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This invention relates to the catalytic con-
version of carbon monoxide and hydrogen into
_hydrocarbons, oxygenated compounds and the
like.

More specifically, the present invention con-
templates operation of the foregoing conversion
in the presence of an’iron catalyst while main-
taining conditions which favor the production of
by-product water vapor in leu of the usual large
quantities of COz2. While the synthesis of hydro-
carbons from carbon monoxide and hydrogen 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 pro-
hounced tendency to transform carbon monoxide
into carbon dioxide. Thus the tendency of the
brocess when operating with an iron catalyst is to
follow the reaction: H2+2CO=CHa2-COj3 rather
than the theoretical reaction characteristic of the
nickel or cobalt contact masses represented as
follows: 2H2-+CO=CHz-+H20. In certain cases
it has been observed that 30 to 40% of the car-
bon monoxide charged to a reactor containing
Iron catalyst has been converted to carbon di-
oxide. This represents an undesirable utilization
of the original fuel used in operating the proc-
ess. -

It has been discovered in accordance with the
‘present invention that when operating with an
iron catalyst the aforementioned disadvantage

can be completely or largely overcome by main-

tenance of the catalyst at a sulfur content suit-
able to inhibit the production of carbon dioxide
but in insufficient quantity to prevent the desired
hydrocarbon synthesis. In fact, it has been found
that when operating in accordance with the pres-
ent invention to maintain the sulfur content of
the catalyst at the predetermined optimum level,
the yield of liquid hydrocarbons is also improved
and the product tends to assume a more unsatu-
rated character with a somewhat greater molecu~-
lar weight.

This is particularly surprising in view of the
fact that the presence of sulfur has, substan-
tially since the inception of hydrocarbon syn-
thesis process, been considered to be highly det-
rimental to the reaction. Thus in the catalytic
reduction of carbon monoxide by hydrogen it
has been accepted that g rigid purification of the
feed gases is necessary to prevent poisoning of
the catalyst and it has been stated that the sul-

fur content of the reaction gases supplied to the:

contact mass must not exceed 0.2 gm, per 100
cubic meters. While various maximum sulfur
concentrations in the feed zas have been found
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usable, in each instance it has been noted that
for any reasonable period of catalyst life the

sulfur content of the feed gases must be main- -

tained as low as possible. To this end numerous
methods have been employed for removing organic
as well as inorganic sulfur.

While it is not intended that the present in-
vention be limted by any concept or theory made
herein for purposes of better understanding, it
is believed that the effect of the sulfur upon the
catalyst is to suppress the propensity of an iron
catalyst to promote the reaction:

H2+2CO=CH32-+CO2

without material detriment to, and even with
some improvement of, the carbon monoxide re-
duction by which the desired hydrocarbons are
produced.

More specifically, the invention contemplates
the predetermined introduction of sulfur into the-
iron catalyst in a proportion suitable to accom-
plish the desired purposes, and the maintenance
of the sulfur content at substantially optimum
level throughout the reaction without further ma-
terial increase or decrease.

This may be accomplished in a variety of ways.
When using a sulfur-free synthesis gas sulfur
may be included in predetermined amount in
the catalyst by the addition of suitable sulfur
compounds during its manufacture, the optimum
proportions being determined by comparative
tests of varying samples. Alternatively it is pos-

* sible to utilize a sulfur-containing feed gas which
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would normally tend to increase the sulfur con-
tent of the catalyst, with frequent regeneration
to remove sulfur accumulation and maintain the
catalyst within the optimum range. Such pro-
cedure 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
catalyst mass comprising powdered iron in a
state of dense phase fluldization within a vertical
reaction zone through which the reactants rise
under conditions of flow effective for the fluidiza-
tion of the catalyst mass while introducing the
sulfur into the catalyst through the medium of
the reactant gases and thereafter, when the opti-
mum addition has been made, suitably maintain-
ing such condition.

Where the feed gas unavoidably contains sul-
fur this may be accomplished by continuously
subjecting the catalyst to controlled partial re-
generation, preferably in a separate regeneration
zone, whereby the effective sulfur content is-
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maintained at the required level. Where the feed
gas available for use after attainment of opti-
mum conditions contains no sulfur, regeneration
is not necessary although periodic regeneration
and resulfurization may be beneficial.

