to 
the particular oil-cracking cycles disclosed in the 
aforesaid applications, and as applied to the re 
covery of stabilized gasoline in other types of 
processes, for example, simple oil-cracking proc 
esses and gas-polymerization processes. 
By far the most common procedure employed 

in the prior art for the recovery‘of stabilized 
gasoline from vaporous mixtures previously freed 
from constituents higher boiling than gasoline 
has been to subject the partly fractionated vapors 
containing gasoline, lower-boiling hydrocarbons 
and ?xed gases, to condensation, either at at 
mospheric pressure or under the pressure of the 
cracking or polymerization operation, and then 
to subject the condensate thereby obtained to 
stabilization for the removal of undesired low 
boiling constituents. This procedure is .in some 
instances satisfactory for simple oil—cracking 
operations where the proportion of ?xed gases 
and low-boiling normally gaseous hydrocarbons 
to gasoline is not especially high, but leaves much 
to be desired with respect to the sharpness of 
separation, and especially in operations in which 
the proportion of low-boiling normally gaseous 
hydrocarbons and ?xed gases in the total vapors 
to gasoline is increased; for example, in oil 
cracking processes of the character described in 
my aforesaid copending applications, and in gas 
polymerization operations. .The process and ap 
paratus of my invention, while useful with re 
spect to oil-cracking operations of any kind, are 
of especial advantage and utility with respect to 
the latter types of processes. 
In accordance with my invention, the gasoline 

containing vapors, comprising a mixture of gaso 

(Cl. 196-11) 
line,v ?xed gases and intermediate hydrocarbons, 
primarily those containing three and four carbon 
atoms per molecule, after being freed from con 
stituents higher boiling than gasoline, are deliv 
ered as vapors to a fractionating. zone, where 
they are subjected to fractionation and recti?ca 
tion in order to condense )unstabilized gasoline 
constituents, including, of course, some normally 
gaseous hydrocarbons too light to be included in 
the ?nal gasoline product. The unstabllized con 
densate thereby obtained is separated into two 
portions, one portion being cooled and recircu 
lated to the aforesaid fractionating zone as a 
cooling, condensing and re?uxing medium there 
for, while the remaining portion is delivered to 
a stabilizing zone. In the stabilizing zone, the 
latter portion is reheated or reboiled in order to 
rectify it and to separate undesired low-boiling 
constituents, these being returned to the ?rst 
mentioned condensing and iractionating zone 
while the resultant stabilized gasoline is with 
drawn from the lower portion of the stabilizing 
zone. Fixed gases and low-boiling hydrocarbon 
constituents too light to be included in the sta 
bilized gasoline are withdrawn from the upper 
portion of the initial condensing zone, and may 
be scrubbed, if desired, for the recovery of the 
relatively high-boiling constituents contained 
therein, e. g., butane, propane and the corre 
sponding ole?ns. 
As an additional or alternative feature, a part 

of the unstabilized condensate not delivered to 
the stabilizer may be subjected to heat exchange 
with the hot stabilized gasoline leaving the lower 
part of the stabilizer, or the reboiler attached 
thereto, and the thereby preheated oil may then 
be returned to the stabilizing zone, in order to 
effect a useful recovery of heat and to further as 
sist in the recti?cation and stabilization. \ 
In order that my invention may be fully set 

forth and understood, I now describe, with refer 
ence to the drawings accompanying and forming a 
part of this speci?cation, a preferred manner in 
which my invention may be, practiced and em 
bodied. In these drawings, 

Fig. 1 is a more or less diagrammatic eleva 
tional view of apparatus for recovering stabilized 
gasoline from gasoline-containing vapors, in ac 
cordance with my present invention; 

Fig. 2 is a vertical sectional view of a portion 
of the apparatus illustrated in Fig. 1; and 

Fig. 3 is a more or less diagrammatic eleva 
tional view of apparatus for cracking hydrocar 
bon oil, illustrating the application of my inven 
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tion to an oil-cracking process of otherwise con 
ventional character. 

