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COMPLETE SPECIFICA TION_

-An Irﬁp;ofed Process for the Synthesis of Hydméaxbons

(A comumunication from Stawpapp Om
VEENPMENT {(JoMTanNy, u corporatien
duly organised and existing nnder the
lows of the State of Delaware, Tnited
Btates of America, baving an offics at
‘Einden, New Jersay, [Inited States of

Ameriea). . : -

I, Cowrap Arxorp, a British subject, af
29, Southampton Buildings, Chuncery
Lane, Londox, W.0.2, do hersby declare
the nature of this invention, and in what
meanrner the same ia to be gerformed, to be
partievlarly described and ascertained i
and by the -following staternent;—

Thes present invention relates tn an
improver -Fischer synthesis of hydvo-
earbons. o ’

It is 2 main ebjeet of the present inven.
tiom to effect the symthesis of hormally
lignid  bydrocarbons from  carbon
monoxide and -hydrogen in the presence
of a flwidized cetalyst nnder opersting
conditicns and employed meons directs
toward effecting increased efficioncy.

Tt ig a specific object of this invention
to maintain a fluidized mess of catalyst
ip 2 high state of activity and as an aid
contimwously or intermittently
removing waxy aund oily material there-
from. :

In the sccompanying drawing, thers is
shown diagrammatieally an apparvatus
layout in which & preferred modifiention
of the invention may be earriod into effect;

dn the gpnthesis of hydroearbens from
carbon monoxide and hyﬁrbgan'pefformed
in the presonce of a fluidized wass of

-catalyst, W is necessary to lmit %he
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ameunt- 0f wax v liguid oil carried on
tha aatalyst to a value helow that at which
the fuidizing characteristics of the ocaté.-
Iyt hecome: - adversely affected.”” Tou
aceomplich this vesult according to the
present invention, o poriien of the catalyst
ig_ withdrawn continzeusly or infer-
mittently from the reaction zone, and guh-

jected to a_de-woxing or de-niling cleans-
EP fiﬂ.g_l.? ,-'] . nematemtmra
[iiod ——

ing treatment and thew relurmed to the
reacfor, the cleamsing of the ecatalyst
being ~accomplished by heating tn
volatilize and remove uif_-;r and for waxy
material therefrom.

The removal of oil or wax from the
catalyst can be accomplished by means of
solvents as diselosed in eo-pending Appli-
cation No. 15746/45 (Serial No. 600,580).
Aa previously indieated, the present
invention relates to the removal of ol
and waxy maaterizl from the eatalyst by
means of volutilization,

In carrying the invention imta proc.
tical affe:-g the syuihesia reaction and the
o1l or wux removal step are emch prefer-
ably condueted in two or more stages, Tor
purpesss. of illustrating the invention, a
bwo-stage operation will be deseribed,
with reference to-the upparatus illustrated
in the ascompenying drewing,

Relerring to the drawing (1) and (1A}
vepresent & puir of vertieal eylindrical
reactors of the type commonly uscd 1u fluid
catalyst . systems. In  general fhese
reactors are cylindrieal in their main
portion but have conical bases and srown
pleces and also corry 2 -sereen or grid
located in the bettomn thereof, through
whick the gasifrem materisd passes as 1t
enters the mass of fluidized catalyst. In
the drawing the synthesis gas comprising
a mixture of (0 to T, in which the ratin
nf H, t0 G0 is about two to one by volume,
coters the "system wia ling (2), pasges
through & heater (5) (if o healer is neces
sary} and fhen enfers at the hottom of
réqetor (1} as shown in the drawing,
These reactors have been described in
prior disclosures and sizes the form and
shructure-of the said Yeactors do not go to
the haart of the present invention, it will
Tl be necessary b0 describe them herein.

The reactors (1) and (LA) ave operated so -

that the main DLulk of eatalyst is with-
drawn from the bottom through Iines (3)
and (SA__) from reactors (1) and (14} re-
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spectively, and the hot ratalyst i3 passed
through coolers (4) and (4A) respectively
tn remove a portion -of the axnthermic
heat which is released in the seid reactars,
It is within the purview of the invention
to dizpose the coeling means within the
reantor and in this case thers would be no
cutside ecireulation as shown through
coolers {4) and (4A). The fluidized state
of the eatalyst in the reactors (1) and (14)
is maindained, as is known, by contrelling
the net uwpward velocity of the gases or
vapors in the range of from § to a £ per
second, preferably from. I to & ft. per
second where the catulyst has a particie
sive of from 100 to 400 mesh. This fow
raie results in the formation of & dense
phase suspension having an upper level

 which level depends on $he amount of
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caltalyst left in the reactor. Above this
dense phase npper level, the concentration
of catalyst in the gases drops sharnly so
that the reaction pases withdrawn from
the reactors through lines (B) and (8A)
contain only a relatively smal] quantity of
cafulyst. Ii is prefersble fo pass fhe
gazes in (6) and (6A) through dust
eollectors such es centrifugal separators
or electrical precipitators fo remove the
last traces of eataiyst. The reaction pro-
ducts ave condensed in coolers (7) amd
(TA) and colepted in receiving droms (10}