More specifically, in accordance with a pre-
ferred embodiment of the present invention, the
synthesis feed gas containing carbon monoxide
and hydrogen and sulfur in gaseous or vaporous
form in predetermined proportions is continuous-
1y introduced into the lower portion of a vertical
reaction vessel containing a mass of catalyst com-
prising, for example, iron powder of about 100 to
400 mesh and having such particle size distribu-
tion as to maintain uniform fluidization through-
out the vertical dimension of the reactor. The
reactants are caused to rise through the mass un-
der conditions of flow to maintain the catalyst in
a state of dense phase fluidization such as de-
scribed for example in “Transactions of Ameri-
can Institute of Chemical Engineers,” volume 41,
page 19 et seq. (1945). The fluidized reaction
mass is maintained under elevated temperature
‘and pressure such that there is a substantial yield
of hydrocarbons in the products of reaction, dis-
charged from the upper portion of the reaction
zone.

Synthesis gas normally contains minor portions
of gaseous, organic and/or inorganic sulfur com-
pounds, dependent upon its method of manufac-
ture, and is accordingly subjected to purification
prior to introduction to hydrocarbon synthesis.
In accordance with the present invention it is
preferred to intraduce initially a feed gas having
relatively high sulfur content in excess of that
previously considered proper, and up to as high as
0.5 molal-% sulfur (determined on the basis of
H1S) of the total feed gas. After the initial run-
in period, the production of desired hydrocarbons
in the reactor will proceed, with a decreasing pro-
portion of carbon dioxide in the effluent gases and

with an appreciable increase in the molecular-

weight and degree of unsaturation of the hydro-
carbon product produced, until a point is reached
at which these effects commence to diminish and
disappear and poisoning of the catalyst with re-
spect to the production of hydrocarbons begins to
set in. It is just prior to this point that use of
the sulfur-containing feed gas is terminated and
in Heu thereof is substituted a synthesis feed gas
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free of sulfur or, where such procedure is not at-

tainable, a feed gas subjected to rigid purification.
In the latter case, the present invention contem-
plates continuous or intermittent treatment of
the catalyst mass to maintain continuing
optimum sulfur content. To this end, a portion
of the catalyst may be continuously withdrawn

from the reactor, trested to lower the sulfur con~’

tent and continuously returned to the reaction
zone all at a rate adjusted to hold the contact
mass within optimum range of sulfur content.

It is also possible to operate continuously with a
synthesis feed gas otherwise normally considered
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to have a rather high sulfur content, provided .

that the catalyst is continuously recycled through
the aforementioned purification zone af a rate
suitable to prevent net accumulation of sulfur in
excess of optimum.

Reference will now be made to the accompany-
ing drawing which illustrates one preferred meth-
od of practicing the present invention.

Carbon monoxide and hydrogen, advantageous-
ly though not necessarily, in the ratio of about
two mols of hydrogen to one mol of carbon mon-
oxide are conducted from a source not shown
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through pipe | and valve 2 into a catalyst conduit
3 leading to the bottom of reactor 4.

The reactor 4 comprises a vertical vessel con-
taining a mass of powdered synthesis catalyst
comprising iron powder and the reactants rise
through the catalyst powder with sufficlent ve-
locity to maintain a state of dense phase fluldiza-
tion. The upper portion of the reactor 4 is ad-
vantageously 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 reaction pass through
filter element 5 and outlet pipe & to a means not
shown, for recovery, utilization and/or further
treatment of the products of reaction. Filter
element § may be any suitable device such as
porous refractory material, for example Alundum,
adapted to pass the gaseous and vaporous prod-
ucts while retaining entrained catalyst particles
within the reactor.

In 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 ends termi-
nating in chamber 9. Each tube 8 surrounds an
inner concentric tube 10, open at its lower end and
communicating at its upper end with chamber (1.
In operation a suitable heat carrier fluid such as
water, injected from a source not shown through
pipe 12, flows downward through chamber I,
through. the inner tubes 10 and rises in the annu-
lar spaces between the tubes 8 and 10 in indirect
heat exchange. relationship with the fluldized
mass of powdered catalyst and the reactants sur-
rounding tubes 8. The heat carrier fluid or the
vaporous products thereof 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 regen-
eration tower 5. It is further contemplated that
where desirable a suitable stripping gas may be
passed up through conduit 14 to promote the re-
moval 'of adsorbed and absorbed products from
the catalyst. '

Removal of all or part of the sulfur content of
the catalyst is advantageously effected in the
tower i5 by subjecting the catalyst powder to
intimate contact with hydrogen, supplied through
a pipe 16 from a source not shown and prefer-
ably passed upwardly through the mass of cata-
lyst in the tower 15 at a rate sufficient to promote
dense phase fluidization. A filter element {7 in
the upper portion of the tower similar to the
aforementioned filter element 5 permits passage
of the effluent gases, free from entrained catalyst,
through the discharge vent or pipe 18 for recov-
ery or further treatment. '

It is to be understood that the catalyst powder
in the tower 15 is to be maintained at a tempera-
ture suitable for reaction of hydrogen with the
sulfur content of the mass, advantageously in the
range of from 500 to 1000° F., and to this end
where the residual heat within the catalyst sup-
plied through conduit 14 plus that resulting from
the exothermic action is insufficient or excessive,
suitable heating or cooling 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 on the amount of sulfur contained in
the feed gases to the synthesis reactor.

