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! This inventlon relates to the catalytlec converslon
7Eof carbon oxldes and hydrogen into hydrocarbons and particu-
§§1arly into hydrocarbons rich in olefins.

i% Broadly, the invention contempletes carrying out
5Ethe synthesis reaction under conditions adapted to effect
substantially complete conversion of availlable carbon in the
synthesis‘feed gas into hydrocarbons and partlcularly into |
hydrocarbons containlng a large proportion of olefins while
suppressing the formatlion of methane end at least substen-
tially reducing the net production of carbon dioxide.
t The effluent stresm of reaction products from the
reaction zone containing hydrocarbons, steam, carbon dioxide
and relatively small amounts of hydrogen end carbon monoxide
is advantageously coolied to condense steam and normally
liquid hydrocarbons. The gaseous fraction thereof is sub-
jected to contact with a chemical agent such as sulphuric
acld, cuprous chloride, etc. under condltions such that
olefinic constituents of the gas are converted intc normally
lliquid products which are readily separated from the residual
gas. A portion of the resulting residual gas is recycled to
the synthesis reaction. Carbon dioxide is removed from the
#On reeycled portion of the residusl gas, as for example by
absorptioh in ethanclamine solution, and the recovered carbon
dioxide recgpled.tq'the syntheaslis reaetion. The gas from
whioh carbon dloxide has 5ean removed, having = ralafively
low content of carbon monoxlde and hydrogen, can be dise
charged as fuel gas.

The invention contemplates carrying out the syn-
theals operation so as to produce a highly olefinic product

'low in methane and also so that the amount of unconverted
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carbon monoxide and hydrogen in the effluent stream of reac-

tion products is small, so much so that the residual gases
after removal of carbon dioxide may be dlischarged from the
system without the necessity for recovering carbon monoxlde

and hydrogen therefrom.

The aforesaid gaseous fraction of the effluent from
the synthesis reaction contains a large amount of olefins, E
i.e., 70 to 90% by volume. The invention contemplates re- ;
moval of these olefins from the recycle gas becauss these
olefins undergo objectionable degradation reactions when re-~
cycled to the synthesis reaction, producing methane and i
paraffin hydrocarbons as well as heavier and less valuable
olefins; The so-removed olefins are thus available for
conversion into desirable products.

In addition; only the net product of the olefin
fres gas needs to be secrubbed to recover carbon dloxide for
recycling to the synthesis reaction.

‘In scoordance with the invention, the gaseous frac-
tion of the effluent from the reaction zone contalning gaéeous
clefins and paraffins ag well as a substantial ambunt of ocar-
bon dioxide may be subjected to contaet with sulphuric aeld
so a8 to convert olefinic constituents thereof into their
Icorresponding sulphates, in which form they can be feadily
gseparated from carbon dloxide and gaseous paraffing.

The treatment with sulphuric acid or other reagent
may be carried out in stages, as will be described later,
employing in each atage condltions of temperatures, pressure

and resgent soncentration, etc., adapted vo selectively
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‘ratio of mols of nydrogen to mols of both carbon moncoxide

‘stent for the water gas shift reaction which is about 70 for

' the range of about 100 to 160,
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remove a particular clefin. The resulting olefin compounds
may be separately disposed of as desired. Olefin sulfates,
for example, may be passed to an alkylation reaction wherein
the olefins are reacted with an isoparaffin such as isobutane
to form alkylated hydrocarbons.

Specifically the invention contemplates carrying
out the synthesis reamction for the production of olefins

in the prasénce of added carbon dloxide maintaining the

and carbon dloxide passing to the reaction zone not in ex-
cess of 1 and preferably not less than about 0.6.

In addition, the invention contemplates maintaining’

the molar ratio COz (Hp - 2 COA) of reactants passing to the
: C0 x H50 -

reaction zone éubstantially greater than 0.0202e [T2§5%663
where "A" 1s the fraction of the carbon monoxide converted
in the reaction zone énd which will usuelly ranga.from about
0.95 to 0.995, "e" is the base of Naplerlan logarithms, '
e.g., 2.7183, and "T" is the reaction.tamperature in degrees
Fahrenhelt.

