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@ Cryogenic process for separating synthesis gas.

@ A cryogenic separation of a feed gas mixture comprising
hydrogen, carbon monoxide and methane is obtained by
partial condensation. The feed gas {111} is partially cooled
and condensed, then separated to form first gas and liquid
fractions, the latter is separated into carbon monoxide
product gas and methane product gas, and the first gas
fraction is further cooled for additional partial condensation
and separated into a hydrogen enriched gas fraction and a
second carbon monoxide rich liquid.
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This invention relates to a cryogenic process for sep-
erating synthesis gas by partial condensation.

Synthesis gas is commonly produced in the chemical
processing industry by a variety of techniques, for example,
the steam reforming of natural gas (methane), and the pyrol-
ysis or partial oxidation of both solid and liquid hydrocar-
bon feedstocks. The so-produced synthesis gas mixture con-
tains the desired hydrogen and carbon monoxide products, as

well as residual methane. By way of example, the synthesis

10 gas mixture may contain approximately 40 to 70 mole % hydro-

15

20

gen, 15 to 60 mole 7 carbon monoxide, 0.1 to 15 mole % meth-
ane and the remainder argon and nifrogen. Consistent with
the use of the synthesis gas constituents as chemical pre-
cursors, the three major components are separated and puri-
fied to the required degrée. Both cryogenic and noncryogen-
ics processes are available to provide the required separa-
tions and each offer their own advantages. The present in- -
vention is concerned primarily with the cryogenic apprbéch.
In the past, there have been two basic cryogehié ap-
proaches to the complete separation of synthesis gas; the
méthane wash approach and the partial condensation - éres-
sure swing adsorption approach. In the methane wash approach,

a synthesis gas feed stream is provided at elevated pressure

and cooled to form a vapor-liquid mixture which is

25 introduced to the methane wash column. Prior to the methane
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wash column, the feed gas stream may undergo a preliminary
separation bylpartial condensation to increase its hydrogen
content. In the wash column, the feed is contacted with

a high purity, sub-cooled methane wash liguid for absorp-
tion of feed carbon monoxide into the methané wash liquid.
High purity hydrogen product is recovered from the overhead
of the methane wash columm and liquid containing the wash
methane and absorbed carbon monoxide is yecovered in the
bottoms. Recovered bottoms liquid is then throttled to re-
duced pressure and fractionated in a carbon monoxide separa-
tion colurm. This column produces an overhead carbon monox-
ide product and a high purity methane bottoms liquid. A
portion of the methane bottoms is then subcooled and recy«
cled as wash liquid for ths methane wash column. -

- Current examples of the methane wash approach are those
described in Allam et al. U.S. Patent 3,86,756 and Martin
U.S. Patent 4,102,659. 1In such systems, the final hydrogen
purification is done within the cryogenic equipment by ab-
sorbing heavy components from the light stream with a sub-
cooled methane wash stream. The high ?urity methane wash
stréam is generated in the carbon monoxide separation col-
umn where the binary separation of carbon monoxide from meth-
ane is conducted. Because of the necessity for generating a
sizable, sub-cooled liquid methane wash stream, these pro-
cesses tend to be very energy intensive. Moreover, these
systems are also limited to synthesis gas feeds having low
carbon monoxide to methane molar ratios, e.g., less than a-
bout 30 and preferably lower. At higher carbon monoxide to
methane molar ratios, the power requirements associated with

reffigeration and the complexify associated with this approach
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cannot normally be justified relative to the partial conden-
sation = PSA approach.

A typical commerically practiced prior art system em-
ploying the partial condensation approach to synthesis gas
processing represented by Pryor U.S. Patent 3,508,413
(Figure 1). In the Pryor process, the synthesis gas is
first cooled and partially condensed in a first heat ex-
changer and the condensed liquid fraction is separated from
the vapor fraction. This first separation occurs at an in-
termediate cryogenic temperature and reduces the amount of
hydrogen which is subsequently dissolved in the liquid phase
produced upon complete cooling. Earlier iess efficient prior
art approaches cooled the feed gas stream directly to the
temperature at the cold end of the syétem.r This dissolves
a large amount of hydrogen in the liquid'phése.subsequently
recovered, and results in substantial difficulty in separa-

ting this dissolved hydrogen from the final carbon monoxide

’

product.

The non-condensed feed gas recovered from the first
separator is then further cooled in a second lower temper-
a£ure heat exchanger and a hydrogen enriched gas is sepéra-
ted from a cérbon monoxide rich'liquid iﬁ a coldest temper-
ature separator. The hydrogen ?ich gas from this separa-
tion is then partially warmed in the second heat exchanger,
expanded through a turbine to develop refrigeration for this
system and then its sensible refrigeration is consecutively .

removed through the second and first heat exchangers
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respectively., The liquid recovered from the first
separator with liquid from an interiediate
temperature separation are thereafter throttled into -

a lower pressure separator. Similarly, the hydrogen
saturated liquid recovered from the lowest temperature
separator is partially reboiled in the lowest temperature
heat exchanger and is throttled into still another separator.
The hydrogen saturated ligquid fractions subsequently
recovered from both separators are expanded into a

carbon monoxide-methane separation column. The overhead
saturated vapor streams recovered from each of these sepa-
rators are combined, warmed in the first heat exchanger
and then recycled to join the synthesis feed gas. It
should be noted that one portion of the saturated liquid
from the last-mentioned separator is flashed into a sub-
atmospheric pressure separator. This operation provides
an additional source of refrigeration for the system., The
patentee also claims that this step greatly increases the

thermal efficiency of the cycle and therefore greatly

reduces the power requirements of the process by reducing

the température difference at both the warm and cold ends
of the first heat exchanger. The liquid recovered from

the sub~atmospheric pressure separator is fed to the carbon
monoxide-methane separation column while the vapor separated
is passed to the carbon monoxide product stream. Reboil
for the carbon monoxide-methane separation column is

provided by heat exchange with the cooling synthesis feed
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gas stream. The column produces & methane-enriched
fuel gas bottoms product and the high purity carbon
monoxide overhead product.