A portion of the treated catalyst powder accu-
mulates behind the baffle 19 in the lower portion
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of the tower {5 and is withdrawn through con-
duit 20 which communicates through heat ex-
changer 21 with the previously mentioned conduit
3. The heat exchanger 21 may suitably lower the
temperature of the catalyst to any desired value
below the temperature prevailing in the reactor
4 in the interest of maintaining the optimum
reaction temperature therein.

It is particularly important to note that the
synthesis feed gases supplied through the pipe
initially contain a substantial proportion of sulfur
compounds sufficient to promote accumulation of
sulfur in the contact mass of the reactor 4 and
preferably, where rapid approach to equilibrium
operation is desired, contain a substantial propor-
tion, in the order of 0.5 molal-% (as HaS) of the
entering gases. After the initial period of start-
up and the initiation of the production of hydro-
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carbons containing two or more carbon atoms,

careful observation of the reaction products dis-
charged through pipe 6 will disclose a progressive
decrease in the net production of carbon dioxide
formed in the reaction, and a relative increase,
in lieu thereof, of water vapor. It will further
be observed that the molecular weight of the
hydrocarbon product and its degree of unsatura-
tlon will increase somewhat until a stage is
reached where the proportion of sulfur accumu-
"lation upon the catalyst initiates a reversal of
the foregoing effects and a general poisoning of
the catalyst against the synthesis reaction. Ap-
proach to this condition can be readily deter-
mined by observation of the reaction products
and by experience with the operation. . Thus,
while optimum yields, suppression of carbon di-
oxide formation and character of the product
may vary with the specific type of catalyst and
other conditions of operation, when operating
with catalyst of uniform initial character and
under the same conditions of temperature, pres-
sure and the like, the approach to the optimum
conditions is 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 puri-
fied synthesis gas may be substituted for that
initially introduced through the pipe 1, there is
disclosed in the drawing an alternative arrange-
ment which permits the use of the originally men-
tioned feed gas. Thus suitably valved branch
pipe 22 communicating with the pipe f leads to a
gds purification system 23 adapted for removing
of both organic and inorganic sulfur compounds,
the sulfur free effluent being reconducted into
the conduit | beyond the valve 2 through valved
pipe 24. The purification system 23 while dis-
closed only symbolically may comprise any of
the well known sulfur purification plants or
combinations thereof among which are the com-
mercial iron oxide system for removing hydro-
gen sulfide or the Girbotol Process.

It is advantageous 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 recirculation and sulfur purification of
the catalyst carried out in the regeneration zone
15 may be reduced to a minimum. On the other
hand, with a reasonably small sulfur contaming-
tion of the feed gas, the regeneration system may
be operated to continuously withdraw catalyst
from the reactor 4, effect a suitable removal of
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sulfur in the tower 5, and return the
the reaction zone through the pipe 3. ;

It will be understood from the foregoing that
recirculation of the catalyst is preferably restrict-
ed to a degree just sufficlent to maintain the
optimim sulfur content in the reaction zone
which again is dependent upon the maintenance
of the product yield and the minimization of net
COz formation, reflected by the products from
plpe 8. It is important to note that the present
invention has the additional advantage that it
Is -not strictly limited to the maintenance of ex-
tremely minute sulfur contamination of the syn-
thesis feed gas but may be operated with what
would ordinarily be considered an unduly high
sulfur content so long as the capacity of the tower
IS for treatment of catalyst is not exceeded and
Is sufficient to maintain catalyst in the reactor
4 within the necessary range of sulfur content.

