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in what manner the same is to be per-
rformed, to be particularly deseribed and
asgertained in and by the following
statement:—

The present invention rclajes {0 im-
provements In the art of synthesicing
hydrocarbons and oxygenated hydrocar-
pons and, more pariicularly, it relates
to a mathod of carrying out a hydrocar-
non synthesis reaction by reacting car-
bon monoxide and hydrogem so as fo
obtain maximum utilization of Teactants
and minimum formafion of carbonace-
ons deposits on the catalyst.

Prior to the presenl invention it was
knovr: thet hydrecarbons znd oxygen-
ated hydrocarbons could be formed by
reacting together carbon moroxide and
hydrogen in the presence of a sguitable
catalysh. An early proeess in this field
was known as the Fischer-Tropscll re-
action. In the Fischer-Tropsch reaction
tha catalyst generally cmployed was
cobalt carrisd on kisselguhr and activ-
ated with thoris. Subsequently, 3 modi-
fication of this process was developed in
which the catalyst nsed was iron. In
the iron eatelyst raethod the tempera-
tures and pressures were somewhat
higher than in the earlier Fischor-
Tropseh process. The earlier commercial
processes for manufacturing hydrocar-
pons synthetically from earbon monaxide
and hydrogen in presehece ol a catalyst
were earrled out In a2 reactor contalning
% bed (or beds) of stationary caialysi.
More recently, research has been dir-
ected toward earrying ouf the hydrecar-
bon synthesis in what has come o be
Known as thes “ fluld catalyst ¥ type of

[Price

ten‘:'s Aet 1648 this applieat
FOpAnYy, 4 CUrporaEtlon ﬂulypgrganlégﬁ &ng

Delaware, (nited stafss of A
West 10th Street: Hi]suingtc_p.sﬂelawa?:fica. e i oftive

both In the Uiited

631,682

No. 5893 [47.

259%

D3 3305271(8) feav2 150 £/50 R

discussion of the ususl temperature,
nrassure and tims relationsnips. While
a result may be obtained by following
such incomplete teachings, it has bgen
found that the rasults are so uncertain
in kind and extent and of such doubliul
geonomy as to be of no real praetical
value to industry. In the process of the
present inventlon operating variableg
are carefilly coordinated during the
synthesis of hydrecarbons to give Im-
proved results.

The cabalyst of the present inventiocn
iz preferably powdered iron, although
cohalt may be used. The iron catalyst
may, for szample, be formsad by roasting
spent pyTites catalyst and subseguently
reducing the same in a hydrogen atimos-
phere. ~Ancther good eatalyst 15 one
which is-an essentially pure form of iron
oxide, which oxide is fused with various
promoters such as potassium salts, with
the further addilion of almnina, and
then subsequently cooled, ground, and
rednced in an almosphere of hydrogen.
This catalyst for use in a2 fluid reacior is
ground to a particle size of from 20 to
B0 microns with about 35 per cent within
the rdnge of from 0 to 20 microns.

An tmportant object of the present
invention is fo carry out the hydrocar-
bon synthesis reaction so a5 to obtaln
maximwn utilization of the reactants.
carbon monozide and hydrogen.

Angther equally importani object of
the invension is to carry oué the hydro-
carbon synthesis reaction under condi-
tions such that the formation of ear-
bonaceous deposits on tha catalyst em-
ployed are substantially repressed.
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COMPLETE SPECIFICATION

An improved process for the

I, Conmrap ArwoLp, 8 British subject, of
28, Southampton Buildings, Chancery
Laneg, London, W.C.2, do hereby declare
the nature of this invention (a cormun-
ication from STawparp Oir Devenor-
MENT COMPANY, & corporation duly organ-
ised and existing under the laws of the
State of Delaware, United States of
Ameriea, having an office ab Linden, New
Jersey, United States of America), and
in what manner the same is to be per-
formed, to be particilarly deseribed and
ascertainad In gnd by the following
statement:—

The present inpvention relates o im-
provementis In the art of synthesizing
hydrocarbons and orygenated hydroear-
bons and, more particunlarly, it relates
to a method of earrying out a hydrocar-
bon synthesiz reaction by reacting car-
bon monoxide and hydrogen su 25 1o
chiain maximum niilization of reactants
and minimum formation of ¢arhbonace-
ots deposits on the calalyst.

