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[57] ABSTRACT

An improved method for the distillation of a feed
stream containing hydrocarbon components, which
method is directed toward the production of a bottom
product stream and an overhead product stream, both
with desired specifications, which method comprises
recycling a minor portion of the bottom product stream
typically, but not necessarily, derived from said separa-
tion directly to a reflux condenser for the overhead
product stream of said method, in order to effect a
savings in energy in said distillative method, such as by
adjusting the column operating conditions, such as the
column operating pressure or the top or bottom operat-
ing temperatures of satd column.

37 Claims, 3 Drawing Figures
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Also, it 1s known to change the relative volatility of
acid gas components, such as carbon dioxide to hydro-

DISTILLATIVE SEPARATION EMPLOYING
gen sulfide, through the use of an additive agent, such as

BOTTOM ADDITIVES

Matter enclosed in heavy brackets [ ] appears in the 5 for example, a C3-Cgalkane, particularly butane-plus, in
original patent but forms no part of this reissue specifica- order to enhance the relative volatility of the carbon
tion; matter printed in italics indicates the additions made  dioxide and hydrogen sulfide and, therefore, to increase
by reissue. the efficiency of separation, as set forth in U.S. Pat. No.

4,293,322, 1ssued Oct. 6, 1981, now U.S. Pat. No.
REFERENCE TO PRIOR APPLICATION 10 4,383,842, issued May 17, 1983.
. T : . U.S. patent application Ser. No. 307,672, filed Oct. 1,

This application is a reissue of U.S. patent application 1981 (hereby incorporated by reference) relates to an
lSer. ~No. 704,130, filed F.Eh' 2 2 19§5’ now Re. 32,063, improvement in the effective separation of methane
issued Jan. 21, 1986, which is a reissue of U.S. patent /" . 1on dioxide in a distillative column, wherein
application Ser. No. 453:047* filed Jan, 14, 1983, now 15 the upper portion of the column is operated at tempera-
J.S. Pat", No. 4,428,759, issued Jan. 31, 1984. tures above the triple point of carbon dioxide; that is,

BACKGROUND OF THE INVENTION —70° F., by increasing the amount of nonpolar additive
. .. T - agent added to the reflux condenser, to maintain the

It 1s desirable to operate distillative processes at mini- reflux condenser and ail portions of the column above

mum energy, to effect separation of the feed stream into 20 the triplepoint temperature.
a desired overhead product stream and a bottom prod- In all of the prior operations, the resulting bottom
uct stream 1n a distillative column having vapor-liquid product stream contains, in addition to the usual bottom
contacting devices, such as distillation trays, packing product stream components, a liquid nonpolar additive,
devices or a combination thereof. In typical distillative particularly the liquid hydrocarbon additive added to
processes, the overhead product stream is at least par- change the operating conditions in the column. The
tially condensed and a small portion recycled to the top liquid additive agent may be recycled with the bottom
of the distillative column, while the bottom product product stream or may be separated and recycled for
stream is withdrawn and reboiled and at least a portion use in any one or all of the aforementioned uses of an
recycled to the bottom of the column, to provide desir- 3400 agent, particularly where such distillative pro-
able column operating conditions. Some distillative 5, cesses are employed in one-, two-, three- or multiple-
columns operate under such conditions, so as to obtain ~ 1m0 operations for the separation of a natural gas
the desired overhead product stream of defined specifi- g 0am or petro-chemical stream into the desired com-
cations enriched in a desirable component, or con- ponents. The feed streams employed in such distillation
versely to obtain a bottom product stream of defined process include those streams which have major
sepcifications enriched in a particular component, or 35 amounts of an acid gas component desired to be re-
t{c:th, SO as to obtain P“{lﬁﬂ‘d streams for further separa- moved and those streams containing minor amounts of
tion Or recovery or use in a chemical, r eﬁns;-.ry Or petro- or even no acid gas components. It would be desirable,
chemical operation. In any event, such distillative tech- tn such distillative separations or a combination of oper-
niques Shﬂ'-ll_d be carried out at th"{ most ‘desirable col- ations and other distillative operations where additives
umn operating conditions, wherein optimum energy 40 are not used, to reduce the energy requirements of such
savings can be effected. distillation techniques.

It 1s known that the separation of a feed stream in a
distillative column, particularly a gaseous hydrocarbon SUMMARY OF THE INVENTION
feed stream comprising methane and an acid gas com- The invention relates to a distillative technique,
ponent, such as carbon dioxide, may be separated effi- 45 wherein a product stream is employed to adjust distilla-
ciently through the use of a nonpolar additive agent, tive column operating conditions and to save energy. In
such as a liquid additive agent; for example, a C3-Cq particular, the invention concerns a distillative tech-
alkane, particularly butane-plus, introduced into the nique, wherein a small portion of a bottom product
upper pO!‘ﬁOl’l of said distiilative column in an amount {o stream of defined Speciﬁcations, typically a C 1=Cp
prevent the formation of solids in the cryogenic distilla- 50 stream, is recycled to the condenser of a distillative

tion of methane from carbon dioxide, such as, for exam-
ple, as more particularly set forth in U.S. Pat. No.
4,318,723, issued Mar. 9, 1982 (hereby incorporated by

reference).

Also, it has been known that, in the prevention of ss

azeotropic formation between ethane and carbon diox-
ide and ethylene and hydrogen sulfide and other com-
ponents, the introduction of a nonpolar additive agent,

such as a liquid hydrocarbon additive agent, such as a

a nonpolar liquid additive agent, such as hydrocarbon;

column, wherein the overhead stream is not signifi-
cantly contaminated by the recycled bottom product
stream, to adjust column operating conditions and effect
energy savings.

It has been discovered that the recycling of a portion
of a column bottom product stream; for example, a
minor amount, typically such as less than 30%: for ex-
ample, 20%, and more typically about 1.0 to 10 mols of
recycled product per 100 moles of feed stream, and

C;~Cy alkane, particularly butane-plus, prevents or in- 60 introducing the recycled bottom product stream into
hibits the formation of azeotropes and enables the sepa- the condenser employed for the column overhead
ration to provide an overhead product stream more stream of that or another column, or a plurality of distil-
enriched in a desirable component and a bottom prod- lative columns, permit the column operating conditions
uct stream more enriched in a bottom product compo- to be adjusted with a considerable savings of energy. It
nent, through the alteration of the azeotropic formation, 65 has been found that the recycling of the column bottom

such as, for example, as set forth and described more
particularly in U.S. Pat. No. 4,350,511, issued Sept. 21,
1982 {(hereby incorporated by reference).

product stream to the reflux condenser of a distillation
system permits the adjustment of column operating
conditions, such as the raising of the top temperature of
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the column, the lowering of the bottom temperature of
the column, or the lowering of the pressure of the col-
umn or lowering of the heating and cooling loads or a
combination thereof, in order to permit the savings of
energy.

