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Hydrocarbon Synthesis

We, Sranparp O IDEVELOPMENT
Coppany, a Corporafion duly organized
and existing under the laws of the State
of Delaware, United States of America, of
Elizabeth, New Jersey, United States of
Amerjca, do hereby declare the nature
of this invention and in what manner the
same is to be performed, to be particu-
larly described and ascerfained in and by
the following statement:—

The present invention relates to im-
provements in the synthesis of hydrocar-
bons and oxygenated organic eompounds
from carbon monoxide and hydrogen in
the presence of a powdered iron catalyst
which is meintained in the form of =
fluidized bed in a reaction zone. In paz-
ticular the invention velates 3o precondi-
tioning the eatalyst prior fo actual usze
in the synthesis reaction, the purpose of
the preconditioning of the cafalyst being
to render it highly active and selective
for the formation of desirable compounds,
and at the same time, resistant to frag-
mentation or physieal disintegration
during the synthests reaction.

Prior to this invention, 1t was known
that iron, particularly iron promoted
with minor amounts of certain alkali
metal compounds such as potassium fuor-
ide, potassium carbonate, potassium or
sodivm acetate and numercus others,
nrovided an active catalyst in the syn-~
thegis of hydrocarbons and oxidized
hydrocarbons from a synthesis feed gas
containing carbon monoxide and hydro-
gen. It has also been disclosed in the
Titerature that this type of operation may
be carried out employing the so-called

40 fluidized catalyst techmigue, a procedure

45

in which powdered catalyst is suspended
in the gasiform reactants in a reaction
zone to form o dense, turbulent, ebullient
suspension of catelyst in said gasiform
material. ‘
However, vesearches have demonstrated
that when' the Nydrocarbon synthesis
operation is conducted in the presence of

[Price 2/-]

an iron catalyst, the catalyst becomes
contaminated with carbonaceous deposifs
as synthesis proceeds and the time comes
when the catalyst tends to andergo frag-
mentation or physical disintegration o
the extent that an inordinately large pro-
portion of fines (0—R20 mmicron size
material) is formed. When the fluidized
mass or bed of catalyst contains a large
quantity of fines it becomes difficult, if
not  impossible, to  maintain the
powdered catalyst in a well fluidized
state. An attribute of the ordinary
fuidized catalyst operation is that a
separation is ‘effected in the reactor of
the main bulk of the catalyst from the
gasiform reactants. When, however, the
catalyst containe an excessive quantity of
fines, such separation is not possible or is
difficuit. Then, obviously, it is desir-
gble to prevent fragmentation of the
catalyst since the fines thus produced
tend to pass out of fthe reactor with the
gaseous products rather than fo remain
in the said reactor. Turthermore, the
presence of fines in excessive quantities
in the fluidized bed of eatalyst impairs
the uniformity of mixing of the catalyst
which is a characteristic advantage of a
well’ Auidized bed, As a resdlt of this
impaired or poor mixing of the cafalyst,
it is diffculf, if net tmpossible, to main-
tain a substantially uniform {fempera-
ture throughout the bed of catalyst and
there is o tendency to develop localized
“hot spots’’ in the bed and the fluidiza-
tion is otherwise unsatisfactory. -

T+ is the majn purpose of the present
invention to npretreat a powdered, irom
catalyst to obtain an improved catalyst
which is highly active and selective for
the formsiion of desirable products and
at the same time resistant to serious dis-
integration by fragmentation of the
powdered iron catalyst o sizes which can

not be sabisfactorily maintained in the’

fluidized state,
Tt is ‘also the object of this invention
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o “condition *’ or pretreat a powdered
iron catalyst adapled for-use in the fuid-
ized catalyst hydrocarbon synthesis reae-
tion, which catalyst contains a substan-
tial quantity of a prometer and which
pretrestment eifects the conversion of a
subsiantial portion of the iron fo iron
carbide (probably PFe,C} whersby the
catalyst is rendered highly active and
selective but at the same time is resist-
ant to fragmeniation or physical.disin-
tegration when used in the fluidized
eatalyst hydrocarbon synthesis operation.

