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TREATING BY DROCARBON FLUDS 
Percival C. Keith, Jr., Peapack, and Luther R. 

Hill, Radburn, N.J., assignors to The Polya 
merization Process Corporation, Jersey City, 
N.J., a corporation of New Jersey 
Application August 12, 1939, Serial No. 289,862 

(CI. 62—175,5) 3 Claims. 

This invention relates to a process for the con 
version of lower molecular weight hydrocarbons 
into hydrocarbons of higher molecular weight 
and is directed particularly to the conversion of 
normally gaseous hydrocarbons into normally 
liquid products suitable for use as notor fuel. 

It is an object of the invention to provide a 
process for the polymerization of normally gas 
eous hydrocarbons at elevated temperatures and 
pressures into normally liquid products including 
an improved method for separating from a mix 
ture of hydrocarbons Substantially all of the nor 
mally gaseous hydrocarbons which it is desired 
to subject to the polymerization operation of the 
process. 
Another object of the invention is a process for 

the conversion of normally gaseous hydrocarbons 
into normally liquid products which is especially 
adapted to function efficiently on hydrocarbon 
charging stocks varying greatly in composition. 
A still further object of the invention is a 

process for the conversion of normally gaseous 
hydrocarbons into normally liquid products pro 
viding for an improved method of cooling the hot 
reaction products giving rise to an improved dis 
tribution of the total heat content of the hot re 
action products within the System and an im 
proved fuel economy. 
In accordance with my invention a hydro 

carbon mixture comprising normally gaseous hy 
drocarbons from any suitable source, as obtained 
for example in the cracking of hydrocarbon fluids 
or other refinery operations processing hydro 
carbon fluids, is charged to a primary stripping 
zone wherein a lighter normally gaseous hydro 
carbon fraction, comprising Substantially all con 
stituents lighter than those desired as charge to 
the conversion operation, for example, hydrogen, 
methane, ethylene and ethane, is separated from 
a heavier hydrocarbon fraction comprising nor 
mally gaseous hydrocarbons desired as charge to 
the conversion operation. This heavier hydro 
carbon fraction is pumped from the primary 
stripping zone to a conversion zone wherein it is 
subjected to polymerizing conditions of tempera 
ture and pressure, for example, to temperatures 
of from 750°F, to 1250 F., or if suitable catalysts 
are employed at a lower temperature, and under 
a pressure in excess of about 400 pounds per 
sq. in. Conditions within the conversion zone 
are selected to produce an optimum rate of con 
version of normally gaseous hydrocarbons into 
normally liquid products boiling within the motor 
fuel boiling range. 

Reaction products emanating from the conver 
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slon Zone are quenched and cooled according to 
an improved method of operation fully described 
hereinafter. The cooled reaction products are 
Separated into a normally liquid fraction and a 
normally gaseous fraction. The normally gase 
OuS fraction of reaction products is returned to 
the primary stripping zone wherein it is sepa 
rated, together with the fresh charge, into a 
lighter normally gaseous hydrocarbon fraction 
and a heavier normally gaseous hydrocarbon 
fraction comprising normally gaseous hydrocar 
bons suitable for recycling to the conversion 
2O6 
The lighter normally gaseous hydrocarbon 

fraction separated in the primary stripping zone, 
even though such zone functions at optimum con 
ditions of efficiency of a commercial operation, 
will contain constituents as, for example, propane 
and propylene, which are desirable as charge to 
the conversion zone. To effect the conservation 
and utilization of these desirable constituents of 
the lighter hydrocarbon fraction, the primary 
stripping Zone is operated in intimate conjunc 
tion with a recovery system to which the lighter 
normally gaseous hydrocarbon fraction leaving 
the stripping zone is passed. 
The recovery System comprises two cooling 

Zones within which desirable constituents of the 
lighter hydrocarbon fraction emanating from the 
primary stripping zone are condensed and re 
turned to the primary stripping zone. Such de 
sirable constituents returned to the primary 
Stripping Zone function as reflux for the fraction 
ating section of the primary stripping zone and 
the intimate operation of the primary stripping 
Zone with the recovery system is an important 
feature of the invention which is made more 
fully apparent by the subsequent description 
thereof, 

In its preferred embodiment the cooling zones 
of the recovery system consist of two indirect 
heat exchangers wherein the lighter hydrocarbon 
fraction emanating from the primary stripping 
Zone is subjected to indirect heat exchange with 
a liquefied normally gaseous hydrocarbon enter 
ing the cooling side of the exchangers at, or 
slightly below, its boiling point. In its function as 
a cooling medium the liquefied normally gaseous 
refrigerant is vaporized in the indirect heat ex 
changers, drawing its latent heat of vaporization 
from the lighter normally gaseous hydrocarbon 
stream being cooled. The desired temperature 
of the cooling zones is maintained by controlling 
the pressure upon, and therefore the boiling 
point of, the liquefied normally gaseous hydro 
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carbon refrigerant entering the cooling zones. 
In the preferred embodiment of the recovery sys 
tem of the process of the invention the use of 
two independent cooling zones permits operation 
of the first cooing zone at a higher temperature 
thereby necessitating the condensation of only 
a minimum quantity of material in the second 
and cooler zone wherein the refrigerant is main 
tained at a lower pressure and consequently re 
quires greater effort and expense of recompres 
sion and cooling. 
A feature of the invention is the adaptability 

of the process to a wide variety of chai ging 
stocks. If, for example, a charge is used which 
comprises constituents heavier than those de 
sired as charge to the conversion Zone, the charge 
may be passed into an accumulating Zone whence 
it is passed directly into the hot reaction products 
leaving the conversion zone. If desired a frac 
tion of the charge comprising substantially all 
of those constituents heavier than those desired 
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for the conversion operation is passed into the 
hot reaction products leaving the conversion 
zone and the remaining lighter fraction is passed 
into the primary stripping zone. 

