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Improvements relating to the Synthe’sié of Motor Fuel
Hydrocarbons

(A communicalion from STANDARD O
Devrroeneyr CoMPaNy, a corporation
duly orgonized and existing under tha
lyws of the Stute of Nelaware, United

B States of America, having an office at

Tinden, New Jersey, United Statas of

Ameriea). _

I. Jowy Cosrsp Amnworn, of 29,
Routhampten Buildings, Chancery Liane,

10 Tondon, W.(L.2, a British subject, do
hereby declare the nature of this inven-
tion and in what monner the same is fe
be performed, to ba particularly described
and ascerfnined in wnd by the following

15 gtatement:—

The present invention relates (o
jmprovements in the art of producing
gasoline, and more particularly it relates
to improvements in the so-called Fischer-

an Tropsch synthesia which invelyes the
reaction bebween carbon menoxide and
hydrogen to form lydrocarbons boiling
wilhin the gasoline range.

Tropsch synthesis to form hydrocarbons

of from CO and hydrogen is & matter of
record, It is msually performed in the
presance of a oatalyst such ns cobalt,
promoted by thoria, magnesia gud other
agents supported on a spacing sgent oF

30 support such ss Kiaselgn%.r or silica gel.

Other catalysts are known to e effectiva.

The synthesis is a reaction which isevery

oritical as to temperature. The optimum

temperatare for 1t a} moderate pressures

86 is about 400° B. and should not.vary more
than 10° F. from this temaperature if

good resnlts are fo be secured.

Tt will he appreciated that since the
Fischer-Tropseh synthesis is so sensitive
and critieal as regards temperature con-
ditions that it is a delicate reaction %o
carry out suceessfully in large com-
mersial seale-installations. Tho problem
of majntaining accurate temperaturs
46 control within $he narrow limits required

by the reaction in a large stationary hed

of catalyst in which the reaction tukes
place is a diffewlt ome. It invalven

_ expensive and cumbersome heating amd

50 couling equipment to maintain the
reactants at tho optimum femperature.

Tn prior Patent No. 508,813 there is

[Zrice 2{-]

40

Tischer-

claimed a continuous process for carrying

ot chemieal reantions in the vapor phage

wherein - the gaseous or vaporised
reactants are disciargcd info an elongated
vertical reaction zome of substantizlly
umiform crods-section, the temperafnrs
witlin suoh zone being maintained within
a fesized renge by $he muintenance ()
therein .of a body of powdered meterial
which mey be either catelytic or inert,
the valneify of the gases being regnlated
sp a¢ to maintain substantially the same
body of powdered material in the reaction 4b
zone. in o dense phase suspension of
powder in gas with the flow character-
istics of o fuid, a powder disemguging
zone beipg provided sbove swel reaction

_gone in which- the velocity of the gos is T

reduced to permit substantially complete
disengagement of the powdered materinl
thersfrom, the disengaged material
gravitating into. sueh reaction zome.

An applieation of {his process to o
Fischer synthesis is briefly deseribed. it
being stated that preferred operating con-
ditions éarve pressures of from 1 tfo 10
ntmosplkéres, temperatures of from 300°
to 500°. F.,"s hydrogen/CO rativ of 2:1 B0
and cobalt ox activated clay as a catelyst.

‘The present invention comprizes 1
process for tlie synthesis of hydronarbons
of gasoline boiling range from hydrogen
and earbon monoxide, wherein a limited 85
weight of o powdered Fischer-Tropsch
cataiysh is chorged to a verfipal reaction

. zome, the hydrogen and earbon monoxide

being eaused to flow wpwardly through
the charged catalyst in the reaction zone 90
at a swperfinia} veloeily as hereinalter
defined of from } to 10 ft. er second
wherehy the catalyst is malntained in a
highly  agitated, -turbulent, ebullient
state, - an  elevated temperaturs and 95
preasure being ipainteined in the reantion
mome, aud the vaporous reaction products
being permitted to pass from the mass of
eatalysb info an expanded disengaging
chamber whers the velocity of the vapors 100
33 sufoiently reduced to permit-graviia-
tiom of entrapined oatalyst inte the
reaction mone, the reaction products suhb-
stantially frec of catalyst being recovers
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from the {op of the reaction zone, and the
temperature of the. reactants in the
reaction zone being maintained within a
desired femperature rangs. by causing a
hent absfracting flnid fo IEGW continnously
in heat exchange relationship with said
mass of catalyat. '

.a‘

term °° suparfleial 7' or ¢ nef !

velooity of the gas or vapor, in this

I Bpecification, means the linear gas or

vapor velonity which is caloulated af the
temperasture and pressure conditions pre-
vailing at the ﬁ)t{:ﬂm of the reactor,
agsuming no catalyst to be present.

13 The invention will be best understood
by reference io the accompanying draw-
ing in which thers is shown diagram-
matically a preferved modification of the
inventien.

