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. This invention relates to conversion of hydro-si 
carbon gases to liquid hydrocarbons and is more 
particularly concerned with method for thermal 

hydrc ls 

ing should be an inert liquid which has the abil 
ity to dissolve or maintain in suspension mat 

iating frequent 
2r disadvanta - - - 
igh cost of the exchangers, 

high pressure processes. . . . 
quenching with liquid eliminates. 

erature level than the unquenched reaction 
Iducts and therefore cannot possib 

-: ck - 

method for utilizing the heat i 
ucts from a ge 

rial such as gum, resin, tar and asphalt whic 
may condense from the reaction products. I 
this manner deposition of carbon or carbonaceous 

... material in the transfer line is prevented and the 
material which would otherwise depositin: 
heat exchanger or transfer-line is removed f 

posit in the 
the system in liquid solution or suspension. 

It is an object of this invention to provid 
eaction pro 

conversion process operated high pressures without causing harmful depo 
tion of carbon and carbonaceous material. 

It is a further object of the invention lethod for preheating 
ressure gas conversion of high temperature reaction 

manner as to reduce the cost 5 involved and also to prevent clog ing of the 
paratus due to carbon deposition. V 
to ". . . . . 

ural gas. The fresh gas is passed through water 
cooler 3 where the temperature may be reduced 
to approximately 75° to i009 F. The partially 
condensed gases pass to accumulator 5 which may 
be maintained at a pressure of approximately 

5 200-250 lbs. per square inch. That portion 
... the gas which is not condensed is withdrawn 
from accumulator 5 through the line 7 and passes : 
from line 7 through line 9 to the lower portion 
of a low pressure absorbert I. Fresh gas may be 
fed into absorber fi through may be residual gas from oil 
That p 

  



2 
approximately 225 to 300 lbs. per square inch 
and at a temperature of approximately 75 to 
100°F. . . 
Liquefied gas is withdrawn from feed tank it 

through line 9 by means of pump 2 in which 
the pressure may be increased to 750-2000 or 
more lbs. per square-inch, then passed through 
heat exchangers 23 and 25 and line 27 to the in 
let of the heating coil 29. In the heat exchanger 
23 the charging stock may be preheated to a 
temperature in the neighborhood of 200F. and in 
the heat exchanger 25 the charging stock may be 
further preheated to a temperature in the neigh 
borhood of 450° to 550° F. The preheated gas 
is further heated in the heating coil-29 to a re 
action temperature of 900 to 1200°F. and then 
passed to a reaction coil 3 in which the ten 

0. 

perature of the gases is maintained for a suf- . . 
ficient period of time to bring about the desired 
conversion of hydrocarbon gases to liquid hy 
drocarbons. The conversion coil 3 is preferably. 
of greater cross-sectional area than the heating 
coilin order to decrease-the velocity of the gases 
undergoing reaction and give the gases sufficient 
time to react. The reaction coil 3 is preferably 
placed in a zone where its temperature can be 
maintained at the desired reaction, temperature 
either by heating or cooling, as required. When 
the charging stock has a high concentration of 
olefins, the reaction is exothermic in character 
necessitating, cooling of the mixture undergoing 
reaction. However, where the concentration of . 
olefins is low, the reaction is endothermic in 
character, necessitating heating of the reaction 
zone to maintain the temperature. Where the 
gas is rich in olefins, lower temperatures of re 
action are preferable and the same is true where: 
the reaction mixture is composed chiefly of C4 
hydrocarbons with minor proportions of C3 and 
C2 hydrocarbons. - . . . . . . . 
The hot reaction products leaving the reaction 
Zone3 pass through the coil 33 of heat, exchang 
er. 25 wherein the reaction products are partially. 
cooled by indirect heat exchange with the charg 
ing stock. One of the outstanding features of 
this invention is the reduction of pressure on the 
hot reaction products prior to their passage to 
the heat exchanger, by means of the slide valve 
35. The pressure may be reduced at the slide 
valve to approximately 500-600 lbs. per square 