Prior to the present invention i was
Enown fhat hydrocarbons and oxygen-
ated hydrocarbons could e formed by
reacting together carbon monoxide atd
hydrogen in the presence of a suitahle
catalyst. An early process in fhis field
was known as the Flscher-Tropsch re-
aclion. In the Fischer-Tropsch reaction
the eatalyst generally employed was
cobalt carried on kleselguhr and activ-
ated with thoria. Subsequentiy, a modi-
fication of this proccss was developed in
which the catalyst used was iron. In
the iron: catalyst method the tempera-
tures and pressures were somewhat
hirher than in the earlier Pischer-
Tropach process. The earlier commergial
processes for munufacturing hydrocar-
hons synthetically from carbon monoxide
and hydrogen in prescuee of a catalyst
were carried out in a reactor containing
a bed (or beds) of stationary catalyst.
More recently, researchi has been dir-
acted toward carrying ont the hydrocar-
hon synthesis in what hZs come to be
known as the “fAnld catalyst ™ type of

[Price

synthesis of hydrecarhons,

operation. Al the present time, there
are -disclosed in patents and publica-
tions fiuid catalyst methods for symthe-
sizing hydrocarbons and oxygenated

"hydroearbong from carbon monoxide

and hydrogen, 'These disclosures have
been of a very superficial natuvre, re-
quently devold of any mention of crittic-
ally significant yariables, having con-
fined their teachings to a broad, general
discussion of the usual temperature
pressure and time relationships. Whils
3 result may be obfained by following
such incomplete teachings, it hag been
found that the results are so uncertain
in kind and exbent and of such doubtful
econcmy as tn be of no real pracHeal
value to industry. ™ the process of the

"present invention operating varlables

are carefully. -coordinated duritng the
synthesis of hydrocarbons to give im- -
wraved results.

The catalyst of the prescnd invention
is preferably powdered iron, although
cobalt may be used. The iron cabalyst
may, for example, be formed by roasting
spent pyrites eatalyst amd subsegueintly
reducing the same in 2 hydrogen atmos-
phere, Another good catalyst is one
which is an egsentially pure form of iron
oxide, which oxide is fused with varlons

-promoters such as potassium salts, with

the further addition of alumina, and
then subsequently cooled, ground, and
reduced in an sbtmosphere of hydrogen.
This catalyst for use in a Auid reactor is
ground to a particle size of from 20 to
80 micrens with about 25 per cent within
the range of from 0 to 20 microns.

An important object of the present

invention is to carry out the hydroear- .

hon synthesis reactlon sp as to cbiain
mazimum utilization of the reactants,
carbon menqmdez and hydrogen.
Another equally fmportant: object of
the invention is to carty out the hydro-
garbon synthesis reaction under condi-
tions such that the formation of car-
bonzcecus deposits on the cafalyst emn-
ployed are substantially repressed.
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Other and further objecls of the in-
vention will appear from the following
descripiion.

Tn general, ihe hydrocarbon synthesis
is carried ouf in an operation which is
essentially a two-stage process in which
the major part of the synthesls {akes
place in the first stage at lower temnber-
afures and a lower hydrogen to carbon
monpxide ratio than employed In the
second stage. 'The synthesis in the
zecond stage takes plaece, as stated, with
a high hydrogen to carbon monoxlde
ratio and this noi only has the effect of
providing conirol over the carbon con-
tent of the catalyst but alse converts a
considerable amouni of ecarbon dioxide
to hydrocarbon products and water due
to the water gas shiff reaction. Conse-
guently, there is less carbon dicvide and
hydrogen remaining in the exif gas from
the second stage, decreasing the volume
of gas to the absorption eguipment, and
giving a higher yield of liguid products
hased on the feed gax, The gas feed to
the sccond stage may or may not be
gasiform material from which the
lighter hydrocarbons are removed by
absorption, all of which will appear
more fully hereinafler.

