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COMPLETE SPRECIFICATION

Improvements in or relating to the Synthesis of Hydrocarbons

‘We, Sraxparn 011 DBVELOPMENT Cou-
PANY, a corporation duly organized and
axisting under the laws of the Slate of
Delaware, United States of Amerien, of

5 Elizabeth, Siate of Now Jersey, United
Riates of America, do hereby declare the
invention, for which we pray thata patent
wey be granied to us, and, the method by
whach it is to be performed, to be particu-

10 larly described in and by the following
gltatement i —

The present invention relates to
improvements in the operation of a bydre-
earbon synthesiz plant. More particu-

16 larly, it relates to improvements in the
aperation of a hydrocarbon synthesis Yrc-
eoss  employing  fluidizod  catalyst
technique 8o that normally liquid hydro-
carbons and nxygenated hydrocarbons can

g0 be manufactured from carbon monuxide
and hydrogen more economivally und
aficiently than has heretofore been
nossible.

The synthesis of hydrocsrbons from

p5 carbon monoxide snd hydrogen is a
matter of record. The ¥ischar-Tropsch
aynthesis for hydroearbons has been
degeribed in petents and other techn eal,
Yterature. A study of this lilerature

90 revoals that in the early history of this
particular  art, hydrocarbons  were
synihegized by contacting them 2%
slavated teraperatures with a cobalt-
contsining cefalyst. Ii shows also thab

35 later, iren coatainin promoticual
ampunts of activators, such_as K,CU; was
employed as the catalyst and that the {em-
peratures in this lnter developed provess
was samewhat higher than in the cobald

4D process. More recently a great deal of
laborstory and piot plamt cxperimentu-
Hion has been. carried out in this country
with the object in view of epplying fluid
catalyst technique to the hydrocarbon

46 synthesis process. For sxample, & con-
sidershle nmount of research work hag
been and s now hbeing carried out
employing powdered iron as o eatalyst in

[ Price 2(8]

the synthesis of hydrocarbons from
gaseous mixtures containing carbon mon- 56
oxide and hydrogen. It has been found
that the iron-employing process vields a
gasoline fraction of Improved anti-
detonation gquality.

_ The present invention, relates to 65
mgrqvecments in ke fluidized oatalyst
technigue s applied to hydrecarben
syothegis frum earbon monoxide and
hydrogen where the catalyst is powdered
iron. Rescarch in laboratory and pilet 60
plant operation hes revealed that the
reaction hetween esrbon monoxide and
hydrogen results in the depesition of
carbonaceous material on the powdered
iron catalyst, and the forees accompany- &
1n% such deposition: causce fragmentation
and [or disintegration of the catelyst to -
particle sizes which cannot be well
fluidiged, In other wozds, the synthesis

of hydrocorbons as indicated sbove has 70
presented {o the industry problems with
which they Were not confromted in the
development of the catalybic cracking of
hydrocarbon oils employing the dfuaid

cutalyst techniyue,

75
Anpther- problem presented.wl?}'{ the
application of the fuid solids lechaique
to the hydroearbon gynthesis reaction is
the fouling and consequent inactivation
of the catalyst by the formation and 80
deposition” of waxy materials and tho
{endency of cabalyst particles 1o
agglomerate as a result of the wax forma~
tion and deposition, Wax deposition

due to eatalyst inactivation not only cals 86

down product vield hut canses poor
flnidizalion of the ratalyst, pour jempera-
ture eomirol, agglomorstion of calalyst,
and conditions requiring shut down of the
plant. ) .00
In the courss of imvestigatinn of the
favtors that causs wux fermetion in the
hydrocarbon synthesis reuction and the
manner in which such formation Iinter-
feros with finidization, it has been, found 85
that oue of the ways wherein wax inter-
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{eres with flunidization is by accumulation
of wex on any relatively snol walls within
the reactor. Fine eadalys) porticles make
contact with this wax, ure wetied thereby,
and the resulting apglomerate falis intg
the resctor and causes poor Auidization
and fer coking. Thus it has heen found
that, for example, 1 o fluid type upera-
tion only about 20—25% by weight of
wax can be tolerated on the catalyst
befors it causes sticking together of cata-
list particles, thus preventing proper
seration and fuidization, which arc
essential for the operation of the fluid type
proecess. Thus cabtulyst fines wnaterial
present in, the reactor are conducive to
cutalyst amelomerstion in the maumer
deseribed above. :