... inch without obtaining any substantial amount 
of carbon deposition. By reducing the pressure 
before the reaction products enter the heat ex 
changer 25, it is possible to utilize a heat, ex 
changer of comparatively low cost of construc 
tion instead of an expensive heat exchanger which 
would otherwise be required to withstand the high 
pressure and temperatures, to which it would be 
Subjected. In the heat exchanger the tempera 
ture of the reaction products is reduced to a tem 
perature not substantially below the dew point 
of the mixture. At pressures of 500 lbs. per 
square inch and higher the dew point will be 
Within the temperature range of approximately 
400 to 750 F. It will be understood that it is 
not. necessary to reduce the temperature of the 
reaction products in the heat exchanger 25 to 
the dew point, but in order to obtain the bene 

stock, it is preferred that the temperature of the 
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further cooled by injecting cooling fluid into the 
stream of reaction products at the point 3. The 
temperature to which the reaction products are 
quenched by injection of cooling liquid is sub 
stantially below the dew point of the 1reaction. 
mixture and in practice is preferably between . 
250° and 500° F. Sufficient quenching fiuid of . 
high enough boiling point must be used in order 
to have a substantial body of liquid present to 
carry in solution or in suspension any high boil 
ing material of a gummy, resinous, tarry, asphal 

stic or carbonaceous nature which precipitates 
from the reaction mixture. 
: The reaction mixture which has been Cooled 
below its dew point may be further cooled if nec 
essary, by passing through water cooler 39 in 
which the temperature is lowered to approxi 
mately 250° to 350° F. From the cooler S9 the 
products pass into the lower part of fractionating 
tower 4. The fractionating tower 4 is main 
tained under, such conditions that only. C4, and 
lighter gases pass overhead. To accomplish this 
fractionation, the tower may be maintained un-, 
der the pressure to which the reaction products. 
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are reduced at the valve 35, allowing for pressure 
drop through the line, with a bottom tempera 
ture of 250 F. and a top temperature of about 
200°F. The pressure in the tower may be in the 
neighborhood of 400 lbs. per square inch. Un 
der these conditions substantially all the Cs and 
heavier hydrocarbons as well as a part of the 
lighter hydrocarbons condense as a liquid in the 
bottom of the tower. A portion of the conden 
sateis... withdrawn from the bottom of the tower through heat exchanger 23 by means of pump 43, 
passed through water cooler 45 and line 7 and 
injected as the quenching liquid into the reac 
tion stream at the point 37. In passing through 

... the heat exchanger 23, and cooler-45 the conden 
40 sate used for quench may be. cooled to a tem 

perature of approximately. 150° to 200°F. The 
remainder of the condensate is withdrawn from the bottom of fractionating tower 4 through line 
49, controlled by valve 51 and passed to stabilizer 
53. The pressure is somewhat reduced at the 
valve 5?, but the pressure in the stabilizer is pref 
erably mainatined above 100 lbs. per square inch 
to insure, liquefaction of the recycle gas. In the . . . 
stabilizer 53 any gases lighter than C4 and a por 

is tion or all of the C4 hydrocarbons are removed 
from the condensate. Heating of the conden 
sate in the stabilizer, is accomplished by passing 
it from the lower portion of the stabilizer-through 
line 55 into reboiler 57. . Vapors from the re 
boiler are returned to the stabilizer through line 
59. The stabilizer condensate is withdrawn from 
the reboiler, through line 6 and is sent to stor 
age or to a re-run operation of make finished 
gasoline. The vapors from the stabilizer which 

. . fit of as much of the heat in the reaction prod 
...ucts, as possible for preheating the charging 70 

reaction products at this stage should be re 
duced as close to the dew point as possible. . Immediately upon leaving the heat exchanger 
coil 33, the partially cooled reaction products are 

are composed chiefly of C3 and C4 hydrocarbons, 
with small amounts of lighter boiling material, 
pass overhead through line 63 through cooler 65 
wherein a portion of the gas condenses and then 
passes to accumulator 67. The liquid from the 
accumulator 67 is recycled by means of pump 69 
and line 7 to the top of the stabilizer 53 as re 
flux liquid. The gases from the accumulator 67 
are taken off through line.73 to another water 
cooler 75 where the temperature is reduced to 
approximately 75° to 100. F. and substantially 
all of the gas condenses to liquid and is collected 
in the accumulator 77. The small amount of 
gas which does not condense, is withdrawn 

: through line 79, controlled by 8d, and may be re 
cycled to the low pressure absorber or withdrawn . 