~and (104},

I wil) be noled that the cabalyst with-
drawn from rveacfor (1) aféer passing
through a cogler 54) Iy in parl passed
through a line (12), carrying a flow

. eonfrol valve (13), fnto line (2) where it

is mixed with ihe incoming gas formed
into a suspension in line (2) and then
earried back to the reaclor, However,
suolher portion of the calalyst passes via
line (14} atter it is admized with gaseous

. material from line (15} and formed into

a suspensivm, through o heater {20) and
thence via line (21} into reactor {1A), Ty
should be pointed out fhei the umncon-
densed vapors in_line (15} may coniain

» quantities of earbon dioxide, and since

this is'a diluent it may be advisabla fo
puss the cooled vapers through g sceubber
{8} confaining an aquecns snlwtion of,

- say. sodium hydroxide or some other
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known material in wkich carlion dioxide
is soluble for the purpnze of removing the
said earbon dioxide. ’

It is also pointed oub that in a large
ingtallation, heater (2(0) mav mnot be

¢ required and therefore its use is opiional

depending wpon conditicns. Beactor (14)
operates as hoth a synthesis reactor an the

unconverted GO and H, coming from
teactor (1) and as o stripper for the wax
and oil deposited on the eatalyst. The gas
Ieaving (1) is couled to condense oul the
heavy constituents so that & can Te-

.vaporize heavy oomponents Irom the

cabalyst removed from reactor (1) and is

pided in efferting this vaporization hy

operating reactor (1A) at a lower pressure
and a higher iemperatnre than used in
{1). The stripping of olly and waxy
material £rom. the eatalyst in reactar {1A)
is further gided by withdrawing o portion
of the gasepus wmattrial from (104}
throagh line (22), pumping it by pump
(28) through a heater (24) and themee dis-
eharging it by Iine (25) to reacior (1A).
The material in Hoe (25) carries in suspen-
sion catalvst recovered from cooler (4AY

vig line {26) carrying = flow-control valve .

27 which permits the wifhdrawal of
eatalyat from the rooler (4A) and is dis-
charged intn the gasiform material in line
(22) where It 13 formed into a suspension.
Another portion of the eatalyst eocled in
(44). is withdrawn fthrough a pipe (3
sarrying flow-contral velve (81) and de-
livered into said gas line (2) whers it is
formed into o suspension and earried inta

-
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reagtor (1) in the manner indieated in the

drawing. ) :
Referring again to recelving drum (10A)
into which ths produet from reactor. (1A)
is first delivered. 3 will be noted .{from
the drawing that a pipe (40) projects fram
the top of the receiving drum .(I0A}Y,
parses through o cooler (41} and by this
conduit means gpasiform material in (10A)
wuy be withdrawn from the latter through
(40}, ‘eonled and condensed in (41} and
collected in a second recelving drom (10B)
which is maintained st a temperature of
about 1M T The wator and product
formed in the proress iz withdrawn from
(100, (10AY and (10B)., Water is with-
drawn through Hpes ¢49), (40A) and
(401 and the crude produet from lines
(GIN{50A) and (BOBY.
As’to operating condiiiopa, the follow-
i ate preferred. The catalysts men-
Honed in the tubular view below contain
the: fallowing ingredients. The Co-Mal}
eatalyst eonfaing cobalt, the active com-
ponent, magnesia as a promoter gnd kiesel-
guby as the earrier, TFor example, the
cdtalyst may contain 329, robalt, 63%
kieselgnhr and 5% mognesia by weight.
The iron catalyst is aver 459 jron with
pussibly 5% of axides of alknli metals,
copper or aluminum, e
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Bracron I
""""  Broad Range | Preferred Range
- I Gai’;alysf- . Uﬂ;ﬁg‘o Fe Co—MgQ-- - - Fﬁ
L1 Temperature “K. - 375450 450700 390425 550850
b 2. Pressure p.s.i._g.'.- - 10150 A—500  15—105 100—3 - O[J_'
3. Fresh Foed Rate Vol : | .
? %eihﬂf?%%ﬂ' .Czt: ﬁu‘. - H0—H00 A—I0600- 100—300 2007—”00
4. Conversiun of COY, . ,59"—9[] 20—-90 ﬁll’—'?_f’ - 607D
s T 5 ltels .3 11t01.25
(0 " Bmaoror la.. _
; Broad Range Preferred Runge
“Cafalyst Co-Mg0 Fe Co—Mg To
L. Temperature “F. . - 5100 5950 1050 10—100.
Iigher than. Deactor- F STt ] -
16 2. Pressure pea.i.g. lower - L : .o
than Reaetor I - - . - 10—150 a—A04) 15105 100—a00, -
o ' { Gas from Reactor 1~ = T
8. Feed Rate -~ -3 Within space welocity- limits indicated .. |
A4 - terosees - Ligr Reactor T '
4. Total Conversion 0O%  * 65100 - B5—100 - T—95" 7595
5. Benycls Gas Val/Vol. '
20 Feed Gas - = .

