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COMPLETE SPECIFICATION
Gas Separation in Hydrocarbon Synthesis

We, Srawpard O DEVELOZMENT
Comparwy, & Corporation duly organized
and existing under the laws of the State
of Delaware, United States of America,

§ having an office at Elizabeth, New Jersey,
United Btates of America, do hereby
declare the nature of thiz invention snd in
what manner the same is to be performed,
to be perticulorly described and ascer-

10 tained in and by the following state-
ment;—

This invention relates fo the separation
ot weakly acidic gases from indusirial
mixtures, The invention relates more

{5 partienlsrly to a continuous process for
romoving carbon dioxide from a hydro-
carbon synthesiz tail gas by means of
absorptive solntions, the solutions passing
sequentiaily belween an absorption step
wnd o regenerative step employing natural
gas or synthesis gas as the desorbing
agmant, :

In the prier art many absorphion pro
cesses have been proposed and employed
for ssparating weakly acidic gases such as
carbon dioxide from industris] mixiures
containing theza gubstances us hnpurities.
In these processes an alkaline serubbing
svlulion is employed as the means of re-
moving the mmpurities from the gascs.
The solution after absorption of a cartain
guanlity of the impurity is then regene-
rated, usually by heating to the hoiling
point either direetly or indirectly with
steam so that the steam produced contbri-
hutes ag an 2id in removing the absorbent
from the solution. In some cases the im-
purity is removed from solution by the
reduction of pressure alone or in combina-
40 tion with heating of the solulion, In the
present invention rarbon dioxide is re-
moved from solution by means of a strip-
ping gas, as hereinafier defined, and the
efffuent stresm comprising earbon dioxide
pasged as feed to the synthesis unit,

In the synthesis of hydracarhons from
hydrogen eand ecorbon monoxide in the
presence of a catalyst of the irok grouwp
anfl particularly iron, the synthesis gases
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may be passed ones through the reaclor 50
without the uddition of zecyele gases to
the fresh feed. With the feed composi-
tions usually used, in which the H,/CO
ratio is generally in the range of 2 to 1,
ang more likely in the range of 1.5 t0 1.8 55
to 1 if nalural ges 15 the original starting
material from which the synthesis gases
ure prepared, the ratio of hydrogen to
carhon monoxide vonsuned is considerahly
lower than the ratic of these components §0
present in the fresh feed, and as a result
low conversion of the synlhesis gas fo
useful products oconurs, To overcoms this
disadvantage, recycling of the gas from
the reactor outlet to the feed inlet has been GG
propesed. In the past, this has provided
difficulties and has been found to be very
expensive. Thus, if low conversion of
methane is used in the synthesis gas pro-
duction by any proeess, such ag reforming 70
or partial oxidation, the recycling of tail
g in the synthesis step is particularly
iBeul becanss of the hirh methane con-
fent of the reaction gases. Tn the present
Invention, recycling of the jail gases may TH
be reduced or eliminsted completely;
onrhon dioxide iz removed snd reeovered
from the resotor effiuent gases =nd is re-
cycled to the feed inlet along with the
synthesis gas and reacts with part of the 80
hydrogen in accordance with the water
gas shift reaction, converting it to carbon
mopoxide snd water vapor. Since this
water gas resction 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 a%
which the hydrogen is used up and is con-
verted to useful products. .
Tt has slso -been found thet adding
carbon dioxide in substantial guantities to
the hydrocarhon. synthesis reactor under
well-defined conditions yields substantial
quantities of eromomically usefnl fatly 96
arids ag well ae high yields of high octane
gagoline,
The synthesis of hydrocarbons from
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mixtires of hydrogen and carbon men-
oxide obfained [rom processing nalural
gas or coal gas renders it frequently
desirable to absorb carbon dioxide from
b the feed supply snd eyele this ahsorbed
gas to another part of the synthesis plant,
sueh us the gy generator or the synthesis
reactors. In a number of instances this
operation has proven to he so expensive
10 thai processes based vn cazbon dioxide
absorpiicn have had to be abandoned. The
main reason for the high cost of carbon
dioxide whsoepiion is the reactivation of
. the absorption medivm. Tn the past this
15 has been earried cut in some cases by re-
leasing the pressure on the absarpiion
sulutivn and siripping it with steam. Nat
only is the stesm itself costly becunse of
the large quantities requnired, but ynless
the rarhon dioxide is fo he wasted, this
"steamr must be condensed if the earbon
dioxide 13 to be recovered. Fuarthermore,
large quaniities of cooling woter are Te-
guired for such processing. In the present
25 ipventlon. the posl of carbon dioxide
absorption is greatly reduced by stripping
the solution of earbon dioxide with one or
more of the component gases to be used in
the hydroesrbon symthesiy.