In order to be effective in the practice of the inven-
tion, the introduction of the liquid additive agent into
the condenser should be carried out, so as to provide
that the additive agent is uniformly mixed with the
overhead product stream from the distillative column
entering the condenser, and typically to flow concur-
rently through the condenser with the overhead stream.
[t would be ineffectual to introduce the liquid additive
agent to the condenser outlet and of considerably re-
duced efficiency to introduce the liquid additive poorly
distributed into the inlet of the condenser. Therefore,
the liquid additive should be introduced in and admixed
with the incoming overhead product vapor stream and
flow concurrently therewith, so that the liquid additive
is generally uniformly distributed at least throughout
the major portion of the heat-exchange surface or area
of the condenser. One method of introducing and ad-
mixing is to employ a sparger adjacent the inlet of the
condenser or adjacent or directly upstream of the heat-
exchange surface of the condenser. Another suitable
method of introducing and admixing comprises spray-
ing the liquid additive concurrently into the incoming
vapor overhead product stream.

One method of the invention is directed to those
additive-recovery distillative techniques employing
distillative columns, wherein the technique is directed
toward mainly bottom-product-stream end specifica-
tions, and wherein the overhead product stream re-
moves one or more contaminants or impurities from the
feed stream. Thus, where the introduction of a bottom
product stream; for example, a butane-plus stream, into
a condenser, containing an overhead product stream,
does not affect the operating specifications of the partic-
ular distillation technique, then the recycling of the
bottom product stream into said condenser will permit
the advantageous adjustment of the operating condi-
tions of the column. ‘

The invention is particularly useful wherein an addi-
tive agent is introduced into a column, to prevent the
formation of a solids zone, to enhance the relative vola-
tility of particular components, or to prevent azeotropic
formation, such as those distillative techniques as de-
scribed in the prior art in the Background of the Inven-
tion. The bottom product stream from the additive-
recovery column of such operation can be recycled to
the overhead condenser of the additive-recovery col-
umn or other column in the system to save energy.

The method of the invention is also of use wherein
the feed stream comprises a hydrocarbon-containing
stream, such as a petroleum or natural or synthetic gas
stream high in hydrocarbons and which has a low
amount of acid gas components or essentially few acid
gas components. The invention is directed toward those
bottom product streams, wherein the bottom product
stream 1Is typically enriched in higher alkanes and more
particularly C4-Cg alkanes, such as 1C4, nCy, 1Cs, nCs
and heavier hydrocarbon components. The recycling of
the heavier hydrocarbon components of C4+ directly
from the bottom product stream into the overhead con-
denser of the distillation system provides for the over-
head condenser to operate at a higher temperature, or
alternatively the distillative column can be operated at a
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lower pressure, where the heavier components are pres-
ent in the overhead product.

For example, in a feed stream which is low in acid gas
components or contains essentially no acid gas compo-
nents and wherein the bottom product stream is the
desired stream of defined specifications and the over-
head product stream is a stream containing undestred
contaminants, the recycling of the bottom product
stream directly from the bottom product stream, with-
out separation into the overhead condenser employed
for the overhead product stream, permits the tempera-
ture at the top of the column and of the condenser to
increase, for example, from 10° F. to 60° F.; for exam-
ple, 15° F. to 50° F., while providing for a reduction in
temperature of the bottom of the column; for example,
from 5° F. to 50° F. The column operating temperatures
may be maintained and the overall column pressure
reduced, all with the effective savings in energy, with-
out affecting, or, in fact, in some cases increasing, the
efficiency of separation of the bottom product stream.
Also, the amount of the bottom product stream recy-
cled may vary, to effect a reduction in column operat-
ing pressure of greater than 20 psi; for example, 30 psi,
such as from 30 to 150 psi.

The method of the invention is advantageous where
the feed stream comprises a butane-plus additive agent
from a prior separation, and wherein the condenser of
the distillative column is refrigerated by propane, am-
monia or Freon (a trademark of du Pont Co.), and the
bottom product additive is fed into the condenser, to
raise the condenser temperature. The increase in tem-
perature of the condenser permits the overhead product
stream to be cooled or condensed employing a higher
temperature; for example, the use of cooling water or
any equivalent, cheap heat sink, providing increasing
energy efficiency of the column operation.

For example, in one embodiment of the method of the
invention, it is desirable to recover a bottom product
stream containing C4+ hydrocarbons; that is, the non-
polar liquid additive agent from a prior operation, and
not to separate such hydrocarbons, with the hydrocar-
bon bottoms having a hydrogen sulfide concentration
kept below a given level; for example, 10 parts per
million, and with C3removed to below a given level; for
example, 0.5% by volume, and then to use the bottom
product stream as at least a portion of a liquid additive

.stream in a cryogenic separation in another column. It

has been found that the overhead stream 1s desirably
cooled against water or an equivalent energy heat sink,
by recycling a portion of the bottom product stream
through the overhead condenser, so that the overhead
condenser will operate at a higher temperature or, alter-
natively and preferably, the column can be operated at
a lower pressure, if a sufficient amount of a heavier
Cs+ hydrocarbons are in the overhead product stream.
In a further embodiment of the invention, such as in
the separation of a substantially pure methane product
stream from a natural gas feed stream containing nitro-
gen, such as from about 5% to 30% by volume or more
nitrogen, the method provides for a residual gas stream
of low carbon dioxide or hydrogen sulfide content, a
fuel gas stream of low carbon dioxide, hydrogen sulfide
and nitrogen content and a sour liquefied petroleum gas
stream wiht a high ethane-plus recovery containing the
bulk of the carbon dioxide and the hydrogen sulfide.
In this method, a natural gas feed streamn containing
nitrogen is introduced into a refrigerated distillative
column, wherein a liquid additive is fed through the
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condenser to maintain ethylene-level refrigeration tem- -

peratures, and to wash the methane to the base of the
column, with the overhead product stream being en-
riched in nitrogen. An additional refrigerated distilla-
tive column employing a liquid additive, such as in U.S.
Pat. No. 4,318,723, 1ssued Mar. 9, 1982, is employed to
provide for the separation of a methane and carbon
dioxide, with the carbon dioxide in the bottom product
stream, together with the liquid additive of Cy4+4, and
the methane removed from the overhead product
stream, the formation of a solids zone prevented by the
introduction of the liquid additive agent to the upper
portion of the column. A third column for additive
recovery is then employed, wherein the bottom product
stream, containing the liquid additive, is employed as a
refrigerated feed stream into the first and second distil-
lative columns.