In the accompanying drawing, we
have shown disgramaticaily a form of
apparaiis in which a preferred modific-

ation of the Invenflon may be carried .,

into effeet. ]

Referring in detail to the drawing, 1
represents a primary reactor containing
a fluidized mass of powdered ostalyst
and 2 is a secondary reactor. The
fresh feed enters the present system
through a line § and containg hydrogen,
carbon monozide and a small amount of
carhon dioxlde, the ratio of hydrogen to
carbon monoxide ranging from 1 fo 2
mols of hydrogen per mol of carbon
monoxide with 1.5 mols of hydrogen per
mol of earbon monoxide preferred. The
gaseous reaciants ars forced into the

bottom of reactor 1, as shown, and"®

thence passed upwardly through =
screen or grid 7 infto a2 mass of fAnidized
catalyst which, in the drawing, extends
n dense phasc suspension from & to
L, the level L being knpwn commonly
in this type of reactor 2s the upper
dense phase level. The eatalyst is main-
tained in the fiuidized form or the dense,
turbulent suspension mentloned by con-
trolling the superficial velocity of the
gases passing upwardiy thwouph rescior
1 within the range of, say, 1/4 to 1-1/2
feet par second. Above the level L which
is fixed by the amount of catnlyst actu-
ally present in the reactor, as well as the
superiieial velocity of the gasiflorm mat-

‘the

erial, thers is an upper dilute phase
snepension  of eatalyst in  gasiform
material, the goneentration of which
decreases sharply from the level L to the
top of the reactor. In ofher words, tha
space from the level L o the top of the
reattor is commonly referred to as
the catelyst dischgaging space, wherein

{the suspended caftalyst fends tc separ-
ate by gravity oot of the gases and/or

vapors and descend into or toward
dense phase suspension. The
dense phase suspension using powdered
iron catalyst of the particle size men-
tioned and employlng the gas veloeities
menfioned will have b density of 40 to
120 pounds per cubic fvol. Ordinarily,
in the upper portion of the reactor there
is disposed s plurality of gas-solid con-
tacting devices i0 which may be, for
example, centrifugal separators through
which the gases and/or vapors are

foreed for the purpose of separating out
-entrained eatalyst fines, which iines are
~then rebturned by one or mors dip pipes.

14 to the dense phase suspension, The

reaction produets 1ssue from the reactor
through line 14 and are then treated in
a manner which will be described pres-
éntly, Tt is desired to point out that
instend of employing o hindered seftling
reacior having a dense phase and &
dilute phase of catalyst suspension
thergin, we may employ a high spesd
reactor wherein the suoperficinl velocity

f the gases passing therethrough may

be as high as 10 feet per second, where-
upon @ single phase suspension Is
formed within the reactor.

Since the reaction betwsen carbon
monoxide and hydrogen to form hydro-
carbons and oxygenafed hydrocar-
bons is bighly exothermiic, it is neces-
sary te abstract heat from the reactor,
and to accomplsh this, we provide a
cooling means of some sort 16, which
may be, Tor example, an ordinary tubu-
lar heat exchanger, through which is
forced a cooling medinm, such as that
known under the Registered Trade Mark
“Dowtherm » or water, in heat exchange
relationship with the catalyst in the re-
actlon rone.

" Referring again fo the crnde products
in line 14 withdrawn from reactor 1, the
same are passed through 3 cooling zone
20 where they are cooled to a tempera-
turce of, say, 100 {o 160°F. whereby water

-#nd normally Lquid hydrocarbons are
ceondensed and withdrawn throuzgh a

line 26 and delivered to eguipment (not
shown) for the purpose of recovering
desired products, such as the normally
lHautd hydrocarbons, inecluding gascline
angd gas oil, and the oxypenated hydro-
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varbons, such as the alcohols, ketoncs,
ete. Sinee the recovery of the formed
hydrocarbon. products and the oxygen-
ated hydrocarbon products does not go
0 the essence of the invention and since
the purificalion and recovery of these
substances is known to the prior art, for
simpliglty s showing of the purifieation
equipment and a description in words
thereof have been omitted. The gaseous
components of the reaction products are
withdrawn from the coollng gzehe 20
through g line 30 and may be deliversd
to an oil scrubber 32 whete they are
ireated with an cil, such as gas oil,
under known conditions o dissclve
hydroearbon material out of the gases
and vapors, The gases siripped of
hydrocarbon material are then with-
drawn {hrough a line 35 and a portion of
these 15 rejected from the system
through line 36. However, anothar por-
tion of these gases and vapars is con-
veyed via line 37 to the sscondary re-
actor 2,