The objeet of this invention is to Temove
varbon &]ioxide from liydrocarbon gyn-
thesis recyele and iail yus by absorbing
at least a portion of the earbon dioxide
vontent nf such
86 carbon dioxide and stripping the earbon
dioxide from the solution so formed by
passing. througl it a steipping gas, the
gaid stripping gag being one or more of
the romponents used in the fead for either
the hydrocarbon syntlesis zone or the gax
generation zona, T

At lenst o portHion of i(he recuvered
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carbon diexides and stiipping gus is then

passed_to the hydroecarbon synihesis zune
or-to the gus generetion zoné, Preferably
the stripping gas s hydrocarhon synthesis
gas or methane, but hydrogen or cazrbon
monoxide may be used 1f desired.

Iu accordance with one embodiment of
the invention, hydrocarbon synthesis pas
produced by any desired proeess, such as
hy - partial oxidation of natural gas or
methane by oxygen or metal oxide or by
methane reforming, may. he passed
through a stripper tower, where i con-
tacts a rieh solution containing chrbon
dioxide in the liguid serubbing miedium.
This is the shaorbing liguid removed from
the bottom of the ubsorption tower, wnd
muy cobsist of any conventional 0,
scrubbing. matarial,  The synthesis gay.
hecanse of its low COQ, parlial pressure,
causes evolytion of the latter from the
solution, and the syuthesis gas thns forti-
65 fied with carben dioxide may be sent fo
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guses in g solvent for

18, dug to its low partial

the synthesis plant, which, theugh it may

be of any conventional type, preferably is

a fluid eatalyst plant operating with au
iron type hydrocurbon synthesis eatalyst,
The carbon dioxide-containing tail gases Y0
from tha subsequent product recovery
system are then passed to an absorption
lower, where they are comtacted “with
stripped liguid absorber removed from the
bottom of {le stripper, and the gases from 76
whick more or Iess GO, has been strippud
are disrharged from the {op of the ahsarp-
tion tower for further proressing and
otherwise used as desired.

The invention will best be understood 80
by referring to the accompanying Figures
1 and 2, which are diagranrmatic views in
sectional elevation, and also dizprams of
flows of materials, whick represent em-
hodiments of the present invention. 86

Referring now 1n detail to Tigure 1,
oxypen and natural gas are passed
through lines 10 and 12 respectively to a
hydrucarbon synthesis gas generation unit
14, TIn this unit syaihesis gas mixture
voxpprising mainly hydrogen and earhon
monoxide 15 produeed by fhe partial com-
hustion of the naiarsl gas with the
oxyeen, Instead of using gaseous oxygen,
any other methad of introdueing exygen. 95
such as eonteeting the natural pas with o
metal oxide at appropriate fempersiures,
may be used for the production of sva-
thesis gas in unit 14.

The efiluent. gas from unit 14 is passed 100
through ling fﬁ aad cooler 1T to the
bottom of the stripping tower 18, The
tower 1B is fitfed with contacting devices
such us pucking, hell eaps. Roschig rings
ar nther means of obtaining intimatle eon- 105
taet . beween the Jdownwardly flowing
varbor  dioxide - rich  liguid  edmithed
through line 20 [rom absorber 32 as dis-
vlosed helow. pnd the upwardly flowing
ras admitted through line 16,