In a further embodiment, the separation of carbon
dioxide and C; from Cj;+ in a distillative column has
been found to be enhanced significantly and consider-
able heat energy saved by the recycling of a minor
amount of the bottom stream, such as the C4+ bottom
stream, from an additive-recovery column to the con-
denser or to the upper section of the column separating
CO;z and C;. In order to obtain improved recovery of
propane or reduction in energy, it is necessary that the
nonpolar liquid C44 additive bottomn agent be intro-
duced a sufficient number of trays above the feed tray.
The C4+ bottom recycled stream may be added to the
overhead condenser; however, some C4+ stream will
be produced or be present in the CO3;-C; overhead
stream. If desired, to reduce the content of C4+ stream
in the CO»-C; overhead stream, some or all of the Cy4 +
recycled bottom stream may be introduced into the
uppermost tray section of the distillative column, so
that the trays above will reduce the C4+ content in the

overhead stream. Typically, if the C4+ recycled bot-

tom stream is introduced into the upper section of the
column, such introduction occurs in the first top ten
trays of the column or less, such as the first top five or
less trays. The reduction in heat removal is due to the
improved relative volatility of the CO; to C; with the
increased concentration of the C4+ recycled bottom
stream in the liquid in the column. This savings in heat
energy generally occurs without significant changes in
the overhead temperature and column operating pres-
sure, due to the improved volatility ratio of the compo-
nents.

This invention will be described for the purpose of
illustration only in connection with certain specific
embodiments; however, it is recognized that those per-
sons skilled in the art may make various changes or
modifications to such illustrated embodiments, all with-
out departing from the spirit and scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s a schematic illustration of an application of
the invention to additive recovery:
FIG. 2 is a schematic illustration of an application to

a nitrogen separation method employing the invention; 60

and
FIG. 3 1s a schematic illustration of an application of
COz-propane separation employing the invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 11s a schematic illustration of a distillative sepa-
ration method emploving the present invention of a
nonpolar-liquid-agent additive-recovery application,
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6

wherein the feed stream is derived from one or more
prior separation processes, and wherein the feed stream
comprises hydrogen sulfide, carbon dioxide and C,—+
hydrocarbons introduced through line 12 into a distilla-
tive column 14 with vapor-liquid contact devices
therein, such as distillation trays, and with a stream
removed overhead through line 16 introduced into a
reflux condenser 18 and a liquefied portion of the over-
head stream recycled to the top of the column through
line 22, while an enriched carbon-dioxide overhead
product stream is removed overhead through line 20. In
the operation of the column, a liquid additive, such as an
alkane mixture; for example, C3-Cg, comprising a major
amount of butane-plus, is introduced into the upper
section of the column 14 through line 24, to prevent or
to modify azeotropic formations within the column 14.
A column bottom stream is removed through line 26
and 1s introduced into a reboiler 28, and a portion is
recycled through line 30 to the bottom of the column,
while the bottom product stream, containing C; -+ and
the C;-Cg additive and hydrogen sulfide, is withdrawn
through line 32, is cooled in a heat exchanger 34 and is
then introduced through line 36 as a feed stream into an
additive-recovery distillative column 38 containing
distillation trays.

An overhead product stream is removed through line
40 of column 38 and is introduced into a condenser 42,
and a portion of the liquefied overhead stream is recy-
cled to the top of the column through line 46, while an
overhead product stream, containing C;, C; and per-
haps some very minor amounts of Cs+ and contami-
nants, such as hydrogen sulfide, is removed. A bottom
product stream containing the C3;-Cgy additive agent is
removed through line 48 into a reboiler 50, where a
portion is recycled through line 52 to the bottom of the
column, while another portion is removed by line 60 to
line 56 through cooler 62 and is recycled and intro-
duced concurrently directly by line 58 and line 40 into
the inlet of the overhead reflux condenser 42 of column
38, to increase the operating temperature of the reflux
condenser 42. The remaining portion of the defined
bottom product stream containing Cs+ s removed
through line 54. Optionally as illustrated, a further por-
tion of the bottom stream is removed by line 24 from
iime $6 and is introduced as all or a portion of the addi-
tive agent introduced into column 14. Compositionally,
it 1s not desired to separate the C3-Cg bottom stream,
such as the C4+ bottom stream or heavier components,
and this stream may be recycled for use as an additive
stream in one or more columns or merely recovered.
The bottom product-recovery stream in the defined
method 1s a specified stream having a hydrogen sulfide
concentration kept below a defined specification level;
for example, about 10 ppm or less of H2S, and with C;
removed to below a given specification level; for exam-
pie, about 0.5% by volume or less. If operation of the
column is desired with the same overhead condenser
temperature, then the operating pressure of the column
could be lowered.

- In the method described in FIG. 1, the overhead
reflux condenser 42 of the additive-recovery column 38
will operate at a higher temperature, or, alternatively,
the distillative column 38 may be operated at a lower
pressure, while maintaining the same overhead reflux
condenser temperature. In the operation of column 38,
the specifications are directed to the recovery of the
additive agent as bottoms, so that the recvcle of the
additive bottom stream to the reflux condenser of the
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column does not contaminate the overhead product tive stream to the reflux condenser in accordance with
stream. The higher temperature of the overhead reflux the invention, is illustrated by the data of Table III.

