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ABSTRACT OF THE DISCLOSURE 
A portion of coke oven gas is lique?ed by passing 

through successive ?rst and second heat exchangers. A 
portion of the lique?ed coke oven gas is passed to the 
head of a recti?cation column as re?ux while the other 
portion of lique?ed coke oven gas is passed countercur 
rently through the second heat exchanger where it is 
vaporized and then introduced into the recti?cation col 
umn in direct contact with sump liquid. Sump liquid 
passes in countercurrent heat exchange through the ?rst 
heat exchanger. 

This invention relates to a recti?cation process for the 
separation of a mixture of components having a Wide 
boiling point distribution, and in particular to such a proc 
ess conducted at low temperatures for the production of 
cryogenic gases. 

1n recti?cation processes for the separation of compo 
nents having widely different boiling points, the mixture 
to be separated is fed in the liquid phase to the head of 
a recti?cation column, and this liquid, acting as re?ux, 
is then stripped of its low boiling components. The vapor 
?owing upwardly against the liquid feed is produced by 
boiling the bottoms in a reboiler or the like. This system 
is feasible because even if the mixture has a substantial 
proportion of high-boiling component, the gaseous phase 
in equilibrium with the boiling mixture, i.e., the overhead 
product from the column, is so poor in high-boiling com 
ponents that there are no signi?cant losses of high boiling 
components. 

In these known processes, however, a substantial ther 
mal ine?iciency exists because of the large AT between 
still and overhead product. This problem is especially 
severe in the production of cryogenic gases where the 
available temperature level of refrigeration is very im~ 
portant. Thus, for example, in a low temperature recti 
?cation process, the sump liquid—almost pure high 
boiling component—-must be evaporated at a tempera 
ture ranging considerably above the temperature at 'which 
the mixture fed to the head of the column is condensed. 
This means that refrigeration must be available at a 
substantially lower temperature level than it can be re 
covered during the vaporization of the sump liquid. 
Therefore, in such cryogenic processes, it is necessary 
to provide a heat pump system in order to accomplish 
the transfer of refrigeration values. 
An object of this invention, therefore, is to provide an 

improved process for the recti?cation of a mixture hav 
ing a wide boiling point distribution. 
A more particular object is to provide an improved 

process for the recti?cation of a mixture, wherein said 
mixture is fed as liquid to the top of the recti?cation 
column. 
A further object includes the aforementioned objects as 

applied to low temperature processes wherein refrigera 
tion energy is consequential, and in particular to the 
production of enriched hydrogen gas from coke oven 
gas, and also to the production of ethylene. 
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Upon further study of the speci?cation and claims, 

other objects and advantages of the present invention 
will become apparent. 
For the attainment of the above objects, a portion of 

the liquid mixture, heretofore used only as re?ux, is 
vaporized and the resultant vapor is passed into the bot 
tom portion of a recti?cation column. The remaining un 
vaporized liquid is fed as re?ux to the head of this same 
recti?cation column. 

Thus, not the entire liquid mixture is introduced to the 
head of the column as re?ux liquid, but only a portion 
thereof. The other portion is vaporized and introduced 
into the recti?cation column at the foot thereof in vapor 
form. Vapor rising within the column is, therefore, pro 
duced by vaporizing a part of the feed mixture, as com 
pared to prior art processes wherein all vapor was ob 
tained by the vaporization of sump liquid. 

This improved process is of particular lbene?t in the 
case of low temperature recti?cation processes, because 
the vapor is not obtained at the relatively high vaporizing 
temperature of the sump, but at the sliding vaporization 
temperature of the mixture, which temperature gradient 
is, on the average, substantially lower than that of the 
sump. Thereby, the process of the invention—-as com 
pared to the conventional processes-requires consider 
ably less expensive means for transferring refrigeration 
values. This fact, together with the use of smaller heat 
ing surfaces, made possible by the more favorable heat 
exchange conditions, results in a substantial decrease in 
the plant investment and operating costs. Corresponding 
considerations apply in connection with a recti?cation 
conducted at higher temperatures. 

This invention is particularly bene?cial for the treat 
ment of feed streams wherein about 30 to 80, of prefer 
ably 50 to 70 mol percent of the feed has an average 
boiling point of about at least 15° (1., preferably at least 
30° ‘C. higher than 70 to 20, preferably 50 to 30 mol per 
cent of the feed. Furthermore, it is to be noted that the 
process of this invention is even more important for cry 
ogenic processes wherein at least 30 mol percent, prefer 
ably at least 50 mol percent of the feed has a boiling 
point below about —40° 0, preferably below about 
—110° C. 
With respect to the portion of the liquid feed that is 

vaporized and passed as vapor to the bottom of the rec 
ti?cation column, it is preferred that at least 20 percent, 
more preferably at least 30 percent of the liquid feed be so 
utilized. 
For example, from a liquid feed with a content of 

60% CH4 (boiling point —16l° C.) and 32% CO 
(boiling point —191.5‘’ 0.), 6% N2 and 2% other sub 
stances-condensed by cooling of coke oven gas—there 
is vaporized an amount of about 40%, and there is used 
about 60% as re?ux. The boiling point of the bottom 
product is then ca. —169° ‘C. and of the head product ca. 
~192° C., the extent of separation of boiling points being 
23° C. 