  



ombined rich menstruum is withdrawn 
from the bottom of low, pressure absorber if 

. . . it... . ; , , i. through line 40 by means of pump 4 land i ; 
he gas taken from the top of the stabilizer. passed through heat exchanger 43 to the lower " . . . '. 
'liquefied gas collected in accumulator:Tl is 5 portion of flash tower f03. The pressure on the . . 

thdrawn through line 83 by means of pump a rich menstruum is raised in the pump. 4f to 
'...' " . . . . . . -- - - - - - - - - - gether with a pressure slightly higher than that maintained: 

3, . . . . in the accumulator 91. In passing through the 
Returning to the main fractionating tower 4t; heat exchanger it 43 the temperature of the rich , , 

the C4 and lighter gases are taken overhead 10 menstruum is raised sufficiently to cause vapor 
through line 87, cooled bypassing through water ization in the flash tower fo3 of the lighter gas 
ooler 89 to a temperature of approximately, 150 constituents absorbed. This temperature may 
F. and then passed to accumulator. 9. A portion be between 350 and 400°F. The gases are taken 
of the gases are condensed in passing through from the top of the flash tower 103 through line. 
cooler 89. The liquefied gas is withdrawn from ..f45 and passed through cooler 39 to high pres-- 

e accumulator 9 by means of pump 93 and sure accumulator 9 together with the gases. 
cled through lines -95 and 97, controlled by from the top of fractionating tower 41. The par. 
ve.99, to the top of the fractionating tower 4 tially denuded menstruum is withdrawn from 
reflux liquid. A portion of the liquefied gas the bottom of flash tower 

from accumulator 9 may be passed through line controlled by valve 49, and passed to the mid Of to the top of flash tower. E03 as reflux liquid. portion of stripper 51. The pressure on the par 
The uncondensed gas from is accumulator. 9 is tially denuded menstruum is substantially, re 
ithdrawn through line. 05 to a second water duced at the valve f49 so that 

:ooler: 107 where the temperature is further re-... tower may be maintained - - 
duced to approximately 90° to 100°F. In the ficient to enable return of gas to the low pres 
cooler 07 a large portion of the gas condenses sure absorber without compression. The liquid 
to liquid under the existing pressure which is in the bottom of the stripper 5 is withdrawn 
ubstantially that maintained in the fractionat- by means of pump if 53, heated in coil 155 and 
ing tower 4f. The cooled products pass from returned to the stripper through line if 57. In 
cooler 07 to accumulator 109 from which the so the coil 55the liquid is heated to a sufficiently liquefied gas, is withdrawn through line li?t, cons' high temperature to completely denude: the ab 

sorption menstruum of ab 
temperature may be in the neig VVV. 
F. By maintaining the top of the stripper at 

as a temperature of 300°F. or less, only the ab 

intained under a pressure r 
squia ch, in order to assure condensa, 

accumulator io9 throughline 
the lower portion of hi ta, 

ure slightly below 600°F., is withdraw 
he bottom of the stripper through line 

eans of pump. 6 and returned throug 
kchanger 143 and cooler G3 to lines 23 

o the 
if T , 

absorber is prefe m 
oximately. 175 to 250 lb 

is generally slightly below. 
tained on the feed tank . . . 

d by means of pump? 19 and line 8 to the 
the stripper 51 as reflux liquid. The re 

: ing gases are taken from the accumulator 
77 through line 183; and passed through a sec 

60 ond cooler f85 wherein the temperature may 
be reduced to approximately 90° to 100 F., 
whereby a large portion of the gas condenses to 
liquid. From the cooler 85 the partially con 
lensed material passes to low pressure accumu 

65' lator. 87. The liquefied gas from the accus: 
mulator 8T is charged through line 83 by means 
of pump 9 - to the main fractionating tower if : . 
at a point above the discharge of the reactiol. 

iucts into the tower. The uncondensed gas 
the low pressure accumulators 

as a substantial portion of the C. hydrocarb ons 
and a small amount of methane is absorbed b 
The unabsorbed gas consisting chiefly of 
ane, hydrogen and C2 hydrocarbonsis 
from absorberall through line 2 
by valve 29, and from absorber 
line 31, controlled by valve 33, and from the system through line, 135. The rich 
menstruum from the bottom of high pressure 
trolled by valve 39, into the bottom of low p 
sure absorber 1 where it is mixed with 
imenstruum in the bottom of that absorb 
valve 39 maintains the pressure differen 3.' 4.5%"E". 

