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COMPLETE SPECIFICATION
Improved Fischer Synthesis

. We, STawparp O DEVELOPMENT COM-
PANT, 8, corporation duly organised and
exigting under the laws of the Staie of
Delaware, United States of Ameriea,
having an office at Linden, New Jersey,
United BSlaies of America, do hereby
declara the nature of this invention, and
in what manner the same is to be per-
formed, to be particularly described and
asgertained in and by the following
statement:

The present invention relates fo the
mannfacture of products by the Fischer
Synthesis involving the interreaction of
oxides of carbon and hydrogen resnlting
in the production of substances such as
methanol and obher alcohols, lignid
hydrocarbons and oxygenated organic
eompounds. The invention is more par-
ticularly concerned with the manufact-
ure of valuabls hydrocarbon producis
containing more than one carbon atom
in the wole¢cule by the hydrogenation of
carbon monoxide, The invention is
especially concerned with an improved
method for controlling the amount
of high mnmolecular weight products
which are agdsorbed by the catalyst
and is to be used in connection with
the so-called fuid-golids technigue
wherein during the synthesis of the
hydrocarbons, the catalyst 1s in the
form of powder atd is maihfained in
8 dense suspension in the reaction 2one
intermizxed with the reactants. This is
aceomplished by causing the reactants to
flow upwardly in the reaction zone at a
velocily which is sufficient {o maintain
the catalyst In a turbulent condition
within the dense suspension previously
referred to. Tn this type of opsration the
produets obftained in the synthesis
together with any unreacted materials
and a small amouni of entrained catalyst
issue from & peint at fhe top of the
reactor after having passed through
several cyclone separators which serve
1o remove most of the catalyst from the
gesiforin materiel by centrifugsal action.
The catalyst separated by the cyclones

[Price 1/-]

is returned to the reaction zone.

In the course of the synthesis within
the dense suspension, hydrocarbons of a
wide range of molecnlar weirght may be
formed. The molecdlar weight varies
from that of methane to high boiling
materials some of which at room temp-
eratire exist in ihe solid form and henhce
are commonly known as waxes. The
operating conditions of temperature and
pressure in the reaction zone defermine
the amount of tha heavier hydrocarhons
which imay be removed as gas with the
other - gasiform materiald leaving the
reactor. Under certain conditions of
operation the rate of production of the
heavier hydrodarbons exceeds the rate of
removal with ihe materizls leaving the
reactor, Consequently condensation
oceurs and these heavier hydrocarbong
are then contained on the catalyst in
the form of Houids. If the guantity of
liquid contained on the cabalyst is
allowed to bnild up, a condifion is
reached af whilch the catalyst particles
hegin fo stick together, thereby losing
trie finid characterlsfics. The small
amount of eatalyst which is not removed
from the gases leaving the top of {he
reactor will also contaln liguid materlals,
if sueh have been depogited therecon
the reactor. . 'The amount of catalyst plus
contained Nguid removed in this fashion
may sHll he insufficient to prevent

further accumuistions of liquid on the

catalyst within the resctor without
rezching the  sticking ” non fiuild condi-
tions, ‘referred . to above. Hence, it is
necessary to provide for direct removal
of catalyst from the reactor with sub-
sequent reraoval of the heavy liquids or
waxes confained thereon, From the
standpoint of catalyst activity, it would
be most advanbageons to operate with
substaniially no deposit of oil or wax on
the ecatalyst since excesgive deposit
decreases the catalyst activity in pro-
moting synthesis. However, to prevent
the deposit regnires a modification of the

process wherein the production of a.
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heuvy oil is climinated either by the use
of very seleciive catalysts or by adjusting
the eonversion temperature and pressure
conditions so that all of the hoavy oils
are vaporized and earrlad out of the
reactor zlong with the reactants. The
conditions thus required are not compat-
ible with the most economical ntilization

of the reacfor and hence a preferred

operation would he one wherein a certain
ameount of heavy oil or wax would be
allowed to accumulate on the cabalyst,
without losing fiuldity.