Tt -has also been found that cata-lgst
fines are 1o a great extent, responsible for
the formation of wex and waz-like
material.  Fuclors promoting formetion
of these high boiling salids and  semi-
solids are (a) o high alkali metal salt
promoter comtent, grealer than abouk

1.5% on the eatalyst; (b) the state of-

oxidation of the catalyst, and () low Leat
transfer coefficient. Tt Las heen found
thal the finer catalyst, in size ahout 0-—20
microns, usnally comtains the highest
concentration of promoter, whicl Inereases
the wax accumulation. ox this portion of
the catalyst. It has also bean established
that catalyst fines oxidize far more readily
and extensively under synthesis condi-
tlons than Huidizable particles of larper
size; the accumulation of these oxidized
fine parbicles in the reactor couses
ineraased wax formation. Then due to
the lower heal trapsler coefficientz asso-
clated with the =nonflnidizable fine
particles in the reactor, the jucket fem-

© perature is usuelly lowered to maintain

45

8 given uwverage bemperature, Conse-

quently colder walls are presented to the

catalyst and the accnmmlation of wax- on

. these colder walls and their subsequent

80

i

€0

refure io the flnidized hed as indicated
shove ocenrs, . ] .
Beside the problem of wax formation,
catalyst fines in the fluidized bed -have
also caused fluidization difficulties. Thug
ag carbon formmation increased snd accom-
panying calalyst disintepration hetamea

pronounced, fluldization became Inereas -
ingly diffievlt, heat tronsfer and confrol

increasingly poorer, and plant shut down
resulted, . L
The present Tnvention discloses a
method of removing ecatalyst fines . of
abowt (—20 micron diameter from the
dense phase reaction zone as_rapidly as
they are formed. Hifherto it has been
canveutional to return 1o the reaction zone
fine sized cafalyst enirained from the

' catulyst in u

dense bed by the fluidising reactants and

© vaporous product stream. Thus the
entrained yiream may be firsk passed;
through a disengeging sone wherein the
bulk of the entrained calalyst is removed
from the gas streaw snd returned to the
dexse bed, then passed thro:

I . ugh & gas
solids separation zons, such as a eyclone

70

flter, electrieal brecipitator, efe., the

fines thus removed being returned fo the
fluidized bed. This refurn of fine size
particles to the fluid bed, bhowsver, though
it maintains” the cutalyst inventory, is
decompanied by the dissdvantageous
results enumerated above,:

. A0 uceordance with the present inven-
tion, hewever, vatalyst fines of a particle
81za below approximadely 200 microns are
not, returned to-the Auidized bed, but are
taken overhead entrained in and alony
with the gasevus finidizging medimm and
separated therefrom, The fines, ivstead
of being returncd to the dense bed, may
advantagqomsly ba then sent fo a catalyst
Tegenergting zone, wherein the catulyst is
re%euemted by lnown processes.

. Stated more preciscly the ‘Present
Invenfion provides au improved hrocess
for the production of liquid hydroearbons
which com fses fesding n synthests gas
mixture containin
wmonoxide in syni
masy of fively

Lt

B

86

80

95
hydrogen angd carbon -
o818 proporiicns ints
divided, Trun-containing
ilysh % Teaction zome undar
syathesis conditions of lemperature and 100
pressure at such a velooity as fo maintain -
the ‘catalyst in the reaction zome in {he
torm of & deuse finidiged bed with 5 ifute
rhase! thereshove, said veloeity béing also
conducive to the removal from sajd bed 105
by entrainment of catalyst martieles of a *
size - smaller than approximately 20
migrons bui_: not conduerve Yo the ramoval

of substartially larger catalyst particles,

permitting the mixbure of product .
and ‘enfrmined ca-ta.lyate:ﬁneaptu ﬂufw %:Z:?E 1

head from the dilute phase in said renetion
wone and gepurating the product Fases
from the said entrained oatalysh Anes out-
side tha reaction sone, without; therealier 115
relurning the separated catalyst fines to -
the reaction zoma,. . -,

' Tha_ﬁnes entrajnment fealure of tha
mvention is gharacterized by numerous
advantages. By removing fines from the 120
reaction zone and by preventing their
build-up therein hy returning them as
prior. art showed, wax formation is suhe
stantially minimized use of fhe
reasons eited,” PFurthermore, consider-
ably more carbon is associated with fines
than thors is with courser Auidiged eatn-
Iyt particles. Thug analyses condneting
on catalyst ssmples witlidrawn in the
course of a large seale pilot plant run 130
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have shown a sharp gradicnt of carbom
content versus the particle size of the cata-
lyst with which the carbon is assoclated.
A roller analysis indicated the following:

