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1. Claim. (CI. 260-683) 

This application is a continuation-in-part of a co-pend 
ing application Ser. No. 554,814, filed December 22, 1955 
in the names of Josef Schmidt and Heinrich Weber. 
The present invention relates to processes for recover 

ing certain low boiling point hydrocarbons, and more 
particularly to processes for enhancing the recovery of 
ethylene from a mixture of different low boiling hydro 
carbons. 

It is an object of the present invention to provide means 
facilitating recovery of low boiling hydrocarbons and 
especially of ethylene through novel and highly efficacious 
procedures which are easily carried out and result in 
considerably larger yields of said hydrocarbons as well 
as of ethylene than have heretofore been obtained with 
known procedures. 

It is another object of the present invention to provide 
means contributing to a greatly improved and extremely 
efficient process for recovering desired hydrocarbons from 
a crude gas mixture containing the same in conjunction 
with other undesired gaseous products, which process re 
quires a minimum of power input and expenditure of 
energy, time and money, whereby the entire process is 
rendered very economical. 

Still another object of the present invention is to pro 
vide means conducive to an integrated, continuous and 
highly practical process of isolating valuable hydrocar 
bons, and in particular ethylene, in substantially pure 
form through sequential application of a quantity of said 
hydrocarbons to both a fluid absorption medium and a 
solid absorption medium and by means of a low tem 
perature fractionation subsequent to liberation of said 
hydrocarbons from said absorption media. 
Yet another object of the present invention is the pro 

vision of means conducive to an advantageous process 
of the aforesaid type in which the ultimate quantity of 
ethylene obtained results from the recovery of already 
existing ethylene and also from the recovery of ethylene 
created by transformation, for example, through cracking, 
of ethane or of mixtures of ethane and higher hydrocar 
bons into ethylene. 

It is yet another object of the present invention to 
provide means enabling the aforesaid process to be car 
ried out in a part of the same installation as is employed 
for the production of the crude gas mixture from which 
the ethylene is to be extracted, whereby the process is 
rendered still more economical. 
More particularly, industrial requirements for ethylene 

to serve as a starting product or raw material in chemical 
syntheses and other applications are so great that it has 
recently become economically profitable to isolate this 
hydrocarbon from mixtures of gases in which it is found 
only to a relatively small extent. The most commonly 
encountered gas mixture of this type is coke oven gas, 
which generally contains between 1.5% and 2.5% by 
volume ethylene (C2H4) besides 0.5% to 2% ethane 
(C2H6), and like Small quantities of propene (CH), 
propane (CH3) and C4-hydrocarbons. " - 
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Quantities of such hydrocarbons in the same order of 

magnitude are found in gas mixtures resulting from low 
temperature carbonizations and destructive distillations 
carried out under pressure and in gas mixtures resulting 
from other gasification or dry-distillation processes. 

Within certain limits it is possible to enhance the 
ethylene content of coke oven gas by adding to the coking 
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coal cheap oil residues which are split or cracked into 
ethylene and other lighter hydrocarbons at the tempera 
tures existing in the coke oven. In accordance with a 
number of known procedures, such oil residues are not 
added to the coking coal but rather are introduced di 
rectly into the coke oven at a suitable location and in 
a predetermined form. 
By means of such oil additions, it is possible to increase 

the ethylene content in the coke oven gas to a maximum 
value of about 3% by volume. The content of the other 
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light hydrocarbons, and especially ethane, rises propor 
tionately, the ethane content increasing by means of ad 
dition of oil from about 0.6% by volume to a maximum 
value of about 1.2% by volume. 
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The separation or recovery of ethylene and the other 
above-mentioned hydrocarbons, the mixture of which 
may be called "crude ethylene,” is preferably effected, in 
accordance with the teaching of the above-mentioned co 
pending application, on a large scale and in an economi 
cally satisfactory manner by virtue of the fact that the 
crude ethylene is extracted from the coke oven gas by 
means of an absorption procedure. 

Certain fluids, such as benzene (C6Hs), have proved 
to be suitable for use as an absorption medium for such 
crude ethylene. Activated carbon, which has a definite 
affinity or absorptive capacity for hydrocarbons, and es 
pecially for unsaturated hydrocarbons, has also been pro 
posed for this purpose. 

In each case, however, the other hydrocarbons are 
absorbed from the coke oven gas together with the ethyl 
ene, including a certain, usually large quantity of meth 
ane. The desired hydrocarbons are then separated from 
the absorption medium by suitable expelling procedures, 
such as expansion or pressure reduction, as a result of 
which the above-mentioned crude ethylene is isolated. 