A prior art modification of the Pryor partial condensa-
tion system is illustrated in Figure 1. The synthesis
gas supplied at super atmospheric pressure is supplied
through conduit 11 and first cooled and partially
condensed in first heat exchanger 12, and the condensed
liquid fraction is separated from the vapor fractibn in
first separator 13. The non-condensed vapor fraction
is passed through conduit 14 for further cooling in
second lower temperature heat exchanger 15 and a
hydrogen enriched gas is separated ffom a carbon mon-
oxide rich liquid in lowest tempe;éture separator 16,

The hydrogen rich gas in condui£ 17 is then partially
rewarmed in heat exchanger 15, expanded through turbine 18
to develop refrigeration for the system and passed back

£

through héat exchangers 15 and 12 for recovery of gsensible
refrigeration.

The hydrogen-saturated first liquid fraction is dis-
charged from first separator 13 into conduit 19 and
throttled through valve 20 into first lower pressure
separator 21. The throttled low pressure carbon monoxide
enriched gas is discharged through conduit 22 for sensible
refrigeration recovery in first heat exchanger 12. The
throttled carbon monoxide and methane enriched liquid is
passed through conduit 23 to an intermediate level of

carbon monoxjde~methane separation column 24,
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The carbon monoxide-enriched ligu:< “racticn
from coldest separator 16 is discharged through conduit
25, throttled in valve 26 and partially rewarmed (reboiled)
in lower temperature heat exchanger 15 before entering
second lower pressure separator 27. The carbon monoxide
enriched gas from the latter is discharged therefror in
conduit 28 and joins gas from conduit 22 in combination
conduit 29 for recovery of sensible refrigeration in
first heat exchanger 12. The carbon monoxide rich
liquid fraction from second lower pressure separator
27 is passed through bottom conduit 30 into the top
end of carbon monoxide-methane separation column 24
as reflux liquid.

Heat for driving the lower end of column 24 is
provided by a warmer fluid in reboiler 31, as for
example, a partially cooled portion of the synthesis
feed gas (not illustrated). The methane rich bottoms
liquid from column 24 is withdrawn through conduit 33

and passed through first heat exchanger 12 for recovery

.of latent refrigeration. The high purity carbon monoxide

overhead pfoduct gas from column 24 is discharged through
conduit 32 and passed to first_heat exchanger 12 for
recovery of its sensible refrigeration.

The main difference between the Pryor and Fig. 1
prior art partial condensation systems is that the latter
eliminates the intermediate temperature separator and the
sub-atmospheric pressure separator alecng with the associated

valves and piping.
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There are two principle disadvantages of both
of these prior art partial condensation systems.
Firstly, the carbon monoxide rich liquid fraction from
the lowest temperature separator 16 passes through
second lowest pressure separator 27 and is coupled
directly to separation column 24, i.e. the operating
pressure of separator 27 dictates the maximum operating
pressure of the column. Since a low pressure warming
stream yields a desirable reb&iling characteristic in
lower temperature heat exchanger 15, with the use of
a low recycle flow, the bottoms from separator 16 must
be flashed to a lbw pressure. Accordingly, the carbon
monoxide-methane sepafation column must also operate at
a low pressure. Attempts at processing stream 25 at
higher pressures result in a higher recycle flow and

subsequently higher recycle

E
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compression requirements, as well as & performance degrada-
tion in lower temperature heat exchanger 15,

The second deficiency of these prior art partiel
condensation systems relates to throttling of the hydrogen
saturated liquid from first separator 13 into lower
pressure separator 21, This throttling step 1s conducted
at a low pressure to insure complete removal of. hydrogen,
However, this also results in & high carbon monoxide loss
into the overhead vapor, thereby gteatly increasing the
power requirements due to recycle compression,

A further limitation of these prior art partial
condensation processes is that they cannot be adapted to
separation of synthesis gas mixturés having carbon
monoxide}to methane molar ratios~below about 10, This
is because they cannot optimally balance the competing
requirements of refrigeration, product recovery and purity,

An object of this ihvention is to provide an
improved cryogenic process for separating synthesis gas

by partial condensation, in which the operation of the

carbon monoxide-methane separation is uncoupled frox

the low pressure reboiling carbon monoxide stream in
the lower temperature heat exchanger,

Another cobject is to provide such a process which
permits operation of the carbon monoxide-methane

separation column at the optimum pressure without
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sacrificing overall process efficiency.

Still another object is to provide an improved
cryogenic process for separating synthesis gas by partial
condensation, which process requires substantially less

total power then presently available partial condensation

processes,

An additional object is to provide such a process

which extends the advantages of the partial condensation

~ approach for eynthesis gas separation to feed gas streams

having carbon monoxide to methane molar ratios below

about 10,

Other objects will be apparent from the ensuing

disclosure and appended claims.

This invention relates to a cryogenic process for
separating synthesis gas éy partial condensation,

More specifically the invention relates to the
cryogenic separation of a gas mixture comprising hydrogen,
carbon monoxide and methane by partial condensation, in
which the feed gas mixture is providéd at super atmospheric
pressure above about 300 psia and partially cooled to con-
dense a first liquid fraction and recover a first gas frac-

tion, the first liquid fraction is separated into a carbon

monoxide product gas and methane product liquid, the
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first gas fraction is further cooled for additional
partial condensation and separated into a hycdrogen
enriched gas fraction and & second carbon moncxide rich
liquid. )

The invention improvement comprises: (&) treating
said first liquid fraction so as to provide a carbon
monoxide rich 1iquid feed to the carbon monoxide-methane
separation; (b) further cooling the first gas fraction
at about said super atmospheric pressure for additional
partial condensation and separating the same into a
second liquid fraction and a second gas fraction as
said hydrogen enrich;d gas; (c) rewarming said second
gas fraction as said hydrogen enriched gas fraction by
heat exchange initially with the further cooling first
ges fraction and thereafter with the partially cooling
feed gas mixture; (d) expanding said seconé liquid
fraction to lower pressure between 20 psia and 130 psia,

and separating the same into & third 1liquid fraction

~and a third gas fraction; (e) providing said third

gas fraction at low super atmospheric pressure below
about 50 psia; (f) providing & minor portion of a
carbon monoxide rich liquid obtained from the cooled
feed gas mixture after further coocling, at said low
super atmospheric pressure of step (e) and combining
said minor portion_with the so-provided third gas

fraction to form a recycle mixture; (g) rewarming
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said recycle mixture by heat exchange initially with

the further cooling first gas fraction and thereafter

with the partially cooling feed gas mixture; and (h) flow-
ing at least & major portion of said third liquid fraction
to the carbon monoxide-methane separation,

