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Thile invention relates to the separation of weakly
acidic gasee from industrial wmixtures. The invention relates
more particularly to a contlnuous process for removing carbon
dioxide from a hydrocarbon syntheele tall gas by means of
absorptive sclutlons, the solutions passing sequentially
between an absorption step and a regeneratlive step employing
natural gas or synthesis gas as the desorbing agent.

‘ In the priorrart many absorption processes have
ﬁean propesed and employed for separating weakly acldie
gasesn sucﬁ as carbon dioxlde from industrial mixtures
containing.these substances ss impuritles. In these
processes an alkaline scrubblng solutlon is employed ag

the means of removing the ilmpurlties from the gases. The
solution after absorption of a certaln quantity of the
impurity 1s then regenerated, usually by heatlng to the
bolling point either directly or indlrectly with steam so
that the steaa produced contributes as an ald in removing
the abaorbent from the soluticn. In some cases the impurity
1s removed from solution by the reduction of pressure alone
or 1n combination with heating of the sclution. In the
present inventlon the weakly acidic gases, particularly

carbon dioxide, are removed from solution by means of

‘syntheals gas or natural gas and the effluent stream

comprielng carbon dloxlde passed as feed to the synthesls
unlt.

In the syntheels of hydrocarbons from hydrogen
and carbon monoxide in the presence of a catalyst of the
iron group and partlcularly ircn, the aynthesls gases may
be passed once through the reactor wlthout the addition of

recycle gases to the fresh feed. With the feed compositions




- usually used in which the Ho/CO ratlo ls generally 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 origlnal starting materlal from
which the synthesls gases are prepared, the ratio of
hydrogen to carbon monoxide consumed 1s conslderably lower
than the ratio of these components present in the fresh
feed, and as a result low conversion of the synthesle gas
to useful products occurs. To overcome this disadvantage,
recycling of the gas from the reactor outlet to the feed

10 inlet has been proposed. In the past, this has provided
difficulties and hae been found to be very expenslve. Thus,
1f low conversion of methane 1s used in the synthesls gas
production by any process, such as reforming or partlal
oxldation, the recycling of tall gas 1ln the synthesis step
ts particularly difficult because of the high methane .
‘content of the reaction gases. In the present lnvenfidéf
recycling of the tail gases may be reduced or eliminated‘
completely; carbon dloxlde ls removed and recovered Efom
the reactor effluent gases and 1s recycled to the feed

20 inlet along with the synthesls gas and reacts with part of
the hydrogen in aocordance with the water gas shift
reaction, convertlng 1f to earbon moncxlde and water
vapor. Since this water gas reactlion 1s apparently more
rapld than the synthesis reaction and since the carbon
monoxide is more readlily used up than the hydrogen, this
recycling of carbon dioxlde increases the rate at which the
hydrogen is used up and is converted to useful products.

It has also been found that adding carbon dloxlde
in substantial guantities to the hydrocarbon synthesls

20 reactor under well-defined conditions ylelds substantlal
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guantities of econnmlcally useful fatty aclds ae well as
high ylelds of high cctane gasollne.

The aynthesls of hydrocarbons from mixtures of
hydrogen and carbon monoxide cbtalned from processlng
natural gas or coal gas renders 1% frequently desirable to‘
absorb carbon dloxide from the feed supply and cycle this
absorbed gas to another part of the synthesls plant, such
as the gae generator or the synthesls reactors. In a
number of instances this operation has proven to be so
expensaive that processss based on carbon dioxlide absorption
have had to be abandoned. The maln reason for the high
cost of carbon dloxide absorption la the reactivatlion of
the absorption medium. In the past this has been carrled
ot in some cases by releaslng the pressure on the
absorption solution and stripplng it wlth steam. ' Not only
18 the steam 1ltself costly because of the large guantlitles
required, bui unless the carbon dloxlde ls tc be wasted,
this eteam must be condensed 1f the carbon dloxide is to
be recovered. Furthermore, large cuantitlies of coollng
water are required for such processing. In the present
Anvention, the cost of carbon dloxlde absorptlon 1s greatly
reduced by stripplng the solutlon of carbon dloxide with
synthesis gas or natural gas to be used in the hydrocarboen
ayntheéis.

