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RECOVERY

This invention relates to a method of treating gaseous
streams containing normally gaseous olefins, such as
ethylene and propylene. More particularly, this inven-
ton relates to a method for separating and utilizing the
olefin content (ethylene and propylene) of gaseous
streams .such as are available at a petroleum refinery.
In accordance with one embodiment this invention is
concerned with the recovery of ethylene and propylene
from the residue gases of a petroleum treating process
such as the gases from a fluid catalytic cracking unit.
In accordance with still another embodiment this inven-
fion is directed to a method of upgrading an olefin-con-
taining fuel gas by the recovery of the normally gaseous
olefins therefrom and separately treating the recovered
olefins for the production of more valuable chemicals
and/or materials therefrom.

In a petroleum refinery operation there are produced
numerous gaseous hydrocarbon-containing streams which
per se have substantially little value and, accordingly,
are often employed as fuel. Many of these gaseous
hydrocarbon-containing streams contain normally gas-
eous olefins, such as ethylene and propylene, in substan-
tial,” although minor, amounts, such as amounts in the
range of 2-15 volume percent, respectively. Hereto-
fore frequently because of the difficulties involved in
the separation of these normally gaseous olefins from
such streams, the olefins therein, despite the fact that
they are particularly desirable when in substantially pure
or concentrated amounts as chemical feed stocks for the
preparation of plastics and motor fuel components, rela-
tively little utilization of these normally gaseous olefins
has been made or attempted. For example, in some re-
finery operations it has been the practice heretofore to
employ the fluid catalytic cracker adsorber tail gas as
a fuel gas despite the fact that this tail gas contains sub-
stantial, although minor, amounts of ethylene and
propylene and despite the fact that this tail gas is avail-
able in very substantial quantities. )

Accordingly, it is an object of this invention to pro-
vide an improved process for the treatment of gaseous

streams containing normally. gascous olefins, . such as

ethylene and propylene. I

Another object- of this. jnvention is to provide an-im-
proved process for the recovery of ethylene and propyl-
ene from petroleum refinery streams.

Still another object of this invention is to provide a
process for upgrading normally. gaseous olefin-containing
gaseous streams: into more valuable products. :

Again another object of this invention is to provide an
improved process for the utilization of gaseous refinery
streams, such as a fluid ‘catalytic cracker - adsorber tail
gas containing minor amounts of ethylene and propyl-
ene.

How these and other objects of this invention are ac-
complished will become more apparent with reference
to the accompanying disclosure and drawing wherein
there is schematically illustrated one embodiment of a
process in accordance with this invention directed spe-
cifically to the separation of ethylene and propylene
from a gaseous stream containing the same and the
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eventual production of a propylene polymer particularly
suitable as a motor fuel component, and ethylene poly-
mer (polyethylene), a very useful plastic-like material
and/or, if desired, a relatively high octane number al-
kylate desirable as a component in a motor fuel.

We have provided a process for treating a gaseous
admixture containing ethylene and propylene wherein
the gaseous admixture is contacted with a special selec-
tive adsorbent which selectively adsorbs ethylene and
propylene in preference to the other components making
up the gaseous admixture. Following the selective ad-
sorption of cthylene and propylene from the gaseous
admixture which might also include other gaseous ma-
terials and hydrocarbons, such as mitrogen, carbon
monoxide, oxygen, hydrogen, methane, ethane, propane,
n-butane, isobutane, the butenes and similar higher mo-
lecular- weight hydrocarbons (paraffins and olefins), the
ethylene and propylene are desorbed. ‘