In this invention the first liguid fraction may be
treated ig any of several modes s0 as to provide carbon
monoxide rich liquid feed t& the carbon monoxide-methane
separation, One mode illustrated in Figure 2 is to
first throttle the liquid to a lower super atmospheric
pressure between 20 psia and 130 psia and then separate
the throttled fluid into a 1liquid fraction which is
fed to the carbon monoxide-methane separatiop,

and a gas fraction, The latter is heat exchanged with
the feed gas mixture for cooling thereof, and may be
at least partially recycied by mixing with the feed gas
prior to cooling and partial condensation thereof.

in a second mode for treating the first liquid

fraction illustrated in Figure 3, the latter is first

throttled and the resulting fluid is separated as in
thé first mode, but the throttled liquid fraction is
further cooled and throttled, The resulting fluid is
separated into gas and tiquid fractionms. At least part
of the latter is partially rewarmed against the first

gas in the further cooling step and fgd to the carbon
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monoxide-methane separation. The gas fraciion recoverec
from the further cooled fluid separation is also

partially rewarmed by heat exchange with the first gés

in the further cooling step, &nd further rewarmed by

heat exchange with the feed g&s mixture in the partial
cooling-condensation step.

In a2 third mode for treating the first liguid
fraction to provide carbon monoxide-rich liguid as

{1lustrated in Figure 4, the former is first throttled

and separated, and the ligquid is then further cooled
again and throttled and separated as in the second mode.
Bowever the final liquid fraction is only partially
rewarmed by the first gas in the further cooling step.
The resulting partially rewarmed liquid fraction is again
separated to pro§ide still further gas and liquid fractionms,
The latter is further rewarmed and reboiled, and passed
to the carbon monoxide-methane separation as the carbon
monoxide rich liquid feed, and the partially rewarmed
gas is further warmed against the cooling feed gas
mixture in the partial cooling step.

In 8 fourth mode for treating the liquid fraction
to provide carbon monoxide rich liquid as illustrated
in Figure 5, the first liquid fraction is further
cooled in the same further cooling step as the first gas,
and then throttled to a lower super atmospheric pressure,
The resulting.fluid is separated Iinto gas and liquid

fractions, and the latter is partially reboiled in the
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aforementioned further cooling step against the first
1iquid and gas fractions. The resulting fluid

is passed to the carbon monoxide-methane separation.

The gas 1is rewarmed for recovery of its sensible refrig-
eration, first in the further cooling heat exchange
against the first gas and the first liquid fraction, and
then in the feed gas partial condensation step,

In step (f) of this process, a2 minor portion of &
cérbon monoxide-rich liquid obtained from the cooled
feed gas mixture after the further cooling step is
provided at the low super atmospheric pressure of the
throttled third gas fraction ffcm step (e). This carbon
monoxide rich liguid may be provided by diverting a
minor part of the third liquid fraction as for example
illustrated in Figures 2 through 4, Alternatively, ‘the
carbon monoxide-rich 1liquid may be derived from the

first liquid fraction as illustrated in Figure 5,

Figure 1 is a schematic drawing of apparatus suitable
for practicing a prior art cryogenic process for separating
synthesis gas by partial condensation.

Figure 2 is a schematic drawing of apparatus suitable

for practicing the inventive process with synthesis feed
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gas having carbon monoxide to metharemolar ratis greater
than 60, in which carbon monoxide rich liquid feed for
the carbon monoxide-methane separation is obtained frex
the first liquid fraction by throttling and separation.

Figure 3 is a schematic drawing of apparatus suitable
for practicing another embodiment of the invention
similar to Figure 2, but with further cocoling of the
throttled 1iquid fraction from which carbon monoxide
rich 1liquid is derived by rewarming.

Figure & is another embodiment similar to the
Figure 3 embodiment, in which the final 1liquid fraction
from the further cooled and throttled fluid is only
partially rewarmed before entering the carbon monoxide-
methane separation.

Figure 5 is a schematic drawing of apparatus suitable
for practicing an embodim?nt of the invention which is
useful for separating synthesis gas feeds having a carbon

monoxide to methane molar ratio between about 5 and 60,

Figure 6 is & schematic drawing of apparatus suitable
in the Figures 2 through 5 and 7 embodiments for practic-
ing hydrogen expansion in two gas turbines with hydrogen
backmix, and

Figure 7 is a schematic drawing of apparatus suitable
for practicing an embodiment of the invention for separat-

ing synthesis gas feeds having a carbon monoxide to

methane molar ratio below 5.

Where appropriate, corresponding elements in the
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various Figures are identified by numbers with the same

last two digits. 7

Referring to Figure 2, a synthesis feed gas having
carbon monoxide to methane molar ratio greater than 60
is supplied to conduit 111 at super atmospheric pressure
above about 300 psia and first cooled and partially
condensed in first heat exchanger 112 by five colder
fluids discussed hereinafter, The resulting fluid mixture
is passed to first separator 113, and separated into a
first gas fraction in conduit 114 and first liquid
fraction in conduit 119, The first gas fraction is
further cooled and additionally partially condensed in
second lower temperature heat exchanger 115 by four éolder
fluids discussed hereinafter, and passed to second
separator 116, The second hydrogen-rich vapor from
separator 116 in conduit 117 is partially rewarmed in
second heat exchanger 115, expanded through turbine 118
to develop refrigeration for the system and then again
rewarmed Iin second heat exchanger 115 and finally in
first heat exchanger 112 before discharge from the system,
The hydrogen-saturated liquid recovered from second
separator 116 in conduit 125 fs throttled through wvalve
126 and the resulting gas-1liquid is passed to third
separator 145 at the cold end of the system,

A major part of the carbon monoxide-rich liquid

recovered from third separator 145 in conduit 146 is
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partially reboiled in second heat exchanger 115 and fed

to the upper part of carbon monoxide-methane separation
column 124 as wash 1iquid, The other minor part of the
cold carbon monoxide~-rich liquid is diverted to conduit
147 upstream second heat exchanger 115, &nd throttled
through valve 148 to low super.atmOSPheric pressure below
about 50 psia. A third gas fraction is released from
third separator 146 through conduit 149 and throttled

in velve 150 to low super atmospheric pressure below |
sbout 50 psia, whereupon the diverted throttled methane
richk fluid in conduilt 147 is jolned therewith to form

a low pressure recycle mixture in conduit 151, The latter
is reboiled and rewarmed initially by heat exéhange

with the further ceoling and additionally partially
condensing first gas fraction in second heat exchanger

115 and thereafter additi;nally rewarmed with the partial-
1y cooling and condensing feed gas mixture in first heat
exchanger 112. The resulting warmed low pressure gas

in conduit 149 may be recompressed and recycled as part of
therfeed gas mixture in conduit 111 by means not shown.

