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This invention relates to the catalytic conversion

%of carbon monoxide and hydrogen into hydrocarbens, oxygenated !

' compounds and the like.
i More speciiically, the present invention con-
templates operation of the foregoing conversion in the

presencé of an iron catalyst while maintaining conditions

which favor the production of by-product water vapor in
lieu of the usual large quantities of CO0p. While the
synthesis of hydrocarbons from carbon monoxide and hydro~
gen in the presence of a cobalt or nickel catalyst has
been successful; the use of the iron catalysts has been
somewhat limited primarily due to a pronocunced tendency
to transform carbon monoxide into carbon dioxide. Thus
the tendency of the process when operating with an iron
catalyst is to follow the reaction: Hy #+ 2C0 = CHp + COp

rather than the theoretical reaction characteristic of

the nick el or cobalt contact masses represented as
follows: 2H, + (0 = CH, + H,0, 1In certain cases it has’
been observed that 30 to 40% of the carbon monoxide
charged to a reactor containing iron catalyst has been
converted to carbon dioxide. Thls represents an unde-
sirable utilization of the original fuel used in oper-
ating tha'process.

It has been didcovered in accordance with the

insufficient quantity to prevent the desired hydrocarbon

the yield of liquid hydrocarbons is also improved and the

somewhat greater molecular weight, -
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present invention that when operating with an iron éatalyst
he aforementioned disadvantage can be completely or largely
overcome by maintenance of the catalyst at & sulfur content

suitable to inhibit the production of carbon dioxide but in

{|synthesis. In fact, 1t has been found that when operating in
accordance with the present invention to maintain the sulfur

content of the catalyst at the predetermined optimum level,

product tends to assume a more unsaturated character with a
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.This is particularly surprising in view of the fact
;?hat the presence of sulfur has, substantially since the in-
%;eption eflhydrécarbon synthesis process, been considered to
}e highly detrimental to the reaction, Thus in the catalytic
feduction of carbofi monoxide by hydrogen it has been accepted
B

éthat a rigid purification of the feed gases is necessary to

revent poisoning of the catalyst and it has been stated that

he sulfur content of the reaction gases supplied to the con-
act mass must not exceed 0.2 gm., per 10C cubic meters. While

srious maximum sulfur concentrations in the feed gas have

b

}

Peen found usable, in each instance it has been noted that for
iny reasonable period of catalyst life the sulfur content of
Ehe feed gases must be maintained as low as pbssible. To this
nd numerous methods have been employed for removing organic
ns well as inorganic sulfur.

While it is not intended that the present invention
be limited by any concept or theory made herein for'purposes
bf better understanding i1t is believed that the effect of the
sulfur upon the catalyst is to suppress the propensity of an
iron catalyst to promote the reaction: Hp, + 200 = CHp + GO2
without material detriment to, and even with somé improvement
bf, the carbon monoxide reduction by which the desired hydro-
parbons are produced.

More specifically, the inventicn contemplates the
bredetermihed introduction of sulfur ipto the iron catalyst

in a proportion suiltable to accomplish the desired purposes,
hnd the maintenance of the sulfur content at substantia 1y
:ptimum level throughout the reaction ﬁithout further material
increase or decreaée.

This may be accomplished in a varlety of ways. When
nsing a sulfur-free synthesis gas sulfur may be included in
predetermined amount in the catalyst by the addition of suit-
able sulfur compounds during its manufacture, ﬁhe optimum pro-
portions being dstermined by comparative tests of varying

samples. Thus, for example, alternatively it is possible to
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~available for use after attainment of optimum conditions con-

containing carbon monoxide and hydrogen and sulfur in gaseous

Institute of Ghemicél Engineers", Volume 41, page 19 et seq.
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‘utilize a sulfur-containing feed gas which would normally tend

to increase the sulfur content of the catalyst, with frequenté
regeneration to remove sulfur accumulation and maintain the |
catalyst within the optimum range. Such procedure may be !
applied to operations utilizing the fixed bed type of catalyst
or any other type of contact mass.

It is preferred, however, to operate with a cata-
lyst mass comprising powdered iron in a state of dense phase
fluidization within a vertical reaction zone through which

the reactants rise under conditions of flow efiective for the

5

fluidization of the catalyst mass while introducing the sulfu
into the catalyst through the medium of the reactant gaseé
and thereafter, when the optimum addition has been made,
gsuitably maintaining such condition.

