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[57] ABSTRACT

C»-C3 olefins are recovered from a low concentration
gaseous feedstream, e.g. a Fischer-Tropsch waste gas.
In a first process stage, the weight percent concentra-
tion of the olefins is enriched to at least about 25%. One
specific enrichment technique includes scrubbing, pref-
erably 2-stage scrubbing, with hydrocarbon scrubbing
agents. Another technique comprises condensation of
the olefin in regenerators and absorbing same in a purge
phase. The resultant enriched stream, in any case, is
then subjected to conventional low temperature separa-
tion to recover relatively pure individual streams of
ethylene and propylene.

* 20 Claims, 2 Drawing Figures
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ECONOMIC RECOVERY OF ETHYLENE AND/OR
PROPYLENE FROM LOW CONCENTRATION
FEEDS

BACKGROUND OF THE INVENTION

This invention relates to a process and apparatus for
the recovery of low-molecular weight olefins from a
gaseous stream containing low concentrations of these
hydrocarbons and of the corresponding paraffins.

Low-molecular weight olefins, especially ethylene,
constitute important starting materials for the chemical
industry and are required in large quantities. A conven-
tional large-scale industrial process for the production
of ethylene and propylene comprises the pyrolysis of
hydrocarbons, using high cracking temperatures and
short residence times. Such processes usually lead to a
product gas containing, in a typical cracking operation
based on naphtha and gas oil, between 20% and 30% by
weight of ethylene. This cracked gas, after cooling and
separation of condensed less volatile materials, is frac-
tionated into its individual components in a low temper-
ature gas separation facility. ‘

Economically feasible operation of such a low-tem-
perature separation facility requires that the concentra-
tion of the desired low-molecular weight olefins in the
feed gas be at a concentration of generally at least on
the order of about 20% by weight, varying according to
plant investment and operating costs of the particular
facility as well as to the market price for the final prod-
ucts.

A lower concentration of the olefins generally results
in an economically unattractive Io0w-temperature sepa-
ration, the lower the concentration, the poorer the eco-
nomics.

In a number of large-scale industrial processes not
having a major objective of obtaining low-molecular
weight olefins, there are nevertheless by-product or
waste gaseous streams produced containing such a low
concentration of olefins that the low temperature re-
covery thereof is not economically feasible. Such a gas

is, for example, the waste gas from a Fischer-Tropsch

synthesis oriented primarily to the production of hydro-
carbons boiling in the gasoline range from a synthesis
gas of hydrogen and carbon oxides. The waste gas pro-
duced in such a process contains mostly unreacted syn-
thesis gas along with a minor quantity of light hydrocar-
bons formed during the synthesis, such as methane,
ethane, ethylene, propane, propylene, and C4-hydrocar-
bons. The ethylene or propylene content ranges, for
example, at about 2-3 mol-% in a conventional Fischer-
Tropsch plant.

Additional information concerning the prior art pro-
cesses is found in U.S. Pat. No. 2,915,881, discussed in
greater detail below.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
economiically feasible process for recovering low mo-
lecular weight olefins from low concentration feed-
streams. R

Another object is to provide apparatus for such a
process.

Upon further study of the specification and appended
claims, further objects and advantages of this invention
will become apparent to those skilled in the art.

These objects. are attained by providing a process
wherein in a first process stage, at least one fraction is
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obtained from the gaseous feedstream with an increased
concentration of the low-molecular weight olefins and
of the corresponding paraffins if present; and that the
low-molecular weight olefins are thereafter recovered
from the thus-produced fraction(s) in a second process
stage by low-temperature separation.

According to the invention, a procedure is thus pro-
posed wherein initially an enrichment of all hydrocar-
bons is effected which lie in the boiling range of the
olefins to be recovered. The resultant gaseous streams
enriched in the olefins to be obtained can then be fur-
ther processed by low-temperature separation. By “low
molecular weight olefins” is meant Cj- to Cs-olefins,
specifically ethylene and propylene.