Other and further objects of the inven-
tion will appear in the following more
detailed deseription.

To the accomplishment of the forego-

ing and relafing erds the powdered iron
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catalvst, preferably having a particle
size from O to about 200 microns, s sub-
jeeted to a pre-treatment at substantially
atmospheric pressure with a gas coufain-
ing hydrogen and carbon menoxide, the
ratip of the hydrogen and carbon mon-
oxide being from 2 fo 85 or 40} mols of
hvdrogen per mol of carbon monoxide, 1t
is preferred that this ratio be greater
than § meols of hydrogen per mol of car-
bon monoxide. The treatment is carried
out in the temperature range of from
5300° T'. to 800° T.
perature range is from 550° F. to 7007

The duraiion of the ireatment may
be less than 100 hours and may be as low
as from 1 to 25 homzs, Tt iz preferable

to pretreat or * carbide ’ the eatalyst

while the same is in reduced form, that is

‘to say, it should not conizin more than

10+9%, of oxygen by weight.

The pretreating of the catalyst 13
accomplished while the catalyst is in the
form of. a dense, duidized mass
treafing vessel. The synthesis is carried
out in the presence of the powdered iron
catalyst in the form of a dense, turbulert,

fluidized mass of the powdered cafalyst.

in the gasiform matferial in the reaction
zOne. -

The iron catalyst may.be prepared from
iron compounds from a namber of sources

and should be ground to proper particle .

size. ¥or instance, it may he a sintered
pyrites agh catalyst, that is 1o say, the

material remaining after the sulfur has

heen more or less complefely removed
from pyrités ore. This ash may be sub-
jected to further sinfering either in the
presence of oxygen or air or in hydrogen
either with or without other materials
added. The source of the iron may also
be magmetite or ¢ther naturally cceurring

iron ores or variols pigment iren oxides: .

Any of the above may be used wilh or

without the addition of other materials. .
Heretofore it has been known to sinter

The preferred ‘tern-

in the

iron to form a hydrocarbon synthesis
catalyst in a so-called sintering machine,
wherein the iron is in the form of a more
or less. loosely contacted mass wetted with
about 5 to 259 waier and where it is
subjecied during a short period of time to
the influence of an oxygen containing
gas. The sintering operation 1y usually
conducted at femperatures of from about
2000° Y. to about 2500> I, The sinfer-
ing operation when performed in the pre-
sence of oxygen or air resulis in the re-
moval of estraneous and undesired sub-
stances such as sulfur, carbon and the
like. Following such sintering olera-
tions, the catalyst is ground fo a powder
and reduced. In the case where hydre-
gen is employed as the sintering atmeo-
sphere, the eatalyst of desirable pariicle
size may or may not be reduced prior to
the sintering operation which may be
carried out In a conventional flnidized
catalyst treating vessel at temperatures
of from about 1200° F. to 180G IF.

In the accompanying drawing there iz 80
shown diagrammatically a form of equip-
ment in which a preferred modifieation
of the invention may be carried into
effect,

Referring in detail fo the drawing, (1}
represents a hydrocarbon synthesis reae-
tor containing 2 bed of powdered Auidized
catalyst ().  The gasiform reactants,
that is, the synthesis gas eontaining car-
bon monoxide and hydrogen, enter thel00
present system through line {2) and are
thereafter discharged into fhe reactor
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belew a foraminous member (C,), such

as a grid or. screen. The superficial
veloeity of the | gasiform material 105
charged ” into reactor (1} is controlled
within the limits of from ahout I to 13

