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COMPLETE SPECIFICATION

Improved Process for the Synthesis of Hydrocarbons

© We, Stawparp O DevenoemeNT

Coupany, & corporntion duly organised

and existing under the laws of the State
~ of Deloware, United States of America,
9 having an office at Elizabeth, New Jer-
sey, United States of America, do hereby
declare the naturs of this invention and
in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment:—

- The present invention rélates to the
manufacture of valusble ~synthetie pro-
ducts by the catalytic conversion of caz-
bon oxides with hydrogen. The invention
is more particularly concerned with an
improved method for maintsining the
activity and preventing the disintegration
of eatalysts used in the catalytic conver-
sion, of carbon monoxide with hydrogen
fo form hydrocarbons having more than
one carbon atom per molecule and oxy-
enated = prodnmets, wherein a finely
divided catalyst is suspended in the
gaseous reactants.

The synthetic production of liguid
hydrocarbons from gas mizbures eontain-
ing wvarious proporfions of carbon mon-
oxide and hydrogen is already known and
numerons catalysts, normally containing
an iron group metal, have been deseribed
which are specifically active in promot.
ing the desired reactions at certain pre-
ferred operating conditions. For example,
cobalt supported on an inert carrier is
used when relatively low preszures {atmo-
spherie to about 5 atmospheres) and low
temperatures (above 375°—425° F.) are
applied in the manunfacture of a substan-
tially saturated hydroearhon jreduct,
while ai the higher temperatures {(aboni
450*—750°F.) and ‘higher - pressures
{about 5—25 atmospheres and higher) re~
quired for the production of imsaturated
45 and branched-chain produets of high

anti-knock value, iron-type catalysts are

more suifable. In both cases, the activity
of the catalyst declines steadily in the
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course 0of the strongly exothermic wreae-
tzon chiefly dué to the deposition of non-
volafile conversion products such as car:
bon, parafin wax and the like, on the
catalyst. :

" Various methods of preveniing these
shanges in catalyst characteristics have b5
been " proposed -including econtinvous or
mmtermittent exiraction of the catalyst in
sity. with suitable solvents, intermittent
in sty treatmeiit of the catalyst with
hydrogen zund{or steam ub the conversion
temperature or higher temperatures or
econtinwous  hydrogen  ireatment = of
powdered catalyst *continuously circu-
lated from and to the conversion mone
fhrough a suitable regeneration zone, ete.

All these mefhods contemplate the re-
moval of catalyst deposits after their
formation, rather than the prevention of
the formation of the dsposits as such,
Moreover,  these methods  operate
efficiently only to the extent to whick
vatalyst deactivation is due to the deposi-
Hon of high-molecular weight hydroecaz-
bon producty such as paraffin wax. How-
ever, the deaclivation of iron catalysts
appéars to be caused, to a substantial ex-
tent, by the deposition of fixed earbon or
coke-like matferial formed by the dissoci-
ation and eracking of carhon monpxide
and unstable ‘hydrocarhons, which take
place at the higher temperatures and
pressures ‘associated with the use of iron-
‘hase catalysts. Deposits of this type can-
not be efficiently removed or prevented by
the known reaefivation methods,

If allowed to aceumulate excessively,
these carhon or coke deposits also ad-
versely affect those charncteristics of the
catalyst which defermine its wlility as a
duidizable solid in processes employing 90
the so-called fluid solids techmigue in
which the reactants are contacted with a
dense turbulent bed of finely divided cata-
Iyst fluidized by the gaseous reactants and
reaction produets. More particularly, 95
carbon or coke deposits have heen found
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to-eanise rapid disintegration of the rata-

byst pavticles Teading fo & substantial and

undesirable expansion of the fluidized hed

and ultimately to the reguirement of com-

5 plete catalyst replacement hecause of

flmidization diffieuliies. Caialyst broken

down in this marner must he restored to a

fluidizable particle size or is lost for fur-

ther use. .

10 ° The invention relates to on improved

process hy which the deposition of earbon

or coke-like deposits on eatalysts, particu-

larly iron catalysts, used in the synthesis

of hydrocarbons from earben monoside

16 and hydzogen may be prevented or sub-
stantially reduced.”