I will be found in carrying out the
bresent process that from 80 to 99 per
cent of the carboa monoxide fed to the
primary reacfor is converted under the
conditinng prevailing therein which will
now be disclosed. The temperature
maintained In reactor 1 for this degrce
of conversion is 650 fo 760"F., the pres-
sure being from 125 Lo 750 pounds per
square inch, preferably 250 to 400
pounds per sguare inech, and the feed
rate belng from 20 to 200 cubic feet of
feed gng per pound of iron present In the
rcactor per hour. 'The amount of cata-
Iyst In the reactor, is dependent upon
the type and activity of the catalyst
emplayed. It (the amount of catalyst
in the reactor) is adjusted to give the
desired conversion in the operating
range of 80 to 99 per cent. of ecarbon
monoxide fed to the regetor in the fresh
feed. Tn other words, with a flxed gas
feed to the reactor 1 under the condi-
tlons of tempersture and pressure as
disclosed herein, the degrse of conver-
slon is controlled by changing the guan-
fity of catalyst In the reeactor. - It the
dense phase suspension of a catalyst of
unknown activity amounted to 30 feet
from G’ to L and it were found that a
greater degrec of conversicq, say, 95 per
cent, was being obtained than the
desired degree, say about 30 per cent, of
the carbon monoxide charged because
the catalyst was more aetive than anti-
cipated, then the degree of conversion in
reactor 1 iz lowered by decreasing the
quantity o? eatalyst in the reactor, which
in the Instance cited would amommt to
lowering the upper dense phase level I,

say, 10 to 15 feet. OF eourse, the degree
of eonversion could be lowered by abher
known means such as by inereasing the
feed rate of reactants, ie., Iowering the
contact time In the reactor, or reducing
the temperature. -

As staled, fhe gas in 87 is refurned
for further treatment but, according to
ihe invention, it iz reterned principally
to the sceondary reactor 2 centaining
also & quantity of cafalyst preferabiy In
the form of a dense phase suspension
extending from the sercen or erid G
to the upper dense phase level L, the
catalysi being procured in the form of
2 dense phase stispension ang an nppey
dilute phase in precisely the same man-
ner ag that desceribed in connection with
the operation of primary reactor 1. The
g2s entering the secondary reactor 2
will coniain hydrogen, ecarbon monoxlde,
and carbon dioxide primarily, and the
raflo of hydrogen to carbon monoxide
will be of the order of 2 to 20 mols of
hydregen per mol of carbon monoxide,
and the retio of carhon dioxide to the
carbon monoxide will be in the order of
5 to 10 times the volume of carbon
monoxide present. 'The ratios of hydro-
gen and carbon dioxide tc the carbon
monexide will depend on eontrol of sev-
eral variables as the ratic of hydrogen
t0 carbon monoxide in the fresh feed,
the degree of.conversion of the carbon
monozide, the amount of recyele from
line 37 to reactor 1 snd the addition of
waber to reactor 1, The latler two items
will be discussed later. Tor a 2 o 1
hydrogen to. carbon monoxide ifeed
ratio, a 95 per cent conversion of carbon
monozxide, no recycle of gas to reactor
1 and no water added 1o reactor i, the

-hydrogen to earbon monozlde ratio wili

be about 12 and the carbon diodde o
carhon monoxide ratio will be 51.

Some water may be added to stream
37 through line 39 to aid in repressing
carbon formation in reactors 1 and 2,
the water serving to maintain a higher
hydrogen parfial presgure in the reactor
and to alter the character of the eata-
Iyst so that carbon is not formed and
laid dowin on the catalyst in substantisl
duantities. The¢ amount of gas vented

“via line 36, which controls the amovnt

of gas in line 37, is fixed so that the
volumetric refio of the quantity of gas
in line 27 to the fresh feed gas in lins
5 is in the rangé of 0.2 to 4.0

In the reactor 2 the superficial velocity
of the gas flowing therethrough is of the
game order as that in reactor 1 but in
reactor 2 the temperature may be as
much as 100 to 150° higher than in the
reactor 1 and the guaritities of gas and
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catalyst are soeh in reactor 2 as {o give
a2 yvolume of gas per pound of iron per
hour from one-half io one-tenth that
employed in reactor 1, the volume beihg
measured at standard teimmperature and
pressure conditions in both Instances.
The pressures are maintained in both

reaclors at essentially the same value. .
The produets issue from the upper por-
tion of reactor 2 after passing through-

one or more gas-solids eontacting de-
vices 40 to separate cabalyst fincs, pass
through a drawoil line 43, discharge into
lina 14, where they are mired with the
produets from repctor 1 and are deliv-
¢red therewith to the cocling and
recovery systemis. ‘The products fromn
reactor 2 may also be withdrawm, all or
in part, throngh Hne 21 to a cooling
and recovery system similar to 30 ang
32