Gaseous feedstreams suitable for the process of this
invention are preferably those containing at least 2
mol-% ethylene and/or 2 mol-% propylene. Although
an enrichment of these olefins is also possible in case of
lower concentrations in the gaseous stream, the expen-
diture for the enriching step at lower concentrations in
most cases under prevailing economic conditions be-
comes so high that an olefin-producing step is economi-
cally unjustifiable. Conversely, this invention is most
advantageous at the present time when the feedstreams
contain not more than about 12, preferably not more
than about 8 mol-% ethylene and/or not more than 15,
preferably not more than about 10 mol-% propylene.

To ensure an advantageous operation of the subse-
quently connected low-temperature separation system,
it is suitable to proceed with the enrichment in the first
process stage to such an extent that at least about 25
mol-% olefins, preferably more than 35 mol-% olefins
are present in the concentrate. The proportion of the
individual olefins can very in this connection, depend-
ing on the composition of the gaseous stream. Thus,
when obtaining olefins from the waste gases of a Fisch-
er-Tropsch synthesis, it is advantageous to aim, in the
first process stage, for ethylene concentrations of be-
tween about 10 and 17 mol-%, in order to obtain a
suitable feed for the second process stage. An even
further increase in the olefin proportion in the first
process stage is desired, as long as no intolerably high
expense is required for this purpose in the first process
stage, and since higher olefin concentrations even tend
to facilitate the separating task in the second process
stage.

When processing the waste gas from a Fischer-
Tropsch synthesis according to the process of this in-
vention, it is advantageous first to separate carbon diox-
ide from this gas. This component, present in the wasie
gas in a high concentration, e.g. 47 mol-%, can be sepa-
rated conventionally in a preceding process stage.
Scrubbing methods or adsorption processes are suitable
for this purpose, for example.

Since an individual Fischer-Tropsch synthesis con-
ventionally is based on a feedstock of a synthesis gas
produced by the gasification of coal or other heavy,
carbon-containing starting materials, the process of this
invention constitutes a breakthrough insofar as it pro-
vides for the economically feasible production of ethyl-
ene and/or propylene as by-products from such feed-
stocks.

The enriching of the olefins in the first process stage
can be conducted by a scrubbing step in one embodi-
ment of the process of this invention. In such a case, it
is expedient to utilize scrubbing media which selec-
tively absorbs gaseous low mol rate hydrocarbons. It
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has proven to be especially advantageous to use hydro-
carbons as the scrubbing media, for example hydrocar-
bons of 4-8 carbon atoms in the molecule. ‘

In an especially favorable embodiment of this inven-
tion, the enrichment of the olefins is conducted in a
two-stage scrubbing process wherein, in the second
scrubbing stage, a lower temperature is ambient than in
the first scrubbing stage, the temperature difference
being preferably about 15° to 35° C., especially 20° to
30° C., and wherein differing scrubbing media are em-
ployed in the two scrubbing stages. The loaded scrub-
bing media of the individual scrubbing stages are regen-
erated in separate cycles during which step the compo-
nents scrubbed out of the gaseous stream are released
and can be introduced into the second process stage.

Although a two-stage process for obtaining ethylene
from gases rich in C; has been known from U.S. Pat.
No. 2,915,881, this procedure would have considerable
disadvantages if applied to the feedstream of the inven-

tion having a low olefin content. In the patented 2

method, the raw gas is fed to two series-connected
absorption columns utilizing propylene as the scrubbing
agent, wherein the temperature in the first scrubbing
stage is higher than in the second scrubbing stage. The
pressures in the two columns are about 35 bar. Since a
Cy-rich gas is involved, the compression of the entire
gas to this pressure has no deleterious effect. The minor
proportion of these hydrocarbons in the gaseous
streams to be processed according to this invention
would presuppose, if the conventional process were
utilized, that here, too, the entire gas be compressed to
35 bar and cooled to relatively low temperatures,
namely about —63° C. in the first scrubbing stage and
—73° C. in the second scrubbing stage. These opera-
tions could only be accomplished with a very great
energy expenditure, and would nowise produce an anal-
ogous yield of the desired hydrocarbons. Besides, the
high proportion of inert components at —73° C. and 35
bar would lead at the head of the second absorber to a
loss of about 50% of the C3-hydrocarbons contained in
the gas; however, these Cs-hydrocarbons are also desir-
able as a product in such a process.