. feet per second and this veloeity in con-

junction with properly sized catalyst
forms the dense, turbulent suspension or 114
fluidized bed previously mentioned, By
superficial velocity reference is made fo
the wveloeity that woauld he obtained if
there, were no ecatalyst present in the
reactor. Depending wupon +the smount 115
or actual welght of eatalyst in the resc-

tor and the superficial veloeity of the gasi-
form material, the dense, turbulent sus-
pension has an upper level af (T.), Be-
tween (L1} and the top of the reaefor is a 120
disengaging space 8,), in which the con-,
cenfration of catalvst deereases upwardly
and as the gasiform produets issue from
the reactor (1) throush Iine (5} +hev
should contain very little if any entrained 126
catalyst. However, in order to effect the
substantially complete separation of cata-
tyst from the gzasiform material befors

it isswes from the reactor, it is preferable

to dispose one or more solids separating 130
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devices (4) through which the gas about
to issue from. the reactor is forced for
the purpose of separating the catalyst re-
maining therein, which separated cata-

h lyst iz then refurned by dip pipes (d)
{one shown) o the dense phase.

TUnder conditions which will he de-
scribed in greater detail bereinafter, the
reactants contact the catalyst for a

10 sufficient period of iime to effect the de-
sired conversion and, as indicated, the
raw product is withdrawn through line
{8). It is then discharged info a cooler
(G) where 1t is eooled sufficiently to con-

15 dense mnormally Hquid hydrocarbons,

oxyeenated hydroearbons, and waler, or-

to 5 temperature of about 100° F. The
cooled product then passes from the cooler
(6) through line (7} and is discharged
20 into a separation drum (8). From the
bottom  of separation drum (8) the
condensate 1is withdrawn through a
Iine (9 and delivered io a product
recovery system (10). Tn the inter-
25 est of simplicity it will not be neces-
sary to illustrate in the drawing, or
describe in words, the method of recover-
ing in purified form, the various desired
produets of this process for the gasoline,
30 kerogene, gas oil, and varioue oxygenated
eompounds may be recovered according to
conventional methods.

Referring again to the separation zomne
(8), the gasiform material may be Wwith-
drawn, therefrom through line {i1) and
recyeled to line (2) for it will usually
contain unconverted hydrogen and car-
bon monoxide, If degived, however, the
gasiform material in line (11) may be
40 subjected to the influence of a material

guch as ethanolamine for the purpese of

removing therefrom- carbon dioxide in

equipment not shown. On the ofher hand

at least o portion of the gasiform material
46 in line (11) may be rejected from the
present system through line (12). 'This
material 1n lines (11) and (12) may, and
often does, contain olefinic hydrecarbons,
gsuch as for example propylene or fhe
botylene isomers, which may be subjected
to polymerization according %o known
methods to form hydrocarbons boiling
within the gascline boiling range or the
olefins may be otherwise processed fo
form valuable products such as isopropyl
aleobol, secondary butyl alechol and
butadiene.

As gtated, the main purpose of the in-
vention is to improve the operaticn of
60 the hydrocarbon synthesis process hy

treating the catalyst so as to render if
highly active and selective and at 1he
game time its tendency fo form large
quantities of * carbon ' during the
66 hydrocarbon synthesis, which earbon will
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tend to cause physieal breakdown or
physical disintegration of the catalyst, is
repressed. Toward this end, therefore,
catalyst is withdrawn from reactor (i)
through a drawoff pipe (18) controlled by 70
a valve (I4) and directed into a line {19)
in which fiows a stream contaiming hydro-
gen and carbon monexide in the (atio of
from 2 to 8% to 40 mols of hydrogen per
mol of carbon memoxide. If should be TH
stated at this point that the drawof line
(18) carries a series of gas taps (&)
through which flow curremts of gas such
as, for example, a gas containing hydro-
gen sud carbon monoxide. This gas is 80
injected for the purpoze of increasing the
Huidity of the catalyst flowing down-
wardly in zaid standpipe (13). The with-
drawn catalyst is carried in suspemsion
throngh line (15) to a preireaiing vessel 80
{16) after first passing through a fora-
minous member ((), forming within the
treating -vessel (16) a dense, turbulent,
fluidized mass of catalyst, in gas similar
tcly)fhat previously deseribed in reactor S0