If the charge to the system comprises exces 
sive quantities of constituents lighter than those 
desired for the conversion operation the charge 
may be passed into a scrubbing zone wherein it 
is contacted with a scrubbing medium to absorb 
constituents heavier than the undesired lighter 
constituents of the charge in the absorbing 
medium. The resulting rich absorbing mediun 
comprising the absorbed desirable constituents 
of the charge is stripped of the desirable constitu 
ents of the charge and the desired constituents 
of the charge so obtained is passed into the ac 
cumulating zone whence it is passed in its en 
tirety into the primary stripping Zone, or in part 
into the stripping zone and in part into the hot 
reaction products leaving the conversion Zone. 
In order that the invention may be more fully 

set forth and more fully understood reference is 
made to the drawings accompanying and form 
ing a part of this specification and which illus 
trate the form and manner in which the inven 
tion may be practiced. 
Figure 1 is a more or less diagrammatic elle 

vational view of apparatus for carrying out the 
process in accordance with the invention. 

Figures 2 and 3 are more or less diagrammatic 
views of apparatus suitable for carrying out, in a 
modified form, the operations effected in the re 
covery phase of the process in accordance with 
the invention and in which parts of apparatus 
identical with those shown in Figure i are iden 
tified with like reference numbers. 
The following illustrative description of the 

process in accordance with my invention is made 
with reference to Figure 1 of the attached draw 
ings. A mixture of normally gaseous hydrocar 
bons from any suitable source is forced by means 
of pump 2 through Hines , 4 and 5, controlled by 
waves 3 and 6, into a primary stripping Zone. The 
primary stripping zone may consist of a suitable 
fractionating tower T. By closing valve 6 the 
charge may be passed from line into line 8 con 
trolled by valve 9 and through cooler O and 
line 5 into fractionator T. Fractionator 7 is 
maintained at a relatively high pressure, for ex 
ample, at about 350 to 450 pounds, preferably 
about 400 pounds. In fractionator the nor 
mally gaseous hydrocarbon charge is separated 
into a lighter normally gaseous fraction and a 
heavier normally gaseous fraction. The lighter 
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normally gaseous fraction comprises hydrogen, 
methane, ethane, ethylene and some hydrocar 
bons having more than two carbon atoms to the 
molecule, for example, propane and propylene. 
The heavier normally gaseous hydrocarbon frac 
tion comprises normally gaseous hydrocarbons 
having more than two carbon atoms to the mole 
Cule. This stripping action within fractionator 

is aided by means of a reboiler equipped with 
a closed coil 2 through which a suitable heating 
medium is pasesd, Liquid in the lower part of 
fractionator circulates through line 3 into re 
boiler and material vaporized therein returns 
to fractionator through line 4. 
The heavier normally gaseous hydrocarbon 

fraction, comprising hydrocarbons having more 
than two carbon atoms to the molecule separated 
in fractionator F, is drawn continuously from re 
boiler and forced by means of pump 5 
through lines S, and 8 at a high pressure in 
excess of 400 pounds, for example, about 1800 to 
2200 pounds, into a thermal conversion zone. 
The thernal conversion zone may consist of an 
externally heated coil 9 suitably positioned in a 
furnace 28 provided with suitable heating means. 
The invention is not limited to the use of a con 
version zone comprising only one coil, for ex 
ample, two or more externally heated coils posi 
tioned in suitable radiating and convection sec 
tions of a furnace may be used, through which 
coils the normally gaseous hydrocarbons under 
going conversion are made to pass in parallel 
streams. 

Indirect heat exchangers 2 and 22 are posi 
tioned in line 8. By passage through heat ex 
changers 2 and 22, the heavier normally gase 
Ous hydrocarbon fraction, comprising hydrocar 
bons having more than two carbon atoms to the 
molecule, is preheated to a temperature in ex 
cess of 400 F., for example, about 600°F. to 700° 
F. Within conversion coil 9 the preheated nor 
mally gaseous hydrocarbon stream under high 
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pressure is raised to a high temperature of from 
750 F. 1250 F., for example, about 950° F. to 
1100 F. to effect the conversion of normally 
gaseous hydrocarbons into normally liquid prod 
lucts. 