A particularly advantageous feature of this invention
resides in the use of Cs-or higher hydrocarbons as the
scrubbing medium in the first scrubbing stage and the
use of Cs- or higher hydrocarbons in the second scrub-
bing stage. The operation of the first scrubbing step
with a scrubbing medium having a lower boiling point
has the advantage of requiring a smaller amount of
scrubbing medium to scrub out the C3 -hydrocarbons.
This leads to lower initial investment costs and a lower
refigeration loss due to incomplete heat exchange in the
heat exchanger between the first scrubbing stage and
the associated regenerating column. The desired low-
molecular weight olefins can be enriched in concentra-

tions of up to 15-30 mol-%, without having to compress

concomitantly an excessive amount of inert compounds.
Thus, the hydrocarbons, after enrichment, are present
in a concentration permitting economically attractive
processing in a downstream low-temperature separation
plant.

A preferred scrubbing medium in the first scrubbing
stage is butane and in the second scrubbing stage, hex-
ane. This has the advantage that neither the tempera-
tures nor the pressures need to assume extreme values.
In this case, C3-hydrocarbons are scrubbed out advan-
tageously in the first scrubbing stage at about —5° to
—25° C,, preferably about —20° C., and in the second
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scrubbing stage, Cp-hydrocarbons are scrubbed out at
about —30° to —50° C., preferably about —40° C. and
under ‘pressures of between 10 and 20 bar, preferably
about 15 bar for the preferred temperatures. Butane
boils lower than hexane, and therefore the regeneration
of the butane can be accomplished under a pressure of
about 11 bar, and at more importantly sump tempera-
tures at which unsaturated hydrocarbons, e.g. diolefins,
do not as yet polymerize. Thus it is possible to feed a
portion of resultant concentrate to further separation
while already under an initial superatmospheric pres-
sure. The refrigeration can be made available at moder-
ately low temperatures readily and inexpensively by the
propylene cycle which is necessary in any case in the
low-temperature separation stage.

When using butane and hexane as the scrubbing me-
dia, pressures of between about 10 and 20 bar are em-
ployed in the scrubbing columns. If the waste gas to be
processed is supplied at a lower pressure, then it is
merely necessary to replace the scrubbing media by
higher homologs.

According to a further embodiment of the process of
this invention, the loaded scrubbing medium of the first
scrubbing stage is freed from the Cs-hydrocarbons by
stripping, and the remaining scrubbing medium is with-
drawn and, by heating, Cs4- and higher hydrocarbons
are vaporized therefrom. The resultant gas is used as the
stripping gas for removing the Cs-hydrocarbons. For
this purpose the separation of the Cs-hydrocarbons
from the scrubbing medium is preferably conducted in a
C3/Cy-separating column mounted above a separating
column for higher hydrocarbons, so that the vapors
produced in the last-mentioned separating column rise
through the liquid in the C3/Cs-separating column.

In another embodiment of the process of this inven-
tion, the enrichment of the olefins in the first process
stage is effected with the use of regenerators. In such a
method, several cyclically operated regenerators are
used. The regenerators are traversed by the gaseous
stream during the first or loading phase, cooling said
gaseous stream thereby. The components condensed
therefrom during the cooling step settle on the surface
of the regenerator packing while uncondensed compo-
nents are withdrawn. In a subsequent purge phase, the
condensed components are then revaporized by a
stream of purge gas and driven out. Conventionally, a
cooling phase follows such a purge phase, during which
the regenerator is cooled down to such low tempera-
tures that condensation of the components to be sepa-
rated takes place in the subsequent, new loading phase.
Such a regenerator process is preferably conducted
with the use of at least three cyclically interchangeable
regenerators.