The principal oblect of the inventlon is to remove
weakly acidic gases, especlally carbon dloxide, from
industrial gasee, especially hydrocarbon synthesls gas
mixtures, containing a wide range of carbon dloxide content
by continuous processing involving absorption and solvent

regeneration at relatively low cost.
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Another object of the ynvention is to remove, in a
novel and advantageous manner, caroon dicxlde trrom hyarocarbon
synthesis recycle and taill gas by absorping at least a
portion of the CO, content of such gases in abeorben?
golutions and employing siripplng agents gsuch as hydrocarbon
synthesls gas or natural gas to remove the carbon dloxide
from the absorbent solutions and passlng the recovered carbon
dloxide together with the stripping agent to the same
equipment for utilizatlon of both the carbon dloxide and the
stripping agent. Other objects and advantages of the
invention will appear herelnafter.

In accordance with one embodiment of the lnventioen,
hydrocarbon synthesls gas produced by any desired process,
such as by partlal oxidation of natural gas or methane by
oxygen or metal oxldes, methane reforming, etc. may be
passed through a stripper tower where 1t contacts & rich
golution contsining carbon dioxide 1n the liquid serubbling
medium. This 1s the absorbing liquid removed from the bot tom
of the absorption tower, and may conslst of any conventional
062 serubbing material. The synthesls gas, because of 1ts
low COp partial pressure, Causes evolution of the latter from
the solution, and the syntheslp gas thus fortifled wlth
carbon dioxide may be sent to the gynthesls plant, which
though 1t may be of any conventional type, preferably is a
riuld eatalyst plant operating wlth mn iron type hydroscarbon
synthesls catalyst. The carbon dloxide-contalning tall gases
from the subsequent product recovery system are then passed 1o

an absorption tower where they are contacted with stripped
1iguid absorber removed from the bottom of the stripper, and

the gases from which more or less 00o has been stripped are
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discharged from the top of the absorptlon tower for further
processing and otherwise used as deslred.

The invention will best be understood by referring
to the accompanying Figures I and II, which are dlagrammatic
views 1ln sectional elevation, and also dlagrams of flows of
material, which represent embodiments of the present inventlon.

Referring now in detall to Figure I, oxygen and
natural gas are passed through lines 10 and 12 respectively
to a hydrocarbon synthesis gas generatlion unit 14, In this
unit synthesis gas mixture comprising mainly hydrogen and
¢carbon monoxide is produced by the partlial combustlon of the
natural gas with the oxygen. Instead of using gaseous
oxygen, any other method of introducing oxygen, such as
contacting the natural ges with a metal oxide at appropriate
temperatures may be ueed for the production of synthesls gas
in unit 14.

The effluent gas from unit 14 is passed through
line 16 and cooler 17 to the bottom of the stiripplng tower
18, The tower 18 1s fitted wlth contacting devices such as
packing, bell caps, Raschig rings or other means of obtalning -
intimate contact between the downwardly flowing carbon
dloxide-rich liquid admitted through line 20 from absorber
32 as disclosed below, and the upwardly flowlng gas admltted
through line 16.

Tower 12 may contaln bubble cap plates 22 and may
be supplied with the gas from the generatlon unit at a -
pressure of from aboﬁt atmospheric to about 30-600 psi.
depending upon the pressure maintained in the hydrocarbon
synthesis unit as described below. The siripplng tower 1s

preferably operated at a pressure not far from that obtaining
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B | An the synthesie reactor. The synthesls gas admltted through
line 16 may have a carbon dioxide content of about 1/2 to 10%.
The rich 1liquld absorbent admitted through line 20 comprlses
a solution of carbon dloxide in triethanclamine.

The synthesis gas admitted through line 16, due to
1ts low partial pressure of carbon dioxide, causes evolution
of the carbon dloxide from the rich esolutlon. The synthesls
gas now containing the desired amount of carbon dioxlde, is
then passed from the unit 18 overhead through line 24 to the

10 hydrocarbon synthesis reactor 26. Reactor 26 1s preferably
in the form of & vertical cylinder with a conical base and
having a grid or screen 27 located in the lower sectlon to
effectrgood gas distribution. Reactor 26 may be charged
with finely divided promoted 1ron or cobalt type synthesls
catalyst, having a particle slze from about 100 - 400 mesh.
The synthesls gas mixture admitted through line 2%, and
having a molar ratio of Hp/C0 wvarying between 0.5 - 3 to l;
preferably between about 1:1 and 2:1, flows upward through
grid 27 at a superficlial linear veloclty In the approximate

20 range of 0.1 - 3 feet per second, so as to malntaln the
catalyst in the form of a dense, turbulent, fluidized mass,
having a well-defined upper level L. The reaction condltlons
within reactor 26 are those known for hydrocarbon synthesls
catalysts, and may include temperatures of from about 2509
to 800°F. and pressures of about atmospheric to 750 peig.
Catalyst may be supplled to reactor 26 by a hopper (not
shown).