Similar reference numerals designate similar 
parts in the several views of the drawings. 

Referring now to the drawings and more par 
ticularly to Fig. l, vapors comprising a mixture of 
vaporized gasoline, normally gaseous hydrocar 
bons and .iixed gases, and from which constituents 
higher boiling than gasoline have been previously 
removed, are introduced through a pipe I into 
a condensing and fractionating column 2, the 
interior of which is provided with suitable gas— 
and-liquid-contact devices I, such as bubble trays 
or the like. The vapors pass upward through 
the column 2 and are subjected to partial con 
densation and recti?cation therein under the in 
?uence ot a cool liquid re?uxing medium supplied 
to the upper portion of the column 2 through a 
line 4. Additional re?uxing and cooling may be 
provided, where desired, by introducing naphtha 
or other suitable gasoline-like liquid through a 
pipe I, located at any desired point in the 
column 2. . 
The lower portion of the column 2 is so con 

structed as to provide for the accumulation there 
in of unstabilized condensate recovered from the 
vapors during their passage through the column 
2. In the present instance, in which the con 
densing column 2 is joined to and forms an ex 

_ tension of a stabilizing column 6, the columns 2 
and 6 are conveniently separated by a suitable 
weir device comprising a plate ‘I, a vapor uptake 
pipe 8 and a liquid down?ow pipe 9. A portion of 
the unstabilized condensate collecting on the plate 
‘I is withdrawn through a pipe ll having a valve 
l2 and passes to a pump l3, by means of which 
this condensate is delivered through a line [4 
having a valve iii to a heat exchanger [6 provided 
with pipes l1 and ii for respectively introducing 
and removing a cooling liquid. The cooled con 
densate leaving the heat exchanger [6 then passes 
through the line 4 into the upper portion of the 
condensing column 2. 
The remaining portion of the unstabilized con 

densate collecting on the plate 1 passes through 
the down?ow pipe 8 into the stabilizing column 6, 
the interior 01’ which is similarly provided with 
suitable gas-and-liquid-contact devices 3. The 
lower portion of the stabilizing column 5 is pro 
vided with suitable means for supplying heat, 
which may take the form of a heating coil lo-7 
cated in the bottom of the stabilizing column 6, 
but which, in the preferred instance illustrated in 
Fig. 1, comprises a separate reboiler 20 containing 
a suitable coil 2| for steam or other heating fluid. 
Liquid collecting in the bottom of the stabilizing 
column 6 passes to the reboiler 20 through a line 
22 vand vapors liberated in the reboiler 20 are re— 
turned to the stabilizing column 6 through a line 
23, stabilized gasoline being withdrawn from the 
reboiler 20 through a line 24. 
By reason of the heat applied in the reboiler 20 

and the constant in?ux of relatively cool un 
stabilized distillate through the down?ow pipe 9, a 
stabilizing and rectifying action takes place, driv 
ing of! from the unstabilized gasoline condensate 
such relatively low-boiling constituents as are not 
desired in the ?nal product. These vapors pass 
upward through the pipe 8 into the condensing 
column 2 and are subjected to scrubbing and frac 
tional condensation along with the vapors intro 
duced through the pipe I. 
Fixed gases and uncondensed low-boiling hy 

drocarbons too light to be included in the ?nal 
gasoline product are removed from the top of 
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the condensing column 2 through a line 2! hav 
ing a pressure-regulating valve 25a, and, where 
desired, are then subjected to a further scrubbing 
for the recovery of constituents such as propane, 
butane and corresponding ole?ns, as well as 
ethane and ethylene wherever the recovery of the 
latter proves desirable for any reason. 

