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-Thia invention {eiatea to improvements in the aynthesis of
hydrocarbond and oxygenated hydrocarbons and, more particularly, it
relates to Improvements in the fluid catalyst type process in which the
catalyst in powdered form 1s suapended in the gasiform material in the

N
"reaction zone to form a dense, turbulent suspension.
The synthe;ié of hydrocarbons and oxygenated hydrocerbons using

+  carbon monoxide and hydrogen as the feed gas 1e a matter of record and
cormexcial practice, at leaat 1n countries forsign to the United States.
In 'the‘earlier work in thile field, the catalyst employed generally was
cobalt cafried on a sultable support such as kieselguhr and promoted by
material such as thoria., The reaction zone contained the catalyat in

the Torm Ef pills, pellets, granules, and other shaped bodles disposed

in one or more statilonary or‘fixed beds 1ﬁ the regction zone and the reaétanta
wgra forced through the bed or beds of catalyst at elevated temﬁeratures.
More recently, a new technigue has been developed for carrying out vapor
phase reactions in the presence of a solid in which the latter is in the
form of finely ground po}fdgr— and further in which there is formed in the
reaction zone a dense, tu:;'bulent, ebullient suspension, the powdersd solids
in the gasiform materlal passing upwardl& in the reaction zona..-This hag
‘come Lo ba knowp aa the fluid solide technique. and in the case of the cata-
lyst, of ccursq, fluid catelyst technique._ It has been found that when an
attempt waa made to fluldize powdered irorlt. in the gasiform reactents in
-the reaction zone produoing hydrocarbons'from a feed containing hydrogen
.and C0, difflculty has been encountered in maintaining the catalyst in the
flﬁidizad state. The point is that in the hydrocarbon synthesis reaction ;
ampioying iron catalyst, cafbon and carbonacébus_depoeitshform on the
gatéiyst duripé the course of the Tomctlon as time goes on, with the result

that the catalyst not only loses activity but undergoes phyaical dlsintegrstion
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and it becomea difficult, if not impoesible, to retain the catalyst in
the resaction zone in ths form of a denss, turbulent fluidized mass for
the disintagrated catalyat pasaes overhead with the products, all of
which will be move i‘ully explained heroinaftex. '

At the outset, however, it is polnted out that the flujdizing
characteristicp of ﬁha powdersd iron used in the fluld catglyst process
for aynthesizingihydrdcarbons are improved by mixing with the iron a
quantity of a-coarser or largor particle size powdered inert materiel
guch ag gillca gel,

In the accompanying drawing the esmentlal elementa of an apparatus '
in-vhich a preferred modification of this Invention may be performed have
been ahown diagrammatically.

Rafqrring to the drawing, 1 represents ; cagse or reactor in the
form of a cylinder having a convex dome and s conicel base and contaln-
ing a fluldized bed of powdered iron oatalyei_ C. The oatalyst 1s prefer-
ably ground to a slze of from 0 to 80 microns, wi...th the major portion of
the same having & particle alza oi‘ from 40 to 60 micrens. In operating
thls process ,. a m:le.ure of gasea containing hydrogen and carbon monoxide
enters ﬁha syatem through line 3, is then pumped by a pump 4 into the
cop,.ic:étl bage of reactor 1, wherein it then passes wpwardly t&omh a
grid or a scyeen G into contact wit]_x the fluidized bed of catalyst pre-
viously referred to. The catalyat 1s maintained in the fluidized état!:e by

adJusbing the inJ:at veloclty of the entering gases within the range of

from 0.1 to 1 1/2 feat por gecond. By inlet velocity of the gas we mean

Jthe velocity of the same at ths point Juat below’ the grid G. The reactants

pasa’ through the bed of fluidized catalyst at a temperature of arouﬁd 600

 to T50°F., while a pr'e;asure of from 300 to 800 pounds per agquars inch gauge

is maintained in the reaction zone, and the desired oo'nveraion takea place

It will ba noted in the drawing that the fluidized bed of catalyst has an

upper level at the point L, As the gases amerge from the fluldized bed
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of catalyst, they pass into the space betwsen L and the top of the
reactor. The catalyst separates from the gas in thia space, cormonly
referred to as "a disengaging space”. It may Have a depth of about 10
feot where the distence from G to L is of the order of 15 to 20 feet.