As in the case of reactor (1) the amount
of iron cabalyst present in the condition-
ing vessel (16) in conjunction with the
superficial gas veloeities maintained 95
therein, which are of the same order as
those in reactor {13, causes the formation
of a dense, torbulent, fluidized mass of
catalyst in gasiform material extending
from the grid (G) to the upper demse 100
range level (I). Also ag in the case of
reactor (1), above {1} and extending to
the top of the reactor, there is 2 dilufe
phase suspension of catalyst in gasiform
material, This space between (L) and 105
the top of the reactor has been desigmnated
a3 (8) signifying o oatalyst disengaging
space 1n which catalyst therein fends to
settle by gravity toward the demse phase.
:E[ayvevgr,_as in the case of reactor (1),110
it is wsually desirable to dispose one or
more centrifugal separators or the Iike
(17) (one shown) in the wpper nortion of
the treating vessel {16) fhrough which
the gesiform material iy forced for thelld
Purpose of separating entrained catalyst
which is then returned to the denge phase
through dip~ pipes. The gasiform
material emerges from the treatine ves-
sel (18) through line (18) and mav be re- 120
cyoled to the process, at least in part,
through line (19). Tt may be desirable to
coo! the gas in line (19) to separate water
therefrom. It may also be desirable o
adjust the gas composition, in equipment 125
npt shown, befors the -aciual recycling.

In the conditions which will be more
folly set forth hereinafter the irom catn-
lyst in treating vessel (16) ir ™ car-
bided,” that is, a portion of the iron is 130



4

i0

15

55

60

65

70

T

§0

96

557,528

converted fo iron carbide (nmominally
Fe,0). The thus carbided catalyst may
then be returned to resctor (1) through
drawoff pipe (20) at a rate controlled by
valve (21). The catalyst is maintained
in the Buidized state by the fluidizing
gases which enter through taps (¢).

The carbiding of ihe catalyst may be.

performed continuously; that is to say,
the catalyst may be withdrawn continu-
ously from reactor (1), carbided in (16}
and continuously returned to reactor (1)
at o rate the same ag or commensurate
with its rate of withdrawal, On the
other hand, the catalyst may be with-
drawn from reactor (1} for the purpose of
carbiding the eatalyst intermiitently.
Qince the carhiding vessel is operated ata
pressure higher then that of the syn-
thesis vessel, the tramsfer of catalyst is
effected by the use of one or more lock
hoppers or similar equipment (not shown
in diagram).

In order to explain the invention more
fully, {liere are set forth below specific
examples as illustrating the Invention

and the conditions wnder which it may
be carried ocut.
Exawere 1.

In the firsi example fwo fests were
made, ope with a reduced but not pre-
carbided catalysi {Catalyst I) and »
second with a reduced and preearbided
catalyst (Catalyst IT). The catalyst In
this case was sintered pyrites ash catalyst
containing 1% wt. per cemt. pofassium
earbonate (bromoter). The precarbiding
treatment was carried out ati almospheric
pressure at a femperature of 600° ¥. for
7 hours using a synthesis gas containing
2 mols of hydrogen per mol of carbon
monoxide. The resulting catalyst had
499 of its iron content present as iron
‘carbide caleulated as Fe,C. There was
also 8.5 weight per cent. excess carbon
present, based on the iron. It will he
noted in studying the data summarized in
the following tabulation that the pre-
carbided catalyst was much more active

and gave a higher degree of selectivity &

than the cafalyst which was not pre-
carbided.

Precarbided Synthesiz Catalyst
Pyrites Ash+1.5% KFCO3 — Resintered with Coke

Catalyst No.
Catalyst Treatment

G0 Conv.; % Output .
G, + ,ce. [m*(H, + C0) Cons.”
*) Yield is
sumeed. -

Exaurein 1.

