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This invention relates to the separation of
weakly acidic gases from industrial mixtures.
The invention relates more particularly to a
continuous process for removing carbon- dioxide
from a hydrocarbon synthesis tail gas by means
of ahsorptive solutions, the solutions passing se-
quentially between an abscerption step and a re-
generative step employing natural gas or syn-
thesis gas as the desorbing agent. )

In the prior art many absorption Dprocesses
have been proposed and employed for separat-
ihg weakly acidic gases such as carbon dioxide
from industrial mixtures containing these sub-
stances as impurities.. In these processes an
alkaline scrubbing solution is employed as the
means of removing the impurities from the gases.
The solution after absorption of a-certain quan-
tity of the impurity is then regenerated, usually
by heating to the boiling point either directly

or indirectly with steam so that the steam pro-

duced contributes as an aid in removing the ab-
sorbent from the solution. In some cases the
impurity is removed from solution by the reduc-
tion of pressure alone or in combination with
heating of the solution. In the present inven-
tion the weakly acidic gases, particularly carbon
dioxide, are removed from solution by means of
synthesis gas or natural gas and the effluent
stream comprising carbon dioxide passed as feed
to the synthesis unit. -
In the synthesis of hydrocarbons from hy-
drogen and carbon monoxide in the presence of
a catalyst of the iron group and particularly iron,
the synthesis gases may be passed once through
the reactor without the addition of recycle gases
to the fresh feed. With the feed compositions
usually used in which the Ha/CO ratio is gen-
erally in the range of 2 to 1, and more likely in
the range of 1.5 to 1.8 to 1 if natural gas is the
original starting material from which the syn-
thesis gases are prepared, the ratio of hydrogen
to carbon monoxide consumed Is considerably
lower than the ratio of these components present
in the fresh feed, and as a result low conversion
of the synthesis gas to useful products occurs.
To overcome this disadvantage, recyeling of the
gas from the reactor outlet to the feed inlet has
been proposed. In the past, this has provided
difficulties and has been found to be very ex-
pensive. Thus, if low conversion of methane is
used in the synthesis gas production by any proc-
ess, such as reforming or partial oxidation, the
recyeling of tail gas in the synthesis step is
particularly difficult because of the high meth-
ane content of the reaction gases. In the pres-
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ent invention, recycling of the tail gases may be
reduced or eliminated completely; carbon dioxide
is removed and recovered from the reactor effluent
gases and is recycled to the feed inlet along with
the synthesis gas and reacts with part of the
hydrogen in accordance with the water gas shift
reaction, converting it to carbon monoxide and
water vapor. Since this water gas reaction-is
apparently more rapid than the synthesis reaction
and since the carbon monoxide is more readily
used up than the hydrogen, this recycling of
carbon dioxide increases the rate at which the
hydrogen is used up and is converted to useful
produets. e .

Tt has also been found that adding carbon di-
oxide in substantial quantities to the hydrocar-
bon synthesis reactor under well-defined con-
ditions yields substantial quantities of economi-
cally useful fatty acids as well as high yields of
high octane gasoline.

The synthesis of hydrocarbons from mixtures
of hydrogen and carbon monoxide obtained from
processing natural gas or coal gas renders it fre-
quently desirable to absorb carbon dioxide from
the feed supply and cycle this absorbed gas to
another part of the synthesis plant, such as the
gas generator. or the synthesis reactors. In.a
number of instances this operation has proven to
be so expensive that processes based on carbon
dioxide absorption have had to be abandoned.
The main reason for the high cost of carbon di-
oxide absorption is the reactivation of the ab-
sorption medium. In the past this has been car-
ried out in some cases by releasing the pressure
on the absorption solution and stripping. it with
steam. Not only is the steam itself costly be-
cause of the large quantities required, but unless
the carbon dioxide is to be wasted, this steam
must be condensed if the carbon dioxide is to be
recovered. Furthermore, large quantities of cool-
ing water -are required for such processing. In
the present invention, the cost of carbon dioxide
absorption is greatly reduced by stripping the
solution of carbon. dioxide with synthesis gas or
natural gas to be used in the hydrocarbon syn-
thesis. T

The principal object of the invention is to re-
move weakly acidic gases, especially carbon di-
oxide, from industrial gases, especially hydrocar-
Lon synthesis gas mixtures, containing a wide
range of carbon dioxide content by continuous
processing involving absorption and solvent re-
generation at relatively low cost. - .