Hot reaction products, comprising polymer 
ized normally liquid hydrocarbons, leave conver 
sion coil f9 through line 23 leading to fraction 
ator 25. By controlled manipulation of valves 
26 and 27 a part of the normally gaseous hydro 
carbon stream flowing under high pressure 
through line 6 may be passed through line 28 

5 into line 23 to quench the hot reaction products 
leaving conversion coil 9. If desired, additional 
quenching medium, for example, gas oil, may be 
drawn from an outside source and forced through 
line 29 controlled by valve 30, and line 3 into 
line 23. Sufficient quenching medium is added 
to the hot reaction products leaving conversion 
coil 9 through line 23, to lower their temper 
ature sufficiently to arrest the progress of poly 
nerization reactions, the temperature of the hot 
reaction products at this point in line 23 thereby 
being reduced to about 750 to 950 F., for ex 
ample, 850 F. 
The quenched reaction products flowing 

through line 23 are passed through indirect heat 
exchanger 22 interposed in line 23 whereby they 
are further cooled by indirect heat exchange 
with the normally gaseous hydrocarbon stream 
passing through line 8 to conversion coil 9. 
By manipulation of valves 32, 33 and 34 a part 
or all of the reaction products flowing through 





glow. Stripped gasoline constituents are returned 
to fractionator S3 through line (66. 

Liquid comprising constituents boiling above 
the motor fuel boiling range is drawn continu 
ously from fractionator 63 through line 64, re 
boiler 65, line 68 and line 69 controlled by valve 

and eliminated from the System. If desired a 
part of the liquid so drawn from fractionator 63 
through reboiler 65, may be forced by means of 
pump 5 through line 76, controlled by valve , 
and line 3 into line 23 carrying the hot reaction 
products leaving conversion coil 9. 
The gasoline fraction separated within frac 

tionator 63, comprising lighter constituents which 
may have passed into fractionator 63, leaves the 
upper part of fractionator S3, through line 78 and 
passes through cooler 9, wherein normally liquid 
products are condensed, into accumulator 89. 
Within accumulator 83 the condensed normally 
liquid products are separated from any remain 
ing normally gaseous constituents. Liquid con 
prising desired constituents boiling within the 
motor fuel boiling range is drawn from accumla 
lator 8 through line 8 controlled by valve 82 
and eliminated from the system as a desired final 
product. A part of the liquid separated in ac 
cumulator 89 is forced through line 83 by means 
of pump 8 as reflux to the top of fractionator 63. 

Normally gaseous constituents, for example, 
hydrocarbons having less than five carbon atoms 
to the molecule, separated in accumulator 80 are 
forced by means of pump 85 through line 86, line 
87 controlled by valve 88, and line 60, cooler 0 
and line 5, into fractionator . . 
The lighter normally gaseous hydrocarbon 

fraction comprising hydrocarbons having leSS 
than three carbon atoms to the molecule and hy 
drogen, separated in fractionator will com 
prise Some quantity of hydrocarbons having more 
than two carbon atoms to the Inclecule as, for 
example, hydrocarbons having three carbon 
atoms to the molecule, which it is desired to in 
clude in the charge to the polymerization Zone. 
It is the purpose of the subsequent stage of the 
operation of the process in accordance with the 
invention to effect the substantial recovery of hy 
drocarbons having more than two carbon atoms 
to the molecule from the lighter normally gaseous 
hydrocarbon fraction separated in fractionator T. 
Accordingly the lighter normally gaseous hydro 
carbon fraction is passed overhead from frac 
tionator through line 90 and cooler 9 into a 
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carbons having three and iess carbon atoms to 
the molecule and hydrogen leave separator 92 
through line 95 at a temperature of, for example, 
not exceeding about 85 F., preferably about 
60 F., and at a pressure of, for example, about 
340 to 440 pounds, preferably about 400 pounds. 
The gaseous stream passing through line 95 en 
ters dehydrators 96 and 96a which are arranged 
So that the gas may pass therethrough in series 
or in parallel by judicious manipulation of valves 
97, 9a, in line 98 and valves 99,99a in line 00. 
For example, the gaseous stream may flow from 
line 95 through line 98, valve 97 into dehydrator 
96, valve 97a being closed. Dehydrators 96, 96a 
may be of any desired type and in the present 
illustration of the invention consist of chambers 
charged with a suitable dehydrating agent such 
as, for example, alumina and silica gel. In de 
hydrator 96 water is removed from the gaseous 
stream to avoid subsequent freezing of constitu 
ents in the gaseous stream and difficulties re 
Sulting therefrom. Fron dehydrator 96, the de 
hydrated gaseous stream passes through line 30, 
valve 99, valve 99a being closed, and line ?o into 
indirect heat exchanger 02. 