Where the feed gas unavoidably conmtains sulfur
this may be accomplished by continuously subjecting the
catalyst to controlled partial regeneration, preferably in a
separate regeneration zone, whereby the effective sulfur con-

tent is maintained at the required level. Where the feed gas

tains no sulfur regeneration is not necessary although per-
iodiec regeneration and resulfurization may be beneficial.
More specifically, in accordance with a preferred

embodiment of the present invention, the synthesis feed gas

or vaporous form in predetermined proportions is continuously
introduced into the lower pertion of a vertical reaction
vessel containing a mass of catalyst comprising, for example,

iron powder of about 100 to 400 mesh and having such particle

size distribution as to maintain uniform fiuidization through
out the vertical dimension of the reactor. The reactants are
caused to rise through the mass under conditions of flow to

maintain the catalyst in a state of dense phase fluidization

such as deseribed for example in "Transactions of American

-ty
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televabted temperature and pressure such that there is a sub-

lto purification prior to introduction to hydrocarbon synthesis)

51eR11

(1945). The fluidized reaction mass is maintained under

stantial yield of hydrocarbons in the products of reaction,

discharged from the upper portion of the reaction zone.
Synthesis gas normally contains minor portions of

gaseous, organic and/or inorganic sulfur compounds, dependent

upon its method of manufacture, and is accordingly subjected

In accordance with the present invention it is preferred to
introduce initially a feed gas having relatively high sulfur
content in excess of that previously considered proper, and
up to as high ag 0.5 molal-% sulfur {determined on the basis
of st) of the total feed gas. After the initizl run-in
peried, the production of desired hydrocarbons in the reactor
will proceed, with a decreasing proportion of carbon dioxide
in th@ effluent gases and with an appreciable increase in the
moleculé?ﬁweight and degree of unsaturation of the hydro-
carbon p%odubt produced, until a peint is reached at which
these effects commence to diminish and disappear and poison-
ing of the catalyst with respect to the preduction of hydro-

¢carbons begins to set in. It is just prior to this point that

-To this end, a portion of the catalyst may be continuously

use of the sulfur-contalring feed gas is terminated and in liel
thereof is substituted a synthesis feed gas free of sulfur or,
where such procedure is not attainable, a feed gas subjected
ﬁo rigid purification. In the latter cdse, the preSent inven~
tion contemplates continuous or intermittent treatment of the

catalystimass to maintain continuing optimum sulfur content.

withdrawn from the reactor, treated to lower the sulfur content
and continuously returned to the reaction zone all at a rate
adjusted to hold the contact mass within optimum range of

sulfur content.




shown, for recovery utilization and/or further treatment of

D021

It is also possible to operate continuously with a
synthesis [eed gas otherwise normally considered to have & {
rather high sulfur content, provided that tuhe catalyst is con+
tinuously recycled through t he aforementioned purification |
zone at a rate suitable to prevent net accumulation of sulfur
in excess of optimum,

Reference will now be made to the accompanying
drawing which illustrates one preferred method of practicing |
the present invention.

Carbon monoxide and hydrogen, advantageously though
not necessarily, in the ratio of aboutetwo‘mols-pf'nydrdgenf
to one mol of carbon monoxide are cénducted frém & source not

shown through pipe 1 and valve 2 into & catalyst conduit 3

leading to the bottom of reactor bo

L]

The reactor 4 comprises a vertical vessel conmtainin
a mass of powdered synthesis catalyst comprising iron:powder
and the reactants rise through the catalyst powder with suf-
ficient velocity to maintain a state of dense phase fluidiza-
tion. The upper portion of the reactor L, is advantageously
enlarged to provide a settling space for catalyst particles
which become entrained in the gases leaving the fluidized
mass. These gases and vaporous products of reactlon pass

through filter element 5 and outlet pipe 6 to a means not

the products of reaction. Filter element 5 may be any suit-
able device'such as porous refractory material, for example
alundum, adapted to pass the gaseous and vaporous products
while retaining entrained catalyst particles within the re-
actor.