Another object of the invention is to remove;in

5 g novel and advantageous manner, carbon di-~
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oxide from hydrocarhon synthesis recycle and tail
gas by absorbing at least a portion of the CO:z
content of such gases in absorbent solutions and
employing stripping agents such as hydrocarbon
synthesis gas or natural gas to remove the carbon
dioxide from the absorbent solutions and passing
the recovered carbon dioxide together with the
stripping agent to the same equipment for utiliza-
tion of both the carbon dioxide and the stripping
agent. Other ohjects and advantages of the in-
vention will appear hereinafter.

In accordance with the invention, hydrocarbon
synthesis gas produced hy any desired process,
such as by partial oxidation of natural gas or
methane by oxygen or metal oxides, methane re-
forming, etc. may be passed through a stripper
tower where it contacts a rich solution contain-
ing carbon dioxide in the liquid scrubbing me-
dium. This is the absorbing liquid removed from
the bottom of the absorption tower, and may
consist of any conventional CO; scrubbing ma-
terial. The synthesis gas, because of its low COa2
partial pressure, causes evolution of the latter
from the solution, and the synthesis gas thus
fortified with carbon dioxide may be sent to the
synthesis plant, which though it may be of any
conventional type, preferably is a fluid catalyst
plant operating with an iron type hydrocarbon
synthesis catalyst. The carbon dioxide-contain-
ing tail gases from the subsequent product re-
covery system are then passed to an absorption
tower where they are contacted with stripped
liquid absorber removed from the bottom of the
stripper, and the gases from which more or less

COz has been stripped are discharged from the 3

top of the absorption tower for further process-
ing and otherwise used as desired.

The invention will best be understocd by refer-
ring to the accompanying Figures I and II, which
are diagrammatic views in sectional elevation,
and also diagrams of flows of material, which
represent embodiments of the present invention.
Referring now in detail to Figure I, oxygen and
natural gas are passed through lines {0 and {2 re-
spectively to a hydrocarbon synthesis gas genera~
tion unit {4. In this unit synthesis gas mixture
comprising mainly hydrogen and carbon monox-
ide is produced by the partial combustion of the
natural gas with the oxygen. Instead of using
gaseous oxygen, any other method of intro-
ducing oxygen, such as contacting the natural
gas with a metal oxide at appropriate tempera-
‘tures may be used for the production of syn-
thesis gas in unit 14.

The effluent gas from unit 14 is passed through
line 16 and cooler {7 to the bottom of the strip-
ping tower 8. The tower 18 is fitted with con-
tacting devices such as packing, bell caps, Ras-
chig rings or other means of obtaining intimate
contact between the downwardly flowing carbon
dioxide-rich liquid admitted through line 20 from
absorber 32 as disclosed below, and the upwardly
flowing gas admitted through line {6.

Tower (8 may contain bubble cap plates 22 ang
may be supplied with the gas from the genera-
tion unit at a pressure of from abhout atmos~
pheric to about 30-600 p. s. i. depending upon the
pressure maintained in the hydrocarbon synthesis
unit as described below. The stripping tower is
preferably operated at a pressure not far from
that obtaining in the synthesis reactor. The syn-
thesis gas admitted through line i§ may have g
carbon dioxide eontent of about % to 10%. The
rich liquid absorbent admitted through line 20
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comprises a solution of carbon dioxide in tri«
ethanolamine.

The synthesis gas admitted through line 1§, due
to its low partial pressure of carbon dioxide, causes
evolution of the carbon dioxide from the rich solu-
tion. The synthesis gas now containing the desired
amount of carbon dioxide, is then passed from the
unit {8 overhead through Line 24 to the hydrocar-
bon synthesis reactor 28. Reactor 26 is prefer-
ably in the form of a vertical cylinder with a con-
ical base and having a grid or screen 27 located
In the lower section to effect good gas distri-
bution. Reactor 26 may be charged with finely
divided promoted iron or cobalt type synthesis
catalyst, having a particle size from about 100-
400 mesh. The synthesis gas mixture admitted
through line 24, and having a molar ratio of
H2/CO varying between 0.5-3 to 1, preferably be-
tween about 1:1 and 2:1, flows upward through
grid 27 at a superficial linear velocity in the ap-
proximate range of 0.1-3 feet per second, so as to
maintain the catalyst in the form of a dense, tur-
bulent, fluidized mass, having a well-defined
upper level I.. The reaction conditions within
reactor 26 are those known for hydrocarbon syn-
thesis catalysts, and may include temperatures
of from about 250° to 800° . and pressures of
about atmospheric to 750 D.s.i.g. Catalyst may
be supplied to reactor 26 by a hopper (not shown).