In indirect heat exchanger f02 the gaseous 
stream is subjected to indirect heat exchange 
with a refrigerating medium, for example, boil 
ing propane, resulting in the cooling of the stream 
to, for example, 30 to 40° F., preferably to below 
35 F., and effecting liquefaction of hydrocarbons 
having more than two carbon atoms to the mole 
cule. The cooled strean is passed from ex 
changer 02 through line 103 into a separating 
Zone which may suitably consist of a fraction 
ator 0. Within fractionator 04, separation of 
additional liquefied hydrocarbons from remain 
ing uncondensed components is effected. 
The remaining gaseous components, still con 

taining hydrocarbons having three or less carbon 
atoms to the molecule and hydrogen, is passed 
from fractionator 04 through line O5 into a 
Second indirect heat exchanger 06 wherein the 
gaseous stream is further cooled to a temperature 
of, for example, -10 F., thus effecting liquefac 
tion of remaining hydrocarbons having more than 
two carbon atoms to the molecule. The cooled 
stream is passed from exchanger f06 through line 
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separator 92. Separator 92 may suitably consist 
of a column provided with baffles or trays. 
In passing through cooler 9 the gaseous stream 

will be cooled to a temperature, for example, be 
low 130 F., and preferably about 100 F. thereby 
effecting condensation of heavier constituents in 
the gaseous stream comprising some hydrocar 
bons having three carbons to the molecule and 
any heavier constituents which may have passed 
over into lirie 90. In separator 92 further lique 
faction of the heavier components of the nor 
mally gaseous hydrocarbon stream is brought 
about by the introduction into the top of sepa 
rator 92 of cold recovered liquefied hydrocarbons 
having more than two carbon atoms to the mole 
cule. Liquefied normally gaseous hydrocarbons 
are taken from the bottom of separator 92 and 
pumped through line 93 by means of pump 94 
into the upper part of fractionator . The liquid 
so introduced into the top of fractionator 
through line 93 functions as reflux for fraction 
ator. 
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0 into separator 08. From the bottom of 
Separator f08 the liquefied constituents are forced 
through line 09 by means of pump i O into the 
upper part of fractionator 04. 

Tiquid products comprising hydrocarbons hav 
ing more than two carbon atoms to the molecule 
are drawn from the bottom of fractionator 04 
and forced by means of pump i? through line 
2 into the upper part of separator 92. 
‘Gaseous products substantially free of hydro 

carbons having more than two carbon atoms to 
the molecule and comprising hydrogen, methane, 
ethane and ethylene leave separator f08 through 
line 5 at a temperature of, for example, O to 
-10 F. and a pressure of about 325 to 425 
pounds, for example, about 385 pounds. 
The low temperature and high pressure of 

the gaseous stream leaving separator 08 through 
the line 5 is utilized to cool and compress at 
least a part of the refrigerant used as the cooling 
medium in indirect heat exchangers O2 and 06. 

For this purpose the cold gaseous stream leav 
ing separator 08 through line 5 is passed 
through indirect heat exchanger 6 and there 
after expanded in the expansion side of com 
pressor to a pressure below, for example, 100 Normally gaseous products comprising hydro- 7 pounds preferably about 60 pounds. The ex 
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panded stream leaving expansion side of con 
pressor will, as a result of the expansion, have 
lowered its temperature to a temperature of, for 
example, -25 to -35 F. This low temperature 
of the expanded gaseous stream is utilized by 
passage through indirect heat exchangers 9 
and 2 wherein it serves to cool a part of the 
refrigerating medium destined to cool indirect 
heat exchangers 02 and 96. From exchanger 
20 the expanded gaseous stream passes through 
line 2 controlled by valve 22 to be eliminated 
from the system. 
A part of the gaseous stream to be eliminated 

from the system through line 2 may be used 
to dry the dehydrating material in dehydrators 
96, 96d. after the latter has become charged with 
moisture removed from the hydrocarbon stream 
treated. By the proper manipulation of valves 
22 and 23 a part or all of the gas passing from 
exchanger 20 through 2 ray be diverted 
through line 24 to dehydrators 96, 96a. A 
heater 25 is interposed in line 24 to heat the 
gas to a temperature suitable to the dehydrating 
operation, for example, about 300F. The heated 
gas leaving heater 25 continues through line 24 
and by the closing of valves 26, 97a, 99a, 27, 
and opening of valves 26a and 2a, is passed 
through dehydrator 96a, to dehydrate the dea 

pane refrigerant emanating from exchanger 6 
through line 38 is combined with the propane 
refrigerant flowing through line 35 resulting in 

- a combined stream having a temperature below 
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about 70°, for example, 45 F. flowing through line 
39 to propane drum 42. 
in passing through valve 40 in line 39 the 

liquefied cooled propane refrigerant is reduced 
to a pressuire below 50 pounds, preferably 37 
pounds, before entering drum fi2, thereby in 
suring a liquid in the bottom of drum 42 at a 
temperature below 20 F., for example, 15 F. 
From the bottom of drum 42 propane refrigerant 
is passed through line 43 into the cooling side 
of indirect heat exchanger f02 wherein the pro 
pane refrigerant is brought to its boiling point 
and vaporized by heat transferred to it from the 
hydrocarbon stream entering indirect heat ex 
changer fo2 through line Cf. The vaporized 
propane refrigerant is returned through line 44 
from exchanger O2 to drum 42. 
Vaporized propane leaves the top of drum f4 

through line 45 and is passed in part through 

25 

hydrating material therein. The gas containing . 
moisture removed from the dehydrating material 
flows out of dehydrator 96a through line 28 con 
trolled by valve 27a and is eliminated from the 
system through line 29. Similarly by closing of 
valves 26a, 97, 99, f2la and opening of valves 
26 and f27 the heated gas leaving heater 25 
through line 24 may be caused to flow through 
dehydrator 96, to dehydrate the dehydrating ma 
terial therein and be eliminated therefron 
through line 29 controlled by valve 2. It is 
thus possible to dehydrate one of the dehydrators 
96, 96a, while the other remains in operation. 
A liquefied normally gaseous refrigerating me 