Tn view of the highly exothermic nature of the ':;’
catalytic reaction, internal cooling means within the reactor
is provided, comprising a plurality of tubes 8 immersed in the

catalyst mass, closed at the lower ends, and with their upper

b
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ends terminating in chamber 9, Bach tube g sarrounds sn inner
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concentric tube 1C, open at its lower end and communicating
at its upper end with chamber ll. In operation a suitable i
heat carrier fluid such as water, injected from a source net J}
shown through pipe 12, flows downward through chamber 11,
through the inner tubes 10 and rises in the annular spaces |
between t he tubes 8 and 10 in indirect heatv exchange relation-
ship with the fluidized mass of powdered catalyst and the
reactants surrounding tubes 8. The heat carrier fluid or
the vaporous products theteof after evaporation are discharged
through pipe 13.

Referring again to the reactor 4, provision is made
for continuously removing catalyst powder through a conduit
14 for discharge into a regeneration tower 15, It is further
contemplated that where desirable a suitable stripping gas
may be passed up through conduit 1k to promote the removal
of adsorbed and absorbed products from the catalyste.

Hemoval of all or part of the sulfur content of thg
catalyst is advantageously effocted in the tower 15 by sub-
jecting the catalyst powder to intimate contact with hydro-
gen, supplied through a pipe 16 from a source not shown and
preferably passed upwardly through the mass of catalyst in
the ﬁower 15 at a rate sufficient to promote dense phase
flutdization. A filter element 17 in the upper portion of
the tower similar to the aforementioned filter element 5
pe rmits passage of the effluent gases, free from entrained
catalyst, through the discharge vent or pipe 18 for recovery
or further treatment.

It is-to be understood that the catalyst powder
in the tower 15 is to be maintained at a temperature suitable
for reaction of hydrogen with the sulfur content of the mass

advantageously in the range of from 500 to 1000° F., and to
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i this end where the r esidual heat within the catalyst supplied
through conduit 1k plus that resulting from the exothermic

action is insufticient or excessive, suitable heating or

1
5cooling means not shown may be provided in tower 15, It will

be evident from the present disclosure that use and character

of the heating or cooling means will be primarily dependent ox)

the amount of sulfur contained in the feed gases to the syn-
thesis reactor,

A portion of the treated catalyst powder accumulaves
behind the baftle 19 in the lower portion of the tower 15 and
js withdrawn through conduit 20 which communicates through
heat exchanger 21 with the previously mentioned conduit 3.
The heat exchanger 21 may suitablyilower the temperature of the
catalyst to any desired value below the temperature prevailing

in the reactor k4 in the interest of maintaining the optimum

reaction temperature therein.

It is partiecularly important to note that the syn-
thesis feed gases supplied through the pipe 1 initially con-
tain a substantial proportion of sulfur compounds sufilclent
to promote accumulation of sulfur in the contact mass of the
reactor 4 and pfeferably, where rapid approach to equiiibrium
operation is,desireﬁ,c:onyain a substantial proportion, in
the order of 0.5 molal-% (as st) of the entering gases.
After the initial period of s ﬁart~up and the initiation of
the production of hydfocarbdns containing two or more carbon-
-atoms, careful observation of the reaction products discﬁarged
through pipe 6 will dlsclose a progressive decrease in the net
-production of carbon dioxide formed in the reactlon, and a
relative increase, in lieu thereof, of water vapor. It will
fupther be observed that the molecular weight of the hydrow
carbon product znd its degree of unsaturation will increase
somewhat until a stage is reached where the proportion of
sulfur accumulation upon the catalyst initiates a reversal

of the foregoing effects and a general poisoning of the

—8-
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 qition can be readily deterwmined by observation of the reaction

= 4w K% g H
HBLOZ211
catalyst against the synthesis reaction. Apnroach to this con-

i : !

‘products and by experience with the operation. Thus, while i
roptlmum yields, suppression. of carbon dioxide formation and
I |

;fcharacter of the product may vary with the specific type of
| catalyst and other condigions of operation, when operating
with catalyst of uniform initial character and under the same
conditions of temperature, pressure and the like, the approac%
to the optimum conditions 1s readily determinable from the
nature of the products produced.