condenser permits employing a less expensive cooling TABLE III

SOUI:CE such 8 FLOW RATES - LB MOLS/HR

A number of computer simulations of the method [ g::?. Liquid Vapor E;Zﬂ;‘c“‘ DB”.‘;.E?E?;”
were run, employing a plate-to-plate column calculator e A S S e
- ‘s : 1 109.0 1738 500 (recvcle feed) 13,9
program, to simulate column condition and operation. 178 (overhead net  tcondenser)
The software computer-program simulation employed oroduct)
was the Process SM Simulation Program of Simulation 10 2 141.2 1818 716
Sciences, Inc. of Fullerton, Calif., Version 0881. The 3 156.3 839 737
composition of the feed, bottom, overhead and recycie '; .'5;; é 3;? gig
additive agent streams in a representative computer p 1238 214 810
simulation of the operation of an additive-recovery 7 92.3 772 792
column, with recycle to the condenser of the additive- 15 38 204.5 7490 750 5834 (feed)
recovery column, such as column 38 of FIG. 1, is set lg '2'?3: ;gi; lg;
forth in Table I for 100 psia 0peration. 11 2]4:9 : ?7;3 :353
The operation of the additive-recovery column at 100 12 2172 71856 1921
psia, without any recycle of the additive agent to the 13 219.8 7911 1980
reflux condenser 42 of the column 38, is illustrated by 20 :‘; gig 7953 igﬁ‘; $876 (bottom net .
the data of Table II. . | sroduct) (reboiler)
TABLE I
FLOW RATES - LB MOLS/HR The effect of recycling S00-1b moles/hour of the Cs+
Recycle 25 additive agent from the reboiler to the reflux condenser
Overhead  Bottom Feed Liquid of the recovery column provides for an increase of the
_Components _ Stream (#4) Stream (60) Stream (36) Stream O8)  roflyx condenser temperature from 93.3° F. without
H>3 3.30 0.01 3.81 0.00 additive to 109.0° F. with the additive, and a decrease in
CIEz 12:20 g:g !2:20 g:% the reboiler temperature from 236.9° F. to 232*.,8“ F.
C 0.00 0.00 0.00 0.00 30 This adjustment of the reflux condenser permits the
C: 123.13 0.09 123.22 0.00 overhead product stream to be cooled using cooling
Cy 174.79 29.38 201.67 2.50 water or an equivalent, inexpensive heat sink, while the
Gy 28.76 >4.12 78.28 460 recycled additive agent does not contaminate the over-
nCy 88.52 411.27 464.47 35.32 . . . ]
iCs 16.70 1263.12 1172.26 107.56 head stream, since the desired specification stream from
nCs 15.75 1868.65 1725.44 158.97 35 the column is the C4+ bottom product stream. If de-
nCe 3.93 1673.61 1535.24 142.10 sired, the distillation could be operated at a lower pres-
T!:I:;lﬁ 472:;; 5;;2:?3 5;3;2 533:33 sure of: 70 psia, if the reflux condenser i_s desired to be
Temperature  109.00 132 80 110.00 +32.70 maintained at the same temperature as without additive.
Deg. F. Thus, the data illustrate the significant advantage of
— " 40 saving energy by the recycling of the C4+ liquid addt-
tive agent stream. from the reboiler to the reflux con-
TABLE II denser in the illustrated method of FIG. 1.
FLOW RATES - LB MOLS/HR FIG. 2 is a schematic illustration of another distilla-
Temp. Products, Duties mm tive separation employing the present invention,
Tray Deg. F. Vapor Feeds BTU/hr 45 wherein a C1~Cg bottom product stream is recycled to
Liquid the overhead of a column different from the column
1 93.3 1146 0 (recycle feed) 11.0 from which the bottom product stream is removed. In
4ﬁ2;°”“’head net  {condenser) this embodiment, a feed stream, typically comprising a
5 139.0  [143 1608 product) natural gas stream of a major amount of methane, some
1 161.1 (137 1605 50 Cy+, nitrogen; for example, 9% to 25% nitrogen, and
4 173.4 1130 1599 CO, is introduced by line 126 into a distillative column
; ig;l :é;f; :;3; 128, and an overhead product stream is removed
; 105 3 030 1549 through line 130 and introduced into a condenser 132,
3 308.0 6810 1492  $855 (feed) and a portion of the liquefied, condensed stream 1s recy-
9 2130 6955 1417 55 cled through line 134 to the top of the column 128,
10 2165 7054 1063 while a mixture of essentially all nitrogen and part of the
i; g?j ;:;; | ]1%; methane is removed as an overhead stream through line
i3 1947 1949  |197 136. A bottom product stream is removed through hine
14 2128.6 7293 1856 138 and is introduced into a reboiler 140, and a portion
3 236.9 1900 3392 (bottom net 19.0 60 is recycled through line 66 to the bottom of the column
product) {reboiler)

The trays shown in Table I are theoretical or equiva-
lent, perfect equilibrium trays, with the reflux con-
denser 42 as tray 1, the reboiler 50 as tray 15 and the
feed stream introduced at tray 7.

The operation of the additive-recovery column at the
same pressure, but with the recycle of the liquid addi-

63

128. The bottom product stream, comprising part of the
methane and practically all of the C;+ and carbon
dioxide, flows through line 68 into a heat exchanger 70,
to cool the stream, which cool stream 15 introduced
through line 72 as the feed stream into the next distiila-
tive column 74.

An overhead product stream is removed through line
76 and is introduced into a condenser 78, and a con-



Re. 32,600

9

densed portion is recycled to the top of the column 74
through line 80, while the overhead product stream of