The total synthesls product is withdrawn from
reactor 26 and 1is paesed via cooler 29 and line #0 to

30 separator 38 wherein liguid and gaseous reaction products

T
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and reactants may be separated in a manner known per se. The
liguid producte may be removed from aeparator 3& via line 39
and sent to the produfits recovery system {not shown) for
further processing. Tall gas, cemprilsing uncondensed low
molecular hydrocarbons, unreacted synthesls gas, and carbon
dloxide produced in part by the synthesls reactlon, is
withdrawn from separator 38 and 1ls passed vlia lines 37 and
36 to the bottom of carbon dloxide absorptlon tower 32.

The latter is simllar In construction to stripper 18 in that
it may contain simllar contacting devices, such as bubble
cap plates 34.

The absorptlon sclutlon, more or less substantlally
stripped of CO,, depending upon the COp content of the
gynthesls feed gas deslred, 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 llquld absorbent intimately contacts the upflowlng
carbon dloxide-contalning gas and removes therefrom a |
substantlal amount of 1te carbon dioxlde content. The
absorbing lioquld may be any of the common liguld solvents for
carbon dloxide, such as amine alcohols, sodlum carbonate-~
godium bilcarbonate mixtures, or even water. In the present
1llustration, the 1llguld employed 1s triethanolamlne,
indiocated as passing from the unit 18 through lines 28 and 30
into the tower 32. Absorber tower 32 1s preferably operated
at a lower pressure than stripplng tower 13 depending on the
pressure drop through the synthesls system, which 1s in the
range of 5 to 50 psi. The gas mixture admitted through line
16 may have carbon dloxlde content of about 25 to 50 percent.

Under such condltione of processing the effluent gas removed
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through line 42 contains substantially less carbon dioxide
than admitted through line 36, and may be further processed
for recovery of low bolllng hydrocarbon constltuents, or may
be recycled to the synthesls gas generator, the synthesls
reactor, or may be passed to a fuel line or to another
portion of the system as deslred. The carbon dioxide-rich
1liguid 1s withdrawn from the lower part of tower 32 and
passed to tower 18 through line 20 for sirlpplng.

The power required to circulate the large amount
of sbeorbing liquid is greatly minimized and the use of
pumping equipment ueual in carbon dlioxide scrubblng processes
1s almost unnecessary. For practical operation in large
scale equipment involving the recycling of hundreds of
thousande of barrels per day of scrubbing material, there is
particular advantage 1n such an operation. The absorption
tower 32 is indicated as being located 1n an elevated
position with regard to the stripping tower 18. 1In this
manner the condult 20 permits the pressure of the solutlon
thereln to aild in the flow to the tower 18 which is operated
at a somewhat higher pressure (about 5 to 50 psi.) than
absorption tower 32, The llguid partly depleted of carbon
dioxide is passed from the tower 18 through line 28 into fhe
upper portion of the tower 32 through llne 30; as a means of
aiding the flow of the liquid through line 30 part of the gas
from separator 38 may be passed through lines 37 and 41 and
introduced into line 30 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 thls manner, large
volumes of absorblng Liguid can be recirculated mainly through

the expenditure of energy from the tall gas, which ls generally

e
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wasted in most installatlions. BSimilarly, portlons of the gas
removed from absorber 32 through line 42 may be used in a
gimilar capacity by being transferred via line U6 to riser
line 30.