The total synthesis product is withdrawn
from reactor 26 and is passed via cooler 29 and
line 48 to separator $8 wherein liquid and gaseous
reaction products and reactants may be separated
in a manner known per se. The liquid products
may be removed from separator 38 via line 39
and sent to the products recovery system (not
shown) for further processing. Tail gas, com-
prising uncondensed low molecular hydrocarbons,
unreacted synthesis gas, and carbon dioxide pro-
duced in part by the synthesis reaction, is with-
drawn from separator 38 and is passed via lines
37 and 36 to the bottom of carbon dioxide ab-
sorption tower 32. The latter is similar in con-
struction to stripper 18 in that it may contain
similar contacting devices, such as bubble cap
plates 34.

The absorption solution,
tially stripped of COs2, depending upon the CO2
content of the synthesis feed gas desired, is passed
from stripper 18 through lines 28 and 30 into
the upper portion of carbon dioxide absorbing
unit 32. In the tower 32 the downwardly flowing
liquid .absorbent intimately contacts the upflow-
ing carbon dioxide-containing gas and removes
therefrom a substantial amount of its carbon
dioxide content. The absorbing liquid may be
any of the common liquid solvents for earbon di-
oxide, such as amino aleohols, sodium carbonate-
sodium bicarbonate mixtures, or even water. In
the present ilustration, the liquid employed is
triethanolamine, indicated as passing from the
unit 18 through lines 28 and 30 into the tower 32.
Absorber tower 32 is preferably. operated at g
lower pressure than stripping tower 8 depending
on the pressure drop through the synthesis Sys-
tem, which is in the range of 5 to 50 p.s. i. The
gas mixture admitted through line 36 may have
‘carbon dioxide content of about 25 to 50 percent.
Under such conditions of processing the effluent
8as removed through line 42 contains substan-
tially less carbon dioxide than admitted through
line 38, and may be further processed for recovery
of low boiling hydrocarbon constituents, or may
be recycled to the synthesis gas generator, the

more or less substan-

Synthesis reactor, or may be passed. to a fuel line
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or to another portion of the system as desired.
The carbon dioxide-rich liquid is withdrawn from
the lower part of tower 32 and passed to tower i8
through line 20 for stripping. .

The power required to circulate the large
amount of absorbing liquid is greatly minimized
and the use of pumping equipment usual in car-
bon dioxide scrubbing processes is almost unnec-
essary. For practical operation in large scale
equipment involving the recycling of hundreds
of thousands of barrels per day of scrubbing ma-~
terial, there is particular advantage in such an
operation. The absorption tower 32 is indicated
as being located in an elevated position with re-
gard to the stripping tower 8. In this manner
the conduit 20 permits the pressure of the solu-
tion therein to aid in the flow to the tower A8
which is operated at a somewhat higher pressure
(about 5 to 50 p. s. i) than absorption tower 32.
The liquid partly depleted of carbon dioxide is
passed from the tower 18 through line 28 into the
upper portion of the tower 382 through line 30; as
a means of aiding the flow of the liquid through
line 806 part of the gas from separator 38 may be
passed through lines 37 and 4! and introduced
into line 38 at the junction with line 28. The use
of the gas in this manner decreases the density of
the fluid passing upward through line 30. In this
manner, large volumes of absorking liquid can be
recirculated mainly through the expenditure of
energy from the tail gas, which is generally
wasted in most installations. Similarly, portions
of the gas removed frem absorber 82 through line
42 may be used in a similar capacity by being
transferred via line 5 to riser line 38.