It is, therefore, the main objeet of the

invention to provide an improved process

for converting earbon- monoxide and
. %0 hydrogen in the presence of 2 ecatalyat

_ into- normally liqguid hydroearbens and
- other valuable products. :
- -Another object of the invention is tn
provide improved means for preventing or
26 substantially reducing the deposition of
: ‘darbon or coke-like deposits on eatalwsis
- used in the catalytie conversion of earhon
monoxide and hydrogen inte wvaluable
synthetie products.. .
- A moye specific-ohject of the invention
is to provide improved means for prevent-
ine or sohstantially reducing carbom or
roke-like catalyst deposits and resulting
catalyst disintegratio of subdivided cata-
Jysts used in the. synthesis of hydrocar-
hons from carbon monoxide and hydrogen
* . employing the flnid solids technique or
catalyst-gas suspensions.of o similar type.
-~ A still.wmore specific object of the in-
40 ventien Ts to prevent or reduee carhon oe
. cole-like catalyst deposits and resalting
-« disinfegration of sobdivided dven cafa-
Iysts msed.in the catalytie synthesis of
hydroearbons from carbon menoxide and
45 hvdrogen employing the fluid solids tech-
nimue.. .. - . o )
Other objects. and. advantages will
oppear hereinafter. .
" It has been found that when iron cata-
50 lysts are wsed in fixed bed operation in-
volving passage of the synthesiz feed gas
- thronglt catalyst tubes surrounded: by a
siitable ‘éooling medium, earhon iz de-
- posited predominantly in the catalyst
55 lavers first confacted hv . the. feed gas.
_ Temverature mepsnremants have indicated
that the proportion of the synthesis reac-
tion which takes place on these initially
contacted. catalyst layers is considerahly
greater than the propertion of these cata-
lyst lavers in relation to the total helght
-of the ratalyst eolumn contacted by the
svnthesis was. For exsmnle. abowni 30—
9(re%: of the total amount of synthesis gas
65 converted in a single pass may be com-
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35
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verted on the firgt 5109 of the catalyst
columin contacted. As a result, very large
amounts of heat are released over a rels-
tively limited aren, The heat transfer sur-
fara provided on the hasis of a release of 70

-approximately the same total amount of

heat distributed over the entive catalyst
colvmn must become Insafficient in the
catalyst section Initially contaeted, thus
leading ta overheating and excessive ear- 10
bonization in this section.

Theorvetically, the eonditions shonld be
mere favorable when employing the fluid
solids technique. Tn this type of operation
the synthesis gas is passed upwardly 80
through a dense suspension of finely
divided eatalyst in the reacting gases and
preduet vapors and this dense suspension
is mainfained in a highly turbulent state
hw the use of proper gas velociiies fo re-
semble o boiling ligwid with respect o
appearauce, heat transfer characteristies
and lydrostatic and dynamic heads. The
heat released is usually absorbed by the
use nf heat exchange elements placed in
dirert rontact with the demse furbulent
mass of ratalyst. The free motion of the
eatalyst particlea permits rapid and wnni-
form distribution of tlie heat released
throuchout the catalyst bed. As a result, 98
the inherent heat transfer characteristies
of fluidized selids heds of this type are far
superior to fhose of fived eatalyst Leds

. However, In spite of this substantial
improvement with respeet to heat transfer
severe earbonization and disintegration of
iron. catalysts has heen observed even in
fluid operation. Apparently, the improve-
ment in hedt transfer characteristies is in-
safficient o cope with fthe increase in 108
eatalysd reaefivity which probably re-
sults from the larger surfaee of the more
finely divided entalyst used in fAunid as
eompared with fixed operation.