As indicated, therefore, separation batwaen catalyst and product isa
effected within the réaction zone and the gases and vapors exit through
overhend transfer line 10. However, in order to seperate entrained fines,
the gases and vapors are forced through a plurality of golida-gas separat-
ing devices M disposed in the upper portion of the reagtor as showr.

These separating devlices are unsually centrifugal separators commonly
called “cyclones” and the separated catalyst retwrne by gravity through

a sorles of dip pipea D to fhe fintdized bed. Referring again to the
material in line 10, the same may still contaln ab least tracea of very
fine entralned catalyst, and, conseguently, the gaaaé and vapors are
forced through"ona or morc separating devices or duat collectora 12 %o
' yemove the last traces of*the catalyst. The gases and vapora finally
froad ffom catalyst are then pamsed into a condensing, fractionating, and
purifying apparatus ily, which hae been merely shown disgrammatically since
the methods of recoveripg the desirsd producte are wsll known to those
familisr wi%h the art, and need not be descrided in detail therein. of
oourse, the skilled petroleum engineer will vnderstand that unconverted
material may be recycled or returnad to the reaction zene for furthex
trﬁatmeﬁt and thoge familiar with the fluld catalyst technigue will
apprac}ﬁta that some gaseous material must bﬁ veturned to the reaction zons
to aid in the fiuidlzation of the iron catalyst therein, to increase the
yiel&;of deasired products énd othe?wiae to improve the procesas.

" The main{'urpoae of thie invention is adcomﬁlishad as indicated

previously, by mixing an inert sclid with the iron in the reaction zone
-for the purpoae of 1nauring good fluidization of the iron catalyst, It

is known, that pertlcles of highly actlve and selactive hydrocarbon ayntheals

-
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iron catalyats break down very rapidly under synthesis ocnditions to a
very much smaller particle diameter. The mass of iron powder which

once poggeased good fluldization properties becomes diffioultly flunidiz-
able and the hydrocarbon aynthesils operation must be digcontinued. The
broakdown of.iron particles im probably caused by chemical reaction of

iron with carbon monoxide feed. The fluffy nature of this maes mukas.
Tluidization difficult if not impomeidlse. It im herein disclosed that a
diluent s0lid such as siliom gel, dolomiEP,_Bharp eand, or alumina which

is catalytically Inert in the synthesis veaction be ground to a relatively
coarae paréiole size range, aa compared Fo.tﬁa finely divided iron powder,:
and added to the iron mass to glve a ﬁixtu;§ having a particle size range

‘ which falls within the claas of easily f}gf&éiable powders. The percentage
of inert molid in the final mixture, as well as the average particle alze,
"wiil, of courss, depend upon the averags partisle sizé of the iron carbon
powdaf mixturé. Fdr example, the iron carhon powder withdrawn from a
aynthesla runiwhioh was texrminated babause of iron particle bresalk down

had the final particle diatributioh shown below. It will be seen ig the
exﬁmpla:given that to 500 pounds of finely divided iron a mate{ial balance
on- the 0 %o 20 micron fraction indicates that 725 pounds of silica gel
maet he addgd which hga'the particle ailze diatridbution listed to give a
final mixture poéaeauing approximately 25 pexr cent O to 20 micron particles.
Twenty-five per cent O to 20 and 25 per cent 80+ fractions permit excellent

flyiﬁization.
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Iron Catalystb:
Particle Diatribution
0-20 Micron
20“1'.0 "
- ho_Bo "

80+

Silica Gel:
Weight:

500 1bs.
Wt.
55.5
8.5
17.2
18.8
100.0

Diluent to be added to iron powder.
X lbs. to give a final iron-silice gol mixture having

25% 0-20 micron particles.