dium for example, a liquefied normally gaseous 
hydrocarbon, is drawn from an accumulator 32. 
Although propane is a preferred refrigerant and 
is used in the present description of an illus 
trative example of the invention, the process ac 
cording to the invention is not limited to to the 
use of this particular hydrocarbon as the refrig 
erating medium and other normally gaseous 50 
hydrocarbons or any other suitable refrigerating 
medium may suitably be used. Accumulator 32 containing the liquefied 
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propane is maintained at a suitably high pressure, 
for example, 185 to 250 pounds. From accumu 
lator 32 liquefied propane is passed through 
line 33 controlled by valve 34 to indirect heat 
exchanger 20 wherein it is subjected to indirect 
heat exchange with cold expanded gaseous prod 

valve 46 into line 47 leading to the compression 
side of compressor if T wherein it is compressed 
to a pressure of about 200 to 250 pounds, for ex 
ample, about 230 pounds. The remainder of the 
vaporized propane refrigerant flowing through 
line 45 is passed through line 48, controlled by 
valve 49, to compressor 50 wherein it is com 
pressed to a pressure of about 200 to 250 pounds, 
for example, about 230 pounds. 
Another stream of liquefied propane refriger 

ant is drawn from accumulator 32 and passed 
through line 5, controlled by valve 52, into 
indirect heat exchanger 9 wherein its tempera 
ture is lowered to a temperature below 50° F., 
for example, 15 F., by indirect heat exchange 
with the expanded hydrocarbon stream emanat 
ing from the expansion side of compressor T 
through line f8 to exchanger 9. From ex 
changer ffs the cooled propane refrigerant is 
passed through line 53 and valve 54 into drum 
55. In passing through valve 54 the propane 
refrigerant is reduced in pressure to a pressure 
below the maintained in drum 42, for example, 
35 pounds, preferably 10 pounds, to assure liq 
luid propane refrigerant at the bottom of drum 
55 at a temperature, below that of the liquid 
propane refrigerant within drum í42, for ex 
ample, below 10 F., preferably -20° F. From 
the bottom of drum 155 liquefied propane re 
frigerant is passed through line 56 to the cool 
ing side of indirect heat exchanger O6. In cool 
ing the hydrocarbon stream entering indirect 
heat exchanger 06 through line O5 the propane 

ucts emanating from the expansion side of Com- 60 
pressor 17 through line i? 8, and indirect heat 
exchanger 9 to exchanger 20. In passing 
through exchanger 120 and into line 35 the tem 
perature of the liquefied propane will be lowered 
to a temperature below 100 F., for example, 
about 70°, F. A further quantity of propane is 
drawn from accumulator 32 through line 36 
controlled by valve 37 and passed into indirect 
heat exchanger 6 wherein it is subjected to in 
direct heat exchange with cold normally gaseous 
products emanating from separator f08 through 
line 5. In passing through exchanger f6 and 
into line 38 the temperature of the propane re 
frigerant will be reduced to a temperature below 
50°F, for example, about 20 F. The cooled pro 5 

refrigerant is brought to the boiling point and 
vaporized. The vaporized propane refrigerant 
is passed from exchanger f06 to drum 55 
through line 57. Vaporized propane refrigerant 
is passed from the top of drum 55 through line 
58 to compressor 59 where it is compressed to 
a pressure of about 200 to 250 pounds, for ex 
ample, about 230 pounds. - 
Compressed propane refrigerant leaving com 

pressors T, 50 and f 59 through lines 62, 6f 
and 60, respectively, is combined into a single 
stream flowing through line 63, provided with 
cooler fö4, to propane accumulator 32. In 
passing through cooler 64 the compressed pro 
pane refrigerant is cooled by means of a suitable 
cooling medium to a temperature below 120° F. 
for example, about 100° F. to liquefy it. 
Propane refrigerant may be introduced from 
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an outside source into line is through line 
controlled by valve it. 
The process in accordance with the invention 

isinno wise limited to the temperatures and pres 
sures of the propane refrigerant set forth herein 
as illustrative of the method of carrying out the recovery phase of the process. The tempera 
tures and pressures to be selected for the re 
frigerating medium are dependent upon the par 
ticular refrigerating medium used and the de 
gree of recovery to be effected in the recovery 
phase of the process in accordance with the in 
vention. It must be pointed out that the latent 
heat of vaporization of the propane refrigerant 
is relied upon to effect a substantial part of the 
cooling in indirect heat exchangers 02 and 0. 
valves. 40 and 54 are therefore controlled to 
expand the cold, compressed, liquefied, propane 
refrigerant to a pressure which is slightly below 
the vapor pressure of boiling propane at the tem. 
peratures which are to be maintained in indirect 
heat exchangers fo2 and 06. 
A feature of the process in accordance with 
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the invention is its adaptability to the processing 
of hydrocarbon mixtures in which the normally 
gaseous hydrocarbons which it is desired to Sub 
ject to the conversion operation are in admix 
ture with a substantial proportion of hydrocar 
bons heavier or lighter than those normally 
gaseous hydrocarbons which it is desired to Sub 
ject to the conversion operation. 