In order to recover a portion or the heat sup— 
plied to the reboiler 20, a portion of the un 
stabilized condensate passing through the pump 
I! may be diverted through a line 26 having a 
valve 21 and leading to a heat exchanger 28 lo 
cated in the line 24. In the heat exchanger 28 
this diverted portion of the unstabilized con 
densate picks up heat from the relatively hot sta~ 
bilized gasoline leaving the reboiler 20; the heated 
condensate is then returned through a line 29 into 
the stabilizing column 6, preferably at a point 
near the top thereof. 
A second cooler or heat exchanger 3| may be 

provided in the line 24 at a point subsequent to 
the heat exchanger 28 along the flow of the 
stabilized gasoline. This heat exchanger or 
cooler 3| is provided with an inlet pipe 32 and 
an outlet pipe 33 for supplying and removing, 
respectively, any suitable cooling medium, such 
as water or oil. The cooled stabilized gasoline 
leaving the cooler 3| through the line 24 is then 
delivered to storage or to suitable treating ap 

- paratus. 

In the operation oi.’ the apparatus described 
hereinabove, the ratio of condensate delivered to 
the heat exchanger I6 and the stabilizer B, and 
the amount of heat supplied to the reboiler 20 are 
so regulated, with reference to the pressure under 
which the operation is conducted, and the char 
acter and rate of feed of vapors to the condensing 
column 2, that the ?nished stabilized gasoline 
represents all or substantially all of the desired 
gasoline constituents contained in the vapors in 
itially supplied, but is at the same time free 
from undesired low-boiling normally gaseous hy 
drocarbons too light to be included in the ?nal 
gasoline product, i. e. is stable. It will readily be 
understood, however, that no ?xed rule can be 
given as to the exact line of separation to be 
followed; for example, gasoline produced for 
winter sale may well include a higher proportion 
of butane and the like than is true in summer. 
Moreover, the extent of stabilization will vary 
somewhat in accordance with the value to the 
re?ner of propane and butane, considered as sep 
arated products; where a market for these prod 
ucts exists or where they are to be subjected to 
polymerization, it may prove desirable to remove 
more of these constituents from the gasoline than 
would otherwise be the case. 

In general, my invention is of especial utility 
with respect to operating pressures of from two 
hundred to three hundred pounds per square 
inch, but it will readily be understood by those 
skilled in the art that the operation may be con 
ducted under higher or lower pressures in ac 
cordance with the results desired and the char 
acter of the vapors treated. Where lower pres 
sures are employed, it will in general be advisable 
to scrub the gases leaving the condensing column 
2 for the recovery of the relatively high-boiling 
constituents contained therein; for this purpose, 
conventional oil-scrubbing means may be em 
ployed. 
One of the advantages achieved in the prac 

tice of my invention resides in the fact that it is 
possible toobtain a very close line of separation 
between the desired gasoline constituents and 
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.irom which~the gasoline is removed, this 

- resides in the fact that my 

‘masses 
the lighter constituents present in the vapors 

ad 
vantage holding true even where the vapors 
which contain the gasoline also contain an ex 
ceptionally high proportion of constituents inter 
mediate between ?xed gases and gasoline, for ex 
ample, butane and the like. Another advantage 

invention makes it 
possible to reduce the amount of equipment re 
quired {or the purpose in view as compared with‘ 
prior methods and apparatus. An additional ad 
vantage of considerable importance resides in, 
the fact that the heat-transfer surface required 
for particular installation is reduced as compared 
with prior condensing and stabilizing means; 
this results from the high heat-transfer coef 
?cient which can be obtained in a liquid-to-liq 
uid heat exchanger. Thus, the fact that the 
exchange of heat taking place in the heat ex 
changer IB is between two liquids represents a 
distinct- advantage over operations in which va 
pors‘ are passed through a vapor-to-liquid heat 
exchanger for condensation. 1 

It will be obvious to those skilled'in the art 
that whereas I have shown, as a preferred em 
bodiment, a form of apparatus in which the con 
densing column 2 and the stabilizing column 6 
form parts of a single fractionating column, the 
stabilizing column and condensing column may 
comprise separate units, with suitable vapor and 
liquid connections corresponding to those illus 
trated. However, the form illustrated in the 
drawings is preferred, and has important opera 
tive and constructional advantages. 