The resulting desorption effluent containing ethylene
and propylene is then passed to a catalytic polymeriza-
tion unit wherein the propylene content of the desorption
effiuent is polymerized to form a normally liquid propyl-
ene polymer (polypropylene). The resulting normally
liquid propylene polymer which is particularly suitable
as a motor fuel component by virtue of its relatively
high octane Tating is then separately recovered. Fol-
lowing the propylene polymerization process wherein the
propylene was polymerized in the presence of ethylene,
the residual ethylene stream, after separation of the
propylene polymer therefrom, together with the gaseous
desorption fluid, which might have been employed to
desorb the ethylene and propylene from the selective ad-
sorbent, is treated, as by fractionation, to yield a gaseous
stream comprising essentially only ethylene. This gase-
ous stream comprising essentially only ethylene is sub-
jected, if desired, to well known high pressure or low
pressure polymerization operations wherein the ethylene
is polymerized to form an ethylene polymer (polyethyl-
ene) which is recovered as product. If desired, a por-
tion of the ethylene-containing stream may be employed
to alkylate an isoparaffinic hydrocarbon, such as isobu-
tane, in a catalytic alkylation unit for the production of
a normally liquid alkylate, ie., a branched chain paraf-
finic hydrocarbon which is particularly useful as a motor
fuel component. The operation wherein a portion of
the ethylene is employed to alkylate an isoparaffinic hy-
drocarbon, such as isobutane, is particularly desirable
when the gaseous desorption fluid employed to desorb
ethylene and propylene from the selective adsorbent is
isobutane. When isobutane is thus employed the gas-
eous desorption effluent would initially comprise ethyl-
ene; propylene and isobutane. As indicated hereinabove,
the propylene contained in this desorption effluent is
separately catalytically polymerized in the presence of
the ethylene and the isobutane.

The special selective adsorbent employed in the prac-
tice of this invention is a sclid, particle-form selective ad-
sorbent which preferentially adsorbs ethylene and proply-
ene over normally gaseous materials, such as methane,
cthane, oxygen, nitrogen and the like. Particularly suit-
able as the special selective adsorbent in the practice of
this invention is a dehydrated crystallized sodium alumino-
silicate sold by Linde Air Products Company under the
trade name Linde type 4A molecular sieve. This partic-
ular dehydrated crystalline sodium alumino-silicate is a
porous crystalline material wherein the pores of the crys-
tals are of molecular dimension and of uniform size, ap-
proximately 4.0 Angstrom units, a pore size sufficiently
large to admit such materials as carbon monoxide, hy-
drogen sulfide, nitrogen, oxygen, methane, ethane, ethyl-
ene, acetylene, propylene, but sufficiently small to exclude
the relatively high molecular weight hydrocarbons (ie.,
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those hydrocarbons having a molecular weight greater
than propylene), such as propane, n-butane, isobutane,
the butenes, cyclopropane and higher molecular weight
paraffins (n-paraffins, isoparaffins), and olefins. This
same dehydrated crystalline sodium alumino-silicate ma-
terial having a uniform pore size of about 4 Angstrom
units preferentially adsorbs the unsaturated hydrocarbons,
such as ethylene and propylene, over the saturated hydro-
carbons, such as methane and ethane, and other gaseous
materials such as nitrogen and oxygen. The naturally
occurring zeolite (sodium alumino-silicate), analcite, ex-
hibits the property of preferentially adsorbing ethylene
and propylene over methane and ethane and is a suitable
selective adsorbent for use in the practice of this inven-
tion.

The selective adsorption operation in accordance with
this invention is carried out in the gaseous phase, pref-
erably at a relatively low temperature, such as a tem-
perature in the range 50° F.—400° F., more or less. Al-
though higher or lower temperatures might also be em-
ployed it is preferred to carry out the selective adsorp-
tion separation operation at about ambient temperature,
such as a temperature in the range 75-200° F,

The materials preferentially adsorbed on the particular
solid selective adsorbents employed in the practice of
this invention may be desorbed therefrom by any suit-
able means, e.g., high temperature, vacuum desorption or
combination of high temperature and vacuum desorption.
Preferably the adsorbed ethylene and propylene are de-
sorbed by contact with a suitable, readily separable (such
as by distillation, condensation, extraction and the like)
hot gaseous fluid such as carbon dioxide, which is sep-
arable from admixture with the resulting desorbed ethyl-
ene and propylene by aqueous caustic wash. The nor-
mally gaseous hydrocarbons, such as ethane, propane, n-
butane, isobutane, n-octane, isooctane and the like, are
particularly useful in the practice of this invention. The
desorption operation may be carried out at subatmos-
pheric, atmospheric or supraatmospheric pressure. Gen-
erally it is preferred to effect the desorption operation at
a temperature greater than that employed during the ad-
sorption operation. More particularly, it is preferred to
carry out the desorption operation at a temperature in the
range 200-750° F., more or less, preferably 50-250 de-
gre=s Fahrenheit higher than the adsorption temperature
employed.