Particla Diastribution:
0-20 Micron
eo-ho
o-80 "
8oy "

> 18487

Lba./
500 Lba. Catalyst

T2TT.0
42.6
36.0
o4 L

506.0

we, % Lbs. /x Tbs. Silica Gel
5.0 0.0bX

13.0 0.13X

37.2. 0.372X

L5 8 0.458x

100.0 T

Overall material balance on 0-20 micron fraction and soclutlion for X

(500 + X) 0.2%

125 + 0.25%
0.21X
X

Moo

: partiole diatribuhion.

277.0 + 0.04%
oT7T  + 0.04X
152 -

152
0.21

]

725 1bs. of silica gel

o The final iron-silica gel powder mixture will have the following approximate

Tron, L. Silica Gel, Lbs,  Mixture, Lba, Wk, %
0-20 . 2770 29 306 . 25
2040 Lo6 9% 135.6 11.3%
"40-80 85.0 270 356 29.0
80+ oh b : 333 hot b 3h.7
500.0 783 12250 100.0

Wh. % Fe in final mixture = 4%

Iue to the highly nctive and selectiva nature of the ifron cata—

lyﬂt, diluent addition dees not retard the catalyst activity in converting

parbon.monpxide and hydrogen to hydrocarbons, and in this connection a

~ pilot plant run in which the catalyat was mixed with silica gel in suoch

proportions ag to give a well fluidized mixture has been set forth below, -

-6

.88 indigated by the high heat tranefer coofficient, and it will also be
noted that-the catalyst was active in spite of the silica gel dilution me

évidenced by the good yleld of C)+ hydrocarbone and the alcohol yiéld.
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PTLOT PLANT RUN
SILICA GEL-IRON MIXTURE

Tomp. 647°F,
Pregaure 399 PSIG
Feed Rate 90.9 SCF/(H, + CO)/lb. Fe Catalyat
/0O Ratio Fresh Feed 2,00

Recycle Ratio (volumes of frash feed over

rocycled gas) 2.00
Superficial Velocity of Gas at Reactor Inlet 0.89 ft./sec.
Hs + CO Conversion - 86 '
cG. Oﬁ (H, + CO} Consumed ‘ 171 cc,
*cc, O4/M> (ES + CO) Consumed 280 cc,
AleohBl Yield cc./MB Hy + CO Consumed 12 ce.
Haat Transfer Coefficient BIU/Hr./Sq.ft./°F. 55

*co. Cf = cublc centimeters of liguid product contalning hydrocarbona
’ having three carbon atoms and higher boiling material, and
Ch has analogous significance.
Imediately pricr to silica gel addition heat transfer coofficlent wae
18 BYU/Er. [sq.ft. /°F.
It 1e desirable to select the Inert as a material of less
particle density than the finely divided iron-carbon mixture. A good '
dlgtribution of the iren throughoub the‘qu is inaured by grinding the
lighter inert to a relatively narrow oub coarse frachion since frdm the
density stendpoint the iron tondm %o concentrate in the lower reglon of
the dénse phase, the lighter ihert powder in the upper reglons; -but,
from the atandﬁoint of particle size, the relatively fine iron tenda to
mnove upwérdly through the dense phase to the interface and the coarse
Inert tbnds to'mova toward the bottom. These opposing effects caused by
a%utri&tion_tagd to counterbalance one enother, and good internal mi;ing

of an easlly fluidizable wniform powder mase results. It cannot be

emﬁhaaized teo strongly that pooi'fluidization means geveral diaédvant&ges

- in the hydrocarbon aﬁnthesis procesa vheroin a fluidized bed of solida

{é uged, The catalyst if not well fluidized tonds to causs "hot spota®”
lin tie bed and these hot apote may cause craoking of formed hydrocarbons
'ﬁith tha resultant production'éf'carhonaoeous dsfcgita on the catalyst
and the production of undaéiraﬁ normally gaEesouns hydrocarbons, such as’

mathané;'thus reducing the yleld of normally gaseocus hydrocarbone and

T ‘ o
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oxygenated hydrocarbons which, of course, are the desired profducts.