In the recovery of low-molecular weight olefins ac-
cording to this invention from a gaseous stream consist-
ing essentially of components having a lower boiling
point than the olefins, for example hydrogen, carbon
monoxide, nitrogen, and methane, the olefins and high-
er-boiling components of the gaseous stream are con-
densed while flowing through regenerators and are thus
retained. In such a mode of operation, it is advantageous
to proceed with the cooling of the gaseous stream in the
regenerators to such a point that the olefins are essen-
tially completely condensed, so that in a subsequent
purge phase the purge stream can remove the olefins at
an enriched concentration. It proved to be advanta-
geous to cool the gaseous stream to such a degree that
Cy-hydrocarbons are condensed to an extent of at least
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95%, preferably 99% or more. A substantial further
cooling is not only economically unattractive owing to
the increased demand for refrigeration resulting in an
only minor rise in the olefin yield, but also leads in many
cases to a reduction in the olefin concentration in the
condensate, since the lower-boiling components, e.g.,
methane, are increasingly condensed.

To obtain the olefin-rich fraction during a purge
phase, it is advantageous to employ as the purge gas a
partial stream of the gaseous stream not condensed
during a loading phase. Since the purge step takes place
advantageously under a lower pressure than the loading
procedure, only a small amount of scavenging (purge)
gas is generally required, so as to mitigate dilution of the
olefin-rich condensed fraction with lower-boiling com-
ponents. :

While the loading of the regenerators is conducted in
a pressure range between about 5 and 15 bar, preferably
between 8 and 10 bar, the pressure during a purge phase
is suitably between 0.1 and 2.0 bar, for example approxi-
mately at atmospheric pressure. The purge operation
conducted under such low pressures, preferably 0.2 to
1.3 bar, has the advantage that the amount of scaveng-
ing gas is reduced and thus the dilution of the compo-
nents to be recovered is decreased; conversely, ex-
tremely low subatomspheric pressures entail high costs.

In an advantageous embodiment of the process of this
invention, the refrigeration requirement for operating
the regenerators is covered at least in part by engine
expansion of the uncondensed, cold gaseous stream or
of a partial stream thereof, In a preferred embodiment
of the technique, the refrigeration demand is supplied
by engine expansion of the purge gas stream, branched
off from the uncondensed gaseous stream.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional details of the invention will be described
hereinbelow with reference to two preferred embodi-
ments schematically illustrated in the figures. In both
examples, the waste gas from a Fischer-Tropsch synthe-
sis is employed as a source for the olefins to be obtained.

In the drawings:

FIG. 1 is a schematic drawing of a first embodiment
wherein the olefins are enriched in the first process
stage by a scrubbing step, and

FIG. 2 is a schematic drawing of an embodiment
wherein the olefins are enriched in the first process
stage by the utilization of regenerator means.

DETAILED DESCRIPTION OF THE
DRAWINGS

Via conduit 1 of the embodiment shown, in FIG. 1
4,461.5 kmol/h of waste gas from a Fischer-Tropsch
synthesis, from which the carbon dioxide, initially pres-
ent in an amount of 47 mol-% in the waste gas, had been
conventionally removed in a scrubbing column, not
shown, is introduced under a pressure of 15 bar and at a
temperature of about 30° C. into a heat exchanger 2.
The gas is not compressed before entering the scrubbing
stage, since it already has the desired pressure of 15 bar
from the Fischer-Tropsch synthesis. In heat exchanger
2, the gas is cooled to about 5° C. countercurrently to
scrubbed gas and then passes via conduit 3 into the
bottom of the first scrubbing stage 4. The waste gas has
the composition set forth in Table 1.