As indicated herein, the adsorption and desorption op-
erations may be carried out as isothermal and/or iso-
baric coperations, i.e., the same temperature may be em-
ployed during the desorption and desorption operations
and/or the same pressure may be employed during the
adsorption and desorption operations. In accordance with
one embodiment of the practice of this invention it is
preferred to carry out the desorption operation at a rela-
tively reduced pressure with respect to the adsorption op-
eration, preferably at a subatmospheric pressure, such as a
pressure in the range 2-12 p.s.i.a,

Various gaseous ethylene and propylene-containing
streams can be satisfactorily treated and employed in the
practice of this invention. The practice of this inven-
tion is particularly applicable to those gaseous streams
which contain minor amounts of ethylene and propylene,
such as amounts of ethylene and propylene in the range
1-15% by volume. Gaseous streams containing in com-
bination major amounts of ethylene and propylene, e.g.,
total ethylene and propylene content in the range 50-85%
by volume ethylene and propylene, however, are also sat-
isfactorily treated in accordance with this invention.

Referring now in detail to the drawing which sche-
matically jllustrates one embodiment of the practice of
this invention as directed to the upgrading of an ethylene
and propylene-containing stream, such as may be found
in a fluid catalytic cracker adsorber tail gas, a gaseous
stream having the following composition as set forth in
accompanying Table 1 is introduced via line 11 into selec-
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tive adsorption unit 12 wherein this gaseous stream is
contacted with a selective adsorbent of the type Linde
type 4A molecular sieve, which selectively adsorbs sub-
stantially only ethylene and propylene from the aforesaid
gaseous stream.

Table I
Component: Volume percent
No+CO_ 20.8
e e 17.5
Methane__.________.__________ 353
Ethylene 6.1
Ethane_._____._______________ 9.6
Propylene.____________________ 5.9
Propane__________..__ _______ 34
Isobutame___.___.______________ __ 0.4
n-Butane and heavier ____________________ 1.0
100.0

There is recovered as effluent from adsorption unit 12
via line 14 a gaseous stream having a substantially re-
duced ethylene and propylene content and which is suit-
ably employed as fuel gas. The composition of this ef-
fluent gas is indicated in accompanying Table II.

Table 11
Component: Volume percent
No--CO_ 23.6
e e 21.1
Methane__________ __________. ______ 36.4
Ethylene_________.____________ 0.0
Ethane___________ . __ 9.1
Propyleme.___________________________ 2.5
Propane_______________________ 3.9
Isobutape . __________________ 0.6
n-Butane and heavier._.___________________ 2.8
"100.0

Adsorbed gas 4.2 pounds/100 pounds selective adsorbent.

The preferentially adsorbed ethylene and propylene
are desorbed from the selective adsorbent employed
in selective adsorption unit 12 by contact wtih a rela-
tively hot, readily separable gaseous desorbing medium,
such as isobutane, which is introduced into selective ad-
sorption unit 12 via line 15. With isobutane employed
as the gaseous desorption fluid at a temperature in the
range 220-425° F. there issues from adsorption unit 12
via line 16 a gaseous desorption effluent comprising prin-
cipally isobutane, ethylene and propylene. The isobutane
Is separated by fractional distillation by means not

© shown, if desired.
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The gaseous desorption effluent in line 16 is intro-
duced into the propylene catalytic polymerization unit
18 which is provided with a solid propylene polymeri-
zation catalyst, e.g., UOP polymerization catalyst which

- comprises phosphoric acid deposited on kieselguhr. The

propylene catalytic polymerization unit 18 is operated
under suitable polymerization conditions of tempera-
ture and pressure, such as a pressure in the range
20-400 p.s.i.g. and a temperature in the range 200-400°

* F. There is recovered from polymerization unit 16 via

line 19 the resulting polymerized propylene, a poly-
propylene such as a trimer of propylene or tetramer of
propylene together with varying amounts of propylene
dimer, depending npon the polymerization conditions em-
ployed, etc.