The numerical velue of thls latter molar ratio is

substantially greater than the value of the equillibrium con-

a reaction temperature of 500°F., about 31 for a reaction
temperature of 600°F.,‘and about 16 for a reaction témparaJ'
ture of 700°F. Thus, when effecting the synthesis with a
fluidiz@d iron powder catalyst at a temperature of about
600°F;,'this gecond molar ratio should be maintained at.

least in the réﬁge of 60 and ebove, and advantageously in
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: It is advantageous to effect initlal contact between

iétha synthesis feed gas and the catalyst at a substantially
iloWer temperature than that prevailing during subsequent con- -
?tact-between the reactants and the catalyst within the reac-

_tion"zone or zones. The catalyst particle temperature at the

point of initial contact with synthesis gas 1s advantageously

about 50°F., lower and may range from at least 10 to 100°7.

lower than the catalyst temperature at the point of flnal
contact. Under these conditions, the preﬁominating initial
reaction in the reglon of initial contact is 2Fe + Co + Hy =
Fezc + H20. Subseguently and above the regiqn on initial
contact the predominating reaction is F92Q7+ ﬁz = CHp +,2F§;
At the higher temperature prevalling in the upper portion of
the reactioq'zona or in & succseding reactor for that matter
the reactiq§:002 + Hy = CO # Hp0 18 favored.

For example with a reaction zone containing the
previously ﬁentioned iron catalyst, the catalyst tempergture
in the gas inlet region of the zone is advantageously 550°F.,
or lower, or-whlle In tﬁe product outlet region it is sbout
600°F, - ';li-;'.. )

' ﬁnder-ordinary ciroumstances the synthesls of hydro-
Icarbona from earbon monoxlde and hydrogen 1s accompanied by
the formafion of large amounts of carbon dloxide. Carbon
dioxide so produced results in some meagure from the carbid-
ing reéctioh between the catalyst metal and carbon monoxide,
whiech reaction ig sdvantageous from the standpolint of main-
taining an excess of the carbide in the reaction.

A feature of thé present invention involves effect-
ing consumption of carbon dloxide so produced in this car-

' biding reaction by reacting it with available hydrogen to

form additional carbon monoxlde for use in the synthesis and
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thus maintain a high concentration of carbon monoxide in the -
syntheslis reaction zone. Hydrcgen may be added so as to
assure the presence of the desired quantity of hydrogen in
the reaction zone.

Water or steam 1ls mlso a product of the reaction
between carbon dioxide and hydrogen end is also formed to a %
large extent by other reactions taking place during the coursr
of the synthesis. It 1s contemplated maintaining the concen-|
tration of water in the reaction system as low as possible ]
in order to favor the reaction between carbon dioxide and |
hydrogen with consequ?nt inerease in the formatlon of carbon {
monéxide. Accordingiy, it is contemplated removing water
from the synthesis gas feed or reducing the water content at
least to approximately the amount with which the gas is
saturated under the conditions of temperature and pressure
prevalling*in the reaction zonéjnglso where the reamction 1s
carried out in a plurality of stages, to each of which fresh
synthesis gas flows in parallel, provision may be made for
removing water from tha'reactant streams flowing between
stages in serles flow.

By operating under the aforesaid conditions, a much
Igreafer conversion of the available carbon in the synthesis
feed gas'into desirable compounds is realized, for example
into 6é'and higher molecular welght hydrocarbons. It is con-

templated effecting substéntially complete conversion in each

about 99% conversion, although operating conditions may be
regulated so that from 95 to 99.5% conversion 1s effected in
each stage or in the reaction zone.

The net production of carbon dioxide from the

-6~
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:1conversion process is substantially entirely avolded when
jlcharging a gynthesis gas containing at least 2 mols of hydro-
;Egen per mol of carbon monoxide, and carbon dloxide may be
§%actually consumed in the Teaction.

;? The emount of carbon dloxlde added to a reaction
iistage or to the reaction zone depends upon the composition

i of the synthesis feed gas passing thereto. The synthesls gas’
may contain & gmall amount of carbon dioxide. If the hydro- 1
gen present is less than that theoretlcally required to reacti
|

with the carbon monoxide present to produce olefins and waterj

then the mmount of carbon dloxide added is less since carbon ?
dioxlde is produced in the reaétion under such conditions. %
By way of example, when charging synthesls gas con-
talning carbon monoxide, carbon dioxide and hydrogen to &
.feaction zone wherein it 1s subjected to contact with a fluid-
1284 iron catalyst at a temperature of approximately 600°F.

and under a pressurse of approximately 200 pounds per square

ineh gauge, the ratlo of mols of hydrogen to mols of carbon i
' 1

monoxide plus carbon dioxide passing to the reactlon zone is

maintained at about 0.6. The molar ratio CO, (Hp - 2 COA) 4g
meintained at about 160. Under these conditions, the follow-

ing ylelds are obtained as mol per cent of carbon monoxide

sonverted: e
C, + G, hydrocarbons : 3.6 B
1+ 6 y
C and heavier hydrocarbons 91 B
Water soluble oxygenated compounds 5.4