Tower 18 may centain bubble cap plates
22 apd may be supplied with the gas from
the generation unit at a pressure of from
about atmoespheric to ahout 30600 psi,
depending upon the pressure maintained 115
in the bydrovurbon svnthesis unit-as de-
seribed below. The stripping tfower is
preferahly operated at § pressure not far
from that obtaining iz the synthesis
reactor. The syntﬁesis gan pdmitted 120
through line 16 may have a earboa
dioxide content of ahout 1/2 t¢ 109%. The
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rich Hguid absorbent admitted through

lie 20 eomprises a solution of carbon
dioxide in tricthanclamine, 125
" The synthesis gas admitted throngh line
ressure of
carbon dioxide, causes evolution of the
carbon dioxide from the rich solution.
The syoihesis gus, nuw vontaining the 180
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desired amount of carhon dioxide, is then
Fassad from the unit 18 overhead through
ing 24 to the hydrocarbon synthesis reac.
tor 20. Reactor 26 is preferably in the
& form of a vertical cylinder with q ronieal
hase and having a grid or screcn 2V
loeated in the lower section to effect guod
gag distribution. Beactor 26 may be
charged with finely divided promeled iron
L0 or coball {ype synihesis catalyst, having o
particla siza from abont 100—400 mesh.
The synthesis gas mixiure admitted
through Line 24, and having a molar ratio
of H,[CO varying between 0.5—3 lo 1,
L3 preferably lLetween about 1:1 and 2:1,
flows upward through grid 27 at 1 super-
ficial linear veloclly in {he approximate
rarge of 0.1—3 feet per second, so ns %0

maintain the eatalyst in the form of a .

®0 dense, turbulent, fiuidized mass, having u
well-defined upper level I.. The resction
conditions within reactor 26 are those
known for Lydrocrabon synthesis cata-
lysts, and may include temperatures of
25 from about 250° to 800° F. and pressures
of about atmospheric to 760 psig. Oatalyst
may he supplied to reactor 26i by a hopper
(ot shown}. _
The total synthesis produet is with-
&0 drawn from reactor 26 and is passed via
cooler 20 and line 46 to separator 38,
wherein liguid and gaseous reastion pro-
duets and reactants may be separated 1In a
tasnner known per se. The liguid products
8f may bs removed from aeparator 38 vig
line 39 and sent to the producls recovery
system (not showa) for further proessing,
@il gas, comprising uneondensed low
moleenlar hydrocarbons, unreacted syn-
40 thesis gas, and carbon dioxide produced in
paxt by the synthesis Teaetion, is with-
drawn from. separator 38 and is passed via
lines 87 and 88 to the bottom of carbon
dioxide absorption tower 32, The latter
45 is similar in comstruction to stripper 18 in
thet it mey contain similar contacting
devices, such as bubble cap plates 34,
The sbsorption solution, more or less
subgtautially stripped of CO,, depending
60 npon the 0O, eontent of the synthesis feed
gus desired, i3 passed from stripper 18
through lines Qé and 30 into the upper
portion of earhon dioxide absorbing wmit
32, In the tower 32 the downwardly flow-
55 ing liquid absorbenmt intimately contacts
the upflowing carbon dioxide-containing
gos and removes therefrom » substantial
amount of its carbon dioxide content. The
ahsorbing liquid wmay be sny of  the
common liguid solvents for carbon di-
oxide, such as amino sleohels, sodium
earhonate-—sodium bicarbonate mixtures.
or even water. Im the present illustration
the liqguid employed is triethanolamine,
68 indicated as passing from the unit I8

through lines 28 and 30 inty the tower 32.
Absorber tower 82 is preferably operated

at a lower pressure than siripping tower
18, depending on the pressure drop
thrautgh the synthesis system, which iz in 70
the renge of § to 50 psi. The gas mixture
adm.itte%‘l through line 36 may have carbon
dioxide eontent of about 23 to 50%. Under
such condifions of processing, the effluent
gas removed through line 42 contains sab-
stantially less earbon diexide than admit-
ted thruugh line 88, and may be further
provessed for recovery of low boiling
hydrecarbon conslituents, or may ha re-
eycled to the synthesis ges generator, the 80
synthesis reseior, or may be passed to
fuel line or fo, another portion of the
system, as desired. The carbon dioxide-
rich liguid is withdrawn from the lower
part of tower 32 and passed to tower 18 B85
through line 20 for stripping.