Toller Fraction Percent Carbon

(—20 Micton » 248 3.8 61.8
0—i0  , g9 141 131
s, 4.2 a.7 3.1
B0+ »y 5.3 4.4 4.8

By removal of the <20 wieron fines and
the consequent removul of a substantial
parh of the earhom from the reactor, the
duid bed demsity s substantially
inereased, sinve curbon has o low fluidized
density, The high carbon content of the
catalyst fines makes them readily
susceptible to opxidafive regeneration.
The removal of fines from the calulyst bed
lesves Ghe latbor with substantially higher
heat transfer and fhwidization charae-
teristics than if the fines were relurned
and allowed $o build up in the dense bed.
Furthermory, though i has long been
recopmized that it is Lighly desirable to
use high gas velocitias in the hydrocarbon
synthesis reuclion in order fn incresse
ihronghputs and yields, velocities have
generally been limited by entrainment
considerations. In accordance with the
present invention, wherein <20 micron
catalyst fines are tuken overhead without
return ns such to the dense bed, these
entrainment considerations no longer
appear, and thus higher throughput rates
and gas velocities may be employed lhan
in the conventiouual synthesis,

The invention will now be deseribed in
mure detail referenve to the accom-
panying drawing which is a diagram-
mafic representativa of a system suitable
for carrying out a preferred cmbodiment
of the invention,

Referring now to the drawing, 2 repre-
genls o reactar which is preferably in the
form of a vertical oylinder haviang a lower
conical sectign. A synthesis feed gus
mixture of hydrogen and carben monoxide
in the ratic of about 0.3-—2.0 mols I, to
1 mol {0 is introduced into reactor 2
throngh line 4 and flows upward through
a sereen or grid 10 in effect good gas
distribation.

It Is generally desirable fo remove
sulfur compounds and free oxygen from
the synthesis gases prior to introduction
inte the synthesis reactor, and this may
he accomplished bv any of the proresres
well known in the azh,

Within resctor 2 a mass of iron catalyst,
euch as sintered redaced pyrites ash, red
iron oxide, mmmonin synthesis eatalysh
(fused reduced high purity magnetite

containing & small gquantity of zluemine
and potussiuvin promeler), and ivon micro-
spheres, is maintained in the form of a gp
puwder as sueh or supported on powdered
inert carriera as zetivated charceal, silieg
or glumina having a particle size distri-
bution such that less than 5>—10% of the
partivies have diameters (—20 microns g
wnd less then $09%, of the particles have
diameters larger thaa 80 microns, The
calalyst is preferably promoied with an

leali metal compound, such as {.o—1.&%
KL,L0,, Na,Cly, KF or Nal, 6

The supecfiial velocity of the gases
within reactor-# may be held as high as
L7 to L8 fest per second, although an
upper limit of 1.2 to 1.4 foot per second
is desirable, Tt will be undersiood that 80
lower superfieial velocities may be used,
satisfactory fluidization ordinsyily being
obtained as low aw 0.2 to 1.0 feet per
second, hut the high velocity and
thronghput foatures and advantages of 8h
the invention are not thereby realized.
Under these conditions the catalyst in
reactor 2 assumes the form of a dense,
turbulent mass, rescinbling a  boilin
liquid, with a more or less well-defined: gg
upper level 3 with a dilute phase there-
ghove, the dense phase ha-ving all apparent
demsity of about 45 o 8v Ibs./eu. ik
depending upon the fiuidization - condi-
tions, the lower apparent densities being up
associated with the bigher velocities. The
smount of synthesis pus supplied o
reactor 2 is so comtrolicd that about 5 to
30 normal eulic feet of the gos mixture
enters veactor 2 per pound iron catalyst 1K)
per hour, depénding on the intrinsic cata-
lyst ackivity and the operating tempera-
tura, o

Within reactor 2, tha total pressure iy
mainfuined in the ranee of 250 to THG 108
paig., preferably 250 to 450 psig., and the
reaction temperature, which may he con-
trolled by any convenient means, such as a
copling jacket or cofl {not shown) inside or
outside reactor 2, iakept uniform ab about 11
500° to T50° T., preferably at an upper
timit of 660° F.