100.0
The Co fraction of the hydrocarbon products will
contain about 50 to 60% unsaturated hydrocerbons whlle the
C3 and heavier fractlon will comprisse about 70 to 85% unsat-

urated hydrocarbons.
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In order to illustrate the mode of operating the

g,ing drawing. A hydrocarbon gas such as methanse 18 drawn from
a source not shown through a plpe 1 and conducted to a gener-

i| ator 2. Oxygen oY air or other suitable oxygen rich ges 1s

conducted from a source not shown through a pipe 3 to the
genserator 2. The generator 13 operated under conditions of
temperature and pressure S0 &3 to produce & synthesis gas of

predetermined composition, for example contalning carbon mon-
monoxide to 2 mols of hydrogen.
L wherein it ig cooled to a temperature suitable for intro-

catalyst 1s in the range about 550 to 600°F. Moilsture con-
densed from the gas can be removed in the separator ha.

The synthesls gas flows through a pipe 5 into the
lower portion of a reactor 6 wherein the gas is drought into
contact with arrluidized catalyst bomprising iron powder con-
tailning about 1 to 2% potassium oxide and about 2 to 3%
alumina.

~ An effluent stream of reactién products 1s contin-
uously removéd from the reactor 6 through a pipe 7 to a heat
exchanger 8 wherein 1t 1s reduced to & temperature in the
range about 60 to 150°F, The cooled stream flows through
pire 9 to a separator L0 wherein condensed hydrocarbons and
steam gol;ebt. The weter and hydrocarbons separate into
1ayers and the water is drawn off through a pipe 1l Whilerthe
fliqq1d~hydrocarbons are drawn through a pipe 12.

The rés;duél gas oomprising gaseous hydrocarbons

8-

oxlde and hydrogen in the proportion of about 1 mol of carbon |

duction to the synthesls reaction which in the case of an iron

i overall pfocess, reference will now be made to the accompany-:

i

|
|
i
i

The resulting ges is passed through a heat axchanng
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gaseous paraffin hydrocarbons.
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having from 1 to 5 carbon atoms per molecule and containing
a substantial amount of cearbon dioxide aﬁd small amounts of
hydrogen, carbon monoxide and some nitrogen is drawn off
through & pipe 13. Nltrogen will be present in this reslidual
gas in the event that air or other nitrogen contalning gas i
is used in the generation of the synthesis gas. |
The liguld hydrocarbons removed through the pipe 12lé
will comprise malnly hydrdoarbons havipg more than 5 carbon
atoms per molecule and may contain small amounts of oxygenated
compounds a8 well as small amounts of normglly gaseous hydro—|
carbons such as butane. i
This 1liquid stream is passed to a fractionator or
stabilizer 15 wherein normally gaseous constituents are re-
moved therefrom through a pipe 16. The stabilized hydro-
-carbons are drawn off through a pipe 17 and may be passed all
or in part to a reforming unit 18.
- The reforming step mey comprise treatment of the
hydrocgrbons with bau;ite or other clay-type material at m

temperature in the range about 700 o 900°F. so as to remove

oxygenated compounds and inerease the octane rating of the

" The ges discharged through the pipe 16 may be
paased all érfin pert to the pipe 13. The resulting gas mix-
ture is conducted from the pipe 13 to a chemlcal treatment
unit 20 whereiﬁ the gassous stream passing therethrough is
subjected to coﬁtact with sulphuri¢ acid or other suitable
chemioal agent under conditions such that the olefins are

converted to compounds which are readily separated from the

The unit 20 mey comprise a plural stage absorption
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ﬁsystem wherein the individual olefins are reacted with sul-
jphuric acid of requlsite concentration to form the corres-
éponding olefin sulfates, The resulting sulfate mixtures or
fésolutions can be pagsed through a pipe 21 to an alkylation
5tgunit 22 wherein the sulphates are treated with an isoparaffin

E%such asg isobutane drawn from & Source not shown through a
iipipe 23, The alkylation operation 1s of conventional type
using concentrated sulphuric acld as the catalyst and 1s
carried out so as to preoduce alkylated hydrocarbons suitable
as high anti-knock motor fuel which may be blended all or in

part with the reformed nydrocarbons.