While, as I haveindicated hereinabove, my 
invention may be applied to the 'recovery‘of 
stabilized gasoline condensate from various types 
of gasoline-containing vapors, I have illustrated 
in Fig. 3 the application oi.’ my invention to a 
particular type of oil-cracking cycle wherein my 
invention may be employed to advantage. 
Referring to this ?gure, an oil to be cracked, 

for example, a reduced crude or a gas oil, is 
supplied through a line 40, wherein is located 
a pump 4| and a heat exchanger 42, to an 
evaporator or separator 43 receiving cracked va 
pors through a line 50. Liquid residue from the 
evaporator or separator 43 is withdrawn through‘ 
a line 69, while cracked vapors pass upward 
into a i'ractionating column 44. In the instance 
shown, the separator 43 ‘and the Iractionating 
column 44 form sections of a single column, these 
sections being separated by a suitable trap~out 
tray 45. The vapors passing upward, through 
the iractionating column 44 are cooled and par~ 
tially condensed for the removal of cycle stock 
or gas-oil constituents. A portion of this con 
densate is removed from the trap-out tray 45 
through a line 46 and delivered by a pump 41 
to a suitable cracking furnace 48, where the oil 
is subjected to elevatedtemper‘ature and pres 
sure and cracked for the production of gasoline. 
The resulting cracked vapors then pass through 
the line 50 into the separator or evaporator 43, 
their pressure being reduced, if desired, by means 
oi! a valve 49 located in the line 50. The neces 
sary cooling for the fractionating column 44 may 
be supplied in various ways, for example, by with 
drawing oondensate from the upper portion of 
the column 44 through a line 5|, this condensate 
passing through a cooler or heat exchanger 52 
and then into a line 53, from which it is returned 
by a pump 54 and a line 55 to the top of the 
iractionator 44. ' 

The fractionated vapors, now freed from con 

, - , 3 

stituents heavier than. gasoline, pass from the 
i'ractionating column 44 through the line I into 
the condensing column I, where they are sub 
iected to condensation and fractionation in the 

, manner described hereinabove, gases and low- ‘ 
boiling hydrocarbons being removed through the 
line II while unstabilized condensate passes into 
the stabilizer 8 and the reboiler II. The opera 
tion of the condensing column 2 and the stabiliz 
ing column ii is conducted in the manner already 1° 
set forth herein and need not be described again. 
In the present instance, however, the heat re 

quired for reboiling in the stabilizer I or reboiler 
Ill may conveniently be supplied by hot gas-oil 
condensate withdrawn from the bottom of the 15 
i'ractionating column 44. For this purpose, I pro 
vide a line 80 which delivers a portion of the con-_ 
densate collecting on the trap-out tray 45 to the 
reboiler 20, through which it passes in indirect 
heat-exchange relation to the gasoline with- 90 
drawn from the bottom 01' the stabilizer I. through 
the line 22. The hot gas-oil condensate, after 
passing through the reboiler 28, then passes 
through a line ill to the heat exchanger 42, and 
thence through a line 82 to a pump BI and/a .25 
further heat exchanger 84. A portion of the 
cooled condensate may then be returned as re 
?ux to the separator 43 through a line 85 having 
a valve 56, while the remaining portion passes 
through a line 61 having a valve 88 into the frac- so 
tionating column 44. It will be obvious that all 
of this cooled gas-oil condensate may be delivered 
either to the separator 43 or to the fractionator 
44, as occasion warrants, or that this cooled gas 
oil condensate may be otherwise disposed of in 35 
any desired manner. 

Similarly, the process and apparatus 01' my in 
vention may be applied to other types of oil 
cracking operations and to gas conversion oper 
ations, or wherever it is desired to recover stabi- ‘9 

ing gasoline and 
fixed gases. 