If is therefore the main object of this
mventlon to provide a procesy for the
gyathesis of Hydrocarbons from carbon
oxides and hydrogen in which & certain
smount of the wax iz mainiained upon
the catalyst without the catalyst 1nsmg
its. flnid properties.

T4 has been proposed in the past to
pertorm & Fischer synthesis using a
moving bed of catalysi, ie. a body of
satalyst which moves steadily through a
reaction zone on o moving band or by
means of scrapers or gome similar means,
and in such a process it has been pro-
posed to withdraw spent catalyst {rom
the reaction zone, wash it free from wax
with, & suifable solvent and return the
washed catalyst o the reacfion zone.

The present invention is concerned
with a Fischer synthesls process in whiich
the catalyst is maintained in a fluidized
condition in the reaction mone, In these
cireumstances, the problem of cabalyst
confamination fakes on a significance
not present in the older moving bed
process, since, as already sfated, wazy
contamination on the catalyst when
present in an amouni over a certain
limit, causes the catalyst to lose its
fnidisable characteristics.

When using the fuidised cafalyss
fechnigue for a Figcher synthesis, it has
been proposed to pass conbtaminated
catalyst withdrawn from fthe reaction
gone throngh a stripping zone in which
it is stripped with steam or incrt gas, for
the purpose of removing volatile con-
stituents from the catalyst. Such 2
procedure iz not generally satisiactory
for the removal of waxes or the heavier
confamination with which the present
process 1s concerned,

The pregent Invention comprises a
process for the synthesis of lignid hydro-
carbons and oxygenated organic comi-
pounds by the reactlon of carbon mon-
nzide and hydrogen in the presence of a
Fischer synthesiz calalyst, wherein the
cotalyst is maintalned as a fAnidised
mass in & reaction gone malntained ai
Fischer synthesis condifions of temper-
ature and pressure, catalyst contamin-

ated” with wax and heavy oif being
continuously withdrawn from the re-
action zotte and passcd to an cxtrection
zone in which at least the greater part
of the wax and oil is removed by solvent
extraction, the dewaxed catalyst being
recycled to the reaction zone, and the
amount of wazx and oil removed in the
extraction zone being sach that the re-
eycled catalysi and the eatalyst mass in
the reaciion zone are fluidisable.

‘The amountf so removed, together with
the rate at which catalyst is remaoved
fromw the reactor for waghing wiil
preferably be 2o adjusted thai the
catalysf; i the reactor will, on the aver-
age, contzin no more than 209% of the
amonnt of of! or wax which it ean carry
and ghill maintain froue Suid character-
isfics. Geperally this amount is not more
than 20% by weight of the catalyst and
for some catalysts iz as low as 15%.

‘OtHer objects of this invention, nof at
this tinre more particularly enumerated.
will . be understocd from the following
detailed deseription and accompanying
drawing. For purposes of iilystration it
is assumed that the feed gases comprise
hydrogen and carbon monoxide and that
the. reaction ig conducted under condi-
tions to produce hydroearbon constitu-
erits .contalning maore than one carbon
atom in the molecale. Referring there-
fore to the drawing the synthesis gases
are infroduced into the system: by means
of Iine 1, compressed in compressar 2, and
mized with recycle gases from line 3 and
catalyst fromr yeactor standpipe 4. The
mixture is conducted through cooler &
and introduced inio reactor 8 through
line 7. Fresh make-up catalyst may be
introduced Into the ecaialysi-synthesis
gas mizture from catalyst hopper 8
thmugh line 9.