There is recovered from polymerization unit 18 via
line 20 a residual effluent comprising essentially only
ethylene and a minor amount of higher molecular weight
hydrocarbons from propylene polymerization unit 18.
In accordance with one embodiment of the practice of
this invention this residual effluent is introduced via line
20 directly into fractionator 21 wherein the gaseous
residue is fractionated into an overhead fraction via
line 22 consisting essentially only of ethylene and a bot-

. toms fraction via line 24 consisting essentially of higher

molecular weight hydrocarbons such as isobutane.
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The overhead ethylene fraction in accordance with one
embodiment may be introduced directly via line 22 into
ethylene polymerization unit 24 wherein it is polymerized
under suitable conditions of temperature and pressure
and in the presence of a suitable catalyst to yield a poly-
ethylene product which is separately recovered via line
25. The polymerization catalyst employed within ethyl-
ene polymerization unit 24 may be the well known Ziegler
type ethylene polymerization catalyst whereby ethylene
under relatively low pressure, in the range 50-550 p.si.g.,
and relatively low temperature is polymerized. A suitable
Ziegler type catalyst for use within ethylene polymeriza-
tion unit 24 comprises a metal alkyl and a metal com-
pound selected from a metal in the groups IV-VIII, e.g.,
a catalyst comprising aluminum triethyl and titanium
tetrachloride.

If desired, a portion of the ethyleme stream in line
22 may be diverted via lines 26 and 28 as ethylene prod-
uct. Further, if desired, another portion of the ethylene
in line 22 may be diverted via lines 26, 29 and 30 into
alkylation unit 31 wherein it is employed as the alkylat-
ing agent (olefin) to alkylate an isoparaffinic hydrocar-
bon, such as isobutane, introduced therein via lines 32
and 30. Any suitable alkylation catalyst may be em-
ployed within alkylation unit 21. Exemplary alkylation
catalysts which might be suitably employed within alkyl-
ation unit 31 include aluminum chioride and the like.
If desired, normally gaseous olefins, such as ethylene,
propylene, butenes and the like, from an extraneous
source may be introduced into alkylation unit 31 via
lines 33 and 30 in order to adjust the olefin-isoparaffin
ratio within alkylation unit 31 to a preferred value. There
is recovered from alkylation unit 31 a normally lquid
alkylate stream, such as 2,3 dimethyl butane, via line
34. The alkylate recovered via line 34 is particularly
valuable as a motor fuel component by virtue of its
relatively high octane rating.

Still in accordance with another embodiment of the
practice of this invention, particularly when isobutane is
employed as the gaseous desorbing fluid, the resulting
gaseous residue from propylene polymerization unit 18
may be passed directly via lines 20, 35 and 30 into
alkylation unit 31 wherein the ethylene is advantageously
employed to alkylate the isobutane. Further, still in ac-
cordance with a practice of this invention, the gaseous
residue containing substantially only isobutane and ethyl-
ene in line 20 may be fractionated in fractionator 21 to
recover as previously-described an overhead ethylene
fraction via line 22 and a bottoms isobutane fraction via
line 24. A portion of the overhead ethylene fraction in
line 22 may be admixed via lines 26, 29 and 30 with the
bottoms isobutane fraction in line 24 and introduced
via line 30 into alkylation unit 31. As shown in the
drawing, a portion of the isobutane recovered from
fractionator 21 via line 24 may be recycled via lines 24,
36 and 15 to selective adsorption unit 12 wherein it is re-
employed as the desorbing fluid to effect the desorption
of ethylene and propylene from the selective adsorbent
employed therein.