In the scrubbing column 4, the gas is scrubbed coun-
tercurrently to downflowing liquid butane at 15 bar,
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said liquid having entered the column at —20° C. The
major portion of the Cj..-hydrocarbons contained in
the gas is thereby removed from the gaseous feedstream
(F-T waste stream). The gas exiting from the head of
the scrubbing column 4, the composition of this gas
being derivable from Table 1, has a temperature of
about —15° C. and is conducted via conduit § into a
heat exchanger 6. In the latter heat exchanger, the gas is
again cooled counter-currently to scrubbed gas and
then passes via conduit 7 into the bottom of the second
scrubbing column 8, this column operating at about 14
bar due to minor pressure drops between this column
and the scrubbing column 4. In the scrubbing column 8,
C;-hydrocarbons and higher hydrocarbons still present
in the gas are scrubbed out by means of entering hexane
at —40° C. in a countercurrent operation. The scrubbed
gas having the composition set forth in Table 1 exits
from the scrubbing column 8 with a temperature of
about —40° C. and is removed via conduit 9 and via the
heat exchangers 6 and 2.

As can be seen from Table 1, all Cz- and higher hy-
drocarbons contained in the feedstream are completely
scrubbed out except for minute amounts of C;-hydro-
carbons. The thus-scrubbed gas still contains small
amounts of hexane due to saturation from the scrubbing
medium.

From the Cas-scrubbing stage of the first scrubbing
column 4, the scrubbing medium, loaded with C3-
hydrocarbons, is withdrawn at the sump via conduit 10
and fed into a heat exchanger 11. In the latter, the
loaded butane is warmed countercurrently to regener-
ated butane and conducted via conduit 12 into the upper
part of a separating colum 13, said column having a
bottom part and an upper part which are separated from
each other with regard to the liquid flow. Both parts are
supplied with bubble trays for intimately contacting the
downflowing liquid with the raising vapours in the
column.

In the upper part of column 13, Cs-hydrocarbons and
all lower-boiling components are separated overhead.
The scrubbing medium is discharged from the bottom
zone of the upper part of the column via conduit 20. A
portion of the scrubbing medium is fed into a heat ex-
changer 22 via pump 21 and conduit 20 and, after cool-
ing to about —15° C,, in heat exchanger 22, reintro-
duced into column 4 as the scrubbing medium. The
other portion is introduced via conduit 14 into the
lower portion of column 13; from the sump of this col-
umn, there are withdrawn C4,-hydrocarbons. The
overhead of the bottom part of this column comprising
gaseous Cy-hydrocarbons is fed as heating vapor to the
upper part of column 13.

The gas, enriched with Cs-hydrocarbons leaves the
separating column 13 overhead at about 30° C. and is
conducted via conduit 15 to a heat exchanger 16
wherein residues of higher-boiling hydrocarbons are
condensed and separated in phase separator 17. The
condensates pass via conduit 18 as reflux liquid back
into the separating column 13 whereas the gas rich in
Csis conducted at a pressure of about 12 bar via conduit
19 into a low-temperature separation system, not
shown. The gas rich in C3 has the composition in-
ducated in Table 1.

The scrubbing medium of the second scrubbing stage,
for exmple hexane, is regenerated in the same way. The
loaded hexane at a temperature of about —30° C. leaves
the sump of the scrubbing column 8 via conduit 23 and
passes into a heat exchanger 24 wherein it is warmed
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countercurrently to regenerated hexane, whereupon it
is conducted via conduit 25 after throttling in throttling
means (not shown) to a pressure of about 5 bar into the
middle of a separating column 26. In the latter, the Cs-
and any remaining residues of higher hydrocarbons are
heated in the reboiler to about 120° C., vaporized
therein, and withdrawn as overhead at about 30° C. via
conduit 27 and then conducted into a heat exchanger 28.
In this latter heat exchanger, the Cs- and Cs-hydrocar-
bons are condensed. These condensates are separated in
a separator 29 and recycled inio the separating column
26 via conduit 30. The gas rich in Cy, the composition of
which can be derived from Table 1, is conducted from
separator 29 via conduit 31 into a low-temperature sepa-
ration system, not illustrated.

Part of the condensate, especially the Cs-hydrocar-
bons, can be branched off from conduit 30 and passed to
the same level as conduit 12 and fed via conduit 32 into
the separating column 13.