11mm I claim is: - ' 
. The method of recovering stabilized moto fuel from a vaporous mixture containing vapor: 

of normally liquid gasoline-like components in 5‘ 

column a portion 01' said unstabilized condensed '5 
components, cooling said portion to a temperature 
substantially below that of the vaporous mixture 
entering the column and returning it to the 
upper part of said column as a cooling, condens 
ing and re?uxing medium, passing the remaining 70 
portion of said unstabilized condensed compo 
nents downward through a second rectifying col 
umn and applying heat thereto to reboil and 
stabilize the same, passing the vapors thereby 
evolved into said ?rst-mentioned column, with- 78 _ 



" > rectifying column; 

4 
drawing uncondensed gases and vapors from the 
top of said first-mentioned column and with 
drawing stabilized condensate from the bottom 
of said second column. 

, 2. The method of recovering stabilized motor. 
fuel from a vaporous mixture containing vapors 
of normally liquid gasoline-like components in 
admixture with vapors of lower-boiling hydro 
carbons and ?xed gases but substantially free 

‘.from constituents of higher boiling point than 
‘gasoline, which comprises contacting said vapor 
ous mixture under a high pressure in a con 
densing zone with a ?ow of relatively cool, un 
stabilized condensate to condense higher-boiling 

- 1 components of said mixture, cooling a portion of 
the unstabilized condensate thereby obtained and 
employing it as the above-mentioned condensing 
medium, separately rectifying and stabilizing the 
remaining condensate, delivering vapors thereby 

.Iliberated to said condensing zone, and separately 
withdrawing stabilized condensate and uncon 
densed vapors from the system. 

3. Apparatus for recovering stabilized motor 
fuel from a vaporous mixture containing vapors 

. of normally liquid gasoline-like components in 
admixture with vapors of lower-boiling hydro 
carbons and fixed gases but substantially free 
from constituents of higher boiling point than 
gasoline, which comprises: a condensing and 

means for supplying said 
vaporous mixture thereto; means for dividing 
unstabilized condensate reaching the bottom of 
said condensing column into two portions; means 
for withdrawing one portion of said unstabilized 
vcondensate, means for cooling said portion and 
means for returning it to the upper part of said 
condensing column; a stabilizing and rectifying 
column adapted to receive the second portion of 
the unstabilized condensate from said condensing 

40 column, and having heating means located there 
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in; means for returning vapors evolved in said 
stabilizing column to the condensing column; 
means for withdrawing uncondensed gases and 
vapors from the top of the condensing column; 
and means for withdrawing stabilized condensate 
from the bottom of said. stabilizing column. 

4. The method of recovering stabilized motor 
fuel from cracked vapors containing cracked 
gasoline constituents in vapor form in admixture 
with vapors of lower boiling hydrocarbons and 
?xed gases but substantially free from constitu 
ents of higher boiling point than gasoline, which 
comprises delivering said vaporous mixture under 
high pressure into the lower portion of a con- ‘ 
densing column, maintaining a continuous cyclic 
?ow of unstabilized condensate from the lower 
part of said column into the upper portion of 
said column, cooling the thus recycled condensate 
as it passes between the points of removal from 
and introduction into the column to a tempera 
ture substantially below that of the vaporous 
mixture introduced to said column, thereby sub 
jecting the said vapors to a condensing action 
and producing additional unstabllized conden 
sate, delivering the excess condensate, over and 
above that recycled as aforesaid, into the upper 
portion of a stabilizing and rectifying column and 
permitting it to pass downward through said 
stabilizing column, applying heat to the lower 
portion of said stabilizing column to volatilize 
undesirable light constituents condensed in the 
condensing column, passing the vapors thereby 
liberated into the lower portion of the condensing 
column for further contact with the aforesaid 
recycled condensate, removing uncondensed 
vapors from the upper portion of the condensing 
column, and removing stabilized gasoline con 
densate from the lower portion of the stabilizing 
column. 
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