A test was also made to determine the

effect of preearbiding an iron synthetic
amnmonia catalyst which wos subsequently
employed in the hydrocarbon synihesis
process. 'The synthelic amanonia catalyst
is, as is kmown, a fused ‘magnetite and
the sample used comtained 1.2 wt. % of
E.0. based on the composite. The
catalyst was precarbided -at atmospheric
pressure for ten hours at a femperature
of §24° T. -using as a treafing gas'h
hydrogen and carbon monoxide contain-
ing gas in which the molecular ratio of

Catalyst Noa.
Catalyst Treatment -

T - IT
Reduced Reduced and
Precarbided
&0 o7 -
177 197

on basis of cubie meters of hydrogen plus carbon monoxide con-

"hydrogen tn carbon monoxide was ahout

871. At the conclusion of the earbiding
treatment 37 wt. % of the iron was pre-
sent as irom carbide caleulated as Fe,C.

In the table below the results obfained
during synthesis with the eatalyst pre-
carbided in The manner described abova
{Catalyst TV) as compared to the re-
sults obtained with the same catalyst
that had not been precarbided (Catalyst
IIT), are set forth. The synthesis tests
were made under essentially identieal
operating conditions.

i1

- (0 Conv. 9 Output S
H,+ GO Conv. 9% Output
Co+ yoc [m?H, 4 CO Cons.

-+ Oyt ee [mfH, + CO Cons.

v :
Reduced Reduced and
Precarbided
- 86.6 - 99.3
88.3 95.2
224 22y
188 169
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The improved resulfs obisined with the

precarbided catalyst, particularly the

greatly increased conversions of synthesis

gas, are of nimost economiec importance in
& commercial operation.

To recapitulate briefly, it is known that
pretreating hydrocarbon synthesis ecata-
lysts with carbon monoxide-containing
gases imparts certain beneficial properties
to these materials. Tz order to overeome
some of the undesivable limitations of
the previous methods of treating, an im-
proved and novel process for conditioning
theze catalysts before use in the hydro-
carbon synthesis reaction is set forth
herein.

The present improvement consists in
pretreating the fluidized powdered iron
catalyst with gases containing hydrogem
and carbon mopnoxide in a ratio of be-
tween 2 and 40 mols., preferably between
2 and 86 mols., of hydrogen per meol of
carhon monexide in a earbiding zome at
substantially atmospheric pressure and
at elevated temperaiures for a sufficient
period of time tfo effect substantial
formation of iron carbide. Suitable fem-
peragures range from 500—3800° F. The
treatment may be accomplished in about
one to 100 hours, usually in less than 28
hours depending wpon the condifions
employed. The above condiiions are
applicable to iron hydrocarbon synthesis
catalysts in general either with or with-
out a supporting or spacing material,

It is highly desirable thaf as small an
amoeunt of free carbon {(carbon not com-
bined +with iron) as possible be laid
down on the catalyst during fhe precar-
biding. It has been found that a ireat-
ing gas containing sbout 2 mols of hydro-
gen per mol of carbon monoxide is quite
effective in converfing the iron to irenm
carbide, but this gas also forms con-
siderable amounts of free carbon. Omn
the other hand, a freating gas contain-
ing & or more mols of hydrogen per mol
of earbon monoxide is egually effective
in converting iron to iron carbide but
50 forms less than one half as much free
corbon as is formed when using a
2/1 H,/C0 containing gas at the same
conditigns. Therefore, it is preferred to
use a gas containing at least 8 or more
mols of hydrogen per mol of carbon mon-
oxide for the carbiding treatment. The

g
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treating gas should mnot contain gases

which are deleterious to the catalyst such
az, for example, sulfur-containing gases.
However, the presence of inert gases,
even to the extent that they predominate
in a mixture, is not objectionable.