Part of the thus-regenerated hexane is passed to the
reboiler at the sump of the separating column 26, and
the other part is withdrawn via conduit 33 and cooled in
heat exchanger 24 countercurrently to loaded hexane.
Via pump 34, the regencrated hexane is finally passed
into another heat exchanger 35 wherein it is cooled to
about —40° C. and introduced at the head of the scrub-
bing column 8 into the scrubbing stage.

As can be seen from Table 1, a Cs-enriched gas is
obtained by the use of the process of this invention,
whith about 60% Cj-hydrocarbons, and a Ci-enriched
gas is furthermore obtained with about 60% Cs-hydro-
carbons. The high olefin proportion in these fractions
can be separated in the usual way from the remaining
components in low-temperature separation plants, and
can be obtained as the desired product of the process.

In the embodiment illustrated in FIG. 2, the starting
material is the same amount of a gaseous stream having
the same composition as in the aforedescribed embodi-
ment. The waste gas of the Fischer-Tropsch synthesis,
from which carbon dioxide has again been removed in a
preceding process stage, not illustrated, is conducted
via conduit 36 into a first of three parallei-connected
regnerators 37, 38 and 39. The regenerators are in com-
munication with one another via a conduit system, not
shown in the figure, in such a way that by operating
various valves a cyclic interchangeability of the operat-
ing conditions of the individual regenerators is made
possible.

The feedstream fed via conduit 36 is under a pressure
of about 10 bar and is introduced into the regenerator
37, the packing of which had been cocled in a preceding
process stage by a specific temperature difference. Dur-
ing cooling of the gas to about —150° C,, all C»- and
higher hydrocarbons are condensed and setile on the
regenerator packing. The gas exiting from the cold
regenerator end via conduit 48 and having the composi-
tion set forth in Table 2, is conductied through heat
exchanger 41 through conduit 42, and through heat
exchanger 43, the gas being cooled by about a further 3°
C. during this procedure. The gas is then passed via
conduit 44 into a phase separator 45 wherein additional
condensate, formed during the cooling step, is sepa-
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rated. This condensate is withdrawn via the conduit 47,
equipped with a valve 46, and after being warmed in
heat exchangers 43 and 41, is fed into regenerator 38.
The gaseous phase from separator 45 is introduced via
conduit 48 to the heat exchanger 41 and thereafter sub-
divided into two partial streams. The largest part of this
gaseous stream isiintroduced via conduit 49 into regen-
erator 39 wherein it is warmed and then leaves the
system discussed herein via conduit 50 at a pressure of
about 5 bar. A smaller portion of the gas warmed in heat
exchanger 41 from conduit 48 is conducted via conduit
St to an expansion turbine 52 and is work expanded
therein with production of refrigeration. The thus-
cooled, partially expanded gas passes via conduit 33
again into heat exchanger 41 and transfers its cold con-
tent to the gaseous stream in conduit 48. After reheat-
ing, further expansion is effected in expansion turbine 54
to obtain additional cold for covering the refrigeration
demand of the process. The gas, expanded to about 1.1
bar, is conducted via conduit 55 to conduit 47 and is
combined at 56 with the expanded condensate from
separator 45. After being reheated in heat exchanger 41,
this stream is conducted through regenerator 38 and
serves to absorb the condensates precipitated in a pre-
ceding cycle. The gas withdrawn via conduit 57 during
such a purge cycle is the fraction enriched with olefins
which, after compression in a compressor 58, is con-
ducted via conduit 3% to a low-temperature separation
system. The composition of this fraction can be seen
from Table 2.