10

TABLE IV-continued
FLOW RATES - LB MOLS/HR

enriched, substantially pure methane is removed
through line 82. In the operation of the column, a liquid l;“}"de
... . ottom Overhead Bottom
additive C3-Cg alkane agent 1s added to the top of the 5 Feed Stream  Stream Stream Stream
column through line 84, to prevent the formation of a Components (126) (124) (136) (68)
carbon-dioxide solids zone, as iIn U.S: Pat. No. COS o .00 0 o5
4,318,723. A bottom product stream 15 removed H-S 131.63 0.00 00 131,62
through line 86 and is introduced into a reboiler 88, and C 2427.04 0.00 1637.02 790.07
a portion is recycled through line 90 to the bottom of 10 Ca 161.32 0.00 00 L6131
the column 74, and the bottom product stream from the i? lig‘g: l g;;g ':‘; ;:éf;
reboiler, comprising carbon dioxide and C;-+ (with the nci 75 39 196,65 19 171 &4
additive agent), 1s removed through line 100 and is iCs 40.25 105.17 07 145,35
passed through heat exchanger 102, to cool the stream, nCs 7.60 19.72 .00 2751
and is introduced as a feed stream through line 104 into 15 nCe 13.21 33.98 00 3219
an additive-recovery distillative column 106. This col- e o . podi
, _ _ , otals 3656.40 547.78 1982.07 22321
umn 15 operated as in FIG. 1, in order to provide a Temperature  —80. _110 135, 4R,
specified bottom product of essentially the liquid addi- Deg. F.
tive agent and to remove the carbon dioxide as an impu-
rity in the overhead product stream. 20
An overhead product vapor stream, comprising car- TABLE V
bon dioxide, C; and Cj3, is removed from the top of the FLOW RATES - LB MOLS/HR
column through line 108 and s introduced into a reflux Temp. Products. Duties mm
condenser 110, and a condensed portion is recycled Tray Deg F. Liquid Vapor Feeds BTU/hr
through line 112 into the top of the column, while car: 25 —125 1854 548 (recycle feed) 2.9
bon dioxide, Cs and C3 are removed as an overhead 1982 (overhead (condenser)
stream from line 114. A bottom product stream, com- net product)
prising primary Cs+, i1s removed from the bottom of : — 19 1870 3288
, . . 3 — 116 802 3305
the column through line 116 and is introduced into a 3 R 700 3236
reboiler 118, and a portion is recycled through line 120 30 — 106 1580 3135
to the bottom of the column 106. A specified bottom 6 —~97 1466 3015
product stream, with defined specifications as in FIG. 1, 7 —86 1437 2501 2481 {vapor feed)
is removed through line 122, while a portion thereof: 3 -51 2659 390 1173 (liquid feed)
for example, 0.5% to 20% or more; for example, 1.0% ’ IAA ol
pic, : pI&, 10 -76 2730 479
to 5% by moles relative to column feed, is continuously 35 ~73 723 %08
recycled through line 124 and cooler 142 and is intro- 12 — 48 | 501 2222 2.4
(reboiler)

duced into condenser 132 of the distillative column 128,
and a portion optionally may be introduced, via line 124
or 126 as shown, into condenser 78 (as illustrated by
dotted lines), to increase the operating temperature of
the condensers 132 and 78, thereby permitting a reduc-
tion in the operating pressure of columns 128 and 74 or
a savings in heat energy. This operation permits the
recovery of essentially all of the C;, while CO» removal
prior to the N;/CHjg separation is not required. In the
process, the overhead temperature of the distillative
column 128 can be raised independently of the overhead
N2/CHjs content. The reflux condenser 132 temperature
can be controlled and adjusted by the rate of the recy-
cled additive addition to the condenser. In view of the
very low boiling point of nitrogen removed in the over-
head stream in column 128, the recycled additive rate
may be set to require only an ethylene refrigeration
system operating at about —125° F.

In a computer simulated example of the operation of
distillative column 128 at 572 psia for the separation of
Nzand CHa, the compositions of the streams are set
forth in Table IV, while the column operating condi-
tions are set forth in Table V.

TABLE IV
FLOW RATES - LB MOLS/HR

Recycle
Bottom Overhead Bottom
Feed Stream  Stream Stream Stream

Components (126) (124} (116) (68)

N> 336.38 0.00 334.8 .52
CO- 266.91 0.00 2.47 264.42
CO 6.21 0.00 6.08 A3

The addition of 548-1b moles/hour of the liquid bot-
tom product from reboiler 118 to reflux condenser 132
in the separation of N; and CHy from the feed stream
provided the recovery of 790-1b moles/hr of CH, with
the bottom stream from column 128, which CHj is re-
covered as an essentially pure CH4 overhead stream in
column 74. The overhead product stream of column 128
is essentially over 999 a mixture of N; and CH4. With-
out the introduction of the recycled Ciy+ bottom addi-
tive stream, the reflux condenser temperature would be
sg well below the limit (about —150° F.) of an ethylene

refrigeration system, while, with the recycle of the
bottom stream, the overhead temperature is — 125° F.,
effecting a savings in heat energy in the operation of the
column.

55 FIG. 3 1s a schematic illustration of a process of the
invention, wherein the separation of CQO; and ethane
from propane by a distillative technique was discovered
to be enhanced significantly by the introduction of small
amounts of a lhiquid C4+ additive recycled bottom

60 stream to the condenser or to be uppermost tray section
of the distillative separation column. The introduction
of small amounts; for example, | to 8 mols, of a Cy+
bottom stream from the additive-recovery or other
distillative column source per 100 mols of feed im-

65 proves the relative volatility of the CO» 1o the propane
with increased Cs+ fraction, and considerably reduces
the heat duty on the reflux condenser and reboiler by
over 60%.

40

43
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In the embodiment shown in FIG. 3, a feed stream,
consisting essentially of COz, ethane and C;+, is intro-
duced by line 152 in a distillative column 150 containing
a plurality of distillation trays, and an overhead vapor
stream is removed by line 154 and is introduced (n a
reflux condenser 156, and a portion of the liquid con-

12

TABLE VI-continued
FLOW RATES - LB MOLS/HR

I

densed stream is recycled through line 158 to the top of
column 150. A mixture, composed essentially of CO>
and ethane, is removed as an overhead product stream
by line 160. A bottom product stream is removed by line 10
162 to a reboiler 164, and a portion is recycled through
line 166 to the bottom of column 150. The bottom prod-

uct stream, comprising primary propane, together with
any recycled liquid additive agent introduced into the
condenser or upper part of the column 1590, 1s with-
drawn by line 168 as a bottom product stream and s
introduced into a heat exchanger 170 to cool the bottom
product stream.

The cool bottom product stream is introduced by line
172 into the Cs4+ additive-recovery column 174. An
overhead product stream is removed by line 176 and 1s
introduced into a condenser 178, and a portion from the
condenser is recycled by line 180 into the top of the
column 174. The overhead product stream, comprising
primarily propane, is removed by line 182. A bottom
nroduct stream, comprising C4+ additive agent, 1s re-
moved by line 184 into reboiler 186, where a portion 1s
recycled to the bottom of column 174 by line 188, and
the Cs+ additive fraction is recovered by line 192 for
recycle, recovery or. for other use. A small portion of
the recovered additive bottom product stream from
column 174; for example, 1% to §% by mol of the feed
stream to separation column 150, is removed from the
reboiler 186 by line 190 and is recycled through cooler
196 to the condenser 156 of separation column 150, and
optionally, if desired, the liquid Cs+ additive bottom
product stream also may be introduced into the upper-
most tray section of the column 150 by line 194 shown
as a dotted line.