Alternatively, the crude ethylene and the absorption 
medium are cooled to a low temperature, whereby the 
crude ethylene is isolated through liquification. The 
concentration of the desired ethylene in the gas mixture 
which is designated by the term "crude ethylene' gen 
erally ranges from about 20% to about 35%, and on 
occasions may be even higher, while the remainder of 
the gas mixture consists mostly of methane (CH) in 
conjunction with certain amounts of ethane and small 
quantities of C3- and Ca-hydrocarbons. The crude ethyl 
ene recovered by means of such procedures is thereafter 
split into its individual components through a low tem 
perature fractionation. 
The use of a fluid such as crude benzene as an ab 

Sorption medium to aid in the recovery of ethylene and 
the other hydrocarbons has the advantage that the ab 
sorption medium is itself produced together with the 
desired hydrocarbons in the same operation. Saturation 
of the crude ethylene mixture with benzene subsequent 
to the absorption operation presents no additional prob 
lem, since coke oven gas under any circumstances con 
tains benzene which can be subsequently removed by 
means of a suitable washing oil. 
A further advantage attendant the use of benzene as 

the absorption medium resides in the fact that hydrogen 
Sulfide and naphthalene are absorbed together with the 
desired hydrocarbons and can thereafter be separated 
from the medium in utilizable condition. 
The use of activated carbon as the absorption medium, 

on the other hand, has the advantage that the latter is, 



to a large extent, selectively absorptive with respect to the 
components of the crude ethylene. The gas mixture 
liberated from the activated carbon is relatively rich in 
ethylene and higher hydrocarbons, so that a Subsequent 
transformation of said mixture into its pure fraction may 
be effected with a minimum of expense. 
A disadvantage of absorption by means of activated 

carbon, however, is the substantial sensitivity or recept 
tivity of this absorption medium to hydrogen sulfide and 
higher hydrocarbons such as naphthalene. Both of these 
last mentioned compounds are generally found in coke 
oven gas and in similar gas mixtures. Hydrogen sulfide 
and other sulfur compounds contaminate the activated 
carbon, while naphthalene and other higher hydrocarbons 
lead to clogging or blocking of said activated carbon, 
thereby rendering the same unsuitable for further use as 
an absorption medium. 
One of the underlying principles of the present inven 

tion is, therefore, the combination of absorption by means 
of a fluid medium and by means of activated carbon in 
such a manner that the advantages inherent in both ab 
sorption procedures become available. 

It is further known that ethane or mixtures of ethane 
with C- and Ca-hydrocarbons can be processed in a tube 
furnace and split or cracked to produce a substantial 
yield of ethylene. If a suitably lined or otherwise appro 
priately equipped cracking furnace is charged with ethane, 
it has been found that the latter may be cracked to pro 
duce as much as an 80% yield of ethylene. Because 
of these high yields ethylene is preferably mass-produced 
from light hydrocarbons, since the yield of ethylene ob 
tained by splitting or cracking heavier oils is generally 
fairly small. 

In coke oven gas, ethylene usually comprises about 
33% of the crude ethylene, the latter term, as indicated 
above, being employed only to designate a mixture of 
ethylene, ethane and C- and C4-hydrocarbons. It is, 
therefore, advantageous to join the ethylene recovery 
from coke oven gas with the coking procedure. This 
is especially so with respect to the above-described ab 
sorption procedures, since the ethylene absorption may be 
easily carried out together with the usually effected ex 
traction of benzene, naphthalene and other products not 
desired. 

Assuming, for example, that in a modern large scale 
coke plant there is produced a gas yield of about one 
million normal cubic meters per day (1,000,000 
Nm.3/24 hr.), then a 60% to 80% recovery of ethylene 
would be tantamount to a recovery of about 15 to 20 tons 
of ethylene. The maximum recovery to be expected due 
to addition of oils to be split or cracked, however, would 
be about 20 to 30 tons of ethylene per day, i.e. an in 
crease of only about 5 to 10 tons per day. 

In smaller coke plants, in which the extration of ethyl 
ene is nevertheless of great economic importance, the 
quantities of ethylene obtained are still Smaller, of course. 
The operation of a tube furnace for splitting ethane into 
ethylene, especially in the case of Small ethylene re 
covery, thus becomes substantially unprofitable due to the 
relatively high investment of money required. 
The fact still remains, however, that an economical 

transformation of ethane to ethylene is not only prefer 
able but actually absolutely essential, inasmuch as a part 
of the prescribed total expenditure which would have to 
be incurred for this purpose in any event has necessarily 
already been incurred due to the fact that the ethane has 
been extracted together with the ethylene from the coke 
OWen gas. 