Experiments designed fo yield inform-
ation ou the eauses of sorbon formation in
fluid operation have demonsirated that
sven at lighest space veloeifies (i.e.
volumes of synthesis gas passed through
the reartor per volume of eatalyst bed per 119
hpnr) abont TO—R0Y of the CO+H,
feedd may be econverted and that by de-
creasing the space velority to, say about
1/10 all ather ronditions being equal, the
conversion is imereazed only by, say 120
about 1/4—1!5 40 sbout 95--98%. Tt
follows that .about 909 of the total con-
version of 85—0989% obtainable ai low
spare veloeitles 13 obtainable at about 1N
times higher space velorities, Therefore, 128
about 909 of the tofal eonversion obtain-
able at the low spare velocity will take
place and a corresponding amount of heat
will he released within the 110 of the
catalyst volume first eontacted in which,
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considered by itself, the 10 times higher
space velocity prevails since the absolute
gas throughput -is constant and the cata-
lyst volume considered is only 1/10 of the
5 total. o e

In other words, when attempting to
operate at substantially complete conver-
gion of CO+ H, in a single ©* Fluid ** re-
actor 4 very high heat load is imposed on

10 the Jower catalyst zone first contacted, in
o manner similar to fixed bed operation,
with the difference that leat dissipation

is greatly enhanced hy the superior heat
transfer characteristics of  the fluidized

16 solids bed. "This improved heat dissipa-
tion may be sufficient to cope with heat re-
leases of the order of about 20,000 BTT
per ou. fi. of catalyst per hour and to
establish substantial uniformity of tem.

%0 pereture throughont the HAuidized bed
where there are only small differences he-
tween the rates of heat release at the top
and bottom of the bed as is the case for
example in the oxidizing regenerating of

25 spent catalysts denctivated by carbon de-
posits. However, differences in heat re-
lease rates of another order of magnitude
occur in the hydrogen synthesis where-

in a heat release of the order of 1,000,000

- 830 B.T.U. per cu. ft. of catalyst per hour
may be obiained at the bottom and hardly

any heat release at the top of the catalyst.

bed. Tt appears that differences of this
magnitude ean not be compensated by the
35 improved heat transfer charnctevistios of
the fluid solids fechnique nor by any ather
conceivable improvement of heat fransfer
characterisiics. - :
Fraluating the findings outlined above,
40 the problem has been approached from a
different direction with a view toward con-
troliing the high degree of-reactivity or
heat release normally obtained at the cata-
1yst seotion which Ia adjacent to the feed
45 gas inlet to o dense flnidized catalyst bed.
it has heen found that the lieat peleased
immediately upon the first contact of con-
centrated feed gas with finely divided
catalyst may be readily controlled within
80 desirahile limits by a eontrol of the appar
ent density of the suspension of finely
divided eatalyst fivst contacted by the con-
rentrated feed gas. .
Tn other words, the concentrated highty
55 reactive feed gas is first confacted with a
relatively dilute ecotalyst phase. 'The
quantity of catalyst admitfed 1o said
ditute ‘phoase, in' combination with the
temperature and particle rize of the cata-
60 lyst, is so adjusted that p desired, con-
trolled, degres ‘of conversion fakes place
at a chntrolled release of heat over an ex-
tended path which may be readily ad-
justed to permit efficient heat dissipation

- 89 by conventional heat exchange means and

o avold overheating and.excessive cata-
lyst carbonization.

The dilute phase reaciion is proferably
carried out in several successive stages
which may be independently controlled 70
with respect 10 catalyst supply, bed dens-
ity and reaction temperatnre until the
conversion has resclied a stage, say about
80--80%, at which further conversion re. .
quires a considerably mors intensive con- 75
tael befween reactants and catalyst. At
this point, the reaciants are contacted
with a catalyst phase of high density at
condifions of temperature and gas How
allowing for completion of the conversion 80
at a relatively low average Tate of heat
release, The use of one or more dilute
phase conversion zomes followed by a
dense phase clean-up zone in the manmner
outlined above, provides a convenient 85
means of covtrolling reactivity and re-
sulting heat release to a point at which
individual catalyst particles are no longer
overheated and carbonization as well as
disintegration of catalyst particles are 00
substentially avoided in spite of anm ulti-
mabe substantially eomplete conversion of
the reacting gases.