By reboiling the conduit 151 pértion of the recycle stream
at a significantly lower pressure than the prior art (below
about 50 psia), the heat transfer characteristics for

this stream in second exchanger 115 are optimized., Also,

this low pressure recycle stream is not passed to the
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carbon monoxide-methane separation columm 124 and the
latter may be operated at the desiresd higher pressure.
Returning now to the first liquid fraction 119
discharged from first separator 113, it is treated to
provide carbon monoxide-rich 1liquid feed to columm 124 by
first throttling in valve 120 to a pressure level commen-
surate with the pressure for carbon monoxide-methane
separation column 124, {i,e, between 20 and 130 psia,
The resulting throttled fluid is separated in fourth
separator 121 to form a gas fraction in overhead conduit
122 and a 1iquid fraction in conduit 123, The former
is rewarmed in first heat exchanger against the cooling
feed gas mixture, and may be recycled (by’meahs not
illustrated) to feed gas conduit 111, The throttled
liquid fraction flows through conduit 123 and control
valve 153 to column 124 as the carbon monoxide-rich
liquid feed., As previously explained, column 124
may be advantageously Operatedrat a8 substantially higher
ﬁressure than possible with the prior art systems, Also,
the column operating pressure ié significantly higher
than the desirably low pressufe recycle gas stream
in conduit 151. These improvements permit a sizeable
reduction in the total power requirements for this

invention.
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A high purity carbon monoxide overhead product gas
is discharged through conduit 132 and warmed in first heat
exchanger 112 -against the cooling synthesis feed gas, and
methane-rich bottoms liquid is withdrawn through conduit
133 with control wvalve 134 therein. The refrigeration
value of this stream is recovered in first heat exchanger

112.

A comparison of the prior art Figure 1 process and

the Figure 2 process of this invention is provided by

the examples of Table A, 1In each case, the system
processes 1000 1b.mole/hr. of a feed gas having a hydrogen
content of &4.7%, & éarbon mor.oxide content of 54,747

and & methane content of 0,26% with the remaining gases.
comprising nitrogen anc argon at & pressure of 500 psia
and temperature of 278°K.- The feed gas is cooled to
103°K in the first exchangers and thé first gas

further cooled to 72°K in the second exchangers. There
are two hydrogen product streams discharged from the |
first exchanger warm end after turbine expansion in

the Figure 6 manner. They are at 335 psia and 180 psia
in both Figures 1 and 2. 1In Figure 1 the column operates
at 54 psia whereas in Figure 2 the column operates at a

more efficient level of 80 psia. By utilizing this invention
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one can produce & carbon monoxide product at a similar
purity and recovery while realizing an 11% decrease in
power requirement (based on carbon monoxide product).

As shown in Table A, this power requirement is derived
from & reduction in the requirement for product compres-
sion., 1In the Figure 2 approach, carbon monoxide product
is produced at 54 psia, while utilizing the present

 4{nvention the carbon monoxide product is recovered at

80 psia.
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The Figure 3 embodiment differs in certain respects
from Figure 2, and these diferences offer advantages,
In Figure 3, expansion of the first liquid fraction from
separator 213 through conduit 219 and valve 220 into
fourth separator 221 is conducted at a higher pressure
level than in the Figure 2 system, e.g., at 320 psia as
compared with 85 psia., The hydrogen saturated liquid
recovered in separator 221 is then passed through conduit
223, subcooled in second heat exchanger 215, and flashed
into third separator 245 along with the hydrogen
saturated liquid recovered from second separator 216 in
conduit 225, By subcooling the saturated'liquid,recévered
from fourth separator 221, a higher carbon monoxide
recovery in the 1liquid phase is achieved when this liquid
is flashed into third separator 245. The liquid frbm
third separator 245 is then processed in a manner analogous
to Figure 2 approach with a minor portion being throttled
through conduit 247 and valve 248,and reboiled with the
overhead gas from third separator 245 in conduit 251.
The major other portion of the third separator liquid is
throttled through valve 246a and then partially reboiled
in second lower temperature heat exchanger 215, A
portion of this reboiled 1iquid can then be fed directly
into column 224 through conduit 246 as part of the carbon

monoxide-rich liquid, while the other portion can be
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fed through conduit 260 to fifth separator 261 for a
preliminery separation, with the saturated carbon
monoxide-rich liquid recovered in conduit 262 forming
the other feed to the carbon monoxide-methane separation
column 224, As such, the vapor recovered from fifth
separator 261 in conduit 264 represents the final point
for hydrogen rejection from the column 224 feeds and
offers flexibility in controling the hydrogen impurity
level in the carbon monoxide product, This option,
however, must be viewed with respect to the power penalty
one suffers with the higher recycle flow so produced,

Table A also compares Figure 3 with Figure 2
embodiment and the Figure 1 prior art system. The CO
product purity is slightly higher than Figureiz, and
the total power consumption is about the same. The
column operates at 82 psia and there are three recycle
gas streams: the high pressure gas in conduit 222 at 320
psia comprising 8% of the total, the intermediate pressure .
gas in conduit 264 at 84 psia comprising‘ZéZ, and the
iower pressure gas in conduit 251 at 28 psia comprising
667 of the total.

The Figure 3 embodiment, although representing a
means for improving carbon monoxide product purity as
shown in Table A, represents & relatively inefficient

manner for final rejection of hydrogen impurities prior
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to carbon monoxide-methane separation column 224, As
previously stated, fifth separator 261 can be used as
the final rejection point of the hydrogen which has
been dissolved in thé carbon monoxide at the cold end
of the process., However, almost twenty times as much
carbon monoxide is rejected along with the hydrogen,
and the CO must subsequently'be recycled, As a result,
the Figure 3 embodiment requires slightly more power
than the Figure 2 embodiment. It would be highly
advantageous if the impurity hydrogen could be removed
without significantly increasing reéycle flows. This
problem has been solved in the Figure 4 emobdiment by
performing this final separation of the hydrogen impurity
from the carbon monoxide-rich liquid recoVeféd from .
the third separator at a lower temperature and & much

’

lower pressure than in the Figure 3 embodiment.