In the operation of the separation column 150, Table
V1 shows a computer simulated data of the composition
of the column feed stream comprising a major amount
of CO3, ethane and propane. The recycled additive-
recovery column bottom additive stream from column
174, comprising primarily C4-Cs alkane liquid additive,
is introduced in small amounts (less than about 4%; for
example, 3%, by moles relative to the feed stream) by
line 190 to the condenser 156 (tray 1), while the feed
stream is introduced by line 152 to tray 7 of column 150.
The overhead stream removes essentially all of the
CO», C; and C; of the feed stream, while the bottom
product stream is rich in the C;+ components; that 1s,
the separated C; and the recycled Cq4+ additive bottom
stream.

Table VI is the same as Table VI, except illustrating
the feed, overhead and bottom stream compositions,
wherein a recycled additive bottom stream is not em-
ployed in separation column 150.

TABLE VI

FLOW RATES - LB MOLS/HR

Recycled
Bottom
Feed Addinve
Compaonents  {152) {190)

N+ 0.59 0.0
O~ 0.06 0.0
C, 60.70 0.0
CO» 147.04 0.0

Column Bottoms

Stream
{168}

0.00
0.00
0.0G
0.06

Overhead
Stream
{160)

0.59
0.06
60.70
236.97

i35

20

30

35

Recycled
Bottom Overhead Column Borttoms

Feed Addiuive Stream Stream

Components  (132) (190} (160} (1638}
Ch 8.11 0.0 213 0.00

C; 7.04 0.0 0.71 6.3

{Cy 0.75 1.30 0.20 | .85
nCy 2.00 3.46 0.32 514

1Cs .39 0.68 (.02 105

nCs 0.36 0.62 .01 (.96
nCe 2.27 3,92 (.05 614
Totals 329.39 10.00 317.81 21.57

Temperature 90 13 13 303
Deg. F.
TABLE VII
FLOW RATES - LB MOLS/HR
Feed Streamn Qverhead Stream  Bottom Stream
Components (152) {160} [168)
N3 0.59 0.59 (.00
4 0.06 0.06 0.00
Ci 60.70 $0.70 (.00
CO 247.04 246.97 (.06
C: 8.11 .13 (.00
Cs 7.04 0.70 6. 34
1C4 0.75 0.00 Q.78
nCy 2.00 0.00 2.00
1Cs 0.39 0.00 0.39
nC s 0.36 0.00 0.36
nCe 2.27 0.00 2.27
Totals 329,39 317.18 12.20
Temperature 90 12 255
Deg. F.

Tables VIII and IX illustrate the operation of the
CO, +C3/C; separation column 150 at 500 psia, both
with and without the employment of and illustrating

4o more particularly the change in the heat duty of the

43

50

535
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reboiler and condenser by the addition of the Cy+
recycled bottom additive stream to the condenser.

TABLE VIII
_FLOW RATES - LB MOLS/HR
Temp. Products. Duties mm
Tray Deg. F. Ligquid Vapor Feeds BTU/hr
i 12.0 2516 0 (recvcle feed) 1.6
317 (overhead net  (condenser)
product)
2 26.0 2612 2834
3 29.0 2628 2929
4 29.0 2631 2945
5 29.0 2634 29438
& 29.0 2639 2052
7 30.0 2645 2956
8 30.0 2588 2962 329 (feed)
9 32.0 2609 2576
10 33.0 2622 2597
Il 13.0 2641 2610
12 140 2669 2629
i3 350 2704 2657
14 40.0 1644 2691
15 61.0 2288 1631
16 16.0 2292 1276
17 6.0 2641 22R0
18 91.0 2709 2631
19 219.0 2406 21697
20 255.0 2384 12.20 (bottom 1.3
net product) (reboiler)
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TABLE IX
_FLOW RATES - LB MOLS/HR _
Temp. Products, Duties mm
Tray Deg. FF. Liqud Vapor Feeds BTU/hr
l 13.0 1081 10 {recycle feed) 4.9
318 {overhead net (condenser)
product)
2 25.0 116 1189
3 27.0 122 1424
3 28.0 1123 1327
5 28.0 1125 1431
6 28.0 1127 1433
7 28.0 1129 1435
8 29.0 1066 1436 329 (feed)
9 32.0 1080 1044
10 33.0 1086 1053
Pl 34.0 1093 1064
2 35.0 1102 1071
3 37.0 1102 1081
4 47.0 998 {080
19 89.0 160 976
16 154.0 953 338
L7 198.0 1045 931
|8 229.0 1016 1023
*19 263.0 94} 995
20 303.4 922 21.6 (bottom 4.7
net product) (reboiler)

As illustrated, a small amount of recycled Cq+4 addi-
tive bottom stream markedly reduces the heat load on
the condenser and reboiler, while significantly enhanc-
ing the separation of CO; from C;j, resulting not only in
enhanced separation efficiency by a change in relative
volatility, but accompanied by a savings in energy in the
column operation.

The advantages of recycling the higher alkane bot-
tom product stream of defined specifications and into an
overhead condenser, wherein the bottom product
stream does not constitute or serve as a contaminant for
the overhead product stream, provide for energy sav-
Ings.

What is claimed is:

. In a method for the distillative separation, in a
distillative column containing vapor-liquid contact de-
vices, of a hydrocarbon-containing feed stream, which
method comprises:

(a) introducing the feed stream into a distillative col-
umn operating under defined conditions of pres-
sure, temperature and feed composition;

(b) withdrawing an overhead product stream [ [en-
circled ] ] enriched in at least one component to be
removed from the feed stream:

(c) condensing at least a portion of the overhead
product stream in a condenser and recycling a
portion of the condensed overhead stream to the
top portion of the said distillative column;

(d) recovering a bottom product stream with defined
specifications enriched with at least one defined
component of the feed stream for which recovery
is sought; and

(e) reboiling at least a portion of the withdrawn bot-
tom product stream and recycling a portion of the
bottom stream to the bottom portion of the col-
umn, the improvement which comprises introduc-
ing from about 1 to 30 mols per 100 mols of feed
stream of a recycied liquid bottom product stream
comprising [C3;-Cs] alkanes having ar least three
carbon atoms into an overhead condenser zone of
the distillation column, the liquid bottom product
stream introduced into the condenser zone concur-
rently and admixed with the overhead product
stream in the condenser zone, the overhead prod-
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uct stream not being subject to substantial contami-
nation by the recycled bottom product stream in
the condenser zone, and the amount of the recycled
bottom product stream sufficient, to provide ad-
justing of the operation condition of the distillation
zone to effect a saving in the distillation column
operating energy by:

(a) increasing the temperature of the condenser
zone of the distillation column by about 10° F. or
more; or

(b) decreasing the temperature of the bottom of the
distillation column by about 5° F. or more; or

(c) reducing the distillation column operating pres-
sure by about 20 psi or more.