As heratofore stated, the synthesis gas
is pawed through reactor 2 aof such
velocity as to maintain the oatalyst in the 119
form of a dense flnidized hed with a dilute
phage therenbove. In addition, however,
the velocity of the synthesis gas is also
such as to be conducive fu the entrain-
ment, from the bed, of catalyst parfieles IR0
of a2 size below 200 mieroms, catalyst
particles substantially largor than 20
microns heing ‘retained within the bed.
Tha volatile reaction producls and
entrained catalyst fines are withdrawn L35
through overhisad line § and are passed
through 2 * convenbional  ges.solids
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separator 12, such as a ayelone, filter, or
elevtrical precipitator. This removes the
bulk of the entrained ecatalyst fines from
fhie product vapor stream. .

Last traces of eatalyst fines may he
remuved from the prodect sivesan by poss-

ing the lafter through line 14 into oil

sezubbet 16, wherein the partieles - not
removed in unit ' 13 e surubbed in a

Whnown manner from the- product siream.

15

30

35

The latter is then pussed to the ligquid
anil gaseous product recovery sysbemy for
work-tp into useful produeis by any pro-
cegs known prr se.  Ilecyele gas may be
returned {o the reactor Hoough recycle
line 15, - ' L -

Catalyst fines separated from the pro-
dueh stream Iy sepezator 12 may be with-
drawn, through line 18, and if desired, may
advantageously be gent fo a sintering
muchine 20 wherein tho catalyst fines are
snhjected to sintering iemperatures in the
renge of 180G to €500° F.  Tart of the
heat requivemenis are furnished by the
rombustion with oxygen or air of the
carboniacenus material associated with the
fines, The sintered and agglomerated

catalyst - is then passed tv a guenphing

gone ¥4, then to grinding zone 26 whereiw,
ir 2 manner known por s, the sintered
catalyst may be ground t fluidizabile
particle size and classified hy soreening in
classifier  27. Catalyst of the desired
particle size range may be withdrawn
from classifier 27, passed to veduuver 28,

" wherein # is freafed. with a hydrogen-

contalning gus, thence discharged throngh

- Tine 80 into 2 stream of gas containing

40

46

earhen monoxide and hydrogen where it
i3 formed into o suspension which may
then be carried lo line 4 and with the
feed gos in that line inio reacior 2. The
wiilization of withdrawn catalyst fnes by
the zhuve sintering process is described
and claimed in Specification No. 626,742

-creial plant.

.péared In which doving A the

te which reference may he made for
frrther details. o

- The embodinmient of the - invention as
shown in the drawing permils of mony

‘modifications apparent to those skilled in 60

the arb. Thus mention has not heen
made of varicus accessory . equipmaent
whick normally would be wsed in a com-

Thus in the interest of
economny, Various  heatl

good heat 55

exchangers and ceonomizers would be

employed to wiilize whatever heat is avail-
able in the most efiicient manner and, in
order to gontrol the proeess, pumps, com-
ﬁressors, valves, fow meters, ete,, would g0
& included in the equipment, Alsg, if
desired, catalyst may be withdeawn down-
wardly from the dense bed for periodie

" regeneration. Not all the finey with-

drawn from the gas-solids separator need 66
be seut o the sinfering machine, but may

“be withdewwn through line 19,

The invention wilt he further illus- _..
trated hy the following spevific example,
which represents a large-scals pilot plant 70
operation wherein a preferred embodiment
of the nvention was carried vut. The
Mant comprised an §” reactor sechion
ebout 17 feet high, and had a capacity of
about 100 barrels per day.

. To iliustrate the hoprovements resuli-
ing' from the described invention, com-
E;rs_;twe data are given in .the Tabile

lovw, wherein fwo operations are comi-
fines wera
not resnvved from the reagtor hy entrain-
ment and a build-up of fine calalyst and
carbon and a decrense in catalyst density -
in the resctor resulied while in B, when
tha fine catalyst and earbon were removed B8 -
by : enfrainment, the bulk densify
inereased. At the same time, lower tem-
paratura differentials existed in the bed
and the spleetivity o liquid hydrocarbons
was greafer with the same earbon yield,

78

80
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Tarim
A B

Huurs of Operaiion UHI—35T 417-—420
Tamperalwe, T, (ad 054
Pressure, P, 400 830
Fead Raute,” V [Hr, /W v 28
Reogelef Fresh Fael Hatio 44 4.1
Supeeficinl Velocity ¥[8 BT 7
Total Feed Composition