When the foregoing optimum conditions of operation
have been reached the use of relatively high sulfur synthesis
gas is terminated and there is substituted a synthesis feed
which is relatively low in sulfur. While a sulfur free or
rigidly purified synthesis gas may be substituted for that
initially introduced through the pipe 1, there is disclosed
in the drawing an alternative arrangement which permits the
use of the originally mentioned feed gas. Thus suitably
valved branch pipétéz communicating with the pipe 1 leads

to 'a gas purifigation system 23 «adaped for removing of both

orgenic and inorganic sulfur compounds, the sulfur free eftly
ent being reconducted into the conduit 1 beyond the valve 2
through valved pipe 24, The purification system 23 while
, disclosed only symbolicaliy may comprise any of the we;l
known sulfur purification plants er combinations thereof
among which are the commercial iron bxide system for removing
‘hydrogen sulfide or the Girbotol Process.
I; is a dvantageous with the valve 2 closed and the

incoming gas passed through the purification system 23, to

effect as great a sulfur removal as possible, since, with a

negligible quantity in the feed, the recigculation and sulfuy
purification of the catalyst carried out in the regeneration
zone 15 may be reduced to a minimum. On the other hand, witl
a reasonably small sulfur contamination of the feed gas, the

regeneration system may be operated to continucusly withdraw

-G-
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catalyst from the reacter kL, efiect a suitable removal of

vsulfur in the tower 15, and return the catalyst to the reac-

ltlon gone through the pipe 3. %
5 Tt will be understood from the foregoing that recirJ
\Culdtlon of the catalyst ls preferably restricted to & degreeg
Ejust sufficient to maintain the optimum gulfur content in the
!reaction zone which again is dependent upon the maintenance
of the product yield and the minimizaticn of net CO, formation,
reflected by the products from pipe 6. It is important to

note that the present invention has the additional advantage

that it is not strictly 1imited to the maintenance of extremely

mimite sulfur contamination of the synthesis feed gas but nay
be operated with what would ordinarily be considered an unduly
high sulfur content -so long as the capacity of the tower 15
for treatment of catalyst is not exceeded and is sufticient
to maintain catalyst in the r eactor 4 within the necessary

range of sulfur content.

In accordance with one 1llustrated embodiment of
the present inyention synthesis gas containing hydrogen and
carbon mohoxide in a molar ratio of about 2.0 and also con-
taining about 14% diluent gaseS‘(CHh, N2 and 002) and O.k
“molal-% sulfur (determined &s HZS)'is passed into a reactor
containing fluidized, catalytic irom powder substantially ali
of which passes through a 200 mesh screen and about 85% of
which passes through a 325 mesh screen., This catalyst con-
tains 2 to 3% of potassium oxide (KEO) and alumina (A1203).
The catalyst mass is maintained at a uniform temperature of
600°F. under conditions of gpod dense phase fluidization,
and at a pressure of 200 psi gauge. The effluent from:the
reactor at the sﬁart contains 30 to 40% 002. After a period
of about eight hours the proportion of carbon dioxide con-

tajned in the effluent stream will have been reduced to &

-10-
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ainimum, say below 5p, and turther sulfur adaition to the

gatalyst mass becomes detrimental.

At this time, a portion of the catalyst is continu-

ously withdrawn from the reactor and t reated with hydrogen

" at a temperature of 800°F., being thereby at least partiaily

purified of sulfur, and 1s returned through the conduit 20
and the conduit 3 to the lower pard of the reactor.

At the same time the incoming synthesis gas is |
subjected to strict removal of sulfur compounds before being
supplied to the rsactor. It has been found impractical, in
view of the many variable factors, to operate specifically on
the basis of a predetermined rate of catalyst circulation
through the sulfur removal step, Or addition of sulfur to the
catal yst mass, but it is sufficient that these factors can be
ad justed on the basis of the composition and guantity of
products issuing‘from pipe & in order to maintain substantiall
the optiﬁum operation.

In place of the iron catalyst mentioned above other
known iron catalysts may be employed together with othef use-
ful promoters sach as oxides of thorium, magnesium, uraniunm
and vanadium, and with suitable supporting materials such as
diatomaceous earth, silica gel, Filtrois, stc. Preferably,
the process is operated with a fluidigzed, powdered catalyst
although, as indicated above, stationary catalysts are
equally applicable provided that the optimum sulfur content
of the synthesis gas is suiltably maintained after attainment
of the required condition.