Figure 1I shows a modificatlon of the invention
wherein 4t is desirable to return carbon dloxide-comprising
gases to the synthesls gas generator. This 1is particularly
advantageous in such cases as where methane 1s reformed by
steam, and the CO, recycled to keep down COo production in
this process and to regulate the proportion of hydrocarbon
synthesls gas ingredienta produced. Figure II shows, 1n
addition, the removal of 002 from the flue gas uséd to heat
the reforming tubes in the reformatlon of methane with
sfeam. Similar reference numerals are used in Filgure II
with simllar parts shown in Figure I. Thus natural gas ls
passed through line 116 through exchanger 68 into the
bottom portion of stripper 18. The latter is shown as belng
supplied by carbon dloxide-rich absorption liquid from
absorption towers 32 and 132 through lines 20 and 120
respectively. The effluent natural gas from tower 18 is
passed through lines 24 and 124 into the reformer tubes 54,
after belng mixed with steam admitted through line 56. The
reformatlion product, comprising carbon monoxide, hydrogen
and minor quantities of carbon dioxide and water 1ls passed
through line 58 to synthesis plant 26, operated substantially
in a manner described sbove. The synthesls products are
passed through llne 40 and cooler 29 to separator 78. Liquid
products are removed via line 39 aﬁd sent for further
processing to the products recovery system. A portlon of

the gaseous prodﬁct from the unit 3% 4is passed through line
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36 for removal of at least part of 1%s carbon dloxide content
in tower 32 while another portion may be passed through

lines 4% and 144 to aild in the passage of stripped absorblng
1liquid through lines 30 and 130. The stripped absorbing
medium ie transferred from stripper 18 to absorber 32 through
lines 28 and 30, and to absorber 132 through llnes 28, us,
and 130 respectively.

The fuel gms used to heat the reformer tubes s
may be natural gas and/or synthesls tall gas, and 1t 1is
passed through line 60 into oven 64. Alr for combustlon is
admitted through line 62. After combustion the flue gas
passes from oven 64 through line 66 and exchanger 68 into
the absorption tower 132. To complete the cycle, COn-rich
absorber streams are withdrawn from absorbers 132 and 32
via lines 120 and 20 respectively, passed to stripper 18, and
the COp stripped out by the natural gas enterlng 18 through
116 is passed, along with the natural gas, through line 24 to
methane reforming tubes 54 as described above.

The gases wlthdrawn overhead from absorbers 132 and
32 respectively through lines 142 and 42 may be recycled, 1f
desired, to the hydrocarbon synthesls reactor, the synthesis
gas generator, or be further processed 1if degired to recover
hydrocarbon gases, or may be used as fuel.

In the iliustrations of the embodiments of the
invention ae given, the removal of the carbon dloxlde from
the solution in tower 18 is effected at normally prevalling
temperatures. In some cases 1t may be advisable to effect

the removal of the carbon dioxlde in tower 18 at elevated

- temperatures. When such is desired, the gas admitted through

1line 116 may be heated to bring the temperature in unit 18 %o
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the desired level, or solutions admlitted to the tower 18 may
be preheated. The heating of the stripping gase or the
solutions may be effected in any external heat exchange
equipment or convenliently in the case of the embodiment of
the inventlon illustrated in Figure II by paselng the
stripping gas in heat exchange in equipment 68 with the flue
gas passing through line 66. Simllarly, the heat of the
flue gas may be utilized for heating the sclution or
solutions passing to the stripper 18. 8imllarly, with
reference to the process of Flgure I, whereas the synthesls
gas 1s generally produced at a temperature of about 2000°F. ~
P500°F. and 1s subsequently cooled to about room temperature
in cooler 17, this ccoling step may be modifled to al}pw
thies gas, to be used as & stripping medium, to enter vessel
1% at some intermediate temperature, such as 200° - 500°F.
Though Figure I has dlsclosed an embodiment of
the invention wherein 002 18 returned to the synthesls
reactor and Figure II hag shown a modification of the
invention wherein CO, comprising gases are returned to the
pynthesls gas generator, it is of course an obvious
extension of the principles disclosed in thie inventlon to
return carbon dloxide to the gas generation unit 1%, Figure
I, by stripping a portion of the liguid withdrawn from
absorber 32 in a stripping tower in which the stripplng
medium introduced in the lower end 1s natural gae. This
stripper would of course operate at a somewhat greater
predsure than the gas generatlon unit, and the mixture of
.pnthral gas and carbon dioxide withdrawn from the stripper
would be charged to the generatlon unlt 14,

The gases from which the carbon dloxlde has been
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removed are indicated in Figures I and II as belng discharged
into the fuel line or passed to a synthesls gas generator,
This enrichment of synthesis gas with carbon dloxide can be
used to reduce or eliminate the expensive recycle of tall
gas. Thus if low converslon of methane 1s used 1n the
synthesls gas production as by reforming or by the partial
cxidation of methane, the recycling of tail gase 1n the
synthesls step ls particularly difficult because of the

high methane content of the reactor gases. The cemblnatlon
of such a process with the present lnventlon is, thersfore,
highly advantageous. Also since carbon diloxide 1s to be
recirculated in normal processing to the synthesis generator
or synthesis reactor, the inventlon uses these gases BB
particularly advantageous stripplng agents since they

remove the carbon dioxide and at the same time mix 1t with
the gas stream to which it would otherwlse have been sent
had ancther absorptlon process been used. In processing
according to the invention only part of the synthesls gas

or natural gas to be used in the entire process may be used
in the stripping operation or only part of the tall gas from
the product recovery syatem may be treated according to the
invention.