In accordance with one illustrative embodi-
ment of the present invention, synthesig gas con-
taining hydrogen and carbon monoxide in a mo-
lar ratio of about 2.0 and also containing about
14% diluent gases (CHi, N2 and CO2) and 0.4
molal-% sulfur (determined as H:S) is passed
into & reactor containing fluidized, catalytic iron
bowder substantially all of which passes through
& 200 mesh screen and about 85% of which passses
through a 325 mesh screen. This catalyst con-
tains 2 to 3% of potassium oxide (K20) and alu-
ming (Al203). The catalyst mass is maintained
at a uniform temperature of 600° F. under con-
ditions of good dense phase fluidization, and at a
bressure of 200 p. s. i. gauge. The effluent from
the reactor at the start contains 30 to 40% COs2.
After a period of about eight hours the propor-
tion of carbon dioxide contained in the efluent
stream will have been reduced to g minimum, say
below 5%, and further sulfur addition to the
catalyst mass becomes detrimental. .

At this time, a portion of the catalyst is con-
tinuously withdrawn from the reactor and treat-
ed with hydrogen at a temperature of 800° F.,
being thereby at least partially purified of sulfur,
and is returned through the conduit 20 and the
conduit 3 to the lower part of the reactor. ‘

At the same time the incoming synthesis gas
is subjected to strict removal of sulfur compounds
before being supplied to the reactor. 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 catalyst mass, but it is sufficient that these
factors can be adjusted on the basis of the com-
position and quantity of products issuing from
pipe 6 in order to maintain substantially the op-
timum operation. )

In place of the iron catalyst mentioned above
other known iron catalysts may be employed to«
gether with other useful promoters such as oxides
of thorium, magnesium, uranium and vanadium,
and with suitable supporting materials such as
diatomaceous earth, silica gel, Filtrols, etc. Prefs
erably, the process is operated with a fluidized,
powdered catalyst although, as indicated above,
stationary catalysts are equally applicable pro-
vided that the optimum sulfur content of the
synthesis gas is suitably maintained after attain-
ment of the required condition. i

Supported catalysts may be used in both fluid-
ized and stationary beds. An example of a sup-
ported catalyst would be one comprising 32%
iron, 64% diatomaceous earth and about 4%
thorium and magnesium oxides. .

catalyst 1o
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While certein temperatures have been specifi-
cally referred to, it is contemplated that other
temperatures may be employed depending upon
the type of catalyst used and the products de-
sired. Such temperatures may range from about
200 to 700° F. in the reactor 4 and 500 fo 1000°
F.in the regeneration tower 9.

The invention is also applicable to processes
wherein catalyst is employed ofther than in &
‘fluidized or fixed bed state as, for example, in the
form of a mass of beads or pellets descending
through & 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 the arrangements shown, pro-
vision may be made for removing the catalyst
powder from the top of the reactor 4 (filter ele~
ment § being omitted), as is customary in sys-
tems employing overhead entrainment of cata-
lyst with subsequent separation of catalyst pow-
der and gases in cyclones or other suitable sep-
arators. The separated catalyst is then intro-
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duced into the regeneration tower and thence re- -

turned to the reaction vessel.

It is funther contemplated that the conversion
may be carried out in separate stages with or
without recirculation of reaction products or any
selected portion thereof. . _

Obviously many modifications and variations
of the invention as set forth above may be made
without departing from the spirit and scope there-
of, and therefore only such limitations should be
imposed as are indicated in the appended claims.

I claim: .

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 monoxide and hydrogen while
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maintaining the sulfur content of said catalyst -

at a value sufficient to suppress 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 continuously passing a reactant feed
comprising carbon monoxide and hydrogen with
a substantial proportion of sulfur . through a
mass of catalyst containing iron maintained in
a reaction zone under reaction conditions, said
proportion of sulfur being sufficient to progres-
sively increase the sulfur content of the catalyst
mass, continuing the passage of said reactant feed
until the formation of carbon dioxide by the syn-
thesis reaction has been materially suppressed
but prior to substantial impairment of the hy-
drocarbon-~-forming reaction, and thereafter con-
tinuing the passage of the reactant feed under
conditions adapted to prevent material altera-
tion in the sulfur content of the catalyst.

3. The process for synthesizing hydrocarbons
by the hydrogenation of carbon monoxide which
comprises continuously passing a reactant feed
comprising carbon monoxide and hydrogen with
‘a proportion of sulfur through a mass of catalyst
containing iron maintained in a reaction zone
under reaction conditions including an elevated
pressure, sald proportion of sulfur being sufficient
to progressively increase the sulfur content of
the catalyst mass, continuing the passage of said
reactant feed until the formation of carbon
dioxide by the synthesis reaction has been ma-
terially suppressed but prior to substantial im-
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pairment of the hydrocarbon-forming reaction,
thereafter continually withdrawing a stream of
catalyst from said reaction zone, removing sulfur
from saild withdrawn catalyst, recycling said de-
sulfurized catalyst to the reaction zone and ef-
fecting said catalyst desulfurization at a rate ap-
proximating the rate at which sulfur is added to
the catalyst from the reactant feed.