OCatalyst passes from reactor 1 through
o drawoll valved pipe 50 by natural flow
into reactor 2, The drawoff pipe 50 is
preferably provided with gas leads (not
shown) for the purpose of introducing a
fluidizing gas so as to promoie ready
fAowahility by natural fdow of catalyst
from the reactor - to reactor 2, Catalyst
iz withdrawn from reactor 2 by drawoff
Dpipe 52 similar to 50 and mixed with &
portion of the fresh feed in line 53 io
Iorm a suspension whiel is then con-.
ducted pheumaticelly through lne 355

into the bottom of reactor 1. A portton-

ot the recycle pas in line 37 may be
withdrawn through line 37a as a sub-

gtitute for a wportion of al of tho

fresh feed ifn Yne bHa in order to
provide =z conveying medium for the
catalyst returning from reactor 2 to re-
actér 1. This operation also gives
reegycle of gas In line 37 to reactor 1 to
eontrol reaction conditions therein, This
gas may be-in the order of 0.01 to 2.0
times the volume of gas in lne 5 If
desired, the gasiform malerizl in line %0

may be by-passed around the ofl serub- -

ber 32 and recyeled divestly viz line 37h
and 37 to reactor 2. If desired the feed
lnixture to reactor 2 may he supple-
mented by fresh feed through line 5a.
Ome of the primary advantages of thls
invention is the greater conversion of
the feed, ie., the carbon monoxide and
hydrogen, o a normally liguid hydro-
enrbon product, Tt has been previsusly

claimed that the water grs shift reaetion

equillbrivm

(CO) (ILO) _

(CC;y ()
was attained with an iron type catatyst
in the temperature rangs specified. This
equilibrivvn equation is such that if 96
per cent of the carbon monoxide is con-

veriad 1o hydroearbons and earbon
dioxide, for a recycle of 0,87 volumes
carbon dioxlde per volume of tarbon
menoxide plus hydrogen fresh feed, the
tohversion of hydrogen would be 65 par
cent for a fresh feed ratio of 2 paris of
hydrogen to 1 part of carbon monoxide

by volume. If the conversion of carbon

monoxide were ncreased {o 97 per cent
by increasing the amount of catalyst in
the reactor, the conversion of hydrogen

“would then become 72 per cent. Again,
i the converslon of carbon monoxide
“were further increased o 99.5 per cent,

the ¢onversion of hydrogen would be
92 per eent. Tt is apparent from these
figures why assumniion of the water gas
shift equilibrivn indieated o grester
inerease in hydrogen conversion than in
the carbon monoxide convergion. Thegs
changes in conversion of the feed com-
ponents by the water gas shift reaction
were postulated on the same operating
conditions of temaperature, pressure and
reeycle ratic. Affer exiensive experl-
mental investigation of the range of
carbon monwozide conversicis at different
feed ratios and operating condifions, it
was found that the water gas shift equi-
librivm was not attained znd that for a
given recyele of hydrogen, cathon mon-

~oxide and carbon dioxide, affer removal
of water and nommally liguid hydrocar-

bons by condensation, the eonversion of
bydrogen changed hand in hand with
the conversion of carbon monoxide. For
eXample, when the conversion of carhon
monozide was inereased 10 paris, say,
froxm 89.5 to 99.53 per cent, the conver-
gion of hydrogen was increased 14 parts,
from 71 to 85 per cent hydrogrsn con-

Cvérsion with the same .amount of

recycle of carber diexids, 0.25 volumes
of corbon dicxide per volume of hydro-
gen and earbon moncxide in {he frassh
feed in cach case, the basis of compari-
son being the €O, content.of the recyele
gas. Of course, the recyele gas will also
contain some H,, CO and perhaps CH,
and other hydrocarbons.