0.5—10

Another important aspect of tha inwven-
tion is thai the 7eactor (1A) is of smoller
volmime than (1) and preferably has a size
of about one-third that of the larger

26 reactor. While a two-stage operalion
has been deseribed for s thesiziug hydro-
oarbons from CO and H,, it is to be dis.
tinctly wmderstood that three or more
stages may be used to accomplish thia

30 result,

To recapitulate briefly, the present
invention is based on the propesition that

drocarbons ‘may be synthesized from
CO ond H, continuously using the se-
oalled fluid calalyst type of operation,
hereinbefora desoribed. Tn this iyps of
operation materials which gre lguiq
under cperating conditiong interfers with
and impede good operation of the system
becanse they imterfers with the fluidiza-
ton of the eatalyst. Therefore, in order
to correct this insufficiency the catalyst is
continuously or intermittently withdrawn
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from the reaction zome gnd
iquid or waxy materiul by volatiligine off
the srig oily or waxy muberial an?lgr& %
twrned in stbstentially dry condition fo

¢ reattion zone whare it is * better
adapted to he Huidized,

Having now. particularly described and 50
ascertained the nature of the said inven-
ton, and in wihiat manner the same is to
be performed, as sommuniecatedq 1o me by
m}ylr foreign correspondents, T declare that
wiat I claim ig:—

1. A process for the synthesis of nor-
mally liguid hydrocarbong by the reaction
of earbon monoxide and hydrogen in the
Presence of a Fischer synihesis cabulyst,
Whprf,m the eatalyst is maintained ag » gp
Bnidised masg in a reaction zone main.
tained at Fischer synthesis conditiona of
temperaturs and bressurs, oatalyst com.
taminated with wax ang ¢il being con-
tinuonsly or intermithent] withdrawn g5
from the reaction zone and ppesed to Y

stripped of
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stripping zone in which it is heated &0
volafilise the wax and oil, the dewaxed
catalyst being recyeled to the reachion
e, — Tt ' ' o ) ’
5 2, A process asceording to Claim 1,
wherein a stripping gas or vapour is
passed threugh the stripping zoue o aid
the volatilisation of the wax and oil. -

3. A process acourding to Claim 1 or.

19 (llaim 2, wherein the siripping zone is 2
second reaction zome, a gaseous fraction
of the zeaected products from the fizst
reaction topether with o part of the eon-
taminnted eatalyst withdrawn from the
first resction zone being charged into the
second renction zome, and dewaxed cata-
lvst belng econtinvously withdrawn from
tha secund reaction zome and recycled fu
the first Teaciion zome,

4, A process aceording to Cleim 3,
wherein a gaseous fraction of the reacted
products from the sceond reaction zone is
pdmized with a part of the dewaxced cata-
lyst witkdrawn from the second reacfion’
zome, and the admixture reeyeled to the
seconid reaction zome.

5. A process according to any of the
nraceding claims, wherein the eatalyst
racycled fo the reaction zone or zones is
80 firat ecoeled.

§. A process according to any of the
preeeding elaims, wherein the fempera-
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ture and presure in the stripping zone are
higher and lower respectively than those
in the regetion zone.

- 7. A process according to Claim §,
wherein & cobali-magnesia eatalyst is
employed and the temperature is from
5-0)° . higher and the pressure from
10-—500 ib.[sq. in. lower in the sfripping 40
zutie than in the reaction zone.

8. A rprocess aecording to any of
Claims 3 o 7, wherein the second reaction
zone is substaniiafly smaller than the
first reaction znme, preferably abhout one
third as big.

9. A oprocess according to any oi
Claims 3 1o 8, wherein the rearfion enn-
ditions, catalysis, and ratios of carbon
monexide to iydrﬂg&n are those herein-
before sct forth,

10. A process eccording to amny of
Olaims 3 to 9, whersin the gaseous fraec-
tion withdrawn from the first reaction
zorie and passed #c the second resetion

Y
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‘mone, is first passed throngh an ahsorption

chamber for the removel of earbon
dioxide.

Trated this 21st day of January, 1946,
oo D. TOUNG & CO.,

© 29 SBouthampton Buildings,

.« Chaucery Lane, London, W.C.2,
-Agents for the Applieant.

pe

Leamington Spa: Printed for His Majesty's 'Stzﬁona&;()ﬂice, hy tho Counrier Press.—1948.
Puhlished at The Patent Offics, 25, Southamptoir Buildings, London, W.C.2, from which
.. sepies, prieo 1z 0d. each (inlend) Ie. Tdi- {abroad) may be obtained.
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