The aforedescribed process with three regenerators is
especially advantageous with an intake pressure of the
compressor 58 of 1.1 bar, since the required amount of
purge gas corresponds precisely to the guantity of gas
which must be expanded in turbines 52, 54 for covering
the refrigeration losses. '

In a modification of the described regenerator pro-
cess, the recovery of the olefin-enriched fraction con-
densed in a regenerator can be effected by purging at a
lower pressure, for example at 0.1 bar. Such a modifica-
tion has the advantage that the condensed hydrocar-
bons are driven oyt by a smaller quantity of scavenging
gas and thus are obtained in a more concentrated form.
Due to the lower requirement of purge gas, though, it is
impossible to cover the refrigeration Josses of such a
method by expansion of the purge gas. It is therefore
advantageous in such a case cither to resort to external
refrigeration or 16 select a process with four regenera-
tors wherein the remainder of the waste gas stream
expanded to cover the refrigeration requirement is in-
troduced into the fourth regenerators.

The low-temperature separation systein not illus-
trated in detail in the drawing is conventional and is
described in the following references incorporated
herein:. Information Leaflets “CyH4-Plant for produc-
tion of ethylene, propylene, acetylene, butadiene, gaso-
line and aromatics” and “C;H4, CiHg-Plant for the
production of ethylene and propylene,” published 1978
by Linde A. G. Further relevant references are German
Pat. No. 2509689. U.S. Pat. No. 4,218,229 and copend-
ing U.8. patent application Ser. No. 082,452, filed Oct.
9, 1979.

TABLE 1
Gas After Gas After Gas After Cs Enriched €, Enriched
CO, Removal Cg4 Scrubking Step Cg Scrubbing Step Gas Gas Cas
H; 56.24 65.31 72.49 2.45 6.75 —
N2 4+ CO 9.28 10.68 11.56 112 4.06 —
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TABIE l-continued ) )
Gas After Gas After Gas After C3 Enriched  C3 Enriched
CO; Removal  Cg4 Scrubbing Step  Cg Scrubbing Step Gas Gas Cay
CHy 14.66 16.34 15.81 5.42 ‘ 25377 —
CaH, 3.8 3.04 0.01 10.26 3451 —
CaHg 3.13 . 2.50 0.01 8.42 28.35 —
Cs 7.14, 0.08 — 59.94 0.96 —
on 322 2.05 = 12.39 - 42.03
Cs¢ - 252 — 0.12 - = 57.95
(Data in Mol-%) '
TABLE 2
Gas After Waste Gas From Concentrate 3 H H . H . .
edium in the s ing sta
0 Enrichment From Entichment ;lhe scrubbing medium in the second scrubbing stage is
Removal {Conduit 50) (Conduit 57) €xane. . : L
15 6. A process according to claim 4, wherein in the first
H 56.24 73.18 27.09 . :
Nz + CO 928 1172 5.09 scrubbing stage, C3- and higher hydrocarbons are sub-
CH, 14.66 15.04 14.02 stantially quantitatively scrubbed out and, in the second
CaHy 3.81 0.06 10.27 scrubbing stage, Cp-hydrocarbons are substantially
CaHg 3.13 - 8.48 quantitatively scrubbed out.
C3Hg 5.83 — 15.88 ) . . .
CaHg 131 _ 3.56 2 7 AAprocess according to clfnm 4, wherein in the first
Cs 322 , — 8.75 scrubbing stage, Ci- and higher hydrocarbons are
Csy. 2.52 — 6.86 scrubbed out at —20° C. and, in the second scrubbing
(Data in Moi-%) stage, Cy-hydrocarbons are scrubbed out at —40° C.

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

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 modifica-

ions of the invention to adapt it to various usages and
conditions.

What is claimed is:

1. A process for recovering C;-Cs olefins from a
gaseous feedstream obtained from a Fischer-Tropsch
waste gas containing about 2-3 mol % ethylene or prop-
ylene, said process comprising in a first process stage,
scrubbing said gaseous feedstream with a C4-Cjs liquid
hydrocarbon, to absorb said olefin therein and recover-
ing from said liquid hydrocarbon a gaseous stream, the
weight percent concentration of said olefins in said
gaseous stream being at least about 25%; and in a sec-
ond process stage, recovering said olefins from said
gaseous stream by a low-temperature separation, and
wherein said Fischer-Tropsch waste gas is subjected to
a carbon dioxide separating step before entering the first
stage.