If, for example, a hydrocarbon mixture to be 
processed in accordance with the invention, from 
any suitable source, comprises normally gaseous 
hydrocarbons in admixture with an appreciable 
proportion of hydrocarbons having more than 
four carbon atoms to the molecule, it is charged 
to the system through line 70, controlled by 
valve 7, into accumulator 72. Such charge 
may optionally be introduced simultaneously 
with separate introduction of normally gaseous 
hydrocarbons through line . 
The pressure maintained in accumulator 2 

will be governed by the type of operation car 
ried out and may vary from, for example, about 
300 pounds to a pressure substantially higher 
than that maintained in fractionator 7. Normal 
ly gaseous hydrocarbons may be drawn from ac 
cumulator 72 through line 3 and passed 
through lines 4 and 5 into fractionator , valves 
f4 and 6 being Open. If desired the hydrocar 
bon stream may, by closing valve 6, be passed 
from line 73, through line 8 controlled by valve 
9 and through cooler f0 and line 5 into fraction 
ator T. 
When the hydrocarbons drawn from accumu 

lator 72 through line 8, comprise hydrocar 
bons having more than four carbon atoms to 
the molecule it is preferred to force them by 
means of pump 75 through line 76 controlled 
by valve 77, and through line 28 controlled by 
yalve 27 into line 23 carrying the hot conversion 
products emanating from conversion coil 9. 

By control of valves 26 and 27 a part or all 
of the hydrocarbon stream flowing through line 

S. may be passed from line. 76 through lines 
28 and valve 26 into line 7 and combine 
therein with the normally gaseous hydrocarbon 
stream emanating from fractionator T through 
line 6 by means of pump 5. 
If desired valve 78 may be opened to pass 

normally gaseous hydrocarbons from accumula 
tor 72 through lines 79 and so into fraction 
ator 7 while drawing liquids comprising nor 
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carbons having more than four carbon atoms to 
the molecule from accumulator 72 through line 

3. • 

If the hydrocarbons to be processed in the 
process in accordance with the invention consist 
of hydrocarbons comprising substantial amounts 
of normally gaseous hydrocarbons having less 
carbon atoms to the molecule than those desired 
to be subjected to the conversion operation they 
are introduced into the system through line 85. 
When, for example, it is desired to process such a 
mixture the normally gaseous hydrocarbon mix 
ture is drawn from an outside source and forced 
by means of pump í 88 through line 85 into the 
lower part of scrubber 84 wherein the charge so 
introduced is scrubbed with a suitable scrubbing 
medium, for example, gas oil, capable of absorb 
ing hydrocarbons having more than two carbon 
atoms to the molecule which is introduced 
through line f87, controlled by valve 88, into the 
top of scrubber 84. Substantially all hydro 
carbons having less than three carbon atoms to 
the molecule and hydrogen is passed from the 
top of Scrubber 84 through line 89 controlled 
by valve 90 and eliminated from the system. 
Rich Scrubbing medium, comprising absorbed 

normally gaseous hydrocarbons having more 
than three carbon atoms to the molecule, is 
taken from the bottom of scrubber 84 and forced 
by means of pump 93 through line 9, provided 
with indirect heat exchanger 92, into stripping 
column 94. In stripping column 94 absorbed 
normally gaseous hydrocarbons are stripped from 
the absorbing medium. Heat necessary to the 
stripping operation is provided by means of re 
boiler 95 equipped with heating coil 96 through 
which a suitable heating medium is passed. 
Liquid from the bottom of stripping column 94 
is circulated through line 97, reboiler 95 and 
the stripped constituents are returned through 
line 98. Lean scrubbing medium stripped of 
absorbed hydrocarbons is continuously taken 
from reboiler 95 and forced by means of pump 
99 through line 200 into line 87 entering the 

Lean Scrubbing medium 
passing from reboiler 95 through line 200 passes 
through heat exchanger S2 wherein it is cooled 
by indirect heat exchange with the rich absorp 
tion medium flowing to stripping tower 94. A 
cooler 20f interposed in line 200 beyond ex 
changer 92 further cools the lean scrubbing me 
dium to a temperature, for example, below 100°F. 

Normally gaseous hydrocarbons stripped from 
the rich scrubbing medium in stripping tower 
f 9 leave the top of stripping column 94 through 
line 202 controlled by valve 203 and pass into 
accumulator 2. A cooler 204 is interposed in 
line 202 to cool and condense hydrocarbons pass 
ing therethrough to accumulator 72. From ac 
cumulator 72 any uncondensed gases, which 
may comprise hydrocarbons having less than 
three carbon atoms to the molecule can, by con 
trol of valves 78 and 20 be passed either 