The absorption tower treatment can be carried out
in a plurality of stages. Thus in one 2tage the gaseous feoed
may be treated with sulphuric acld of ebout 65% concentration
go a3 to remove isobutylene. In another stage the gas may be
treated with acid of about 85 to 50% concentration so as o
remove propylene and the normal butylenes, while in a separ-
ate stage the gas may be treated with acid of about 95% con-
centration so as to remove ethylene, The resulting olefin
sulphate mixtures may be disposed of other than as olefin
feod to elkylation reactions.

Instead of using sulphurlc acid 1t is contemplated
.that other chemlcal reagénts may be employed, for example
ouprous chloride may be used so as to form addition compounds
with the olefins, from which compound s the olefins may sub-
sequently be liberated.

It is contemplated that the olefins may be select-
ively removed from the reactor effluent gas. Thus 03 and
higher olefins may be removed while ethylene remains in the

gas flowing through pipes 25 and 32, In this latter case

=10~
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ethylene can be recycled to the reactor lnstead of belng dis-:
posed of as fuel gas. If desired, ethylene can be selesctively
vemoved from the reactor effluent gas and recycled to the :
reactor, thus providing hydrocarbon recycle substantially
free Trom methane and other hydrocarbons.

The residual gas from the unit 20 comprising paraf-j
fin hydrocarbons such as sthane, propane, gtc. and carbon %
dioxide, etoc. is removed through a pipe 25, the major portion

I

thereof being passed to a scrubblng tower 26 wherein 1t 1s ‘
subjected to contact wiph ethanolemine or other chemlcal re- 1
agents adapted to remove carbon dioxide from the gas.

The enriched solution is drawn off through a plpe i
27 to a stripper 28 wherein the carbon dioxide is removed |
from the serubbing agent and discharged through a pipe 29, the
lean solution being drawn off through pipe 30 for return to
the towsr 26.

The residual gas from the tower 26 comprising sat-
urated gaséous hydrocarbons, nitrogen and small emounts of
hydrogen and cerbon monoxide 1s discharged through 2 pipe 3l.

The carbon dioxide discharged through plpe 29 is
recycled through pipe 33 to the reactor 6 in an amount

sufficieht to maintain the aforeseld ratios of reactants

The portion of the gas flowing through pipe 25
which is not serubbed is passed directly through pipe 32 to
the plpe 33 for recycling to the reactor. In this way some
of the residual unreacted carbon moncxlde and hydrogen is
recycled to the reaoctor, Reecyeling of this stream ls advan-
tageous from the standpoint of maiﬁtaining'fluidization of
the catalyst not only when starting up but also during

ounstream operation.

=11~
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Tn the event that sdditional hydrogen ls requlred
;it may be supplied through pipe 34.
| An adventage of the process of this invention re-
%sides in the rTelatively low content of unreacted carbon mon-
;oxide and hydrogen in the gas belng discharged through the
}pipe 13, which in turn is due to the high conversion of ;
%carbon monoxlde into C, and nlgher molecular welght hydrocar—l
bong. Mhis in turn permits utilizing air in place of oXygen :
in the generator 2. Nitrogen can be eliiminated from the %
gystem in the fuel gas wit‘hout the necessity of employing E
complicated absorption towsrs and auxlliary apparatus because%
the residual gas 1s so lean ln carbon monoxide and hydrogen %
that recovery of these particular constituents 13 unnecessary.
Use of ethylene only ag the hydrpcarbon component of the re-
cycle gas as previously suggested is advantageous when air.
rather than oxygen is used in the synthesis gas generation.

while mention has been made of using an iron cata-
1lyst, it is contemplated that catalyets containing other
metals of the iron group, suéh as cobalt, nickel, ruthenium,
etc., may be used. The catalysts may contain other promoters,
for example the oxides of uranium, vanadiun and megnesium.
In addition, the catalyst may be of the supported type using
as supporting materials diatomaceous earth, silica gel,
Tiltrols, etc,

The reaction temperature in the reactor 6 will de-
pend upon the type of Eatalyst used and mey range from 200
to 700°F. Likewisge, the preésure may Teange from atmospherlc
t0 several hundred etmospheres.

It is also contemplated that other than fluldized

‘catalyst systems may be used. Thus, the catalyst may be’

-12-
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‘: employed in stationary or moving bed form.

Obviously meny modifications and variations of the
{nvention as above set forth may be made without departing
from the gpirlt and scope thereof, and therefore only such
1imitations should be imposed as are indicated in the appended:

claims.