20 (1) represents a reactor which is prefer-
ably in the form of & verbieal cy]in&er
having an upper exzpanded porton (8)
forming a disengaging chamber, for
purposes presently to appear. A mixfure

95 of preheated hydragen and narbon
monoxide, the mixture condaining prefer-
ably 2 mols of H; to one mol of CO,
althongh lower ratios of hydrogen down
to equimolal quantities may be used, is

30. introduced into fhe reacior through line

{h} and flows upwardly through s per-

forated member (10) which may be & grid -

labe or o scxeen inserbed to couse disiri-
tion of the gnses entering the reactor.
85  Within the reactor, there is maintained
a mass ol catalyst (U} which may be in
the form of a powder having a particle
gize varyinﬁ from 200-—400 mesh ond
wsnally such that 90—95% of 1% bas a
40 particle size of 300 mesh. To starh opera-
tions this cetelyst may be fed from a
supply hopper (12) through pipe (14) at
the same time that the gases snter,
The lincar velocity of the goses is
456 mantained within the limits of from %
to 10 £i. per second, depending on the
particle or aggrepate size, that s o say,
the net or superficial velocity of the gages
is muintained within those limits with,
5(1 however, a velocity of 1% fo 3 #. per
second preferred, where calalyst with
90:% less than 300 mesh is used. If, how-
éver, particles ranging in size to Zsinch
in diameter are used, the gos velocity is
6B 5 to 10 fi. per sevond. '
The mases causs the powdered cetalyst

to be ** fluidized,” that is, {0 be in $he"

condition previously referrad to. This
condition or state of the eatalyst is not
60 n true guspension, since the velocity of
the guses is low emough to permit the
eatalyst to have moiion independent of
the memeral upward direction of the gase.
But nevertheless it is supported by the
B85 gas or vapors within the reactor, to form

a masg ha u density which may vary
considerably depending on the density of
the particles. The flyidized mass extends
from the grid plate (18) to & level (L) in
the reactor and, as previensly indicated,” 70
the purticles of catalyst move upwardly
and.downwardly, sidewise and in all con-

‘goivable directions within the limits

specified, and the gases eventually enter-
ing (3), due o tha sxpanded diameter of 75
the chamber (8), are decredsed sufficiently
in velocity so that %they will no longer
support eny substantial - gquentity of
catalyst, and therefore the laiter
entrained in the gases gravitates into (1). 30
The reaction products suhstantially
depleted of cotalyst (except Lor very fine
dust) are withdrawn through Iine {20}
and then sre passed usunally into a dust
vollector or electrical precipitater (22) 8b
where the laat traces of the fines are
separated and retwrned to the reactor
through line (25}, and the reaction pro-
duets  poss  overhead, substantially
depleted of catalyst, through line (30), 90
and thereafter they ars discharped into
seribbing equipment (35} where they ave
serabbed in the usual manner fo recover
hydrocathona and thereafier they are
processed in a comventiomal mamnner to 95
obfain the final product. To accomplish
this a: sezrubbing oil of aboui 30° A.D.T.
gravity is fed to the top of gerubbing
tower . (38) through line (40, The

scrubbing oil and recovered hydro-100

carhong are removed from tower (3A)
thoulg-h line {41) and delivered to
digtillation equipment (nof shown} to
racover the desived product. The un-
dissolved gases are withdrawn from the1(5
scribber through line (48). Tt ia com-
sidered unnecessary fo desoribe in detail

the processing of the synthesized hydro-
carbons and mnreacted OO and H, for
these features in our process are old as 118
in the prior art and anced not therefore

be fully deseribed herein.

Returning again to the heart of the
invention which regides in.the use of the
reactor of the type we have described, it 115
ia pointed out that the catelyst remsins
in the reactor imdefinitely sinee the
Fischer synthesis is one in which the
catalyst Tequives no vegemeration, by
hirning off deposits. However, over an 120
extended period of several days the

-catalyst accumulates o deposit of wax

from-the synthesis. This is removed by
cxposing the eatalyst fo hydrogen or a
hydrogen-containing gzas or o  inect 195
(CO,, flue gas, N,, eto.) gases heated up

to 800° T., the CO or H, and
reautints flow being interrnpied during
the ‘cleansing period. The catalyst may
remain in the reactor for moenths, When 130
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o new charge of catalyst is desired, .the
old catalysh is rejected through lne (44)
and the new catelyst fed throuph line
£14 . Since, of course, the reaction is
5 highly exothermie, it will be nevessary
to abstract heat from the catalyst, and
this result "is ubbained by oiroulating
gteam -or waber thronph a coil (40} which
surrounds the owiside wall of the rearior.
1 The position and type ef cooling surface
is not eritical; it may be a coil about the
reactor, & jacketed reactor, harizontal
tobes across the reactor, -or ceils in a
veitioal position, with or withont
extended surface. The only requirement
ig- that the apitated particles contact the
cooled surfaos.