Supported catalysts may be used in both fluidized
and staticnary beds. An example of a supported catalyst
would be one comprising 32k iron, O4% diatomaceous earth
and apout 4% thorium and megnesium oxides.

While certain temperatures have been specitically
referred to, it is contemplated that other t emperatures may

be employed depending upon the type of catalyst used and the

~1i-
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products desired. Such temperatures may range from about
200 to 700°F. in the reactor 4 and 500 to L000°F. in the
regeneration tower 15,

The invention is also applicable to processes
wherein catalyst is employed other than in a fluidized |
or fixed bed state as, for example, in the form of a mass !
of beads or pellets descending through a reaction tower
counter-currently to a rising stream of reactant gases,
the catalyst being suitably brought to the required level
of sulfur content for reintroduction to the reaction
zone. Likewise, in lieu of fhe arrangements shown, pro-
vision may be made for removing the catalyst powder from
the top of the reactor 4 (filter element 5 being omitted),
as’ 1is customary in systems employing overhead entrainment

of catalyst with subsequent separation of catalyst powder
and gases in cyclones or other suitable separators.

The separated catalyst is then introduced inte the regen-
aration tower and thence returned to the reaction vessel.

It is further contemplated that the conversion may
be carried out in separate stages with or without recircu-
lation of reaction products or any selected portion thereof.

Obviously many modifieations and variations of the

invention as set forth above may be made without departing

from the spirit and scope thereof, and therefore only
such limitations should be imposed as are indicated in the

appended claims.

-12-~
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The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as
follows:
1. The catalytic synthesis process involving the
hydrogenation of carbon monoxide which comprises continuously
passing into a reaction zone containing a synthesis catalyst
comprising iron; under reaction conditions a reactant feed
comprising carbon menoxide and hydrogen while maintaining the
sulfur content of said catalyst at a value sufficient vo sup-
press the production of carbon dioxide in the process, but
insufficient to substantially inhibit hydrocarbon formation.
2. The process for synthesizing hydrocarbons by
the hydrogenation of carbon monoxide which comprises continu-
ously péssing a reactant feed comprising carbon monoxide and

hydrogen with a substantial proportion of sulfur through &

under reaction conditions, said propertion of sulfur being
sufficient to progressively increase the sulfur content of ths
catalyst mass; continuing the passage of said reactant feed
pntil the formation of carbon dioxide by the synthesis reac-
tion has been materially suppressed but prior to substantial
jmpairment of the nydrocarbon-forming reaction, and thereaften
continuing the passage of the reactant feed under conditions
adapted to prevent maﬁerial alteration in the sulfur content

of the catalyst.

3. The process for synthesizing hydrocarbons by
the hydrogenation of carbon monoxide which comprises continu-
ously passing a reactant feed comprising carbon menoxide and

hydrogen with a proportion of sulfur through a mass of

mass of catalyst containing iron maintained in a reaction zoneg
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catalyst containing ircn maintained in a reaction zone under
reaction conditions including an elevated pressure, said
proportion of sulfur being sufficient to progressively in-
crease the sulfur content of the catalystwmass, continuing
the passage of said reactant feed until the formation of car-
bon diocxide by the synthesis reaction has-been materially

suppressed¢ but prior to substantial impairment of the

hydrocarbon-forming reaction, thereafter continually withdraw
ing a stream of catalyst from said reaction zone, removing
sulfur from said withdrawn catalyst; recycling said de-
sulfurized catalyst to the reaction zone &nd effecting said
catalyst desulfurization at a rate approximating the rate at
which sulfur is add;d to the catalyst from the reactant feed.
" 4. In the synthesis of hydrocarbons by the cata-
lytic reduction of carbon monoxide with hydrogen in the pres-
ence of a catalyst comprising iron disposed in a reaction
zone; wherein a synthesis gas comprising hydrogen and carbon
monoxide is passed in contact with said catalyst under reac-
tion conditions including a predetermined elevated temperature
and an elevated pressure at which hydrocarbons are produced,
the method of suppressing carben dioxide formation which com-
prises introducing sulfur ;nto contact with said iron catalysy
auntil the catalyst assumeé a sulfur content in the range above
that minimum value at which the inhibition of carten dioxide
formation becomes noticeable but below themaximum value at
which the said iron catalyst is poisoned with respect to the
synthesis of ﬁydrocarbons at said predetermined temperature;
passing saild synthesis gas in contact with gaid catalyst undep
gaid reaction conditions; continuously maintaining the sulfur
content of saild iron catalyst within said range; withdrawing

effluent gases from contact with the catalyst, and recovering

desired products of reaction therefron.