In accordance with known procedures, the ethylene 
may be isolated from the ethane and other C3 and CA 
hydrocarbons by means of a low temperature fractiona 
tion. This is indepedent of whether or not an absorption 
step or operation has preceded such fractionation, the 
only requirement being that the coke oven gas is first 
freed from undesirable or interfering constituents. This 

carbons. 
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is similar, for example, to the isolation of hydrogen from 
coke oven gas for the synthesis of ammonia. 

In any event, at the end of such a procedure, and de 
pending on the fractionating arrangement employed, the 
initial ethylene is obtained with the desired degree of 
purity, while simultaneously those hydrocarbons having 
higher boiling points than ethylene can be recovered 
either individually or in a mixture of C2- to C4-hydro 

The latter mixture consists mainly of ethane. 
It is, therefore, another underlying principle of the 

present invention to return the ethane, which is a part 
of the low boiling hydrocarbons obtained during the iso 
lation of ethylene by means of the above mentioned low 
temperaure fractionating procedure, to the coke oven at 
suitable coking periods of the coal charges in said oven, 
whereby the cithane is split or cracked into additional 
quantities of ethylene. 

According. to a further characteristic of the invention, 
the other hydrocarbons which are recovered during the 
low temperature fractionation, besides ethane, are also 
split into ethylene in the coke oven. To this end, the 
ethane or the mixture of ethane with other C- and C 
hydrocarbons is introduced either into the gas collection 
space located on the oven side opposite the fuel gas main 
or into a lower portion of the coke oven, so that a part 
of the cracking path of these hydrocarbons runs over 
the glowing coke. 

This last-mentioned procedure may best be realized 
from the following test comparison carried out in a set 
of coke ovens which were in an advanced coking state. 
The two hydrocarbon masses which were cracked under 
similar conditions consisted of an ethane gas mixture and 
a mass of crude Arabian oil supplied by Aramco 
(Arabian-American Oil Co.). 

(a) The ethane gas mixture included the following 
constituents: 

Percent by volume 
Ethylene ----------------------------------- 8.6 
Ethane ------------------------------------- 78.5 
Propene ------------------------------------ 5.8 
Propane ------------------------------------ 4.8 
C4 and higher boiling hydrocarbons ------------- 2.3 

Upon analysis of the gases leaving the coke oven subse 
quent to the cracking operation it was found that 52% 
of the introduced ethane gas mixture was cracked and 
transformed into ethylene. 

(b) In the case of the crude oil it was found that only 
17% of the introduced charge of oil was cracked and 
transformed into ethylene. 

Although the above-described test comparison was not 
carried out under optimum conditions for forming ethyl 
ene by cracking of relatively higher hydrocarbons, it will 
be readily seen that the process according to the present 
invention is considerably more efficacious than the here 
tofore known procedures. 
The complete and integrated ethylene recovery process 

according to the present invention is carried out sub 
stantially as follows: 
As Set forth in the above-mentioned copending ap 

plication Ser. No. 554,814, the coke oven gas is initially 
Subjected to a superatmospheric pressure, which may be 
as low as 8 to 10 atm. or as high as approximately 20 
atm, and mingled with a fluid absorption medium such 
as crude benzene at a temperature of about 20° to 25 C. 
The benzene absorbs not only the desired hydrocarbons, 
i.e., ethylene, ethane, etc., but also methane and a num 
ber of undesired ballast substances such as hydrogen sul 
fide, organic sulfur compounds and higher hydrocarbons. 
The charged benzene is then repeatedly expanded, i.e., 

subjected to a series of successive pressure reductions 
carried out in a plurality of subordinate pressure drop 
stages, whereby the crude ethylene is substantially liber 
ated from said benzene while the ballast substances, es 
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losses of ethylene and higher hydrocarbons incurred 
amounted to only 0.67 mol/hr, which is equivalent to 
about 15 Nm3/hr. 

After the low temperature fractionation is completed, 
as indicated hereinabove, the ethane or mixture of ethane 
with, say, C- and C4-hydrocarbons is returned to one 
or more properly conditioned coking ovens in the coke 
plant or installation from which the initial coke oven 
gas was obtained for further cracking of the ethane and 
the other appropriate hydrocarbons into additional eth 
ylene. 
The advantages attendant the process according to the 

present invention, in contradistinction to the procedures 
employing either only a fluid absorption medium or only 
activated carbon, are the following: 

(1) The crude ethylene is obtained in concentrated 
form, whereby further processing of the crude ethylene 
to its pure state becomes simpler and less expensive. 