In the preferred type of operation, the~
reacting gases are passed upwardly and in g5
series through 2 or more reactors provided
with conventional heat withdrawal means
adeguate to dissipate the heat released in
these reactors, and this at superficial gas
velocities adapted to establish relatively 100
dilute calalyst phases at the prevailing
particle size and to carry the catalyst en-

" trained in gas in upward flow through the

successive reactors into the final dense
phase reactor from which catalyst is re-106
circulated in contrelled streams to the
initial and, if desived, any stibsequent
dilute phase reactor. Product gas may be
recycled o any or all of the various stages
in order to control the desived flow velori- 110
ties andfor the partial pressores of the
eongtituents of the zas phases within the
reactors.

‘While the advantages of the invention
are realized when using any synthesis 118
eatalyst tending o form earben or coke-
Like deposits during the synthesis reac-
ton, the preferred catalysts are sueh
highly reactive and selective jron cata-
Iysts ag iron obtained from natural or arti- 120
ficial iron oxides or sulfides amd promoted
with small amonnis of promoters such’ as
allali “oxides “or halides, particularly
votassium ehlovide or fuoride.

In general, superficial gas velocities of 125
ahowt 1—20 f%. per second at particle
sizeg varying from about 5 to 150 microns
are  suifable to establish desired - dilute
phase densities of about 0.5 to 10 Ths, per
eu. fi.-at space volocities of about 2,000-= 130
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20,000 v[v{hr, of fresh CO and H..

The dense phase reactor is preferably
operated at low ges velocities of about
0.1—3 #.. per second to obtain bed densi-

B ties of about 20150 Ibs. per cu. ft. ab
reduced space velocities of less than about
5,000 vfv/br. of fresh CO and H;. The
desired differences in the superficial gas
velocities within the individual reactors

0 may be established by a proper vhoive of
reactor diameters in combination with
proper gas recycle ratios.

Tt may be desirable fo circulate to the
dilute phase reactors only particles of a

15 certain narrow .size range. For this pur-
pose, » classification of particles in the
dense phase reactor may be efiected for
example, by providing a non-fluidisable
packing within said dense phase reacfor

30 znd recirculate catalyst from a packed re-
actor section containing particles of the
desired size.’ A substantial proportion of
fine catalyst parficles may be maintained
in the dilute phase reactors by circulating

25 to these Teactors fines seporated from the
dense phase overhead by means of con-
ventional gas-solids separators.

An additional eontrol of conversion and
heat release rates in the individual reac-

30 tion zones may be accomplished by pre-
perly adjusting the reaction ternperature
in ihe individual stages. For esample,
the reaction temperatures in the indi-
vidual reaction zones may be sfagmered

35 from a level falling within the approxi-
mate range of about 500°—650°F. in the
imitinl zone to a Jevel within the range of
about 550°—700°F. in a subsequent
dilute phase zone and to a level within the

40 range of about 600°—800°F. in the dense
phase final zone. - :

T4 may also be desivable to supply cer-
tain proportions of the total fresh gas feed
to one or more of the reactors subsequent

45 t6 the reactor of the first gas-catalyst con-
tact in order to provide a further inde-
pendent means of controlling reaction
temperature, degree of conversion and [er
Row velocity in the individual stages.

50  Having set forth the general nature and
objects, the invention will be best under-
stood from the subsequent mote dctailed
deseription in which reference will he
made o the aecompanying drawing which
illustrates a spstem suitable for carrying
out a preferred embodiment of the inven-
tion.

“Referring now in +etail to the drawing.
the system illustrated therein consista
60 essentinlly of three superimposed conver-

sion zenes or reaetors (10}, (30) and (50
whose functions and co-operation will be
forthivith explained using as an example
the conversion of 0O and H, ever an irdn
80 catalyst at temperabures of hetween aboub

bil3]
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500° and about 730°F. and pressares of
about 100—1,000 Ihs, per sq. in. gauge.
Tt should be understood, however, that
this system is readily adaptable to other
conversion conditions of {emperature, 70
pressure and catalyst composition.