~13-
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‘temperature vrevailing in said reaction zone, where A 1s the
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The embodimsnts of the invention it which an exclu-

sive property or privilege is claimed are delined as follows:

1. 1n the catalyuic hydrojenatcion ol carbon
monoxide for the production of hydrocarbons, oxygenated hydro-
carbons and mixtures thereol, winerein synthesls zas conbaining
hydrogen and carbon monoxide in the molay ratio of at least
2:1 is passed in contact with a fluidized solid particle iron
hydrocarbon synthesis catalyst in a reaction zone at an
operating temperature in the raange of aboub 550-700°%. to
effect sﬁbstantial conversion of the reactants into desired
products ol reaction, the improvement winich comprises continud
ously supplying to the reaction mone a zaseous feed mixture

comprising said hydrezen and carbon monoxide togetner with

carbon dioxide and not more than a small concentration of welgr

vapor, maintaining the reaction zone subctantially uniformly
at said reaction temperature, regulating the relative propor-
tions of the constituents of said gaseous feed mixture such
that the ratio of meols of hjdrogen te mols of carbon monoxide
pfus carbon dioxide is in the rangé of about 0.6 to 1.0, and
such that the molar ratio
(002) X {Hz - ZQDA)
co x HZO '

equilibrium constant for the water-gas shift reaction at the

fraction of carbon monoxide converted in said reaction zone,
thereby substantially completely suppressing carbon dioxide
formasion within said reaction zone, effecting substantially
complete conversion of carbon monoxide into said desired
products and withdrawing effluent products of reaction from

the reaction zone.

. 'L‘J
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2. Thne nethod sccordine bo elodi 4 viersein the

catalyst in the reaction wone is matntained 1o & cubabantially
i

uniforw state ol dense phase fluldization.

1, fhne method accoedlng To clolw 1, wherein about

.95 to 0.995 of the leed carbon monoxide is converted into

desired products of reaction in the reactlon zone,

4. ‘the process ltor the production oi desired
hydrocarbons, oxyrenated nydrocarbons and mixtures theceof
by the catalvtie hydrogenation of earbon monoxide with the
conversion of substanlially all of the Feed carbon monoxide
into said desired produéts and with repressed formation of
carbon dioxide, which comurises feeding a fasecus mixture
of carbon monoxide, hydrogen,_water,vapor,andrcanbon dioxide
into a reaction zone containing a iuidized solid particle ir
hydrocarbon synthesis catalyst, contacting said gaseous mixtu
with said fluidized catalvst at a reasction temperature in the
range of about 550-700°%i. until about 0.95 to about 0.995 of
said feed carbon monoxide has been converted into desired
products of reaction, maintaining the'composition ol said gas
cous feed mixbure such that the motar ratio of hydrogen to
¢arbon monoxide is at least 2:1, and the prooortion of carbon
dioxide is such that the molar ratio

(CO,) x (H, - 2004)

Co x HEO

is at least twice as great as the numerical va}ue of the
equilibrium constant for the watsr-gzas shift reaction at the
temperature prevalling in the reaction mone, where A 1s the
constant between about 0.95 and 0.995, renresenting the fracH
tion of the feed carbon monoxide which is to be converted iny
said desired products, withdrawing effivent products of re-~
action from the reactiocn zone and recovering the desired pro-

ducts of reaction thereirom,

&

T

[#]
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zone containing a finidized solid particle iron hydrocarbon

499397

5, Phe method according to clalw 4, wherein the
compesitlion od said suseows fend mixture im swuch that e
rabio of the nols ol hydrowen to the sum of vhe mols of corbo

monoxide and carbon dloxide is in bhe ranse {rom 0.6 to 1.0,

G. The process for the production of degsired hydro
carbons, oxysenated hydrocarbons and mixtures thereof by the
catalytic hydrogenation of carhon menoxide wliuh the conversio
of substantially all of the feed carbon monoxide into said de
gired products and with repressed formation of carbon dioxide
which comprises feedinz 2 zaseous misture of carbon monoxide,

hydrogen, water vapor and carbon dicxide tnrough a reaction

synthesis catalyst, contacting saild gaseous mixtﬁre with said
fiuidized catalyst at 2 rezction temperature in the range
about 550-700°F., until about J.95 to about 0.995 of said fee
carbon monoxide has been converted into desired products of
reaction, mainvaining the composition of said gaseous feed
mixture such that the molar ratio of hydrogen to carbon mol-
oxide is at leést 2:1, and the proporticn of carbon dioxide
is sufficient to repress action of the waler gas shift reacti
in that- direction which consumes carbon monoxide and water
vapor with the formation of carbon dioxide such thdt the
conversion of the feed carbon monoxide into undesired carbon
dioxide by the water-gas shift reaction is substantially in-
hibited, withdrawing effluent products of resaction from the

reaction zone and recovering the desired products of reaction

P
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