Another difficulty 1s that when the catelyst becomes conteminated with

cerbvonaceous deposgits, it tends to disintegrate physically to form large
quantities of fines, that i1s to aay, particles having a size of less
than 20 microns. In the operation of the fluidized mase of catalyst
it is desired to maintain the catalyst in the form of a bed which remains
within the reactor and doss not tend to pase out of the reactor with the
reaotion vapors. In other words, the desideratum in the process of the
type herein described is to effect a meparation between gases or vapors
and the ceatalyet within the reactor itself. The result 1a the formation
of a lower dense phase suspension, snd an upper dilute phase suepenslon,
both types of Busp;naion existing within the reactor, the upper dilute
phaqa functioning as a catalyst disengaging zone. Uswally in the top
of the roactor thore are disposed sollde-gas sepérating deviges which
affac? a separation of the entralned fiﬁag, as far as may be, and a return
of theass peparated fines by gravisy to the denmse phase. The final reamlt,
therefore, of the operation when operating at its best is that the gasi-
form reactanta paesing from the reactién zena contain only minor traces
of entrained catalyst fines. However, 1f the iron catalyst coniains a
high percentage of 0 to 20 particle size fineas, then a good seperation
of catalyst from vapora wlll not 6ccur in the upper portion of the reactor
and, consequenply, lerge quantities of these Tines will pasa overﬂead
and will pfesent a difficult prodlem of separabing catalyst in cgulpment
outeida of the ;eaotor. According tolthe present Invention, however, by
aqdiné a diluent, a greater dsgree of cétalyat fines can baAtolaratad
in the rveactor without danger of having them pass out of the reastor
-with the gasaous products.
”4:7 Numarous modifications of this inven$ion may be made by those

whu are femiliar with this art without departing from the epirit therecf.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. The method of syntheslzing hydrocarbons and
oxygenated hydrocarbons from a gaseous feed containing carbon

monoxlde and hydrogen which comprises forcing a mixture of carbon

nonoxide and hydrogen into a reaction zone containing a bed of a
fluidized iron catalyst, malntaining elevated temperatures and ;
pressures 1n the reasction zone, insuring good fluidization of %
ﬁhe iron powder therein by mixing with the iron a quantity of a L
povwdered lnert materilal having a partilecle size larger than that
of the powdered iron but of lower density than sald iron whereby
classlfication of the two materials is avoided and a homogeneocus
mixture thereof 1s obtained in sald reaction zone and W:I.1:l’uin:*aw:m&;'1
from the reaction zone a product containing a normal liquid

hydrocarbon. }

2. The method set forth in claim 1 in which 25 per cent

by weight of 0 to 20 mlcrons particle size and 25 welght per cent !

80+ microns particle size sillea gel is added to the iron catalysq

in the reactlon zone.
3. The method set forth in claim 1 in which the iron !

powder has a particle slze of from O to 20 microns.

4, The method set forth in c¢laim 1 in which the diluent |

|
has a lower density than the iron catalyst.

|

|

5. The method set forth in claim 1} in which the diluent .

1s sand.

|
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6, In the method of synthesizing hydrocarbons and
!
oxyzenated hydrocarbons from a feed gaa containling carbon monoxidq
and hydrogen in a process in whilch the feed gas 1s caused to flow|

upwardly in a reaction zone containing a fluidlzed bhed of

powdered iron catalyst under syntheslzing conditions of
temperature and pressure, the improvement which comprises
maintaining the powdered iron catalyst in a fluldizable state

for an extended pericd of tlme by admixing with sald catalyst

a -s0lld diluent of lower denslty and larger average particle size
than the sald iron catalyst, the relative densitles and particle
sizes of the iron and the dlluent belng such that separation of
the two 18 avoided and the amount of such dlluent added being j
such that the major portion of the mlxture has an average

particle size in excess of 40 mlcrons,

7. The method set Forth in clalm 6 in which the dilluent !
!
13 powdered silica gel.

8. The method set forth in clailm 6 1n which the diluent !

18 sharp sand.
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