2. A process according to claim 1, wherein the olefins
are enriched in the first process stage to more than 35
mol-%.

3. A process according to claim 1, said gas scrubbing
stage being a two-stage scrubbing process conducted
with a temperature which is lower in the second scrub-
bing stage than in the first scrubbing stage, differing
scrubbing media being employed in the two scrubbing
stages, which scrubbing media are regenerated sepa-
rately from each other and are recycled into the respec-
tive scrubbing stages.

4. A process according to claim 3, wherein the scrub-
bing media employed are, in the first scrubbing stage,
Cs- or higher hydrocarbons and, in the second scrub-
bing stage, Ce¢- or higher hydrocarbons, the second
stage scrubbing media having a higher normal boiling
point than said first stage.

5. A process according to claim 4, wherein the scrub-
bing medium in the first scrubbing stage is butane and
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8. A process according to claim 4, the hydrocarbons
in both scrubbing stages being scrubbed out at approxi-
mately the same pressures ranging between 10 and 20
bar.

9. A process according to claim 4, further comprising
stripping Csz-hydrocarbons from loaded scrubbing me-
dium of the first scrubbing stage, withdrawing remain-
ing scrubbing medium, heating said remaining scrub-
bing medium to evolve Cy- or higher hydrocarbons out
and utilizing resultant evolved gas for said stripping of
the Ci-hydrocarbons.

10. A process according to claim 9, wherein said
stripping of Cs-hydrocarbons from the scrubbing me-
dium of the first scrubbing stage is conducted in a
C3/Cy-separating column, a second separating column
for higher hydrocarbons being placed underneath said
C3/C4 separating column, the vapors from this second
separating column rising through the liquid in the
C3/Cy-separating column and functioning as reboiler
vapor.

11. A process for recovering Cy-Cy olefins from a
gaseous feedstream obtained from a Fischer-Tropsch
waste gas containing 2-3% ethylene or propylene, said
process comprising in a first process stage partially
condensing said feedstream in at least one of several
cyclically operated and interconnected regenerators to
condense out olefins in said regenerator and then re-
moving said condensed out olefins therefrom as a gase-
ous stream having a weight percent concentration of
said olefins of at least 25%; and in a second process
stage recovering said olefins from said gaseous stream
by a low temperature separation, and wherein said
Fischer-Tropsch waste gas is subjected to a carbon
dioxide separating step prior to entering the first stage.

12. A process according to claim 11, wherein at least
three regenerators are employed.

13. A process according to claim 11, wherein the
feedstream is a gaseous stream consisting essentially of
components having a lower boiling point than the ole-
fins, and comprising substantially entirely condensing
the olefins and any corresponding paraffins during a
loading phase of the regenerators while the gaseous
feedstream flows therethrough, and revaporizing said
olefins and any corresponding paraffins by passing a
purge gas through said regenerator, and conducting



http://ww. Pat ent Gopher.com

4,401,450

11
resultant purge gas containing the olefins to the second
process stage.

14. A process according to claim 13, wherein said
gaseous feedstream is cooled during a loading phase to
a temperature at which the Cz-hydrocdrbons are con-
densed to an extent of at least 95%.

15. A process according to claim 13, wherein a partial
stream of uncondensed feedstream withdrawn from the
loading phase is utilized as the purge gas stream.

16. A process according to claim 15, further compris-
ing engine expanding said purge gas stream to provide
make-up refrigeration for the regenerators.
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17. A process according to claim 13, further compris-
ing engine expanding of at least one portion of the un-
condensed gaseous feedstream withdrawn from the
loading phase to provide make-up refrigeration for said
regenerators.

18. A process according to claim 13, wherein purge
gas pressure is 0.1-2.0 bar.

19. A process according to claim 13, wherein the
gaseous feedstream in the first process stage is under a
pressure of between 5 and 15 bar.

20. A process according to claim 11, wherein the
olefins are enriched in the first process stage to more
than 35 mol-%.

* ok % * *