In operation, fresh synthesis gas com-

" prising CO and H, in the desired propor-

tons of, say, about I {0 1.8 is supplied
through lines (1) and (3) to the lower
vonieal portion (3) of reactor (10) and
entars the eylindrical main seetion of re-

(L]

_actor (10) through a foraminous distri-

buting member such as grid (3. The
fresh synthesis gas may be preheated to
any desired temperature of, say 100°—
650°F. pardenlarly during the starting

8

. period.

Finely divided iron cafalyst of a fluidiz-
able particle size, preferably within the B
range of about 5—125 microns is fed from
reactor (50) to line (1) by any conven-
tional means such as standpipe (12) which
is aerated through ome or more faps (14)
to facilitate the solids flow therethrough.
Control valve (16) in standpipe {12) per -
mits a proper adjustment of the catalyst
feedd to renctor (10). The combined gas
and pseudo-hydrostatie pressures above
valve (16) must be at least sufficient fo 85
overcome the gas pressure within line {1}
which may be anywhere between aboni
J00 and 1,000 lbs. per sq. in. and is pre-
ferably maintained at aboutf 200—600 lbs.
per sq. in. gouge. 108

The ecatalyst entering pipe {1) is sus-
pended in the feed gas and enters with
f-he latter reactor (10} throuph grid (M.
The superficial gas veloeity within react-
or (10) and the flow of catalyst throughi05
valve (16) are so controlled that a dilute
suspension of eatalyst in gas having an
apparent density of about 0.5—51bs. per
eu. ft. is formed within reactor (10).
Superficial gas velocities of about 3—20 110
ft. per second and catalyst feed rates of
about 1/10 to 8 Ths. per euw. fi. of total
gas fed to the reactor fo establish a space
veloelty of about 4,000—15,000 v{v/hr.
of fresh CO and H, are generally suitabla 115
for this purpose. At these conditions, 2
limited turbwlence and slippage of cata-
lyst pariicles relative to the gas movement
take place safficient to permit an efficient
heat transfer to the rooling surfaces (18) 120
without inferfering with ‘the ultimate
complete carry-over of the catalyst aver-
head through' line (20) into reartor {30).

As a result of the relatively low eata-
lyst fo gas ratio in veactor (10), the con~125
version rate within reactor (10) remains
at a zj;lg,tively low level of, say, anhoui
25—459% of the - fresh CO and H, fed.
The heat release is likewise comparatively

lpt:v afwonnting to about 50,000—800,060 136
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BTU per cu. #f. of catalyst suspension
per hour. Heat quantities of this order
way be readily dissipated by eonventional
pooling means (18) to maintain o desirable
9 reaction temperature within the range of
z(abu;:d: A00°——650° ¥, throughout reactor
10). '
A mixture of prodaet vapors and unre-
acted feed gas carrying suspended cuta-
10 lyst leaves reactor (10) overhead through
Hne (20) and enters reuctor (80} through
its conical bottom portion (92) and grid
(R4), substantially at the temperature of
reacor (10). Reactor (30) is preferably
16 operated at conditioms permitting a con-
versivn rafe and heat release similar to
those prevailing in reactor (10) at o space
velocity falling within the approximaie
range indicated in connection with resctor
20 (10). In order to aceomplish this, means
must be provided to compensule for the
reduced reactivity of the partially reacted
feed gas. For this purpose, the phase
density may be increased fo sbout 216
26 Ibs. per cu. #i. either by reducing the
. superficial gas velocity to wbout 1—15 £+,
per second or by supplying additional
cataiyst from deunse phase reactor &)
through standpipe (32) nerafed- through
30 one or mere taps (34) and provided with
control valve {86), in o manner similar to
standpipe (12); or by a combination of
these means. In place of, or supplement-
ing the increase in-bed density the reac-
35 tion temperature may be slightly -raised
to, say, about 550°—850°F. by properly
operating cooling means (28) to Taise the
reactivity to about the level prevailing
in reactor (10) andfor by admitting a con.
40 trolled amount of fresh highly reactive
synthesis gas through lines (21) and (23}
I will be understood, of course, that
operation of reactors (10) and (30) at
similar conversion levels is desirable
46 merely for considerations of design
economy and not Hmited to this type of
operation. For example, it is within the
scepe of the invention to use oily a single,
properly dimepsioned, dilute reaofion
50 zone or more than 2 such veaction zones
as long us the esscatial purpose of the in-
vention is accomplished, i.e. to carvy out
a major proportion of the conversion at a
conirollable release of heat which may ba
55 efficiently dissipated by technically feas-
ible heat transfer means. It shonld also
be noted that the superficial gas velocities
and bed densities and thus the cenversion
rates within the individual reactors (10)
60 and (30) may be independently controlled
and adjusted by n suitable operation of
catalyst feed lines {12) and (32) in com-
bination with gas reeyele liries (38), (59)
and (40) threugh which hot or eold re-
@6 dycle gas may be supplied to weactors