- In commercial plants thiz s of
seenomie importance, In recyeling to o
eommereial pland, CO, |, I,, CO and some
Nght bydrocarbons are reeycled. For
comparative purposes we have based the

-comparlson on the GO, recyeled. High

hiydrogen conversion cannot be obhained
by operating at high carbon monozide

- couversions, in the order of 90.5 per

cent, as indicated hy the waler gas shift

eduation. As stated, experimental dats -

has shqwn onty 85 per cent hydrogen
conversion ecmpared to 95 per cent cal-
culated by the water pas shift equili-

brlum at 600°F. Congedquently, with ra-
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cycle of gas to a single reactor to obfain
93.6 per cent hydrogen conversion with
9% per cent carbon -monoxide conver-
sion, & recycle ratlo of 1.85 volumes of
hydrocarbon free vent gas eontaining
0.5 volumes of €O, per volume of iresh
feed is necessary. With the two-rsactor
system using s lemperature of substan-
tially 600°F. in the first reactor and a
temperature of substantialiy 760°T, in
the sccond reactor, this reeyele ratio is
decreaged to 0.3 volumes of bydrocarbon
free vent gas confaining 0.1 yvolumes of
CO, based on carkhon monoxide and
bydrogen in the fresh fesd with g
hyrogen {o carbon monoxide ratic of 2.
Thig saving of 84 per cent it recyele gas
is of sconataical imporiance.

4 further advantape of the invention
is the confrolled carbon formation dur-
ing & reaction when hydrogen conver-
sions above 90 per cent were obiained.
In a single reactor at 650°F., 2 to 1
hydrogen to carbon monozide ratie, 400
pounds per sguare ineh and 40 volumes
of feed gas per pound of catalyst with
regycle ratio in the order of 4 volumes
of recycle per volume of fresh feed, car-
bon fermation was excesszive. For ex-
ample, in 100 hours the catzlyst con-
tained upwardly of 50 pounds of carbon
ner 100 pounds of catalyst. At the same
time, the catalyst was physically dis-
integrated by the formsation of carbon
In the lattice of the catalyst so that the
Bercentage of 0 to 20 microns increased
from 5 to 75 per cenf, a very undesirable
condition beeause with this percentage
of eatalyst fines, the eatalyst losses over-
head from the reactor are exeessive. On
the other hand, it was found that when
fhe conversion of hydrogen was held less
Than 95 per cent by praclically elminat-
ing the recyele to the Arst reactor, the
carbon formation was decreased fo an
uperable range and calalyst disintepra-
tlon was avoided. Also, earbon forma-
tion in the secondary reactor was found
o be negligible because of the high par-
tlal pressurc of hydrogen present in this
reactor. .

In a preferred method of operation
the degree of hydrogen conversion in
the first zone is Mmited so as not to
exceed 90% BY operaling with a temper-
ature range of 580 to T00°F. and with a
feed rate of 10-200 cubic feet of feed gas
Pper pound of catalyst per hour, The crude
resction products are then cooled to

condense water and at least s major

portion of- the normally liquid hydro-
carhons and the uncondensed gases and
vapour together with fresh feed are
deliverad to the second reaclion zonse.
The charge to the second zone i5 main-

fained at a temperature above that pre-
vaiiing in the first zone and remging
resident therein for a sufficient period of
time to effect comversien to the sxtent
thet at least §3 per cent of the total of
fhe carbon monozide and hydrogen fed
to the first reaction zone are convertad
to hydrocarbons.

The invention is not lmited to the
gpecifie details hereinbefore set forth,

‘For example, (a) two or mare single-

pass reactors may be used, (b) the first
reactor may have a small amount of
recycle vent gas feed thereto and the
second reactor: mmay be onee through,
and (c) the first reactor may be once
through and the; second reactor may use
recycle operations. T# is also disclosed
that successively lower pressures may
be used in each reactor, say, 450 pounds
Ber sguare inch in the first and 250
bounds per square inch in the second.
Again, the recovery systems for the
different reactors need not be identical,
each having its own condensing system,
Fingally, the reactors need not have a ¢ir-
culating eatalyst stream; in faet, differ-
ent catalysts may be used in ezch
reaclor. '

Ag hersinbefore used, tha term “re-
cycle gas™ refers to the normally gas-
eous porfion of fhe product from which
hydrocarbonyg have been &t leass part-
{ally removed. .