ween the low and high pressu 

  

  

  

  

  

  

  

  

  

    

      

  

    

  

      

  

  

    

      

        

    

    

  

  

    

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

    

  

  

  

  

    

    

    

  

  

    

    

  

  

    

    

  

  



As an example of actual operating conditions, 
residue, and stabilizer gas from high pressure 
pyrolytic cracking of hydrocarbon oil is used as 
the fresh charge to the system. The stabilizer 
gas is cooled in cooler 3 to a temperature of 95° 
F. and the accumulator 5 is maintained at a pres 
sure of 230 lbs. per square inch. Feed tank, T 
is maintained at a temperature of 90°F. and a 
pressure of 265 lbs. per square inch. Residue gas 
is charged to the low pressure absorber. . . The 
analysis of the combined stabilizers and residue 
gas charged to the process in mol. percent is as 
follows: ...' . . . . . 

O 

l3. Hydrogen -------------------------------- 
Methane -------- ---------------- 28.6 

1. Ethylene ------. --- 3.7 
Ethane ------ ... 19.5 
Propene ----. 9.5 
Propane ------- '17. 
Butenes.------------ - 7.5 
Butanes --------------------------------- 8.2 
Pentanes and pentenes.-------------------. 0.9 
Hexanes and hexenes------------------ -- 0.8 
The olefine content of the combined gas is ap 

proximately 20% before treatment in the ab 
sorbers and the olefin content of that portion of 
the combined fresh gas which is charged to the 
reaction coil is 40.75%. . . . . 

Liquefied gas from the feed tank. I having 
the following composition in mol; percent: 
Hydrogen ------------------------------ 0. 
Methane ------------------------------ 2.79 
C2 hydrocarbons----------------------- 13.69 
C3 hydrocarbons------------------------ 53.90 
C4-hydrocarbons.-------------------------29.40 
C5 hydrocarbons----------------------- - 0.22 
Total olefins-----------------------------20.8 
is charged to the heating coil 29 under a pres 
sure of 1250 lbs. per square inch and preheated 
to a temperature of 500. F. by passage through 
the exchangers 23 and 25. In the heating coil 
29 the temperature of the charge is raised to 
1060°F. and this temperature is maintained in 
the reaction coil 3. The pressure at the slide 
valve 35 is reduced to 570 lbs. per square-inch 
and the temperature is reduced in the heat ex 
changer 25 to 700°F. A pressure drop takes place 
through the heat exchanger, coil 33 so; that the 
pressure on the outlet is only 420 lbs. per square, 
inch. The partially cooled reaction products are 
quenched to a temperature of 450° F. by means 

I of condensate withdrawn from the fractionating 
tower which had been cooled to 180° F. and the 
temperature of the reaction products is further 
lowered in the cooler 39 to 320 F. The frac 
tionating tower 4 is held at a pressure of 410 lbs. 
per square inch with a bottom temperature of 
250 F. and a top temperature of 195° F., The 
accumulator 9 fisheld at a temperature of 155°F. 
and accumulator io9 at a temperature of 95° F. 
The pressure in both is 400 lbs. per square inch. 
Accumulator 5 is held at a pressure of 230 lbs. per. 
square inch and a temperature of 95.F. Sta 
bilizer 53 is maintained at a pressure of 125 lbs. 

25 
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pressure of 190 lbs. per square inch with a bottom . 
temperature of 590°. F. and a top temperature of 
290°F. The accumulator 77 is maintained at a 
temperature of 210°F. and the low pressure ac 
cumulator 87 maintained at a temperatures of . 
95° F. and a pressure of 180 lbs. per square inch. 
The total residue gas leaving the system will. 

have the following composition in mole percent: 
Hydrogen ------------------------------ 5.5, 
Methane ----------------------------- 47.5 
C2 hydrocarbons-------- . - 
C3 hydrocarbons--------. ---- 15.16. 
C4 hydrocarbons--------------- ---------- 151. 
This recycle ratio, that is, the ratio of the 

liquid volume of the gas charged to the con 
version zone, to the liquid volume of C3 and C4 
hydrocarbons converted per pass to gasoline and 
higher boiling hydrocarbons, will be 5 to 1. '" 

It will be seen that in accordance with this 
invention it is possible to operate under extremely 
high pressure conditions and utilize the heat of 
the reaction products for heating the charge 
without the necessity of using expensive heat ex 
changers, due to the discovery that reduction in 
pressure on the reaction products can be accom 
plished before cooling without causing excessive 
deposition and clogging in the transfer line and 
heat exchanger. . . . . . . . . 