2. The method of claim 1 wherein the amount of
recycled liquid bottom product stream ranges from
about 1 to 10 mols per 100 mols of feed stream.

3. The method of claim | which includes introducing
sufficient, recycled, liquid bottom product stream into
the overh¢ad condenser zone, to increase the tempera-
ture of the overhead condenser zone from about 10° F.
to 60° F. from the temperature of the overhead con-
denser zone, without the introduction of the bottom
product stream.

4. The method of claim | which includes introducing
sufficient, recycled, liquid bottom product stream into
the overhead condenser zone, to permit the reduction in
the distillative column operating pressure from the op-
erating pressure employed, without the introduction of
the bottom product stream.

5. The method of claim 4 which includes introducing
sufficient bottom product stream, to reduce the operat-
ing pressure of the distillation column from about 30 to
150 psi. |

6. The method of claim 1 wherein the recycled liquid
bottom product stream comprises a majority of Cy+-
alkanes.

7. The method of claim 1, which includes removing
heat from the overhead condenser zone to which the
bottom product stream has been added, by employing
cooling water or a refrigerating system.

8. The method of claim 1 wherein the recycled liquid
bottom product stream is recycled to the overhead
condenser zone of the same distillative column from
which the bottom product stream is recovered.

9. The method of claim 8 wherein the feed stream to
the distillative column comprises a cool feed stream of
H->S and C;+ alkanes and is essentially free of carbon
dioxide, and the overhead stream is enriched in H»S, C>
and C3 and the bottom product stream is enriched in

Cq4+ alkanes.

10. The method of claim 1 wherein the recycled bot-
tom product stream has less than about 0.5% mols of
Ciand a maximum of about 10 ppm of H>S.

11. The method of claim | wherein the feed stream
comprises CO3, H3S and C3-Cg alkanes, and the bottom
product stream comprises primarily C4-Cq alkanes.

12. The method of claim 1 wherein the feed stream is
essentially free of acid gas components.

13. The method of claim | which includes introduc-
ing the liquid bottom product stream into the overhead
condenser zone by sparging the liquid bottom stream
into the vapor overhead product stream.

14. The method of claim | which includes spraying
the liquid bottom stream concurrently into the vapor
overhead product stream introduced into the overhead
condensing zone.
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15. The method of claim | for the distillative separa-
tion of carbon dioxide from a gaseous hydrocarbon feed
stream containing carbon dioxide, which method com-
prises:

(a) introducing the feed stream into a first distillative

cotumn;

(b) introducing a nonpolar liquid C;-Cg¢ alkane addi-
tive agent into the upper section of the column
above the point of introduction of the feed stream,;

(c¢) withdrawing a first overhead product stream from
the top of the first column enriched in carbon diox-
ide;

(d) withdrawing a first bottom product stream from
the bottom of the first column containing the liquid
additive agent;

(e) introducing the first bottom product stream into a
second distillative column as a feed stream for the
second column;

(f) withdrawing from the top of the second column a
second overhead product stream comprising pri-
marily C; and C; alkanes;

(g) withdrawing from the bottom of the second col-
umn a second bottom product stream comprising
primarily C4+ alkanes;

(h) condensing at least a portion of the second over-
head product stream in an overhead condenser and
recycling a portion of the second overhead product
stream to the top of the second column;

(1) reboiling at least a portion of the second bottom
product stream in a reboiler and recyclhing a por-
tion of the reboiled bottom product stream to the
bottom of the second column;

(j) recovering a reboiled second bottom product
stream comprising C4+; and

(k) recycling a portion of from about 1 to 30 mols of
the second bottom product C4+ stream, based on
100 mols of the feed stream in the second column,
into the second overhead condenser and introduc-
ing the recycled C4+ bottom stream concurrently
with the second overhead product stream into the
second overhead condenser, to increase the tem-
perature of the second overhead condenser or to
reduce the operating pressure of the first column.

16. The method of claim 15 which includes recycling
a portion of the reboiled bottom product stream as at
least a portion of the liquid additive stream introduced
into the first column.

17. The method of claim 1 for the distillative separa-
tion of carbon dioxide from a gaseous hydrocarbon feed
stream containing the carbon dioxide and C;, C; and
Cs4+, which method comprises:

(a) introducing the feed stream into a first distillative

column; ' |

(b) withdrawing a first overhead product siream en-
riched in carbon dioxide and C; from the top of the
first column;

(c) withdrawing a first bottom product stream en-
riched in C; from the bottom of the first column:

(d) condensing at least a portion of the first overhead
product stream in a first overhead condenser and
recycling a portion of the first overhead product
stream to the top of the first column;

(e) reboiling at least a portion of the first bottom
product stream in a reboiler and recycling a por-
tion of the reboiled bottom product stream to the
bottom of the first column;
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() introducing a first bottom product stream as the
feed stream into a second distiilative column con-
taining a plurality of distillation trays;

(g) withdrawing from the top of the second column a
second overhead product stream comprising pri-
marily Cj;

(h) withdrawing from the bottom of the second col-
umn a second bottom product stream comprising
primarily Ca+;

(i) recovering a reboiled second bottom product
stream; and

(j) recycling a portion of from about 1 to 10 mols of
the second bottom Cs+ product stream, based on
100 mols of the feed stream in the first column, into
the inlet of the first overhead condenser concur-
rently with the first overhead product stream, to
admix uniformly the bottom stream and overhead
product stream 1n the condenser, or to the upper
ten or less trays of the first column, to reduce the
heat duty in the operation of the first column.