Having now particularly deseribed and
ascertained the nature of the said in-
vention and in what manner the same is
te be performed as communicated to me
by my forsign gorrespondents, I declars
that what T claim is:—

I The method of synthesizing hydro-
carbons and oxygenated hydroesrbons
which comprises. feeding a mixture econ-
taining earbon monoxide and hydrogen
to a first reaciion zone conlaining a bed
0 fluidized powdered iron or cobali
catalyst maintaining the said first
reaction zome at elevated temperature
and pressure, permitiing the reactants
to remain resident in the first zone for
a sufficient perlod of time to effect g
restricted hydrogen conversion, with-
drawing a erude product from the first
rone, cooling sald product to form s
condensate and g gaseous fraction, with-
drawing the gaseous fraction from the
caoling mome charging a feed mixture
comprising sald gaseous fraction and
containing a ratio of hydregen to earbon
monoxide higher than that in the mix-
ture fed to sald-first zone to a second
reaction gone containing 2 bed of Auld-
ized powdered iron or cobalt catalyst at a
higher temperature than thag of the
first zone, permifting the reactants to
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remain resident in the said second zone
for a sufficlent period of itime fo effect
the desired conversion, withdrawing the
product from the zecond zone and caus-
ing it to pass to a cooling zone, and re-
covering from the said cooling zone the
norimnally lignid produects furmed in the
second =zone.

2. The mefhod set forth in Claim 1 in
which the process Is operatad so that the
conversion of hydrogen in fthe frst
reaction zone is held below 93 per cent
of that charged thiereto.

3. The methed set forth in Clain 1 in
which the ratio of hydrogen o carbon
monecxide entering the first zone ranges
from I o 2 mols and preferably 1.5 mols
of hydrogen per mol of carbon monoxda
and in which the ratio of hydrogen to
carbon monoxide entering the second
reaction zome 1= substaniially higher
thhan that entering the first reaction
zone.

4, The method set forth in Claim 1in

which a porfion of the catalyst in the
first reaction zone is withdrawn and
discharged into the second reactlon zone
and further charscterized in that cata-
1yst is withdrawn from the second re-
sclion gonc and retwrned to the first
Teacion Zone.

5. The method of Claim 1 in which
both fresh feed and gaseons material
recovered from the szid cooling zone
are mizxed and charged to the second
reaction zone. )

. The method set forth in Claim 1 in
which the paseous material withdrawn
from the sdid cooling zone is scrubbed
with a hydroearbon cil prior to discharge
into the sscond reactlon zone,

7. The method set forth in Claim 1
in which a temperature of substantially
800°F. is :meintainéd in- the first

reaction zone and 2 lemperatute of sub~

stantially T06°F. 13 malantained in the
second reaction zone,

lbons syntheiically, in the presence of an
iron or "echalt catalyst, Trom o mizxture
of parbon monoxide and hydrogen,
which comprises feeding a mixture of
said carbon monoxide and hydrogen into
u first reacfion zone containing a fuid-
ized dense suspension of the powdered
catalyst, msinteining the  first zone
under conversion eonditions of femper-
afure and pressure, limiting the degree
of hydrogen conversion not to exceed 90
per cent by operating in a temperature
range of 660 o T00°F. and a feed rate
of 10 to 200 cubic feet of feed gas per

pound of catalyst per hour, withdrawing -

the crude reaction nproduchs irom the
first zone, cooling to condense water and
af least 2 major portion of the normally
liquid - hydrocarbons, delivering fo &
second reaction zone the uncondensed
Eases and vapors wlith fresh feed to glve
o mixbire containing a higher ratio of

- drydrogen o carbon monoxide than that
-in” the mixture fed to said frst =zone, .

maintaining & fividized bed of iron or
cobalt catalyst at a temperature in the
second zone in excess of that prevalling
in the firgl Zone and permitting the car-
bonn monoxide, hydrogen and carbon
dioxide eonitained in the said uneon-
densed gases to remain residesnii in the
second zone for s sufficient perind of
time to effect conversion to the extent
that alb least 93 per ceni of .the Lotal of
the carbon monoxide and hydrogen fed
to the first zone are converied to hydro-
carbons.

8. The methed sat forth in Claim 8,
whereln the first and second reachion
zoneg are maintained at pressures ol 450
and 250 pounds per square inch respect-
ively,
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