In processing according to the inventlion the
absorption may be effected by any of the common solvent
Xnown in the art for the absorptlon of weakly acldlo
substances such as carbon dloxide. Thus mono-, di- or
triethanolamine, amino propanocl, sodlum carbonate, sodium
bicarbonate and the mixtures of the latter two, and water
alone under pressure may be employed. From the carbon

dioxide rich-solutions, gas having a low carbon dloxide
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partlal pressure may be used to remove the carbon dioxide
under normal and slightly elevated temperatures. Thus by
the present invention weakly acldlc substances, particularly
carbon dioxide may be removed from gases under & wlde range
of total pressure. The amount of liguid circulated threough
the towers can be readily calculated by those skllled in

the art, it being merely necessary to know the absorpilon
capaclty of the particular sclution under the particular
temperature and pressure condltlons.

In this processing with weakly alkeline media or
water as solvent for the absorptlion of weakly acld impurlties
from industrial gases and the subsequent release of the
impurities from the solutlon thus formed to permit repeated
use of the solvent medium, the absorption-stripping system
may be operated in some cases under substanﬁially adiabatic
conditions while in other cases heat may have to be added
in the stripping stage and cooling effected in the absorption
stage. It 1s to be understood that the process of the
invention ie not limiied to any particular method of
produclng synthesls gas, and of returning carbon dloxide
from the stripper to such gas generatlon process. Thus,
synthesis gas may be produced by oxldation of natural or
refining gases rich in methane and ethane by partial
oxidatlon with oxygen or metal oxides, reforming of methane

with steam, coal gaesification with steam, and the llke.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

l. 1In the process wherein gases comprising
carbon monoxide and hydrogen in hydrocarbon synthesis proportions
are generated in a synthesis gas generation gone, and wherein
saild gases are reacted under hydrocarbon synthesis conditions
in the presence of an iron type hydrccarbon synthesis catalyst
in a hydrocarbon synthesis reaction zone, and wherein the gaseous
reaction product of the reaction bestween hydrogen and carbon
monoxide comprises carbon dioxide, the steps comprising
scrubbing at least a portion of 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 sald solution, passing at
least a portion of said stripping gas containing strippéad
carbon dioxide to said process and converting said stripping
gas and said carbon dioxide in said process. |

2. A continuous process for removing carbon
dioxide from the normally gaseous reaction product of the
hydrocarbon synthesis reaction and for utilizing sald carbon
dioxide in a hydrocarbon synthesis reaction zone which comprises
scrubbing 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 cbtained a stripping gas
comprising hydrocarbon synthesis feed gas, withdrawing solution
depleted of carbon dioxide from said scrubbing zone, withdrawing

stripping gas and stripped carbon dioxide from said stripping
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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 liquid hydrocarbon
synthesis products from said reaction zone, withdrawlng
gaseous products comprising carbon dioxide from said reaction
zone, and passing said gaseous products to a carbon dioxide
scrubbing zone.

3., In the process wherein gases comprising carbon

monoxide and hydrogen in hydrocarbon synthesis proportions

‘are generated in a synthesis gas generation zone and wherein

sald gases are reacted under hydrocarbon synthesis conditionsa
in the presence of an iron-type hydrocarbon synthesis catalyst
in a hydrocarbon synthesis reaction zone and wherein the
gaseous reaction product of the reaction between hydrogen
and carbon monoxide comprises carbon dioxide, the staps
comprising scrubbing at least a portion of said gaseous reaction
product with a solvent for carbon dioxide, passing through
the solution thus obtained a stripping gas comprising carbon
monoxide and hydrogen whereby carbon dioxide is stripped from
said solution and passing at lesast a portion of said stripping
gas and stripped carbon dioxide to said hydrocarbon synthesis

reaction zone.
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