Figure II shows a modification of the inven-
tion wherein it is desirable to return carbon di-
oxide-comprising gases to the synthesis gas gen-
erator. 'Thisis particularly advantageous in such
cases as where methane is reformed by steam,
and the CO: recycled to keep down CGOz produc-
tion in this process and to regulate the proportion
of hydrocarbon synthesis gas ingredients pro-
duced. Figure II shows, in addition, the removal
of COs from the flue gas used to heat the reform-
ing tubes in the reformation of methane with
steam. Similar reference numerals are used in
Figure II with similar parts shown in PFigure L.
Thus natural gas is passed through line 118§
through exchanger 68 into the bottom portion of
stripper 18. The latter is shown as being sup-
plied by carbon dioxide-rich absorption liquid
from absorption towers 32 and (32 through lines
20 and 129 respectively. The effuent natural gas
from tower i8 is passed through lines 24 and 124
into the reformer tubes 54, after being mixed with
steam admitted through line 56. The re-
formation product, comprising carbon monoxide,
hydrogen and minor gquantities of carbon dioxide
and water is passed through line 53 to synthesis
plant 26, operated substantially in a manner de-
seribed above. The synthesis products are passed
through line 48 and cooler 28 to separator 38.
Liquid products are removed via line 39 and sent
for further processing to the products recovery
system. A portion of the gaseous product from
the unit 38 is passed through line 36 for removal
of at least part of its carbon dioxide content in
tower 32 while another portion may be passed
through lines 44 and {44 to aid in the passage of
stripped absorbing liquid through lines 30 and
130. The stripped absorbing medium is trans-
ferred from stripper 18 to absorber 32 through
lines 28 and 30, and to absorber 132 through lines
28, 45, and 30 respectively.
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The fuel gas used to heat the reformer tubes 54
may be natural gas and/or synthesis tail gas, and
it is passed through line 60 into oven 4. . Air for
combustion is admitted through line £2. After
combustion the flue gas passes from oven 64
through line 6§ and exchanger 68 into the ab-
sorption tower 132.. To complete the' cycle,
CO2-rich absorber streams are withdrawn from
ahsorbers 132 and 32 via lines {20 and 20 respec-
tively, passed to stripper 18, and the COz stripped
out by the natural gas entering 18 through 116
is passed, along with the natural gas, through
line 24 to methane reforming tubes 54 as de-
scribed above. :

‘The gases withdrawn overhead from absorkers
132 and 32 respectively through lines 142 and 42
may be recycled, if .desired, to fhe hydrocarbon
synthesis reactor, the synthesis gas generator, or
be further processed if desired to recover hydro-
carbon. gases, or may be.used as fuel. I

In the illustrations of the embodiments of the
invention as given, the removal of the carbon di-
oxide from the solution in tower 18 is effected at
normally prevailing temperatures. In some cases
it may be advisable to effect the removal.of the
carbon dioxide in tower I8 at elevated tempera-
tures. When such is desired, the gas admitted
through line 116 may be heated to bring the tem-
perature in unit 8 to the desired level, or solu-
tions admitted to the tower i8.may be preheated.
The heating of the stripping gas or the solutions.
may be effected in any external heat exchange
equipment or conveniently in the case of the em-~
bodiment of the invention illusirated in Figure IT
by passing the stripping gas in heat exchange in
equipment 68 with the flue gas passing through
line 66. Similarly, the heat of the flue gas may
be utilized for heating the solution or solutions
passing to the stripper 18. Similarly, with reier-
ence to the process of Figure I, whereas the syn-
thesis gas is generally produced at a temperature.
of ‘about 2000° F.-2500° F. and is subsequently
cooled to about room temperature in coolér (7,
this cooling step may be modified to allow this
gas, to be used as a stripping medium, to enter
vessel 18 at some intermediate temperature, such
as 200°=500° F. ’

Though Figure I has disclosed an embodiment
of the invention wherein COz is returned to the
synthesis reactor and Figure II has shown a
modification of the invention wherein COz com-
prising -gases are returned to the'synthesis‘ gas
generator, it is of course an obvious extension of
the principles disclosed in this invention to re-
turn carbon dioxide to the gas generation unit 14,
Figure I, by stripping a portion of the liquid with=-
drawn from absorber 32 in a stripping tower in
which the stripping medium introduced in the
lower end is natural gas. This stripper would of
course operate at a somewhat greater pressure
than the gas generation unit, and the mixture of
natural gas and carbon dioxide withdrawn from
the stripper would be charged to the generation
unit {4.

The gases from which the carbon dioxide has
been removed are indicated in Figures I and II as
being discharged into the fuel line or passed to a
synthesis gas generator. This enrichment of syn-
thesis gas with carbon dioxide can be used to re-
duce or eliminate the expensive recycle of tail
gas. Thus if low conversion of methane is used
in the synthesis gas production as by reforming
or by the partial oxidation of methane, the re-
cycling of tail gas in the synthesis step is par-
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ticularly difficult because of the high methane
content of the reactor gases. The combination
of such a process with the present invention is,
therefore, highly advantageous. Also since car-
bon dioxide is to be recirculated in normal pro-
cessing fto the synthesis generator or synthesis
reactor, the invention uses these gases as par-
ticularly advantageous stripping agents since
they remove the carbon dioxide and at the same
time mix it with the gas stream to which it would
otherwise have been sent had another absorption
process been used. In processing according to the
invention only part of the synthesis gas or
natural gas to be used in the entire process may
be used in the stripping operation or only part of
the tail gas from the product recovery system may
be treated according to the invention.