Referring now to Figure 4, the major portion of the
carbon monoxide-rich liquid recovered from third separator.

345 in conduit 346 for subéequent feeding to column 324

'is throttled through valve 346a to a very low pressure,

i.e., below 50 psia and, is partially reboiled in second
lower temperature heat exchanger 315, The partially
reboiled stream is then passed to fifth separator 361.
The liquid from separator 361 in conduit 370 is then

pressurized to the column 324 operating level by means
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of liquid pump 371 and returned to heat exchanger 315
at the point of withdrawal of the saturated liguid from
separator 345 for additional reboiling and introduction
to the column as the carbon monoxide-rich feed. The
hydrogen saturated vapor from fifth separator 361
in conduit 364, now at a greatly reduced flow rate, is
warmed in heat exchanger 312 and passed to the feed
recycle compressor through conduit 364,

Fortuitously, the aforedescribed unique features of

the Fieure 4 embodiment also solve a potentialrproblem

of the Figure 3 embodiment involving the stability of

the recycle flow. Referring to Figure 3, it can be seen -
that any fluctuation in the temperature of the separation
in-first separator 213 will produce fluctuations in warm
end exit temperatures in' lower temperature heat exchanger
215, Such fluctuations will produce subsequent fluctua-
tions in the flow rate of vapor from fifth separator 261,

i.e., the recycle flow. 1In the Figure 4 system, however,:

any fluctuations in the temperature of separator 361

produced by fluctuations in the temperature of first
separator 313 will be negligible because the temperature
level of withdrawal is near the mid point of heat
exchanger 315 rather than from the warm end., 1In any

event this will have negligible impact on the total
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recycle gas flow since the vapor flow from separator
361 is inherently small and negligible in comparison
to the vapor flow from separator 264 in Figure 3. For
example, in the illustrative case presented in Table A,
the saturated vapor flow from separator 261 in the
Figure 3 system is about ten times greater than the
saturated vapor flow from separator 361 in the Figure &
system,

Even though separator 361 in the Figure 4 embodiment
is operated at a much lower pressure than separator 261

in the Figure 3 embodiment and thereby requires a higher

recompression of the saturated vapor recovered therefrom
prior to recycle, it ﬁas been found that the overall
power requirements of the Figure 4 system still is

about 77 lower than the ?igure 3 system. Part of this
advantage is realized by the reduction in the quahtity
of carbon monoxide that is lost by way of the overhead
vapor from separator 361, This in turn reduces the total

quantity of gas which must be recycled in the systenm

~and accordingly reduces the recycle compressor power

requirements,

For the Table A comparison, the Figure 4 column
operates at 82 psia. There are two hydrogen product
streams in the Figure 6 manner, although only one

stream is shown in conduit 317, The high pressure
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product hydroger strean is at 335 psia and the low
pressure product stream is at 220 psia. Of the three
recycle gas streams, the high pressure gas in conduit
322 at 320 psia is 10.9% of the total, the low pressure
5 gas in conduit 351 at 22 psia is 85.5% of the total,
and the low pressure gas in conduit 364 is 3.6% of the
total,
The previously described embodiments are particularly
suited to processing synthesis gas feeds having carbon
10 monoxide to methane molar ratios above about 60. 1In
such systems, the carbon monoxide-methane separaticn
column is relatively simple requiriné only a partial
reboiler without an overhead condenser. However, &s the
carbon monoxide to methane ratio is lowered, an overheac
15 condenser is eventually required to maintain carbon
monoxide product purities: Moreover, as this ratio is
further reduced, both the complexity of the column and
the complexity of the process must be increased to
_maintain product purities, Figure 5 illustrates one
20 embodiment of the invention which_is useful'for synthesis
gas feeds having a carbon monoxide to methane molar

ratio between about 5 and 60.

The feed gas in conduit 411 is initially cooled so as
to partially condense a fraction thereof. The first gas

25 fraction collected as overhead from first separator 413
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in conduit 414 is then processed in a manner similar

to the Figure 4 embodiment, This gas is further

cooled and additionally partially condensed in second

~ d

lower temperature heat exchanger 415 and a hydrogen-
enriched second gas fraction is separated therefrom

in second separator 416 while the saturated liquid
fraction recovered in conduit 425 is flashed through
throttle valve 426 into third separator 445. The
hydrogen-enriched second gas fraction in conduit 417 is
partially warmed, expanded in turbine 418, and is then -
removed from the system sequentially through heat
exchangers 415 and 412, The liquid expanded into tﬁird
separator 445 is then separated into a vapor fraction
and a saturated liquid fraction; the latter in conduit
446 forms a carbon monoxide-rich reflux liquid for'the
rectifying section 475 of the carbon monoxide-methane

separation column 424 and is withdrawn directly from the

- cold end of the process.

Referring once again to first separator 413, the
first liquid fraction in conduit 419 is further cooled
(subcooled) in heat exchanger 415 and flashed through
throttle valve 420 into separator 421. Liquid recovered
from the lower portion of the rectifying section 475 of

column 424 is also fed to lower pressure separator 421,
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The first saturated liquid fraction from the bottom of
separator 413 is essentially equivalent to the saturated
liquid recovered from fourth separator 121, 221, and 321
of the previous embodiments, The overhead vapor from
separator 421 in conduit 476 is then mixed with the
overhead vapor in conduit 449 from third separator 445
as well as with a conduit 447 diverted minor portion of
the saturated 1liquid recovered from separator 421 in
conduit 423, and the so-formed mixture is removed &s a
recycle stream through heat exchangers 415, 477 and 412
respectively, The major portion of the saturated liquid
recovered from separator 421 in conduit 423 {s partially
reboiled in second heat exchanger 415 and then fed to
the strippiﬁg section 478 of colum 424, In the Figs.3
and 4 embodiments these streams (EQuivalené to the sat-
urated liquids recovered from separator 421 and 445) were
combined, partially reboiled and then fed to column 424,
In this embodiment, it is important to keep them separate
since the cold high purity carbon monoxide liquid recover-
ed from separator 445 is needed as reflux for column 478
to insure carbon monoxide product purity. In the Figure
5 embodiment, heat exchanger 477 comprises the reflux

condenser for the rectifying section 475 of colunn 424,
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Overhead gas from this column is passed thereto from
conduit 479 and is maintained in heat exchange against

warming recycle gas mixture in conduit 451 g0 as to

condense the major fraction of methane from the overhead, °

The uncondensed vapor portion is removed by conduit 480

through first heat exchanger 412 as product carbon
monoxide, ‘The condensed liquid fraction from heat
exchanger 477 in conduit 481 is used as one portion of
the reflux for the rectifying section 475 of columm 424,
The feed for the rectifying section 475 of column 424 com-
prises the upwardly flowing gas stream form the stripping.
section 478 which passes through tray 482, This tray
is provided with a liquid catchment which prevents
liquid flow into stripping section 478. The-entire
liquid downflow in sectiop 478 is removed by conduit
483 as part of the feed to separator 421,