18. The method of claim 1 for the distillative separa-
tion of nitrogen and methane from a gaseous feed
stream comprising nitrogen, methane, carbon dioxide
and C;+ alkanes, which method comprises:

(a) introducing the feed stream into a first distillative

column;

(b) withdrawing from the top of the first column a
first overhead product stream enriched in nitrogen;

(c) withdrawing from the bottom of the first column
a first bottom product stream containing CHgy, CO:>
and Cy+;

(d) condensing at least a portion of the first overhead
product stream in a first overhead condenser and
recycling a portion of the condensed first overhead
product stream to the top of the first column;

(e) introducing the first bottom product stream as a
second feed stream into a second distillative coi-
umn;

(f) withdrawing from the top of the second column a
second overhead product stream enriched in meth-
ane;

(g) withdrawing from the bottom of the second col-
umn a second bottom product stream containing
CO3 and C3+4 products;

(h) introducing into the upper section of the second
column, above the point of introduction of the
second feed stream, a nonpolar, liquid, C3i-Cg al-
kane additive agent;

(1) condensing at least a portion of the second over-
head product stream in a second overhead con-
denser and recycling a portion of the condensed
second overhead stream to the top of the second
column;

(j) introducing the second bottom product stream as
the third feed stream into a third distllauve col-
umn;

(k) withdrawing from the top of the third column a
third overhead product stream containing COj, C»
and C;3;

() withdrawing and recovering a third bottom pro-
duce stream from the bottom of the third column
composed primarily of C4+ alkanes; and

(m) recycling at least a portion of the third bottom
product stream to the first overhead condenser
concurrently with the first overhead product
stream, to admix uniformly the bottom stream and
overhead product stream in the condenser, to pro-
vide for an increase in the temperature of the over-
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head condenser or a reduction in the operating
~ pressure of the first column.

19. The method of claim 18 which includes recycling
a portion of the third bottom product stream for intro-
duction as at least a part of the liquid additive agent into
the second column.

20. The method of claim 18 wherein the first over-
head product siream comprises essentially nitrogen and
methane, and the second overhead product stream com-
prises essentially pure methane.

21. The method of claim 1 which includes introduc-
ing recycled liquid bottom product stream into the
overhead condenser zone in an amount sufficient to
reduce the operating temperature of the bottom of the
column from about 5° to 50° F. from the temperature
without the introduction of the recycled liquid bottom
product stream.

22. The method of claim | which comprises the distil-
lative separation in the distillation column of a carbon
dioxide and C; overhead stream and a Ci+ bottom
stream which includes recycling a minor amount of a
bottom product stream into the uppermost tray section
of the distillative column separating carbon dioxide and
C; overhead stream from the C3+ and bottom stream.

23. The method of claim 22 wherein the bottom prod-
uct stream comprises a C4+4 stream and is introduced
into at least one of the top ten trays of the distillation
column. |

24. The method of claim 1 which comprises the distil-
lative separation of nitrogen and methane from a feed
stream in a CHs-N- distillative separation column and
which includes introducing a liquid bottom product
stream from the distillative separation of CQ»,, C; and
C; as an overhead stream and the C4+ additive bottom
product stream into the overhead condenser zone of the
CH4-N; distillation column for the separation of CHs
and N3 to increase the column operating temperature of
the CH4-N3 overhead condenser zone.

23. The method of claim 1 which comprises the sepa-
ration of a hydrogen sulfide, C; and C; stream as an
overhead stream from a C4-Cg+ liquid bottom product
stream in a distillation column which includes recycling
the C4~C¢+ liquid bottom product stream into the
overhead condenser zone of the distillation column to
increase the temperature of the overhead condenser
zone.

26. The method of claim 25 wherein from about | to
8 mols of the bottom product stream is recycled per 100
mols of feed stream to the C0»-C; distillation column.

27. The method of claim | which comprises the distil-
lative separation of carbon dioxide and ethane stream
from propane stream which includes distillatively sepa-
rating CO3 and C; as an overhead stream in a distillation
column and recovering a C3+ bottom stream as a feed
stream for distillatively separating in another distillation
column of Cj; as an overhead product stream and Cy+
as a liquid bottom additive stream and recycling a por-
tion of the liquid bottom product stream to the over-
head condenser of the distillative column for the CO-
2-C: separation from C3;+ to increase the operating
temperature of the overhead condenser zone of the
CO,-C; distillation column.

28. The method of claim | wherein the bottom prod-
uct stream is admixed with the overhead product stream
upstream of the heat exchange area in the condenser
zone so that the admixed overhead and the bottom
product stream are generally uniformly distributed
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through the vapor portion of the heat exchange area of
the condenser zone.

29. The method of claim 1 wherein the overhead
condensing zone 1s maintained by the recycling of the
bottom product stream at a temperature of about — 125°
F. or more.

30. The method of claim | which includes recycling
the liquid bottom product stream from a different distil-
lation column into the condenser zone of the distillation
overhead column.

31. The method of claim 1 wherein the recycled liquid
bottom product stream comprises C3~C1 alkanes.

32. A method for the distillative separation of carbon
dioxide from a gaseous hydrocarbon feed stream contain-
ing the carbon dioxide and C,, C;and C4+, which method
comprises:

(a) introducing the feed stream into a first distillative

column containing a plurality of distillation trays:

(b) withdrawing a first overhead product stream en-
riched in carbon dioxide and C; from the top of the
first column;

(¢) withdrawing a first bottom product stream enriched
in C; from the bottom of the first column;

(d) condensing at least a portion of the first overhead
product stream in a first overhead condenser and
recycling a portion of the first overhead product
stream to the top of the first column:

(e) reboiling at least a portion of the first bottom prod-
uct stream in a reboiler and recycling a portion of the
reboiled bottom product stream to the bottom of the
first column:

(f) introducing a first bottom product stream as the
feed stream into a second distillative column contain-
ing a plurality of distillation trays:

(g) withdrawing from the top of the second column a
second overhead product stream comprising primari-
ly Cs; |

(h) withdrawing from the bottom of the second column
a second bottom product stream comprising primar-
ily C4+; ="

(i) recovering a reboiled second bottom product stream:
and

(j) recycling a2 minor portion of the second bottom Cy~+
product stream into the inlet of the first overhead
condenser concurrently with the first overhead prod-
uct stream, to admix uniformly the bottom stream
and overhead product stream in the condenser, or to
the uppermost tray section above the feed tray of the
first column to reduce the head duty in the operation
of the first column.

33. The method of claim 32 wherein the minor portion
of the recycled second bottom Cs+ product stream com-
prises from about 1 to 10 mols of the second bottom C+
product stream, based on 100 mols of the feed stream, into
the first column.

34. The method of claim 32 which includes recycling a
minor portion of the second bottom Cs+ product stream
into the upper ten or less trays of the first column.

35. The method of claim 32 wherein the recycled sec-
ond bottom Cs+ product stream comprises primarily a
Cy4-~Cs alkane,

36. The method of claim 32 wherein the feed stream
into the first distillative column consists essentially of
CO», ethane and C; +.

37. The method of claim 32 which includes recycling
from about 1 to 10 mols of the second bottom C;+ prod-
uct stream, based on 100 mols of the feed, to the first
column into the uppermost ten or less trays of the first

column.
x = -] | w
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