It is pointed out that the foregoing
iype of operation is to be distinguished
from prior art operations in which
powdered material was fountained Into o
pear-shaped reactor where it- fanmed ouf
at a point removed from the enirance
point and gravitated toward the enirence
slong s’lojiing' gidea of the reactor. There
the catalyst is mneoé fhoroughly eamd
wnifermly mized with wgeouy  Or
vaporous reaction produets. The success
of the operation of the invention depends
on the formation of a dense phase sus-
pension which af all times is in a
turbulent, fhridized, highly agitated state
or condition, thoroughly mixed with
gasepus, roactants ab all fimes.

With respect to conditfons of fem-
perature and pressure, or feed rates in
the reaclor, as indicated, my oversass
eorraspondents preferably operate at a
tamperatura of 400" ¥. in the reactor,
plus or minuz 10°. This 400° F. fem-
perzgture is not fixed at this value but is
o variable with GO :H, ratio of feed, the

ressure and the entalyst, but when it is
ed hy these factors, the variation in
either direction may not exceed 10°.
There is preferably maintained a pressure
of from B6—150 Iba. per square inch
gauge within the reactor and a feed of 1
to 3 1ols of Lhydrogen per mol of OO at
a feed tate of from 0.2 fo 1 weighl of
total feed per weight of catalyst per
hour. The’ eatalyst iteelt is cobalt oxide
on Kieselguhr, preferably, the amount of
cobalt oxide being 309 of the composi-
58 {jon by weight. %here may also he used
iron, iron suspended on  eilica gel,
alwmina, and the like, and promoters
such as thorta or magunesia inerease the
eflicacy of the process.

Having now particularly described and
agcertained the nature of the said inven-
tion and in what manner the same 1s to
he performed, as sommunicated to me hy
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my foreign correspondents, I declare that
what T claim is:— b

1. A process for the synthasis of
hydrocarbons of gaseline boiling range
from hydrogen and cerbon monoxide,
wherein a limited weight of a powdered
Tischer-Tropsch oatalyst is charged to a 10
vertical xrenetion zone, the hydrogen and
carbon monoxide being ceused to flow
upwordly. through the charged cabalyst
in the reaction zome 6t o superfieial
velodity as herainbefore defined of frem 76

-} to 10 fi. -per second whereby the
eatalyst is maintained in a highly
apitated, turbalent, ebullient aiate, an
eﬁ:vafed temperature end pressure heing
maintained in the reaction zone, and the
vaporgus reaction producis being per-
piitted to pass fvom. the mass of catakyst
into an expanded disengaging chamber
where the veloctty of the vapors is
sufficiently reduced to permit gravitation
of entrained catalyst info the reaction

,rone, the reaction products subetontially
frae nf cafalyst being recovered frbm fhe
top of the reaetion zome, and the fem-
persture of the reactants in the reaction 90
zone being maintained within o desired
temperature range by causing a_ head
abstraciing fluid fo flow continuously in
heat exchangs relationship with said
xmass of catalyst,

2. A process. as set forth in Claim 1,
in - which the  superficial velocify of
oatelyst throtigh the veaction zome is
mpinteined within the fimits of 1} to 3
#t. per second ywhere the particle size is
such that 90% will pasz throngh a 300

3. A process.as set forth in Claim 1,
in which the Main bulk of catalyst
remaing continuously in the reaction zonel0H
and gasiform material is discharged into
soid zone snd withdrawn therefrom sub-
stantially free of catalyst material.

4. A process as set forth in (laim 1,
in which the réaclion temperalure =t all110
fimes during the course of the reaption
does not vary by move than +10° F.

5. A process ag ael forfh in Claim 1,
in whichk the process is inberrnpled
periodically to cleamee the catalyst by 115
freatment with s hydrogen-containing
gas. N

6. A process ag set forth in Claim 1,
in which the ecatalyst is cleansed
periodieally with hot inert gases.

7. A process according’ fo sny of the
preceding, Claims, wherein the catalyst
18 cobalt oxide on kieselgahr, the cobalt

‘oxide ‘prefersbly - comprising 30% by
weight of the composition.
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59,980,

D. TOUNG & €O,

w20, Southampton Buﬂd%a,
Gh:mcery Lane, London, W.0.2,

Agents for the A.ppheant

" Reference has heen direcied, in pursu-
ance of Section 8, sub-section (2 ( J, of the
Yatents and Des Avts, 1907 to 1948,
to Specification No. 568,013,

- . Printed Yor His Ma]ests 'y Sw.tloner} Office, by ML.AMLP. Fad, 1950, .
Poblished at The Patemt Office, 25, Seuthampton Buildings, London, W.0.2, from which
coples, prieae, 04. eue.h (mland)am 1d. {abroad} may ha obtuncd.

" Dated this 8th day of May, 1944,
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[This Drawing is o reproduction of the Original on a reduced scalef
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