In the Figure 5 embodiment it will be noted that
a cold liquid is removed from the cold end of the system

(1iquid from separator 445) while a warmer liquid is

‘returned (liquid from the rectifying section 475 of

column 424 to separator 421) without any heat exchange.
As a result the second gas diécharged through conduit

476 to conduit 451 is undesirably warmed before entering
heat exchanger 415. The latter stream may be cooled by
an effect similar in nature to the Joule-Thompson effect

produced by the addition of a hydrogen rich stream
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(fbr example stream 417)~to a gas stream rich in carbon
monoxide. In a preferred embodiment of this invention,
2 minor part of the second gas fraction from step (b)

is diverted and mixed with the third vapcr fraction of
step (e) for further cooling prior to the rewarming of
step (g). The addition of cold hydrogen to this stream
(hereinafter referred to as hydrogen backmix) enhances

the refrigeration recoverability at optimum temperatures

from the recycle gas in heat exchanger 415,

Figure 6 shows two methods for providing turbine
expansion and hydrogen backmix. In one method, the
solid lines are applicable and in the second method,
the dashed-lines are applicable. Either of these methods
may be used with the previously described embodiments,
The first described method was used in the Table A
comparisions for Figures 'l, 2 and 3 while the second
described method was used for Figure 4, First gas
(derived from feed gas)rin conduit 514 is cooled in second .
heat exchanger 515 against rewarming exit streams and
;fed to second separator 516. The saturated liquid bottoms
in conduit 525 is flashed through throttle valve 526
into separator 545. The overﬂead gas from third separator
545 comprises a recycle stream while the bottoms liquid
from separator 545 in conduit 546 is rewarmed in second

heat exchanger 515 and may for example be fed to the
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carbon monoxide-methane column. A small portion of the
liquid in conduit 546 is passed through branch conduit
547 and valve 548 to be mixed with the overhead from
separator 545,

Returning now to the overhead gas from second
separator 516 in conduit 517, it is partially warmed in
second heat exchanger 515 and withdrawn at an intermediate
level such as the midpoint thereof, and expanded through
first turbine 518a. The expanded gas is returned for
further rewarming in second heat exchanger 515, while a
portion thereof is withdrawn through conduit 590 and
vélve 591 to be mixed with the overhead gas from separator
545, This withdrawn stream constitutes the backmix
hydrogen and serves to increase the efficiency-of second
lower temperature heat exchanger 515 by lowering the
boiling point characteris;ics of the recycled stream in
conduit 551, The remaining portion of gas exiting from
first turbine 518a in conduit 592 is again rewarmed by
passing through second heat exchanger 515 and is then
fed to second turbine 518b through branch conduit 593
and expanded therethrough., The expanded gas is then fed
to an intermediate level of heat exchanger 515 and is
removed from this system through conduit 594,

In the second illustrated method for hydrogen expan-

sion and backmix,one portion of the expanded gas in conduit
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517 from first turbine 518a is fed to heat exchanger 515

" while the remaining portion,as before, is diverted through

conduit 590 and valve 591 therein as the backmix hydrogen

" stream. A portion of the first turbine expanded hydrogen gas

feed to heat exchanger 515 is withdrawn at an intermediate

10

15

20

25

jevel of heat exchanger 515 through conduit 585 and is
fed to second turbine 518b through conduit 593, The
remaining portion of the exhaust from first turbine 518a
passes completely through second heat exchanger 515 and
is withdrawn from the system through conduit 592. The
hydrogen gas fed to second turbine 518b through conduit
593 is expanded therethrough, returned to an intermediate
level of heat exchanger 515 and withdrawn in conduit-594.
The following is a working example'of the present
jnvention based on the Figure 4 embodiment with the

Figure 6 hydrogen backmix.

EXAMPLE

One thousané 1b, mole/hr. of a synthesis gas stream
at 500 psia and 278°K comprising on a molar basis 44.7%
ﬁydrogen. 54.7% carbon monoxide, 0,26% methane and the
remainder nitrogen and argon is introduced through
conduit 311, cooled to 104°K in first heat exchanger
312 to thereby partially condense the gas mixture, and
{s thereafter separated in first separator 313. The

saturated 1liquid from this separator, comprising a
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mixture containing on & molar basis 6.7% hydrogen, 92.2%
carbon monoxide, 6.1% methane with the remainder nitrogén
and argon, is removed through conduit 319 and is flashed
through valgé'SZO to 320 psia and thereafter fed to
separator 321, Overhead gas from separator 321 is dis-
charged through conduit 322 flowing at 18,7 1b. mole/hr.
and having &8 molar composition of 66,7% hydrogen, 33.6%
carbon monoxide and 440 ppm of methane with the remainder
comprising nitrogen and argon. The saturated liquid
withdrawn through conduit 323 is cooled in second heat
exchanger 315 to 74°K and is thereafter expanded to 87
psia in valve 323a,

The first gas recovered in conduit 314 from first
separator 313 is further cooled in heat exchanger 315
to a temperature of 74°K for additional partial condénsa-
tion and is then fed to s;cond separator 316. The
saturated liquid recovered from separator 316 in conduit
325 is flashed to 87 psia through valve 326, combined
with the further cooled and throttled bot;oms liguid
from conduit 323 and the mixture is then fed to third
separator 345. The overhead gas from second separator
316 in conduit 317 at 422 1b. mole/hr, and comprising 97%

hydrogen and 3% carbon monoxide is rewarmed in heat exchang-

er 315 to 76°K, expanded through first turbine 518a to 345
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psia and 70°K, and then divided into two streams. Seven
1b. mole/hr. are used as backmix hydrogen by flashing
the gas to 87 psia through conduit 590 end valve 591,
and mixed with the overhead from separator 545. The
remainder of the expanded hydrogen in conduit 517 is
rewarmed in heat exchanger 515 to 76°K and thereafter
divided with 294 1bs. mole/hr. passing through conduits
595 and 593 to be expended to 219 psia through second
expander 518b, while the remainder is further rewarmed inm
conduit 592 of exchanger 515, and the first eicsanger
312 (Figure 4) as product hydrogen. The expanded gas
from second turbine 518b is returnmed through conduit
593 to heat exchanger 515 at the midpoint thereof and
is withdrawn through conduit 594,