The catalyst suspension. is infroduced
into the lower porfion of the reaction
vessel and iz passed upwardly there-
through. Thus the more dense catalyst
particles will lag behing the lsss dense
suspendmg gases or vapours and the
ca.ta]ysb concentration in the reaction
zone will thérefore be substantially
g:‘fe'a;ﬁer than in the suspension of
catalyst supplied thereto. The gzses
and/or vapours pass upwardly through
thé reaction zone at such a rate that the
solid tatalyst particles and gases and/or
vapours form a dense phase mass which
acts as If it bhad a level similar fo a
bolling Hguid. The catalyst within this
mass has a concentration much imore
dense than the catalyst in the gas and/
ar vapours above the level. In practice
thers 1s 2 clear Hne of demarcation
between these two phases which pro-
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duces the lavel, Howsver, the level is not
quiescent. but is under agitation similar
to the surface of a boiling liguid. The
formation of such s dense phase mass
with its pseudo level oceurs whenevar
the gas velocity is between 0.5-and 5 feet

“per second, praferably when the inlet

veloeity of the gases does not execeed
15 feet per second and the ontlet
veloeity is not less than 0.3 feet ner
second. Alhough the level furnishes z
peoint of sudden decrease in catalyst
densify, it is understood. that the tenaity
of the catzlyst within this dense phase
masgs Inereases towards the bottom. With
the veloeities mertioned there is uniform
size distribution of the ealalyst enfrained
in the exit gases, i

The - temperature of the rezctlon zone.

& may be confrolled by the amount ana
temperature of the materials suppled
thereto, and/or by heat exchange
through the walls. Since i he pro-
cesses of thiz invention, the reactions
are generally exofhermie, and great in-
creases in temperature in the reaction
zone sheuld he avoided, if i one feature
of this invenition to continuously remove
a porilon of the dense phase mass of
catalyst from the bottom. of the reaction
zone through standpipe 4 where it is
nixed with incoming feed vapours, ecoled
in exchanger 5 and returned to .the
reaetien zone. Standpipe 4 is a long
verfical celumn which I8 -of suificient
height to provide the desired pressuie
for circulating the catalyst. 'This nres-
sure iz sltllar to the hydrantic or hydro-
statie pressure head of & fuid column,
the pressure being a direct function of
the denstty of the catalyst powder and
of the column’s helght, This device i
particularly effective as 2 means for
circulafing the catalyst and removing

-ezcass heat by heat exchange thus

avoiding any apparatus having moving
paris coming in econtact with the
cotalyst., The lower end of column 4 ig
provided with a suitable valve 10 for
regulating the amount of eatalyst dis-
charging therefrom. A conventlonal
slide valve having an adjusted slde
which carr be adjusted to- regulate the
size of the orifice through which the
powder passes 15 suitable for this pur-
pose, although other types of valves may
be used. This valve may be operated
normally or automatically. A drop in
Pressure aeross the valve 10 of about 2
to about & s, per sq. in. ig generally
desired in order to- provide adequate
control of the flow of catalyst powder.

The- reaetion produsts and calalyst
sugpended. therein are withdruwn from
regetion: zone 0 by line 11 and pass into

catalyst separating zomes 12 and 13, The
gaseous products are withdrawn through
line 14 while catalyst separated from the
gases and/or vapours in separators 12 and

13 ig returpned {o.the dense phase in re-

action zone 6 through Hnes 16 and 16
respeciively. Under the isual conditions
of temperature and pressure obtzined in
the reaction zone the catalyst in the
denge phase mass i the reactor 6 ad-
sorbs some of the heavier hydrpearbon
products of the reaction which event-
ually’ -cause it to lose true Auwid
charecteristics. In order to prevent this,
a porfion of the calalyst is continuously
removed from standpipe 4 by line 23 angd
subjeeted. to-a froatment whereby these
heavler products are removed,

It hag been determined ihat an upper
lmit exists in the ability of a finely
divided synthesis ecatalyst to carry
adsorbed oily or wax and still maintain
fuid charapteristics, This depends upon
the physieal and chemicel eharacterist-
es of the catalyst, but in general the
amount of adsorbed oily or wax mey
W io 25% hased on the weight of the
catalyst without the catalysi losing 1its
fiuid characteristics. In order to provide
& safe limit for operating without losing
Auldity it is preferred. that the ofl con-
tent of the catalyst in the reactor be
maintained between 1 and 9% of the
cll-carrying capaecity of the eatalyet
from a fuidlty Stendpoint. Aceording to
the preferréd method of aperation for this
invenion the catalyst should not contain
more than 15%, by weight of oil or wax.