The. power regquired to eireulate the
large amount. n%‘ ahsorbing liguid is
greatly minimized and the use of pump- .
ing equipment  msual in earbon dioxide 90
scrubbing processes is almost vonecessazy.

For practical OJierai;ion in large siﬁe
equipment, involving the recyoling of
bhundreds of thousends of barrels par day

of scrubbing material, thers is particular 95
advantage in swch an operation, The
absorption tower 82 is indicaled as being
located in an elevated position with
regard 1o the stripping tower 18. Tu {his
menner the conduit 20 permits the pres-100
gure of the solufion therein 1o aid in the
flow fo the tower 18, which ia operated ai

a somewhat higher pressure (about 5 to 0
psi.) than absorption tower 82. The liguid
purily depleted of carbon dinxide is passed 105
from the tower 18 through line 28 into the
the upper portion: of the tower 32 $hrough
line 30; as a means of aiding the flow of
the lquid through line 80, part of the gag
from separafor 38 may be passed through 110
lines 37 and 41 and introduced imio line

30 at the junction with line 28, The use

of the in this manner decreases the
density  of the finid passing upward |
through line 80, In this manner, largells
volumes of absorbing liquid cen be recir-
vulited mainly through the expendifure

of- energy from the tail gas, which i
generally wasted in most Tnetallatioms,
Similarly, portions of the ges removed 120
from ahbsorber 82 through line 42 may he
wsed in a similar capacity by being fraps.
farred vin line 46 to riser line 30.

Figure 2 shows z mmodification of the
invention wherein it 15 desirable o Tefurn 125
carbon dioxide-comprising gases fo the
gynthesis gas geuerator. This is particu-
larly advantageots 3n such casey as where
methane is reformed by steam, and the
0. recyeled to keep down COU, produstion 130
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in this process pnd to regulate the propor-
tion hydrocarbon synthesis gas ingredi-
ents produced. Figure 2 shows, in addi-
ticn, the remoral of CO, from the flue gas
§ used to heat the reforming tnbes in the
reformation of methane with steam.
Similar reference numerals are used in
Figure 2 with similar parts shown in
Figure 1, Thus, natural gas is paseed
I¢ throngh line 116 through exchanger 68
into the bottom portion of stripper 18.
Thae latter is shown az being supplied by
earhon dioxide-rich absorption liguid
from absorpiion towers 32 and 132
15 through lines 20 and 120} respeetively.
The effluent notural gas from tower 18 is
passed through lines 94 and 124 inte the
reformer inhes 54, after being mixed with
gteam admitied through line 56, The re-
20 formation product, comprising carbun
monoxide, bydrogen and minor qrantities
of carbvn divxide and wetep, 1s passed
through line 58 o synthesiz plant 26,
operated substantially in a manner de-
25 weribed above. The syuthesis produets are
passed through line 40 and couler 29 to
separator 38, Liguid products are rermoved
via line 89 and sent for further processing
ta the products recovery system. A por-
tion of the gaseous praduet from the unit
48 is passed throngh line 36 for removal
of at leust parl of 1ts carbon dioxide com-
tent in tower 32, while another portiom
way be pessed through lines 44 and 144
89 {o aid in the passage of sirlpped absorbing
Iiguid through lines 30 and 130. The
siripped abeorbing medium is trensferred
from stripper 18 v absorber 32 through
lires 28 and 30, and to absorber 132
through lines 28, 45 and 130 respectively.
. The fuel gas used to heat the reformer
tubes 34 may be matural gas and for syn-
thesis tail gos, and it is passed throngh
line 60 into uven 64. Adr for combustion
45 is admitied throngh line 62, After rom-
bustion, the flue gas passes fyom oven 64
through line 66 and exchanger 68 into the
absorption tower 132. To complate the
eyele, GO, rich absorber streams are vwith-
50 drawn from ahsorbera 132 and 32 vis lines
120 and 20 respectively, passed to stripper
18, and the CO, siripped oul by the
antural gas entering 18 through 1186 is
pussed, along with “the mnatural gas,
through line 24 to methane reformning
tulies 84, as deseribad sbove,
The gnses withdrawn overhead from
absorbers 182 and 32 respeclively through
lines 142 and 42 may he whotly renyeled,
60 if desired, {eo ike hydrocarbon synthesis
reactor or to the synthesiz gas generator,
or part of the withdrawn gases may be
further processed to recover hyvdrocarbon
gases, or may be used as fuel. .