The throttled fluid in separator 545 is separated
into & saturated liquid fraction in conduit 546 having
a molar composition of 0.98% hydfogen, 987% carbon
monoxide and 0.5% methane with the remainder argon and
nitrogen, and a saturated vapor fraction in conduit
549 comprising 927% hydrogen and 8% carbon monoxide with
approximately 20 ppm methane. The latter gas is combined
with the backmix hydrogen from concuit 591 and 117 1b.

mole/hr. of the saturated 1liquid from conduit 546 which

is expanded through conduit 547 and valve 548 to &

pressure of 22 psia. The resulting cold gas mixture
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in conduit 551 is consecutively rewarmed in heat
exchangers 515 and 312 and forms the other recycle strean
The major fraction of the saturated liquid recovered
from separator 545 in conduit 546 is flashed to 18 psia
through valve 346a (See Figure &), partially warmed
and reboiled in heat exchanger 315 and is thereafter
fed to separator 361,

Separator 361, operating at 18 psia, separates
the partially reboiled fluid into an overhead gas in
conduit 364 which constitutes a low pressure recycle
stream, and a saturated liquid bottoms in conduit 370
having & molar composition of 0.1% hydrogen, 98.8%
carbon monoxide and 0.5% methane with the remainder
being nitrogen and argon, This liquid is then pressurized
to 87 psia with liquid pump 371, partially rewarmed in
second heat exchanger 315 to 101°K, and fed to carbon
monoxide methane column 324, The column produces an
overhead gas in conduit 332 at 410 1b, mole/hr. of 99.76%
carbon monoxide, 0.14% hydrogen and 964 ppm of methane
with the remainder nitrogen and argon,and a bottogs
1iquid in conduit 333 having a molar composition of
65.47 carbon monoxide and 34,5% methane with the remainder
nitrogen and argon.

1f the carbon monoxide to methane molar ratio in
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the synthesis feed gas is below about 3, even the
Figure 5 embodiment requires modifications necessary
to insure product purity, Under such conditions, the
reflux condenser 477 for the carbon monoxide-methane
column 424 cannot be driven by the reboiling, recycle

stream., The condenser heat duty becomes excessive due

- to a higher methane carryover in the overhead gas from

the column. This results from the higher methane
composition in the feed gas and the lower purity of the
carbon monoxide wash 1iQuid re;overed from the cold

end of the process in fourth separator 445. Figure 7
illustrates apparatus which may be used to practice

an ‘embodiment of the invention which overcomes these
problems. In most Tespects, this process is identical
to that previously discussed with reference to Figure 5.
The main difference centers on the development of a
1iquid of suiteble flow rate and temperature to satisfy
the heat duty of reflux condemser 577, This is
gccomplished by partially cooiing and condensing the
;ynthesis feed stream from conduit 596 in first heat
exchanger 512 to an intermedié;e temperature and passing
the fluid mixture to intermediate separator 597. The
1iquid portion withdrawn in conduit 598 contains the
bulk of the methane in the feed. This liquid is further

cooled in heat exchanger 512 and is then subcooled to

 an appropriate temperature in second heat exchanger 515
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such that the throttling of the liquid through valve
599 to a low pressure produces a temperature drop in
this stream to near the freezing point of the liquid.
This 1liquid is then partially reboiled in reflux
condenser 577 against condensing overhead gas from the
carbon monoxide-methane column 524 in conduit 579.
The partially reboiled stream still in conduit 598 is
then fed to separator 600 wherein a gas fraction in
conduit 601 is separated and mixed with the recycle
gas stream 551 from separators 521 and 5&5. The 1iquid
fraction from separator 600 in conduilt 602 is fed to
the bottom portion of the stripping section 578 of the
column 524, The carbon monoxide portion of this stream
is reboiled in the lower pértion of the stripping
section 578 while the major portion of the methane is
removedrfrom the bottom oé the column through conduit
533,

By this embodiment, tbe bulk of the methane.
bypasses the cold end of the stream, as well as the
column, so that freezing problems are avoided and the

power consumption is reduced significantly.

Although certain embodiments of the invention have
been described in detail, it will be appreciated that other
embodiments are contemplated along with modifications

of the disclosed features, &s being within the scope of
this invention.
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WHAT IS CLATMED 1IS:

1. 1In the cryogenic separation of & gas
mixture comprising hydrogen, carbon monoxide and methane
by partial condensation in which the feed gas mixture
is provided at super atmospheric pressure above about
300 psia and partially cooleéd to condense & first liguid
fraction and recover & first gas fraction, the first
1iquid fraction is separated into a carbon monoxide
product gas and methane product liguid, the first gas
fraction is further cooled for additional partial con-
densation and separated into a hydrogen enriched gas
fraction and a second carbon monoxide rich 1liquid, the
improvement comprising:

() treéting said first liquid fraéﬁion'so
as to provide a carbon monoxide rich liquid feed for
the carbon monoxide-meth&ne separation; (b) further
cooling the first gas fraction at about said super
atmospheric pressure for said additional partial com-
densation and separating the same into a second liquid
fraction and a second gas fraction as said hydrogen
enriched gas; (c) rewarming said second gas fraction
as said hydrogen enriched gas fraction by heat exchange
initially with the further cooling first gas fraction
and thereafter with the partially cooling feed gas

mixture; (d) expanding said second liguid fraction to
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lower pressure between 20 psia and 130 psia, and
separating the same into a third liquid fraction and
a third gas fraction; (e) providing said third gas
fraction at.low super atmospheric pressure below about
50 psia; (f) providing & minor portion of a carbon
monoxide rich liquid obtained from the cooled feed
gas mixture after further cooling, at said low super
atmospheric pressure of step (e) and combining the
so-provided minor portion with the third gas fraction
of (e) to form a recycle gas mixture; (g) rewarming said
recycle gas mixture by heat exchange initially with
the further cooling first gas fraction and thereafter
with the pértially cooling feed gas mixture; and (h)
flowing at least & major portion of said third 1liquid

fraction to the carbon monoxide-methane separation.