Aecordingly the catalyst removed. from

standpipe 4 thrgugh line 23 is introduced .

Into a wax reémoval zone %4 where it is

“subjected $0° tHe acton of a solvent

introdueced through line 25. This solvent
may be an"ofl such as naphfha or a
hydrocarbon such as benzene or a lique-
fied hydrocarbon such as pentane or
hutane. Tt may also be a sultahle fraction
of the synthetic produet,

The amaunt of catulyst washed in
zone 24 iz inversely proportionul fo the
affiiency of the washing procedure, For

-economical ressons in order to reduce

the amount of cafalyst to be ¢irenlated,
the efficlency of the washing procedure
should be such that at least 509 and
brelerably 1004 of the wax and/or oil 1s
removed. In order to maintain &he
desired wax/catalyst ratio in the reactor
it is necessary to withdraw, wash and
recyels - (asstiming 1009  wax snd oil
removal) one lb. of catalyst per hour for
each unit welght of wax or oil.to be ra-
talned dn'each lb: of catalyst in' the
reactor. = 7.

For examuple 12 it be sssumed that the
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process according to the present inven-

tion will produce 4,750 barrels per day
of 55° AP.L synthetic oil with a heavy

oil or wax production of 59 based on the
synthetie ¢il produced then the amouni
of heavy oil or wax remaining in the
reacior per hour is:

4750 W 265% X .05

— == 2,620 lbs./hr.
24
(#2635 is the weighf in s, of each brl. of
synthetic oil),

If it is desired to malntain the average
concentration of heavy oil or wax on the
catalyst in the reactor at 0.15 1bs, per Ib.
of catalyst, then the amount of catalyst
to he washed (assuming 100% wax and
oil removal in the washing zone) will be:

2,820
. = 17,600 lbs./hr,
0,15
If on the ofther hand the sfficlency of
the washing proeedure is only 509; then
0.075 1b, of oil or wax will be retained on

. the ecatalyst being recyeled ta the
regetor and the amount of cata!yst.

washed mnust bs doubled, or,

2,620
= 35,000 Ibs./hr.,
0.075

The solvent contalning the dissolved
wax or oll Is withdrawn through line 26
and treated to separale it from the dis-
solved material Solvent-treated catalyst
is removed fram the wex removal zone
through line 27 and introduced inio line
3 carrying synthesis gases and recycled
to reactor § through cooler 6 and Bne 7.
As stated above it 1s preferahle {0 earry
ozt this exiraction so that preferably no
more than 15% of oil or wax by welght
will be contained on the cafglyst within
the reactor.

The reagents, catalysts and operating
econditlons used i the above described
process will naturally be varied accord-
ing to the nature of the products desired,
these condifions being alrendy known.
For example In the synthesis of hydro-
carbons irom carbon monoxlde and

hydrogen, the reaction is preferably con-,

dueted at substantlally aimospheric or
moderately elevated pressures
catalyst, containing metallic cobalt, iron,
nickel or copper which may be in adnix-
ture with promwotcrs such as oxides of
chromium, zine, sluminkin, magnesium
and the rare earth metals and whiech
may be deposifed on carriers such as
kiegelguhr and pumice and clay and
synthetic gels such as the hydrates of
siiiea and/or aluming. The gases are pre-
ferably substantially free from sulphur
and oxygen and for cohalf catalysts are
supplied in a ratio of aboud one mol of