85 . In the illwstrations of the embodiments
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‘peratare of about 2000° F.—2500° F. and

of the invention as given, the removal of
the earbon dioxide from the solution in
tower 18 is effected ot normally prevuailing
temperatures. In some cases, it may he
advisable to effect the removal of the 70
earbon dioxide in t{ower 18 at elevated
temperatures. When sueh is desired, the
gas gdmitted through line 116 mey be
hegted to hring the temnperature in unit 13
{o the desired level, or solutlons admitted 75
to the tower 18 may be preheated. The
heating of the stripping gss or the solu-
tions may be effected in any externul Leat
exchange cquipment or conveniently, in
the case of the embodiment of the inven- 80
tion illustrated in TFigure ¥, by passing

the stripping gas in beat exchange in

squipment 68 with the flue gas passing
through line 66. Similarly, the heut of
the flus gas may he utilized for heating 85
the solution or solutions passing to the
stripper' 18, Similurly, with reference fo
the process of Figure 1, whareas the syn-
thesis gas is generally produced at a tcm-

80
13 subsequently cooled to about room tem.
perature in coaler 17, this cooling step
may be modified to allow this gas, to be
used as a siripping medium, to enter
vessel 18 at some intermediate fempera- 96
ture, such as 200°—500° F.

Though Figure 1 Lus disclosed an em-
hodiment of the invention wherein €0, is
returued to the syuthesis reavlor, and
Figure 2 has shown a modifieation of the 1)
invention wherein (0, comprising gnses
are retnrned fo the synthesis gas gene-
retor, it is, of course, an ubvious extension
of the principles disclosed in this inven-
tion to meturn carbon dioxide to the gas 108
zeneration unit 14, Figure 1, by siripping
a_‘portion of the liguid withdrawn. from
ahsnrber 42 in a stripping tower in which
the siripping medivm inireduced in the
lower end is natura] gas. This stripper1l0
would, of course, operate et a somewhut
greater pressurs than the gas generation
unit, and the mixture of natural gas and
carbon  dioxide withdeswn from the
stripper wonld be charged to fthe genera-11b
tion unit 14,

« The gases from which the rcarbon
dinxide hag hesn removed are indicated in
Figures 1 and 2 as being discharged inlo
the fuel line or pussed fo a svothesis gas 120
generator. This enrichment of synihesis
gas with earbon diexide ean be used to
reduce or eliminete the expensive recyele
of tail gas. Thus, if low conversion of
methane is used in the synthesis gas pro- 128
duction us by reflorming or hy the partial
oxidation of methane, the recveling of
tail gas in the synthesis step is particu-
hirty difficuli beesuse of the high methane
conteni 0f the reactor gases. The com- 180
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bination of such a process with the present
invention is, therefore, highly advan-
tageous, Also, since carbon dioxids s i
be recireulated in normal processing to the
synthesis generator or synthesis reacior,
the invention nses these gases as pardicu-
larly advantageons stripping agents since
they remove the carbon dioxide and at the
garne time mix it with the gas stream to
which it wounld olherwize have been sent
had another absorption process been used.
In processing, according to the invention,
onky 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 fail gas from the preduct re-
covery system may be itreated according
to the Invention.

Tu procegsing according to the inven-
tion, the absorplion may be effected by
any of the common solvents known in the
art for the absorption of weakly acidic
substances such as earbon dioxide. Thus
mong-, di- or triethanclamine, amina
propanol, sodium earbonate, sodium bi-
corbonate and the miztures of the latfer
twn, and water alone vnder pressure may
be employed, From the earbon dioxide-
rich golutions, gas having a low carbon
dioxide partial pressure may be used to
remove the earbon dioxide under normal
and slightly elevated temperatures. Thus,
by the present inmvention, weakly acidic
substances, particularly carbon dicxide,
may be removed from gases under o wide
range of total pressure. The awount of
liguid circulated through the towera can
he readily calenlated by those skilled in
the art, 1t being merely neceszary to know
the absorption capacity of the particular
solution under the partieular temperature
and pressure condidions.