4

2, A method according to claim 1 in which
said first liquid fractioﬁ of (a) is throttled to lower
super atmospheric pressure between 20 psia and 130
psia, separated into a lower pressure liquid fraction
as said carbon monoxide rich liquid feed, and a lower
pressure gas fraction which is warmed by heat exchange
with said feed gas mixture during the partial cooling

thereof.

3. A method according to claim 1 in which
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said first liquid fraction of (z) is throttled to lower super
atmospheric pressure, sepsrated into a lower pressure liquid
fraction and a lower pressure gas fraction with the latter
being warmed by heat exchange with said feed gas mixture
during the partial cooling thereof, said lower pressure
1iquid fraction is further cooled, again throttled to

still lower super atmospheric pressure and separated

{nto a still lower pressure gas fraction and 2 still

lower pressure 1liquid fraction, said still lower pressure

gas fraction is first partislly warmed by heat exchange

with both the further cooling and additibnally condensing
first gas fraction and the further cooling lower pressure
1iquid fraction and thereafiter further warméd Ey heat
exchange with said feed gas mixture during the partial
cooling thereof, af least'a major part of said still

lower pressure liquid fractiom is partiaily reboiled

by heat exchange with both the further cooling and
additionally condensing first gas fraction and the

further cooling lower pressure liquid fraction, and

at least part of the partially reboiled still lower
pressure 1liquid fraction is passed to the carbon
monoxide-methane separation as at least part of said

carbon monoxide rich liquid feed.
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4, A method according to claim 3 in which
another part of said partially reboiled still lower
pressure liquid fraction is separated into a gas
stream which is warmed by heat exchange with said feed
gas mixture during the partial cooling thereof, and
& liquid fraction which 1is passed to the carbon monoxide-
methane separation as the remainder of said carbon

monoxide rich liquid feed,

5. A method according to claim 1 in which
said first liquid fraction of (a) is thréttled to
lower super atmospheric pressure  separated into
a lower pressure liquid fraction and a lower
Pressure gas fraction with the latter béing
warmed by heat exchange with said feed gas mixture
during the partial cooling thereof, said lower pressure
liquid fraction is furthe; cooled, again throttled to
still lower super atmospheric pressure and separated
into a still lower pressurergas fraction and a still
lower pressure liquid fraction said still lower pressure
gas fraction is first partially warmed bj heat exchange
with botﬁ the further cooling aﬁd additionally condensing
first gas fraction and the further cooling lower pressure

liquid fraction and thereafter further warmed by heat
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exchange with said feed gas mixture during the partial
cooling thereof, at least a major part of said still
lower pressure liquid fraction is partially reboiled
by heat exchange with-both the further cooling and
additionally condensing first gas fraction and the
further cooling lower pressure liquid fraction but the
partially reboiled fluid is withdrawn from &n inter-
mediate temperature level of the further cooling heat
exchange and separated into a partially rewarmed still
lower pressure gas fraction and 2 partially rewarmed
étill lower pressure 1liquid fraction, said,partialli "
rewarmed still lower pressure gas fraction is further
rewarmed by heat exchange with said feed gas éixture
during the partial cooling thereof, said partially
rewarmed still lower pressure liquid fractiom is
returned to about said inéermediate temperature level
and such returned liquid fraction 1s further reboiled
by additional heat exchange with both the further cooling
and additionally condensing first gas fraction and the
further cooling lower pressure liquid fraction, and
the further reboilled still lowér pressure liquid
fraction is passed to the carbon monoxide-methane

separation as said carbon monoxide rich liquid feed.
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6. A method according to claim 1 in which
sald carbon monoxide-methane separation comprises an
upper rectification section to which said third liquid
fraction is flowed and a lower striéping section, said
first liquid fraction of (8) is further cooled, throttled
to lower super atmospheric pressure and separated into
a lower pressure gas fraction‘and a lower pressure
liquid fraction, said lower pressure gas fraction is
rewarmed by heat exchange with the further cooling first
1iquid fraction and the further cooling first gas and
thereafter by heat exchange with tha'partially cooling
feed gas, at least a major part of said lower pressure
liquid fraction is partially reboiled by heat eéxchange
with the further cooling first liquid fraction aﬁd the
further cooling first gas, the partially reboiled loﬁer

pressure liquid fraction is passed to said stripping

section as.said carbon monoxide rich liquid feed, over-
head ggs from said upper rectification sectiéniis.
cooled and partially condensed by heat exchange -

with said recycle gas mixture between the rewarming
and further rewarming of (g), the condensate is
returned to said upper rectification section as

reflux liquid, the uncondensed gas is rewarmed by

heat exchange with said partially cooling feed gas

mixture and discharged as said carbon monoxide product
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gas, and the liquid from the lower end of said upper
rectifying section is withdrawn and passed o the Ffurther
cooled lower pressure ligquid-gas fraction separation.

7. A method according to claim & in which
a liquid-gas mixture is withdrawvn from an intermediate
temperature level of the feed gas partial ecooling-
condensation, separated into an intermediate temperature
gas which is returned to the partial cocling step and
an intermediaste temperature methane enrichad liguid
which 1is fgrther cooled and theresafrer subcooled,
throttling the subcooled methans enriched liquid and
partially reboiling the throttled liquid by heat exchange
with said overhead gas from said ﬁpper rectification
section, éeparating the partially reboilad fluid into
a gas fraction which is warmed by heat exchange with
the partially cooling feed gas mixture and a liquid
which is introduced to the lo?er strippiﬁg section of said
carbon monoxide-methane separation.

8. A method according to ciaim 1 in which
tﬁe carbon monoxide rich liquid of (e) is provided
by diverting & minor part of said third liquid fraction
from (e).

9. A method according to claim 3 in which

the carbon monoxide rich liquid of (e) is provided
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by diverting & minor part of said lower pressure liquid

fraction prior to the partial reboiling. |
10. A method according to claim 1 in which

a minor part 9f said second gas fraction from (b) is

diverted and mixed with said third vapor fraction of

(e) for further ecooling prior to said rewarming of (g).
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