65 
through line 206 to the bottom of scrubber 84 
or through line 80 to the top of fractionator 7. 
A part of the liquid in accumulator 72 is drawn 
therefrom through line 27, controlled by valve 
208 and sent by means of pump 209 as reflux to 
the top of stripping column 94. 
When scrubber 8 is used in conjunction with 

the process in accordance with the invention, 
gases leaving separator 80 and pumped through 
line 86 may, by closing valve 88 in line 8, and 
opening of valve 20 be passed into line 5 lead mally gaseous hydrocarbons and some hydro- 75 ing into lower part of scrubber 84. 
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to a temperature of, for example, about 100 F. . 
to liquefy it. 
Additional propane refrigerant may be drawn 

from an outside source through line 323 con 
trolled by valve 324 discharging into line 306. 
In the further modification of the recovery 

phase of the process in accordance with the in 
vention as shown in Figure 3, the stream of nor 
mally gaseous hydrocarbons from which hydro 
carbons having more than two carbon atoms to 10 
the molecule are to be separated, is passed. Con 
secutively through the two refrigerating zones 
of the recovery phase of the process without 
separation of any liquefied material from the 
stream between the two refrigerating zones. 5 
The dehydrated normally gaseous hydrocar 

bon stream comprising hydrocarbons having 
three and less carbon atoms to the molecule and 
hydrogen emanating from dehydrators 96', 96'a 
through line Ol' passes into indirect heat ex- 20 
changer 350 wherein it is subjected to indirect 
heat exchange with boiling propane. In indi 
rect heat exchanger 350 the gaseous stream is 
cooled to, for example, 30 F. to 40 F., prefer 
ably below 35 F., resulting in liquefaction of 25 
hydrocarbons having more than two carbon 
atoms to the molecule. The cooled gaseous 
stream passes from heat exchanger 350 directly 
into indirect heat exchanger 35. In indirect 
heat exchanger. 35f the stream is further cooled 30 
to a temperature of, for example, -10 F., thus 
effecting liquefication of remaining hydrocarbons 
having more than two carbon atoms. 
The cooled stream is passed from exchanger 

35 through line 352 into fractionator 353 35 
wherein separation of liquefied normally gaseous 
hydrocarbons from uncondensed cooled gaseous 
products is effected. From the bottom of frac 
tionator 353 the liquefied normally gaseous hy 
drocarbons having more than two carbon atoms 40 
to the molecule are withdrawn through line 2' 
and forced therethrough by means of pump' 
to separator 92 (Figure 1). 
Gaseous products substantially free of hydro 

carbons having more than two carbon atoms to 35 
the molecule and comprising hydrogen, methane, 
ethane and ethylene leave the upper part of frac 
tionator 353 through line 354 at a temperature 
of, for example, zero to -10° F. The low tem 
perature of the gaseous stream leaving fraction- 50 
ator 353 through line 354 is made use of to cool 
the propane refrigerant used as the cooling 
medium in indirect heat exchangers 350 and 35. 
To this purpose the gaseous stream flowing 
through line 354 is passed through heat ex- 55 
changer 355 wherein it is subjected to indirect 
heat exchange with the propane refrigerating 
medium. After passing through heat exchanger 
355 the normally gaseous stream is eliminated 
from the system through line 356, controlled by 80 
valve 357. If desired, the gaseous stream flow 
ing through line 354 may be reduced in pressure 
prior to its entry into heat exchanger 55 to 
thereby further lower its temperature prior to 
its entry into heat exchanger 355. 65 

Liquefied propane refrigerating medium is 
drawn from accumulator drum 32' maintained 
at a suitably high pressure, for example, 185 to 
250 pounds and passed through line 60 con 
trolled by valve 36 to indirect heat exchanger 
855. Within indirect heat exchanger 55 the 
propane refrigerant is cooled to a temperature 
below about 50 F., for example, about 20 F. 
The cooled liquefied propane refrigerant is passed 

362 and valve 363 into propane drum 55'. In 
passing through valve 363 the cooled propane 
is reduced in pressure to a pressure below 37 
pounds, for example, 10 pounds, thereby provid 
ing a liquid propane in drum - 55", having a 
temperature of, for example, about -20 F. 
A part of the propane refrigerant flowing 

through line 362 is drawn therefrom before pas 
sage through valve 363 and passed through line 
364 and valve 365 into propane drum 42'. In 
passing through valve 365 the pressure of the 
propane refrigerant is reduced to a pressure be 
low 50 pounds, for example, about 37 pounds, 
thereby providing a liquid propane in drun 42', 
having a temperature below 20 F., for example, 
From the bottom of drum 42' liquid propane 

refrigerant is passed through line 366 into in 
direct heat exchanger 350 as cooling medium. 
In indirect heat exchanger 350 the propane re 
frigerant is raised to its boiling point and vapor 
ized by heat withdrawn from the normally gas 
eous stream entering indirect heat exchanger 
350 through line fol'. The vaporized propane 
refrigerant is drawn from heat exchanger 350 
???passed through line 36 to propane drum 