In processing according to the invention the
absorption may be effected by any of the common
solvents known in the art for the absorption of
weakly acidic substances such as carbon dioxide.
Thus mono-, di- or triethanolamine, amino pro-
panol, sodium carbonate, sodium bicarbonate and
the mixtures of the latter two, and water alone
under pressure may be employed. From the car-
bon dioxide rich-solutions, gas having a low car-
bon dioxide partial pressure may be used to re-
move the carbon dioxide under normsl and
slightly elevated temperatures. Thus by the pres-
ent invention weakly acidic substances, particu-
larly carbon dioxide may be removed from gases
under a wide range of total pressure. The
amount of liquid circulated through the towers
.can be readily calculated by those skilled in the
art, it being merely necessary to know the ab-
sorption capacity of the particular solution under
the particular temperature and pressure condi~
tions.. )

In this processing with weakly alkaline media
or water as solvent for the absorption of weakly
acid impurities from industrial gases and the sub-
sequent release of the impurities from. the solu-
tion thus formed to permit repeated use of the
solvent medium, the absorption-stripping system
may be operated in some cases under substan-
tially adiabatic conditions while in other cases
heat may have to added in the stripping stage
and cooling effected in the absorption stage. It
is to be understood that the process of the inveri-
tion is not limited to any particular method of
producing synthesis gas, and of returning carbon
dioxide from the stripper to such gas generation
process. Thus, synthesis gas may he produced
by oxidation of natural or refining gases rich in
methane and ethane by partial oxidation with
oxygen or metal oxides, reforming of methane
with steam, coal gasification with steam, and the
like.

What is. claimed is:

1. In the process wherein gases comprising
carbon monoxide and hydregen in hydroearbon
synthesis proportions are generated in a synthesis.
gas generation zone, and wherein. said gases are
reacted under hydrocarbon synthesis conditions
in the presence of an iron type hydrocarhon syn-
thesis catalyst in a hydrocarbon synthesis reac-
tion zone, and wherein the gaseous reaction
product of the reacticn between hydrogen and

carbon monoxide combrises carbon dioxide, the .

steps. comprising scrubbing at least. a portion of
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said gaseous reaction product with a solvent for
carbon dioxide, passing through the solution thus
obtained a stripping gas selected from the class
consisting of hydrocarbon synthesis feed gas and
natural gas whereby carbon dioxide is stripped
from said soluticn, passing at least a portion of
said siripping gas containing stripped carbon
dioxide to said process and converting said strip-
ping gas and said carbon dioxide in said process.

2. A continuous process for removing carbon
dioxide from the normally gaseous reaction prod-
uct of the hydrocarbon synthesis reaction and
for utilizing said carbon dioxide in a hydrocarbon
synthesis reaction zone which comprises scrub-
bing at least a portion of said gaseous reaction
product with a solvent for carbon dioxide in a
carbon dioxide scrubbing zone, passing through
a solution thus obtained a stripping gas com-
prising hydrocarbon synthesis feed gas, with-
drawing solution depleted of carbon dicxide from
said scrubbing zone, withdrawing stripping gas
and stripped carbon dioxide from said stripping
zone, passing at least a portion of said stripping
gas containing stripped carbon dioxide to a
hydrocarbon synthesis reaction zone, permitting
the synthesis gas and carbon dioxide to remain
resident in said synthesis reaction zone under
synthesis. conditions of temperature and pressure
to permit the desired conversion, withdrawing
valuable liguid hydrocarbon synthesis products
from said reaction zone, withdrawing gaseous
products comprising carbon dioxide from said
reaction zone, and passing said gaseocus prod-
ucts to a carbon dioxide scrubbing zone.

3. In the process wherein gases comprising car-
bon monoxide and hydrogen in hydrocarbon
synthesis proportions are generated in a syn-
thesis gas generation zone and wherein said gases
are reacted under hydrocarbon synthesis condi-
tions in the presence of an iron-type hydrocarbon
synthesis catalyst in a hydrocarbon synthesis re-
action zone and wherein the gaseous reaction
product of the reaction between hydrogen and
carkon monoxide comprises carbon dioxide, the
steps comprising scrubbing at least a portion. of
said gaseous reaction product with z solvent for
carbon dioxide, passing through the solution thus
cbtained a stripping gas comprising carbon
monoxide and hydrogen whereby carbon dioxide
is stripped from said golution and passing at least.
a portion of said stripping gas and stripped car-
bon dioxide to said hydrocarbon synthesis reac-
tion zone.

HOMER Z. MARTIN.
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