Because of the boiling point distribution of the feed 
components, the liquid, which is in equilibrium with the 
introduced vapor at the foot of the recti?cation column 
and is collected in the sump, is so rich in high-boiling 
component that it represents an acceptable product, un— 
less, of course, it is necessary to produce a highly pure 
product. 

In case several separate streams of varying analyses 
are to be combined to form the liquid, that portion of 
the mixture which is to be vaporized and introduced into 
the recti?cation column is advantageously formed from 
the stream which is richest in the high-boiling mixture 
component, or in the high-boiling group of mixture com 
ponents, in order to obtain the high-boiling component 
which is the purest possible for this particular case. 
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According to one embodiment of this invention, when 
producing methane from a liquid mixture as obtained 
during the cooling of coke oven gas, one portion of this 
mixture can be vaporized in heat exchange with coke 
oven gas. It is furthermore possible, when producing 
methane from coke oven gas, to adrnix the low-boiling 
components exiting at the head of the recti?cation column 
directly to the cold residual gas. 
The attached drawing is a schematic representation of 

a preferred embodiment of this invention, illustrating 
that section of a coke oven gas separating plant important 
for the production of methane from coke oven gas, and 
for the purpose of producing a hydrogen-nitrogen mixture 
for the ammonia synthesis. 

Referring to the drawing in greater detail, the precooled 
coke oven gas is fed to the plant via conduit 1 and is 
further cooled in heat exchangers 2‘ and 3. During this 
procedure, a part of the coke oven gas condenses, namely 
practically all of CH4, CO, and N2. This condensate is 
separated in the liquid-vapor separator 4 from the re 
maining coke oven gas and fed, in two portions via dif 
ferent paths, to the recti?cation column 5. One portion, 
about 80 to 30%, is fed directly via conduit 6v to recti 
?cation column 5 where it is employed as re?ux. The 
other portion is conducted, by conduit 7, to heat ex 
changer 3, evaporated therein, and subsequently intro 
duced into column 5 at the foot thereof. The liquid, at 
the vapor feed point, is very substantially enriched in 
methane, owing to the favorable boiling relationships of 
CH4, on the one hand, and CO+N2, on the other hand; 
consequently, this liquid can be withdrawn directly as 
a product from the bottom of column. 5 through con 
duit 8. 

If there is present, for example, a 60% methane frac 
tion, a portion of which is vaporized and introduced into 
the recti?cation column, the liquid which is in equilbrium 
with this vapor is enriched with methane to approximately 
95%. Thus, the process of this invention can, in such a 
case, yield methane ot a 95 % purity. 
The product is then vaporized in the heat exchanger 

2 at a relatively high temperature (the boiling tempera 
ture of the moderately pure methane); thus, it transfers its 
refrigeration values at this relatively high temperature. 
The condensate separated in the liquid-vapor separator, 
however, must be formed at a lower temperature in the 
heat exchanger 3. In order to achieve this objective, one 
portion of the condensate is additionally vaporized in the 
heat exchanger 3. Since the condensate still contains sub 
stantial proportions of CO and N2, its median boiling tem 
perature is considerably lower than the boiling tempera 
ture of the sump liquid, or of the product. Consequently, 
the vaporization of a portion of the condensate in the 
heat exchanger 3, yields refrigeration ot a lower tem 
perature. 
The residual gas withdrawn from the head of column 

5, consisting of ‘CO, N2, and a small proportion of 
methane, is admixed, in front of the heat exchanger 3, 
with residual gas in conduit 9 coming from the nitrogen 
washing stage of the coke oven gas separating plant. The 
resultant mixture of these residual gases is warmed in the 
heat exchangers 3 and 2. The hydrogen-nitrogen mix 
ture coming from the nitrogen iwashing stage is likewise 
conducted through these heat exchangers, via conduit 10. 
A typical analysis of coke oven gas in conduit 1 which 

can be treated by this invention is— 
Component: Vol. percent range 

H2 ________________________________ __ 50-57 

N2 ________________________________ __ 6—l2 

CO _______________________________ __ 5-7 

CH4 ______________________________ __ 22~25 

Czl-L, ______________________________ __ 1—2 

CZHG ______________________________ __ 0.7-2 

CBHB ______________________________ __ 0 3—0.6 
CGHG ______________________________ _.._ 0.5-1 

CO2 _______________________________ __ 2-5 
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Aside from its use in the precedingly described em 

bodiment, the teachings of this invention can also be par 
ticularly advantageously employed in the production of 
ethylene where the boiling relationships between ethylene, 
on the one hand, and methane, on the other hand, are 
likewise favorable for the production of a moderately 
pure product. 