(10} and (80; in any desired rafio,

A mixture of reaction products and feed
gas now converted fo, say, about HO—OQL
and carrying suspended catalyst leaves
reactor (30) overhead through line (42) 70
and may enter dense phase reactor (50}
directly and substantially at the temper-
atuare of reactor (30} through copieal por-
tion (44) and prid (46), Reactor &DU)
should have a substantially larger dia- 75
meter than redetors (10) and (80) to obtain
the desired decrease of the superficial gas
velocity to about 0.1—3 £t. per second and
the desired catalyst bed density of about 0
R5-~100 1bs. per cu. £t. which are required 8
tu agcomplish substantially complete con-
version at the now considerably reduced
gas rveactivity. Since only about 10—50%
conversion fakes plade in reactor (50), it
will be readily appreciated that the heat 85
release will rarely exceed about 800,000
BTU per cu. ft. of catalyst per hour at a
reduced space velocity of less than about
5,000 v/v/hr. of unreacted CO and I,
Heat quantities of this order may be easily 9
dissipated” through conventional cooling
weans (48}, particularly in view of the
excellent leat fransfer characteristies of
the highly turbulent, truly fuidized, ]
dense cutalyst phase within reactor (50). 95
If desired, the reaction temperatare in re-
pctor (50) may be kept at a slightly
higher level of, say, about 630°—750°F.
to speed up the completion of the comwver-
sion by controlling heat withdrawal means 100
(48) und/or ‘adding fresh synthests gas
through line (48).

Catalyst from reactor (50) is supplied
under fle pseudo-hydrostatie Pressure of
the dense catalyst phase in reactor (60},
through lines (18) and for (32} to reactors
(10) and/or (30) respectively as outlined
ahave, Vaporous reaction preducts and
tail gas carrying small amounts of cata-
lyst fines, leave dense vhage level (L50)
overhead and .arve passed through a con-
ventional gas-solids separator such as
cyelone separator (58). Separated catalyst

¢ may be returned through pipe (60}
to the catalyst bed of reactor (50). Reac. 115
tion products and tail pas, substantially -

e of suspended catalyst leave the 8ys-
tem through lide (69) fo be passed to a
vonventional product recovery plant (not
shewn) from which tail gas maay be re-
cycle% to h:llet (38). lﬂth-pass line (64)
may-oe uséd o su ot recyel
Ting (38). nply cycle gas to

. A3 previvusly mentioned, it may be de-
sired to circulate through lines (12) andf 195
or (32) a catalyst mass eontaining sub-
stantia] proportions -of small sized eatg.
lyst particles. For this PUYPOSe ole.Jhay
branch off sepavated catalyst fines Promy
retura pipe (60)'and pass thesame thrdugh 130

105
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lines (61) and/or {68} to catalyst recyele
lines (12) and for (83). One may also pro-
vide a nonfluidisable packing {66) of
Raschig: rings or similay bodies, which is
b known-to efiect a satisfactory classifica-
tion of Huidized particles according to
size. In the latter case, recycle catalyst is
withdrawn from within or from above
packing (66).. - . -.-_ . o
While reactors (10). and (30} are shown
as being provided with cooling ooils (18)
and (28), respectively. it should be under-
stood that the catalyst suspension of these
reactors may be maintained within a plur-

15 ality of elongated tubes of relatively small

diameter surrounded by = suitable cooling

mediunt in an srrangsment similar to an

ordinary. heat exchanger. Reactor (30)
 may be similarly designed if desired.