As will be apparent to those skilled in the art many
substitutions, changes and alterations are possible with-
out departing from the spirit or scope of this invention.

We claim:

1. A method of treating a gaseous stream comprising
minor amounts of ethylene and propylene in admixture
with other gaseous hydrocarbons which comprises con-
tacting said gaseous stream with a particle-form dehy-
drated crystalline sodium alumino-silicate selective adsor-
bent which selectively adsorbs ethylene and proylene to
the substantial exclusion of other normally gaseous hy-
drocarbons in said stream to yield a gaseous residue hav-
ing a substantially reduced ethylene and propylene con-
tent, desorbing the adsorbed ethylene and propylene by
contacting said adsorbent with gaseous isobutane at an
elevated temperature to yield a gaseous desorption effluent
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ly of ethylene and

consisting essentially of isobutane, ethylene and propylene,
subsequently separately polymerizing said propylene in
said gaseous effluent in the presence of said isobutane and
ethylene by contact with a solid phosphoric acid type
polymerization catalyst to yield a normally liquid propyl-
ene polymer and a gaseous admixture consisting essen-
tially of ethylene and isobutane, fractionating said gaseous
admixture to separate a stream consisting essentially of
isobutane and a stream consisting essentially of ethylene,
employing a portion of said fractionated isobutane to
desorb the adsorbed ethylene and propylene from said
adsorbent, separately polymerizing a portion of said frac-
tionated ethylene to form an ethylene polymer, contact-
ing another portion of said fractionated ethylene with an-
other portion of said fractionated isobutane in the pres-
ence of an alkylation catalyst to alkylate said isobutane
with ethylene to form a normally liquid alkylate suitable
as a gasoline component. i

9. A method of treating a gaseous stream recovered
from a fluid catalytic cracking unit which stream contains
2 minor amount of ethylene and propylene in admixture
with nitrogen, carbon monoxide, hydrogen, methane,
ethane, propane which comprises contacting said gaseous
stream with a particle-form alumino-silicate adsorbent
made up of porous crystals wherein the pores of the
crystals are of uniform size and have a pore size of about
4.0 Angstrom units, a pore size sufficient to admit ethylene
and propylene to the substantial exclusion of other higher
molecular weight hydrocarbons, and which preferentially
adsorbs ethylene and propylene over the aforesaid com-
ponents of said gascous stream, to adsorb ethylene and
propylene and to yield a gaseous residue substantially
free of ethylene and propylene, desorbing the adsorbed
ethylene and proylene from said adsorbent by contacting
said adsorbent with gaseous isobutane at an elevated tem-
perature to yield a gaseous desorption effluent consisting
essentially of isobutane, ethylene and propylene, subse-
quently separately polymerizing said propylene in said
gaseous desorption effluent in the presence of said iso-
butane and ethylene to yield a normally liquid propylene

ipolymer and a gaseous admixture consisting essentially

of isobutane and ethylene, fractionating said gaseous ad-
mixture to separate overhead a stream consisting essential-
a hottoms fraction consisting essential-
ly of isobutane, separately polymerizing a portion of said
fractionated ethylene to form an ethylene polymer, em-
ploying a portion of said fractionated isobutane to de-
sorb the adsorbed ethylene and propylene from said ad-
sorbent, admixing another portion of said fractionated
ethylene and another portion of said fractionated isobu-
tane, introducing the resulting admixture of ethylene and
isobutane to an alkylation zome for the formation of a
normally liquid alkylate suitable as a gasoline component.

3. A processs in accordance with claim 2 wherein said
propylene is polymerized by contact with a propylene
polymerization catalyst containing phosphoric acid.

4, A process in accordance with claim 2 wherein said
ethylene is polymerized in the presence of a catalyst com-
prising a metal alkyl and a metal compound selected
from a metal in the groups IV—VIII .

5. A method in accordance with claim 4 wherein said
metal alky! is aluminum triethy] and wherein said metal
compound is titaninm tetrachloride.
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