In plant seale operation the process of
this invention may be carried out in {two
g6 or more fluidized catalyst vessels. Omne

60

of these vessels may be suitably em-
ployed for ireating the catalyst under the
above specified conditions while one or
more of the remaining vessels is em-
ployed for carrying out the synthesis re-
action proper. Used eatalyst may be
withdrgwn contintously or intermittently
from the vessel in which the hydrocar-
bon synthesis reaction is proceeding and
may then be treated s described above
before being “returned again to the syn-
thesis stage.

The benefiis of the above process are to
be found im the production of a fluidiz-
able catalyst that is more highly resist-
ant to carbon formation and particle dis-
integration while maintaining improved
activity and selectivity o  normally
liguid hydrocarbons.

The pretreated catalyst is successfully
employed in the hydrocarbon synthesis
reaction as carried out under the usual
conditions of operation, namely, at a
*temperature of from 550 to 775° F.; at a
total pressure in the reaction zone of 90
from about 250—600 p.s.i.g. or higher;
at feed rates of 10 to 40 volumes of fresh
feed per pound of iron in the reactor
per hour; with ivon base catalysts which
may be derived from numerous sources
such as are obtained by the reasting and
subsequent reduction of pyrites, by the
reduction of fused magnetite, or by the
reduction of various pigment iron oxides
and other similar oxides from Inown 100
sourees.

The gpecification of British Patent No.
518,614 discloses and claims a process for
hydrocarbon sywthesis wherein an iron
catalyst is conditioned by a pre-treai-105
ment with gases containing carbon mon-
oxide under normal pressure or some
other pressure that is lower than that
used in the subsequent synihesis stage.

However, no disclosure is there made 110
as to the desirability of using the ratios
of kydrogen and carbon monoxide speci-
fied herein or of conduciing the pretreat-
ing and synthesis reactions under fuid-
ised conditions,

Having now particularly described and
sscerteined the nature of our said inven-
tion and in what manver the same is 1o
be performed, We declare that what we
clajm is:—

1. A process for the catalytic synthesis
of hydrocarbong and oxygenated organic
compotads from -carbon monoxide and
hydrogen  comprising preiveating a
powdered iron catalyst in the form of a 125
fuidised bed with a gaseous mixture con-
taining hydrogen and carbon monoxide
in a ratio of between 2 and 40 molS., pre-
Terably belween 2 and 35 mols., of hydro-
gen per mol. of carbon monoxide, in a 130
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parbiding zone at femperatures beiween
500 and 800° ¥. and at substanfially at-
mospheric pressure, and contacting the
ecarhided iron catalyst so formed as a fuid-
ised mass in a synihesis zone with a mis-
ture of gases containing earbon monoxide
and hydrogen under synthesizing condi-
tions of tempernture, pressure and feed
rate as Lereinbefore defined.

2 A process s claimed in elaim 1
wherein the powdered iron eaialyst is Te-

‘duced prior to its pretreatment in the

carbiding zone.

3. A process as claimed in either of
the preceding claims wherein the carbid-
ing treatment is conducied for a time be-
tween 1 and 100 hours, preferably 1 fo
25 hours. .

4. A process as claimed in any of the
preceding claims wherein the t{empera-
ture in the carbiding zome is between 53
and T00°_F. _

5. A process as claimed in any of the

preceding claims wherein there is pre-

sent in the carbiding zone more than 8 &

mols, of hydrogen per mol. of carbon
monoxide.

6. A pracess for the pretreatment of pow-
dered iron catalysts for subsequent use

in the catalytic synthesis of hydrocarbon 3o

and oxygenated organic compounds from
carbon momnoxide and bydrogen wherein
the said powdered iron catalyst is treated
in a flualised bed with a gaseous mizfure
of hydrogen and carbon monoxide in a
ratio of over §.mols of hydrogen per mol.
of carbon monoxide in a carbiding zome
at temperatures between 800 and 800°
T. and at substantially atmospheric
pressire,

35

40
Dated this 14th day of December, 1945,

J. T. TYS0N,
Brettenkam House, 6th Floor,
South Block, Lancasier Place, Londox,
W.C.2,
Agent for the Applieants.
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