4. In the synthesis of hydrocarbons by the
catalytic reduction of carbon monoxide with hy-
drogen In the presence of & catalyst comprising
iron disposed in a reaction zone, wherein a syn-
thesis gas comprising hydrogen and carbon
monoxide is passed in contact with said catalyst
under reaction conditions including a predeter-
mined elevated temperature and an elevated
pressure at which hydrocarbons are produced,
the method of suppressing carbon dioxide for-
mation which comprises introducing sulfur into
contact with said iron catalyst until the catalyst
assumes a sulfur content in the range above that
minimum value at which the inhibition of car-
bon dioxide formation becomes noticeable but be-
low the maximum value at which the said iron
catalyst is poisoned with respect to the synthesis
of hydrocarbons at said predetermined temper-
ature, passing sald synthesis gas in contact with
said catalyst under said reaction conditions, con-
tinuously maintaining the sulfur content of said
iron catalyst within said range, withdrawing.
effluent gases from contact with the catalyst, and
recovering desired products of reaction there-
from.

5. The method according to claim 4, wherein
the synthesis gas passed in contact with the
catalyst contains sulfur in a proportion effective
to add sulfur to the catalyst, and wherein a
stream of catalyst is continually withdrawn from
the reaction zone, sulfur is removed from the
withdrawn catalyst, resulting desulfurized cata-
lyst is recycled to the reaction zone, and said
catalyst desulfurization is effected at a rate ap-
proximating that at which sulfur is added to the
catalyst from the synthesis gas.

6. In the synthesis of hydrocarbons by the
catalytic reduction of carbon monoxide with hy-
drogen in the presence of an iron catalyst in a
reaction zone wherein a synthesis gas comprising
hydrogen and carbon monoxide is passed in con-
tact with said iron catalyst at a predetermined
elevated temperature and an elevated pressure
at which desired hydrocarbons are produced to-
gether with substantial quantities of undesired
by-product carbon dioxide, the method of sup-
pressing carbon dioxide formation which com-
prises passing into contact with said iron catalyst
at said elevated temperature a synthesis gas con-
taining a proportion of sulfur effective to pro-
gressively increase the sulfur content of said
catalyst, continuing passage of said sulfur-
containing synthesis gas in contact with said
catalyst until the catalyst assumes a sulfur con-
tent within the range above that minimum value
at which the inhibition of carbon dioxide forma-
tion becomes noticeable but below the maximum
value at which said iron catalyst is poisoned with
respect to the synthesis of hydrocarbons, there-
after continuing passage of sulfur-free synthesis
gas in contact with the catalyst under said re-
action conditions while continuously maintain-
ing the sulfur content of said catalyst within
said range, withdrawing efiluent gases from con-
tact with the catalyst and recovering desired
products of reaction therefrom.

7. In the synthesis of hydrocarbons by the
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catalytic ' reduction of carbon monoxide
hydrogen in the presence of an iron catalyst in

‘2 reaction zone wherein a synthesis gas com--

prising hydrogen and carbon monoxide is passed
in contact with said iron catalyst at a prede-~
termined elevated temperature and an elevated
pressure at which desired hydrocarbons are pro-.
duced together with substantial quantities of un-
desired by-product carbon dioxide, the method
of suppressing carbon dioxide formation which
comprises passing into contact with said iron
catalyst at said elevated temperature a synthesis
gas containing a proportion of sulfur ‘effective
to progressively increase the sulfur content of
said catalyst, continuing passage of said sulfur-
containing synthesis gas in contact with said
catalyst until the catalyst assumes s sulfur con-
tent within the range above that minimum value
at which the inhibition of carbon dioxide forma-

tion becomes noticeable but below the maximum 20 Number

valte at which said iron catalyst is poisoned with
respect to the synthesis of hydrocarbons, there-
after continuing passage of said sulfur-contain-
ing synthesis gas in contact with the catalyst un-

der said reaction conditions, continuously with- 28

drawing catalyst from the reaction zone, remov-

with
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Ing sulfur from the withdrawn catalyst, recycling.
resulting desulfurized catalyst to the reaction
zone and effecting said catalyst desulfurization
at a rate approximating that at which sulfur is
added to the catalyst from the synthesis gas.

8. The process according to claim 1, 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 containing a proportion of
sulfur sufficient to progressively increase the sul-
fur content of the catalyst.

- EDWIN T. LAYNG.
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