20: At the conditions set forth in the
preceding description of the invention,
the hydrocarbon synthesis on catalysts of
high ~activity and selectivity to liquid
products bubt normally strong carboniz-

"ation tendency such as, for example, an
iron catalyst obtained by a suitable re-
duction of a composite containing about
954 parts by weight of Fe (0, 2.6 parls
by weight of AlQ;, 2.0 parts by weight

30 of K.0 and 1.4 parts by weight of $i0,,
may be.operated in 2 fully eontinuous.

manner al. constant operating conditions
for several hundred Rours with high Hguid
yields approaching or exceeding 200 c.c.
of -C, + hydrocarbons per cu. m. of
CO -+, converted, without appreciable
catalyst carbonization and disintegration
which would result in catalyst bed expan-
ston, vatalyst losses and dificulbies in pro-
vess comttol, On the other hand, when
using the same catulyst in conventionel
firid dense phase operation at. o herwise
comparable reaction coaditions to obtain

85

40

gimilar yields changes observed after 100
hours of operation include the following. -
The carbon content of the catalyst has-

%

risen from close to wero to over 309% by
weight of iron, which is “equivalent to-
ahout 11.8—1% of the CC reacted. The
. proportion  of - catalyst fines of 0—30
mierons size has inereased by wbout 330%
resulting in an increase of catalyst bed
volume by about 250%. and a decrgase of
catalyst bed density from about 58 Ibs.
per cu, fh to about 14 Ibs. per em. fi.
These changes necessitate. o rapid catalyst
replacement and a current readjustment
of operating conditions. i :
The system Tlustrated by the drawing
permits ~of varions modifications. The

Gi13]

60

means (18), (28) and. (48) may be assisted
Ly copling the eatalyst eirculafed through
lines {12) endfor (32) fo any désired tem-
85 petajure * below. reaction - femperdture in

teniperature - control-effected by cooling

- s to said conversion zome.

any manner known per se, for esample, -
Ly arranging a cocler in the catalyst path.
or by injecting a couling liguid into lines
(12} and/or (32) which vaporizes at the
catalyst tewperature. Other conventional-
means for conveying fluidized solids sach
as pressurized feed Loppers, merhenical

conveyors, or the like may tnke place of
standpipes (12) andfor (82), Fresh make-
up catalyst may be supplied through line
(57) and spent catalyst may be withdrawn
through line (59) in a continucus or iuter-
wittent manner. Only one or.more than
the two dilute phase reactors shown may
be provided and fhe size of these reactors
miy be varied as indicated by considera-
tions of design and operating ecr nowies.
*Having now particularly described and
ascertnined the nature of our said inven-
tion and in what manner the same is to be 88
performed. we declare that what we elaim
1w — - :

1. The provess of converting carhon
monoxide with hydrogen into hydrocarbon
and oxygenated hydroearhon prodaects in
the presence of a finely divided synthesis
citulyst conducive to the formation of ear-
hon at eomversion conditions which com-
prises - contarting carbon wmonoxide and
hydrogen in synthesis proportions at syn- 85
thesis conditions in a convepsion zone with
n stapension of said finely divided catalyst
in a gus, controlling the amouut of cata-
lyst contained n sald suspension af a con-
cetitration suffieiently low to perwit con-
version and resultant heat release to foke
plave at o substanfially uniform rate over
an extended path of contaet heiween re-
uetant goses and cufalyst,” withdrawing
dnreacted carbon monoxide amd hydrogen
from said conversion zone and contaeting
said withdrawn gases with a dense turbu-
lent, finidized mass of finely «divided syn-
thesis eatalyst at conditions conducive to
a ssabstantial completion of the conver-110
sion. . -

2. 'Flie process of Claim 1 in which ear-
bon monoxide and hydrogen are passed
upwardly through said conversion zone at
a; veloeity sufficiently high that substan-
tigl proportions of tlie catalyst in said
gonversion remain suspended in said with-
diawn gases, )

3. The process of Claim 1 in which car-
hon monoxide and hydrogen are passed 120
upwardly through said conversion zone at

75
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" n velocity sufficiently high that substan-

tial proportions of the catalyst in said
eonversion zone remain suspended in said
withdrawn gases and catalyst so sus-126
pended is supplied to said mass.