In this processing with weakly alkaline
madia or water as solvent for the absorp-
tlon, of weskly acid impuriiies from hydro-
carhon synthesis tail gases and the subse-
quent relesse of the impurities {from the
golution thus formed to permit rapeated
use of the solvent medinm, the absorption
siripping systere may be operated in some
cases under substantially adiabaiic con-
ditioms, while in other dases heat miny
Lava to be added in the slripping stage
and enoling effected in the abacrplicn
stage. It is to be understood that the
process of the invention iz not limited to
any partiendar method of produeing syn-
thesis gas, and of returning carbon
diozide from the gtripper to smnch gas
ganervation process. Thus, aynthesis gas
wmay be produced by exidation of natural
or refining gases rich in methane and
ethane by partial oxidation with ozygen

or metal oxides; reforming of methane
with steam, coal gasification with steam,
and the like,

Having now particularly described and
agcertained the nature of our said imven-
tion and in whal manner the same is to be
performed, we declare that what we claim.
18 1

1. Tu the process wherein mases com-
prising earhbon monoxide and hydrogen in
hydrocarbon synthesis proportions are
generaled in a synthesis gas generation 76
zone, and wherein said gases are rescted
under hydrocarbon synthesis conditipns in
the presence of a hydrocarbon synthesis
catalyst 1n g hydroearhon synthesis reace
tion wouve, and wherein the gaseous reac-
tion. produet of the reaetion belwesn
bydrogen snd carbon momoxide contains
carbon  dioxide, the steps comprising
scrubbing said gaseous reaction produmet
with a solvent for carhon dicxide, passing
through the solution thus obiained a
stripping gos as hereinbefore defined
whereby carbon diozide is stripped from
said solution, and passing i least a por-
tion of said siripping gas containing
stripped carbon dioxide to said process.

2. A process as claimed in claim 1,
wherein the hydrocarbon synthesic gas
Teaction comprises a hydrocarbon gas re-
formation reaetion whereln hydrocarbon
guses are headed in one or more tubes, dis-
posed in a furnace, and the flue gases from
said furnace are scrubbed with a salvent
fur carbon dioxide, and the solution of
earhon dioxide in solvent thus obtained is
passed to fhe ssme sixipping zone as the
carbon dioxide solvent solution obinined .
from the treatment of the tail gas from
the hydrocarbor svoihesis reaction,

%, A process as claimed in elaim 1 or 2,
wherein the solvent for carbon dioxide
eomprises wny cvinmon Hyuid solvent for
carbon dioxide such as amine slechols,
agueons gsolutions of mixtures of sedium
carbonate and hisarhonate or water, pre- 110
ferably an amino aleohol such as tri-
ethanolamine.

4. A process -as claimed in any of
elaims 1—3, wherein the siripping gas
comprises the feed gas for the hydroearbon 116
synthesis process and the mixture of gas
and carbon dioxide obtained is fod to the
hydrararbon synthesis reaction zone,

8. A process as cloimed in any of
elaims 1—3, wherein the stripping gas is 120
the feed gas for the hydrocarhon synthesis
gas generation process and the mixture of
ﬁas and carbon dioxide is passed to the

ydrocarbon  synthesis gas  generation
ZONe, 125
6. A process aa claimed in elaim A,
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wherein the stripping gas is methane. " Dated this 2nd day of February, 1949,
7. A process fuor the produclion of J. T. TYSON,
hydroearbons as hereinhefore desczibed. Bretienham House (Sixil Floor South),
Laneaster Tlace, London, W.(0.2,
Agent for the Applicauts.

Leamington Spa: Printed for His Majesty's Stationery Offtes, by the Courier Press —I951
Published 2t The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
coplos, price 2s. per vopy; by post Zs. 1d. may be abtained.
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