with

_ earbon monoxide to two mols of hydro-

gen, the total gaseous feed containing,
for -example, about 25-309, of carbon
manoxide and 50-60% hydrogen, the
remainder being nitrogen or other sub-
stantially Inert gases. For iron catalysts
a 1:1i rvatio of H,/CO is preferred. The
temperature of reaclion may be main-
jained hetween 350° and 450° F. with
catalysts containing compounds of cobali
and magnesia; with catalysts confaining
iron, temperatures of beiween 550° and
630° F. are used. In general the operating
temperatures will be beiween 350° and
700° F. depending on the catalyst and
conditions used. Farthermore, while the
deseription has heen Hmited to a fizid
cataiyst proecess in which the catalyst is
circulated through 2 cooling zone €o
confrol the femperature in the reactor,
it is {o be understood that any other
type of Auid process may be used, for
example, the temperature control may be

obtained by cooling surfaces within the

reactor or in any other desired manner.
,Having now paréicularly described and
ascertamed the nature of our szid in-

* . Yention, and in what manmer the same is

to ‘e performed we declare that what
we claim 1s5:

1 A process for the synthesis of liquid
hydrncarbons and oxygenaied organic
compouids by the reaction of carhon
mongkide and hydrogen in the presetiec
of 'a'Fischer synthesls catalyst, wherein
the catelyst is maintained as a fluidised
mdss in a rezction zone maintained at
Fischer synthesls conditions of temper-
afure and pressure, cafalyst contamin-
ated with wax and heavy oil being
confinnonsly withdrawn from the re-
action zone and passed to an exfraction
zone in which at least the greater portion
of thé wax and oil is removed by solvent
extraction, the dewaxed catalyst being
recyeled io the reaction =one, and the
amount of wax and pll removed inx the
extraction zone being such that the re-

cyeled catalyst and the catalyst mass in

the téaction zone are fAuidisable.

: 2 “A~ process according fo Claim I,
; ¢ ab least 504 of the wax and oii
present on the catalyst passing {hrough
the ‘extraction zone is removed, and the
amount of catalysi passed t.hruugh the
extraction zone is such that the catalyst
in the reaction zone contains no more
than 90% of the amount of wax and oil
which it can carry without loss of ifs
ﬂtIldlSﬁ.blE characteristics,

3. A process aeccording o Claim 1 or
Claim 2, wherein tha degree of extraction
in the extractmn zone, and amount of
catalyst passing through the extraction
zone are so conibrolled that the catalyst
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in the reactlon zone contains from 15-
26% by weight of adscrbed wax and oil

4, A process according to Claim 1 or
Cldim 2, whereln the degree of extraction
in the extraction zone and the amount of
catalyst passing through the extracton
gone are 80 controlled that the catalyst
in the reaction zoue contains not more
than 159 by weight of udsorbed wax
and oil,

5. A process according to any of the
preceding clalms, wherein the percentage
of wax and ofl present in the reaction
zone is kept constant, the eilicieney of
the solvenf exiraetion is from 50% - to
100%, and the catalyst throughput
through the exiraction zone is inversely

proporiional :',t_c'a"." the exiraction cfficiency.

6. A process according to any of the.

preceding clafins, wherein the solvent is
a naphtia, benzene or Yguid pentane or
hutane.

7. A process according to any of the
preceding claims, whercin the Propor-
fions of carbon monoxide fo hydrogen,
catalysts and operating conditions in the
reaction zone are those hersinbefore set
forth. )

Dated this 20th day of June, 1945,

I YOUNG & CO.,
2¢ Bouthampton .Buildings,
.. . Chaneery Lane,
' London, W.C.2.
Agenty for the Applicants,

Prigted for His Mejesty's Stationery Office by Charles Birohali & Sons: L#d, Liverpool—I1948.

Code 39-218. Published at the Patent Qilce,

25, Southampton Bulldings, London, W.C.2,

from which coples, price 1s. 0d. each (inland} 1s, 1d, (abroady may be obtained.
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