9% H, 25 20

b 10 3 3

5, DU 31 a6

) 4.0 1.8
Ilydrogen Pariial Press., Pai. 110 32
IE, + QO Clonversion, 36 95
Yields, GG, G4 jmd3H, + CO Uossumed 158 201
Catalyst* Tnspections e

% 0—20 Mu 32 12

w2040 |, 15 3

. =80, 20 RS

80+, 33 46

% Carbon. G ¢ free, start und end

of peried 18.7—21.7 15,427

Density, Lbs. [ (. I, 68 80
Temperature Bpread in Reuclor, T, 10 6
Carbon  Accumnulntion Rate, Ths.f

Carben {100 T.h, Cat, /100 Tles. 5 2

* Pglassium prometed iron powder,

I4 should alse be poinfed vat that, in
order furlber fo improve the operstion
deseribed above, the hydrogen purtind
pressure ui ihe feed mus entering the
Teaction soue sLould desirably le muin-
tmined within the limits of from 1R8—175
Lbs. per syuare inch. This pressure tonds
to Tepress carhon furmation in the cata-
lyst and with it fragmentation of the cuta-
lyst. This high hydrogen partial pres-
gure is thercfore u further and vuluable
aid in maiutnining the catalyst in a
Huidizable state for an extended period
of time. Also the best operating vondi-
ticns require n bed density of 10— bs.
per cuhic fout and after the initial period
this may be sccomplished by removing
fines at the rate of 20-~H0 per 100 ibs. of
cataiyst in the reactor every 100 hows.
This will remove fines af u Tate serving to
maintzin the bed of catalyss sl substanti-
ally constant volume and bed density at
the superficial veloeities hereinbefore dis-
closed and furthermore since the fines
removed wontain about 756 purts af
carbonaceous deposit per 100 1bs, of the
catalyst in which they are deposited. very
appreciable guantities of carhonaceous
depasits aro continuously removed.

What we claim is:—

1. An improved provesy for the produc-
tion of liguid hydracarhems which eom-
prises feeding a synthesis gas mixture con-

{uining hydrogen and carbon menoxide in
syuihesis proportions inte a mass of finely
divided ivon-conteining catalyst ic o
veschion zone utdler synthesis conditions
of temperature and pressure a} wilch =
velocity as to mauintain the eatalyst in the
reackion zome in the furm of a demse
fuidized Led with a diluie phese there-
above, said velovity being also condueive
to the removal from said bed: by entraiu-
menk of eatalyst particles of @ size smaller
than approximoedely 2) micrens but not
conducive fo the removal of sohstantially
lazger catalyat pariicles, pexmitting the
wmixture of product gases and extrained
ratalyst fines to flow overhead from the
dilute phase in suid reaction wone and
separating the product gases from the said
entrained catalyst fines outside the reac-
tion zonae, withoubt lhereafter returning
the separated catalyst fines to the reachion
zONe.

2, A process secording to Claim 1,
wherein said withdrawn catalyst fines are
subjected in succession to = gintering
process whereby they are agglomerated to
particles of substaniiaily lurger size, and
lo quenching, grinding, classifying, snd
reducing processes, the catalyst product
from  sail lastnamed process Theing
returned te the synthesis reaction zone.

3. A process according to (laim 1 or 2,
wherein, said Velocity is in the range of

70
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95
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0.7 to 1.8 feetfsecond, and preferably
batween 1.2 and 1.4 feet/second.
4. A process ing to any ome of
Clainss 13, wherein the tergperature in
5 said reaotion zone is in the range of H00°
1o 760" T'., preferably BOO° to G50° T,
and the presaure is within the range of
250 to 750 pounds per sguere inch: gauge,

preferably 200 to 460 puurds per sguars

"1 inch gauge.

5. A process according to any one of the
preceding Claims, wherein a hydrogen
parial pressure of bebween 125.and 179
Ihs/eq. in. is maintained in the synthesis

_reaction zome. _ 15

D. YOUNG & CO.,

29, Sonthampton Brildings,
Chamcery Lane, London, W.C.2,

Agent for the Applicunis:

Leamingion Spa: Printed for Ter Majesty’s Stationery Office, by the Courier Press.—1962,
Pu]i'ﬁ_shed at The Patent Office, 28, SBoalbampton Buildiugs, london, W.C.2, from ‘which
copies may be obtained. o
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