24
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5. The method according to claim 4, wherein the
synthesis gas pansed in contact with the catalyst contains”
sulfur in a proportion effective to adad sulfur to the .cata~
lyst, and wherein a stream of catalyst is econtinuvally with-
drawn from the reaction zone; sulfur is removed irom the withr
drawn catalyst, resulting desulfurized catalyst is recycied

to the reaction zone, and said catalyst desulfurization is

1=

effected at a rate approximating that at which sulfur is adde
to the catalyst from the synthesis gas.

6. In the synthesis of hydrocarbons by the cataly-
tiec reduction of carbon monoxide with hydrogen in the presence

! of an iron catalyst in a reaction zone wherein a synthesis gak

comprising hydrogen and carbon monoxide is passed in contact

T e

with said'iron catalyst at a predetermined elevated temperatuye
and an elevated pressure at which desired hydrocarbons ars pre-
duced together with substantial quantities of undesired by-
e product carbon dioxide; the method of suppressing carbon di-
@ \ oxide formation which comprises passing into contact with said

iron catalyst at said elevated ﬁémperature a synthesis gas

containing a proportion of sulfur effective to progressively
increase the sulfur content of séiﬁ catalyst; continuing passs
age of said sulfur-containing synthesis gas in contact with
said catalyst until the catalyst assumes a sulfur content within
the range above that minimum value at which the inhibition of
carbon dioxide formation becomes noticeable but below the maxi-
mum value at whiech said iron catalyst is polsoned with respect'

to the synthesis of hydrocarbons, thereafter continuing passage

of sulfgr-free synthesis gas in contact with the catalyst under
said reaction conditions while continuously maintalning the
sulfur content of said catalyst within sald range, withdrawing
affluent gases from contact with the catalyst and recovering

desired products of reaction therefrom.

/b/
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7. In the synthesis of hydrocarbons by the cata-
lytic reduction of carbon momoxide with hydrogen in the pres-
ence of an iron catalyst in a reaction zone wherein a synthe-
sis gas comprising hydrogen and carbon monoxide is passed in
contact with said iron catalyst at a predetermined elevated
temperature and an elevated pressure at which desired hydro-
4 carbons are produced together with substantial quantities of

4 ' undesired by-product carbon dioxide, the method of suppress-

ing carbon dioxide formation which comprises passing into don
tact with said iron catalyst at sald elevated temperaturé,a !
synthesis gas containing a proportion of sulfur effective to

progressively increase the sulfur content of said datalyst,“

continuing passage of said sulfur-containing synthesis gas in
contact with said catalyst until the catalyst assumes a sulfup
content within the range above that minimun value at which the
inhibition of carbon dioxide formation becomes noticeable but

below the maximum value at which said iron catalyst is poisongd

with respect to the synthesis of hydrocarbons, thereafter con
tinuing passage of said sulfur-containing synthesis gas in
contact with the catalyét under said reaction conditions con-
tinuously withdrawing catalyst from the reaction zone, remov-
ing sulfur from the withdrawn catal&st, recycling resulting
v 'desulfurized catalyst to the reaction zone and effecting said
gatalyst desulfurization at a rate approximating that‘at which
sulfur is added to the catalyst from the synthesis gas.

' 8. The process according to claim l; wherein the
sulfur content of the catalyst is initially raised to said
value by subjecting the catalyst; at an elevated temperature,
to contact with a stream of feed gas contalning a propertion
of sulfur sufficient to progressively increase the sulfur

content of the catalyst.

/€
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9. The process according to claim 1 wherein the
sulfur content of the catalyst is maintained at said value

by contacting said catalyst with a feed gas containing sulfur,
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