\In this connection, ethylene and methane have normal 
boiling points of —ll9° C. and —l61° C., respectively, 
thereby giving a mixture of such lique?ed gases a boiling 
point separation of 42° C. As an example of a speci?c 
process, a feed mixture comprising 45% ethylene and 
55% methane is treated so as to vaporize 54% thereof, 
thereof, with the residual 46% ‘being employed as re?ux. 
The resultant bottoms product contains 95% ethylene, 
and in the resultant overhead gas, ethylene is lost to an 
extent of only about 1—2%. 
Numerous other process streams to be recti?ed can 

likewise be treated, as those skilled in the art most as 
suredly will recognize; and it is intended for this patent 
to secure protection in all such instances. 
From the foregoing description, one skilled in the art 

can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and scope 
thereof, can make various changes and modi?cations of 
the invention to adapt it to various usages and conditions. 
Consequently, such changes and modi?cations are prop— 
erly, equitably, and intended to be, within the full range 
of equivalence of the following claims. 
What is claimed is: 
1. In the recti?cation of a mixture of components 

having a wide boiling point distribution which comprises 
feeding said mixture in the liquid phase as re?ux to the top 
part of a recti?cation column, the improvement com 
prising: 

passing the gaseous feed mixture in serial ?ow through 
successive ?rst and second heat exchangers, the sec— 
0nd of which is at a lower temperature to liquefy 
a part of the feed mixture, removing all of the liquid 
and vapor portions of the feed mixture to a separa 
tion zone to separate the liquid phase mixture, feed 
ing a liquid portion of 30-80% of said liquid phase 
Irnixture as re?ux to the head of said recti?cation 
column, vaporizing the remaining other portion of 
liquid phase mixture in countercurrent ?ow exclu 
sively through said second heat exchanger externally 
of said recti?cation column in heat exchange with 
the components of the feed mixture, and passing said 
vaporized portion into the bottom part of said 
column in direct contact with sump liquid therein, said 
liquid portion and vaporized portion being the only 
two feed streams to said recti?cation column, where 
by a smaller temperature di?erential is maintained 
between overhead vapor and sump liquid product 
leaving said recti?cation column than would be the 
case if sump liquid were vaporized in a reboiler and 
passing sump liquid product in countercurrent and 
exclusive heat exchange through said ?rst heat ex 
changer. 

2. A process as de?ned by claim 1 wherein said mix 
ture in the liquid phase is derived from different streams 
having dilferent analyses, and wherein said other portion 
of said liquid mixture which is vaporized is formed from 
the stream having the highest content of high-boiling 
component. 

3. A process as 
gaseous stream is coke oven gas. 

4. A process as de?ned by claim 1 further comprising 
the step of passing said overhead vapor from the recti 
?cation column also in indirect heat exchange relationship 
with said gaseous stream. 

5. A process as de?ned by claim 1, wherein 30-80 mol 
percent of said liquid phase mixture has an average boil 
ing point of about at least 15° C. higher than 70-20 mol 
percent of said liquid phase mixture. 

described by claim 1 wherein said 
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6. A process as de?ned by claim 1, wherein at least 
30 mol percent of said liquid phase mixture has a boiling 
point below about —40° C. 

7. A process as de?ned by claim 1, wvherein 30-80 mol 
percent of said liquid phase mixture has an average boil 
ing point of about at least 15° C. higher than 70-20 mol 
percent of said liquid phase mixture, and at least 30 mol 
percent of said liquid phase mixture has a boiling point 
below about —40° C. 

‘8. A process as de?ned by claim 1, wherein 50-70 mol 
percent of said liquid phase mixture has an average boil 
ing point of about at least 30° C. higher than 50-30 mol 
percent of said liquid phase mixture. 

9. A process as de?ned by claim 1 wherein 50-70 mol 
percent of said liquid phase mixture has an average 
boiling point of at least 30° C. higher than 50-30 mol 
percent of said liquid phase mixture; and at least 50 mol 
percent of said liquid phase mixture has a boiling point 
below about —110° C. 

10. A process as de?ned by claim 9 wherein said 
mixture in the liquid phase is derived from di?‘erent 
streams having different analyses, and wherein said other 
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portion of said liquid mixture which is vaporized is 
formed from the stream having the highest content of 
high-boiling component or the highest average boiling 
temperature. 
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