4. The process of Claim 1 in which said .

. coneentration is controlled by circulating

a controlled amount of ecatalyst from said .
180
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5. The proeess of Claim 1 in which said
colversion zoue comprises at least fwo
separate stuges arronged in series,

6. The process of Qlaim 1 in which the

9 degree of conversion in said conversion
zone is not higher than about 909

7. The process of converting carbon
monoxide with hydrogen into hydrocar-
bon and oxygenated hydrocarbon: products

10 in the presence of a finely divided syn-
thesis eatalyst conducive to the formation
of earbon st conversion vonditions which
comprises passing carbon monoxide and
ydrogen gases in synthesis proportions at
18 synthesis conditions upwardly through an
extended conversion zone, supplying finely
divided synthesis catalyst fo said conver-
sion.  zone, controlling the superficial
veloeity. of suld gases and the amount of
20 catalyst supplied to said conversion zome
50 a8 to establish, within said conversion
zone, a relatively dilute catalyst-in-gas
suspension of a substantially wniform con-
ceniration sufficiently low to permit con-
25 version and resultant heat release to take
place at a substantially uniform vade over
at least o major portion of said extended
conversion zone, withdrawing heat from
said conversion zone, withdrawing & mix-
80 ture of product vapours, unreacted
gases and suspended catalyst apwardly
from said conversion . ZOne,  pasging
said " unreacted gases upwardly through
a dense, turbulent, flnidized mass
35 of finely divided synthesis cata-
lyst to substantially completely con-
vert said unreacted gas, withdrawing
gasevus effluent overhead from asaid mass,
separating hydrocarbon and oxygenated
40 hydrecarbon products from said efnent
and circulating finely divided catalyst
from said mass to said conversion zome,

8. The process of Claim ¥ in which said
product vapors and suspended catalyst
withdrawn from said couversion zone are 45
passed {ogether with szid unveacted gus
to said mass.

9. The process of Claim 7 in which n
portion of said gaseous effluent, before or
after separation therefrom of hydro arbon §0
and oxygenated hydrocarbon products, is
recyeled to said conversion zome.

10. The process of Claim 7 in which
said conversion zone comprises at least
two separate stages arranged in series and 55
o positive temperature gradient is main-
tained through seid stoges and said mass
in the direction of the gas flow.

11. The process of (laim 7 in which said
mass is classified by particle size and said G0
civculated catalyst essentially comprises
particles of a desired range,

12. The process of Claim 7 in which
fresh carbon monoxide and hydrogen
gazes arve supplied at least ot one point 86
along the wpward path of said gases
undergoing conversion,

13. The process of Claim 7 in which
said catalyst iz an ivon catalyst.

14. The process of Olaim 7 in which soaid 70
catalyst is an iron eatalyst of high activity
and selectivity to liquid produets,

15. The process of Claim 7 in which the
catelyst suspension in said COLVersion
zone Is maintained in a plurality of elon- 75

ated zones of relatively small diameter in
eat exchange with a cooling medium
waintained outside said elongated zenes,

Drated this 11th day of September, 1947,
D. YOUNG & GO.,
29, Seuthampton Buildings,
Uhancery Lane, London, W2,
Agents for the Applicants,

Lesmington Spa: Primted for His Majesty’s Stationery (3ﬂ(i‘«:e2 by the Courier Press.—1950,
Pablished at The Patent Office, 25, Sowthampton Buildings, London, 'W.C.2, from which
copies, price 2s. 0d, each (inland) 2s. 14. (ebroad) may be obtained.
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