(2) In contradistinction to absorption exclusively by 
means of activated carbon according to procedures here 
tofore known, the activated carbon employed in accord 
ance with the present invention cannot be contaminated 
and may, therefore, be used for longer periods of time. 
Another advantage attendant the present invention 

resides in the fact that the inherently produced ethane 
or mixture of ethane with Ca- and Ca-hydrocarbons is 
reconducted to one or more of the coke ovens, whereby 
these light and low boiling hydrocarbons produced in con 
centrated form during the low temperature fractionation 
may be cracked in said oven or ovens (for producing 
more ethylene) to a considerably better extent than high 
er boiling hydrocarbons. 
A further advantage of the invention stems from the 

combination of a low temperature fractionation with 
ethane cracking in a coke oven. In other words, the 
quantity of ethane or ethane gas mixture produced dur 
ing the low temperature fractionation is so small that, 
at the operational speeds required for the cracking, the 
gases to be cracked need only be fed to a small number 
of the coke ovens which make up the coke plant em 
ployed for producing the total coke oven gas quantity 
to be subjected to the ethylene extraction procedures. 

It is, therefore, possible to employ only such coke ovens, 
for cracking ethane as are found to be in a coking con 
dition or state most suited for this reaction. 
A further considerable advantage of carrying out the 

supplementary cracking procedure in a coke oven, as 
distinguished from carrying such cracking procedure out 
in a specially provided tube furnace, is that the expenses 
relating to setting up a tube furnace and providing the 
same with fuel are completely eliminated. 
As a further refinement of the process according to the 

present invention and depending on the amount of the 
benzene or like absorption medium in the gas mass being 
treated, a certain quantity of said medium is continuously 
removed as the same is circulated after liberation there 
from of the desired hydrocarbons. In this manner, ex 
cessive enriching of the solvent in high boiling hydrocar 
bons and undesired sulfur compounds is avoided. 

It will, of course, be realized that other modifications 
of the invention, such as, inter alia, the use of different 
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pressure values in the various expansion stages, of different 
numbers of such expansion stages, of different tempera 
tures, of different fluid and solid absorption media, and 
of different procedures for separating the initially re 
covered ethylene from the other low boiling hydrocar 
bons prior to cracking of the latter, are all contemplated 
within the scope of the present invention, which is to be 
limited only to the extent expressed in the appended claim. 

Having thus described the invention, what is claimed 
as new and desired to be secured by Letters Patent is: 
The process of recovering gaseous ethylene from a 

coke oven gas mixture of relatively low ethylene concen 
tration and further containing other desired gaseous low 
boiling hydrocarbons, undesired gaseous higher boiling 
hydrocarbons and other undesired gaseous substances, 
comprising the steps of bringing said mixture into contact 
with benzene under a relatively high superatmospheric 
pressure and at a temperature ranging from 20° C. to 
25 C. to effect absorption of all of the constituents of 
said mixture by said benzene, reducing to a first prede 
termined superatmospheric value ranging up to three 
atmospheres the pressure on said benzene and mixture 
absorbed thereby to effect a partial liberation from said 
benzene of a relatively small quantity of said ethylene 
and desired hydrocarbons and a relatively large quantity 
of said undesired hydrocarbons and other substances, re 
ducing the pressure on the remainder of said benzene 
and mixture absorbed thereby to a second predetermined 
value of about 1.05 atmospheres to effect a partial libera 
tion of an additional relatively small quantity of said 
ethylene and desired hydrocarbons and an additional 
relatively large quantity of said undesired hydrocarbons 
and other Substances, reducing the pressure of the re 
mainder of said benzene and mixture absorbed thereby 
Successively to a third value of about 0.25 atmosphere 
and to a fourth value of about .1 atmosphere to effect par 
tial liberation of still further but relatively large quanti 
ties of said ethylene and desired hydrocarbons and still 
further but relatively small quantities of said undesired 
hydrocarbons and other substances, bringing said quanti 
ties of liberated hydrocarbons and other substances into 
contact with activated carbon to effect absorption only of 
said desired hydrocarbons, said ethylene and some of said 
undesired hydrocarbons by said activated carbon, apply. 
ing Steam to said activated carbon to liberate said ethylene 
and Said desired hydrocarbons therefrom, fractionating 
the latter at low temperatures to separate said ethylene 
from the remainder of said desired hydrocarbons, and 
further passing the latter through the coke ovens from 
which said coke oven gas mixture was obtained to there 
by crack and transform said desired hydrocarbons into 
additional ethylene, whereby the total ethylene yield is 
considerably enhanced. 
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