Similarly, liquid propane refrigerant is with 
drawn from the bottom of propane drum 55' 
and passed through line 368 into indirect heat 
exchanger 35 as cooling medium. Within in 
direct heat exchanger 35 the propane refrig 
erant is raised to the boiling point and vaporized 
by heat withdrawn from the normally gaseous 
stream passed to indirect heat exchanger 35 
from indirect heat exchanger 350. Vaporized 
propane refrigerant is drawn from indirect heat 
exchanger 35 and passed through line 369 to 
propane drin 55'. 
Vaporized propane refrigerant is drawn from 

the top of propane drum f42' and passed through 
line 30 to compressor 37 wherein it is com 
pressed to a pressure of, for example, 185 pounds 
to 250 pounds. The compressed propane re 
frigerant leaves compressor 37 through line 372. 
Similarly, vaporized propane refrigerant is with 
drawn from propane drum í55' and passed 
through line 373 to compressor 374 wherein it 
is compressed to a pressure of, for example, 185 
to 250 pounds. The compressed propane refrig 
erant leaves compressor 374 i through line 375. 
Compressed propane refrigerant flowing through 
lines 372 and 375 is combined into a single stream 
flowing through line 876 to propane accumula 
tor drum 132'. Line 36 is provided with a 
cooler 37 wherein the compressed propane re 
frigerant is cooled to a temperature below 120° 
F., for example, 100 F. to liquefy it. 
Additional propane refrigerant may be added 

to the system from an outside source through line 
8, controlled by valve 379, discharging into 

line . 
While the recovery systems shown in the draw 

ings are especially adapted for removing desired 
hydrocarbon constituents from gases and vapors 
passing overhead from separator 92, the recovery 
systems may be used for separating desired hy 
drocarbons, such as C3 and Ca hydrocarbons, 
from gaseous mixtures containing hydrocarbons 

0 and derived from other sources. For example, 
gaseous mixtures containing higher and lower 
molecular weight hydrocarbons, such as, crack 
ing still gases or natural gas may be introduced 
into any one of lines 95, 95 and 957 and passed from indirect heat. exchanger 355 through line 75 through either one of the dehydrators ss or Isa, 
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96 or 96'a or 96' or 'a to dry the gaseous 
mixture ahd the dried gaseous mixture is then 
passed through the rest of the recovery system 
to cool and liquefy higher molecular weight hy 
drocarbons. The liquefied hydrocarbons are sep 
arated from uniquefied gases and are passed 
through line 2 or line ff2' or line ff2', asso 
ciated, respectively, with dehydrators 9-96a, 
96-96'a or 96'-96'a, and may be withdrawn 
from the system and further treated as desired 
or they may be passed to the separator 92. 
Where natural gasoline is recovered from natu 
ral gas, it is preferably withdrawn from the 
system. 
While the invention has been described here 

inabove with respect to specific examples of the 
mode of operation, it will be understood by those 
skilled in the art that the invention is not lim 
ited to such illustrative examples but may vari 
ously be practiced and embodied within the scope 
of the claims hereinafter made. 
We claim: 
1. A process for separating heavier normally 

gaseous hydrocarbons from a mixture of normal 
ly gaseous hydrocarbons wherein normally gas 
eous hydrocarbons are charged to a fractionating 
zone, separating said normally gaseous hydrocar 
bons in said fractionating zone into a fraction 
comprising lighter normally gaseous hydrocar 
bons and a fraction comprising heavier normally 
gaseous hydrocarbons, passing said fraction com 
prising lighter normally gaseous hydrocarbons 
through a drying zone, passing said dried frac 

10 

5 

25 

tion through a cooling zone wherein it is indi- . 
rectly contacted with a liquefied refrigerant un 
der high pressure to cool said fraction and con 
dense additional heavier normally gaseous 
hydrocarbons therefrom, passing said cooled 
fraction through a second cooling zone wherein 
it is indirectly contacted with a liquefied refrig 
erant under lower pressure than said refrigerant 

5 

40 

9 
in said first cooling zone to further cool said 
fraction and condense additional heavier normal 
ly gaseous hydrocarbons therefrom, said refrig 
erant being vaporized at least in part during said 
cooling process in said cooling zones, separating 
said condensed hydrocarbons from uncondensed 
normally gaseous hydrocarbons after each of said 
cooling zones, passing said condensed hydrocar 
bons to said fractionating zone, withdrawing 
vaporized refrigerant from said cooling zones, 
expanding said cooled uncondensed normally 
gaseous hydrocarbons, utilizing the energy made 
available by said expansion to compress at least 
a part of said vaporized refrigerant, to a high 
pressure, cooling said compressed refrigerant to 
liquefy it, passing said liquefied refrigerant to a 
common source of supply, withdrawing a portion 
of liquefied refrigerant from said common source 
of supply, cooling said portion of liquefied re 
frigerant by indirect contact with said cooled un 
condensed normally gaseous hydrocarbons prior 
to said expansion step, withdrawing a Second 
portion of liquefied refrigerant from said com 
mon source of supply, cooling said second portion 
of liquefied refrigerant by indirect contact with 
said expanded normally gaseous hydrocarbons 
and using said cooled portions of liquefied re 
frigerant as the refrigerant in Said cooling zones. 

2. Process in accordance with claim 1 wherein 
said cooled refrigerant compressed to high pres 
sure is reduced in pressure before entering said 
cooling zones to a reduced pressure which will 
maintain said refrigerant entering said cooling 
zones in a liquefied state and permit vaporiza 
tion of said liquefied refrigerant during the cool 
ing process in said cooling zones. . 

3. A process in accordance with claim 1 where 
in liquified propane is used as said refrigerant. 

PERCIVAL C. KEITH, Jr. 
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