It is claimed: - - - 
11. In the process of converting hydrocarbon 

gases to liquid hydrocarbons at high superatmos 
pheric pressures and at high temperatures be-, 
tween approximately 900 and 1200°F, the steps of 
reducing the pressure on the reaction products at 
the outlet of the reaction zone to a lower superat. 
mospheric pressure, then cooling the reaction 
products to a temperature below conversion tem 
perature close to but not below the dew point of 

40 

50. 

5 5 

the reaction products by indirect heat exchange 
with charging gases, then suddenly cooling the re 
action products from a temperature not substan-l 
tially below the dew point of the mixture to a tem 
perature substantially below the dew point by di 
rect contact with cooling liquid of such nature as: 
to hold suspended material contained in the re. 
action products in solution or suspension. 

2. Method in accordance with claim 1 in which 
the hydrocarbon gases are cooled by indirect heat 
interchange to a temperature not less than ap 
proximately 650 F. and the partially cooled re 
action products cooled substantially below 650 
F. by direct contact with cooling liquid. 

3. Method in accordance with claim 1 in which 
5 the gases are converted at a pressure above 750. 

lbs. per square inch and the pressure on the prod 
ucts at the outlet of the reaction zone is reduced 
inch. 

60. 

05. 

per square inch with a bottom temperature of 330° 
F. and a top temperature of 140°F. . . . 
The low pressure absorber is maintained at a 

pressure of 175 lbs. per square inch and the high 
pressure absorber is maintained at 385 lbs. per 
square inch. Flash tower t03 is maintained at a 
pressure of 410 lbs. per square inch With the in". 
coming rich menstruum heated to a temperature 
of 390. F. The stripper 15 is maintained at a 

to a pressure not in excess of 600 lbs. per square 
4. Method in accordance with claim 1 in which 

the gases are converted at temperatures above 
900°F. and pressures above 750 lbs. per square 
inch, the pressure on the reaction products is re 
duced at the outlet of the reaction Zone to a pres 
sure substantially below 750 lbs. per square inch, 
the reaction products are thereafter partially 
cooled to a temperature below conversion but not 
substantially below 650 F. by indirect heat ex 
change and the partially cooled products further 
cooled to a temperature substantially below 65.0°. 
F. by direct contact with cooling liquid. 

5. In a process for converting hydrocarbon 
gases to liquid hydrocarbons under high pressure 
and temperature of the order of 900-1200°F. in 
a conversion zone and in which the reaction prod 

  

  



5. 
ucts are fractionated into gases and liquid con- . is reduced below approximately 600 lbs. per square 
densate, the steps of reducing the pressure on the . . . . . . . ." 
products leaving the conversion Zone, prior to: 
cooling thereof, thereafter partially cooling the 
reaction products to a temperature close to but 
not below the dew point of the mixture by indi- i. 
rect heat exchange with charging stock, further. 
cooling the reaction mixture from a temperature 
not substantially below the dew point of the re 
action mixture to a temperature substantially be-, 
low the dew point by direct contact with cooled 
liquid condensate. - . . . . . . . . 

6. Process in accordance with claim 5 in which 
the conversion zone is maintained at a pressure : 
above 750 lbs. per square inch and the pressure 15 

lo 

inch prior to cooling. 
7. Process in accordance with claim 5 in which 

the reaction products are cooled to a temperature, 
- between 650 and 800 F. by indirect heat ex 
change with charging stock and the reaction a 
products are chilled substantially below 650 F. 
by direct contact with cooled condensate. 

8. Method in accordance with claim 5 in which 
the condensate used for cooling the reaction prod 
ucts is cooled by indirect heat exchange with 

: charging stock prior to passing the charging stock 
in indirect heat exchange with reaction products. 

PERCY A. MASCHWITZ. 
CHAS.M. RIDGWAY. 

  


