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1 Thls invention relates to the catalytic conversion
of the oxldes of carbon with hydrogen to form valuable synthetlc

producte, and mors particularly to the gynthesisg reactlon of

hydrogen with carbon monoxide in the presence of iron base
catglysts.

The inventlon will be fully understood from tha
subsequent detailed description wherein reference will be made
to the accompanylng drawing,

It 1s well known ir the art that oxides of carbon

10 may be reacted with hydrogen in the presence of sultabls
catalysts at temperatures between gbout 380°F, and about 800°F,
end at pressures verying from atmospheric to about 100 atmospheres
and higher to prepare hydrocarbone and oxygenated organic
compounds., The temperatures and pressures employed depend malnly
upon the catalyst employed, the character of the fesd and the
final produote deslred, Compositions containing eilther iron,
cobalt, or nickel with minor amounts of promoter substances
such as compounds of the alkall end rare sarth metals are

| employed as catalyste alone or asscclated with carriers such as

20 alumina, sillea or elllcates, carbon, magnesia etc,

The asynthesis reaction 1s now wldely effected in the
presence of a fluldized catalyst, that is, the synthesis 2a8 1e
contacted with the catalyst in a finely dlvided state fluldized by
the upflowing gaslform reasctants mnd reaction products to fTorm a
dense furbulent mass similar in many respects to a boiiing ligumid,
Thls technique affords important advantages with respeot to

temperature control and continulty of operetion,

i Catalyst masses tontaining iron in major amounts are
: wldely usged in the synthesls reaction to produce a predcminantly

i 30 unsaturated product from which valuable motor Tuels of high
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stralght run octane numbsr and substantial amounts of oxygenated
products may be recovered., These iron base catalysts are usually
prepared by the reduction of & varlety of natural and synthetic
iron oxides; or by the decompesition of iron carbonyls; or the
heating of an iron salt such as ferrous oxalate. The flnel
satalyet usually conslsts substantially of reduced iron. Iron
base catalysts have also been obtained from such sources as
magnetite, mlll scale or pyrlies aph by sultable treatments
inoluding reduction., Megnetlite may be obtalned from natural
depoglts while mill scele 1s a by-product from steel industry
and pyrites ash is a by-product from the eulfuric mcid industry,
A1l ars subatantially purse lron oxlde,

The activities of these iron base catalysts are
usually enhanced by the addition of compoundes of alkali metals
or the oxides of zinec, alumipum, magnesium, manganese and the
rare earth metals in amounts between about 0,5 and 10% by weight
of the iron, These compounds may be added to the lron base by
aimple impregnation followed by drylng at 300° to h00°F., or
followed by sintering at 1600° to 2200°F, The promoter compounds
aleo may be added tc the iron baee while 1% 1s malntained in a
molfen conditlon,

For use as a fluidlzed catalyst, the particle sizes
of iron-type catalysts ususlly vary from about 1 micron to 200
microns end hlgher and preferably in the range from pbout 10
mlcrone to 100 microne, With such partiele sizes, the catalyst
bed can be satisfactorily fluldlzed; that 1s, the catslyst, the
reacting gases ahd'reaotion vaporas form a pseudo-liguid of
aerated catalyst particles, the high turbulence of which permits
the maiﬁtsnance of relatively uniform temperatures throughout

the catelyst mass and which exhibite the hydrostatic and
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hydrodynamlo cheracteristics of a llquid,

Prior to the present inventlon, the rluld~type
gyntheslse process employing iron-type catalysts has been used
malnly for the productlion of hlgh-ootane motor fuels while all
other regetion preducts including higher bolling hydrocarbons
such as fuel olle, lubrlceting olls or waxes were of lesger
importance, Actually, hydrocarbons of the gaaoline and gas oll
range conatltute invarliably by far the major proportion of the
liguid product from conventlonal iron-catalysed synthesis
procesgea chlefly due to the faet that the high temperatu;es
and preésurea required for satlsfactory converslon on iron
catalyst are unfavorable to the formation of high-meolecular
welght céﬁpounds. When producte of a substantiglly higher
molecular welght were deslired in more aignificant yieldse, 1t
had been neceseary heretofore to use different catelysts,
particularly cobalt-~type catalysts, whose application is as~
goclated wilith milder temperature and pressure conditione, The
market demaﬂd Tor the various hydrocarbon producte varies
greatly within relatively short times and depending on locatlion,
Howeﬁer, it 1g herdly feaalble toc fellow every change in market
demand by a chenge 1ln the catalyst used, because this would
regulre a complete redealgn of equipment and operatlon, There
1a therefore a atrong need for a simple means adepted tﬁ change
the molecular welght dlstribution of the hydrocarbon product of
the 1ron-catalyzed synthesla process, The present invention
fills this neeqd,

It 13 therefore the principal object of the present
inventlion to provide an ilmproved procese for the catalytic
production of wvaluable synthetic products from CO and Hg, which
is more flexible with respect to the molecular welght or the

products formed,
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1 A more speciflo oblect of the invention 1la to

provide an lmproved process of the type speclified which employs

iron catalysts in the fluildlzed state,
Other objects and advantages wlll sppear herelnafter,
It has been found that the molecular welght of the
gynthetlic products formed in the catalytic converslon of CO with
Ho on fluldized iron catalysts depends to a large extent on the
oxygen content of the catalyst. More specifically, 1t has been
found that the moleocular welght of the syntheslas products
10 Ancreases substantlally when the oxygen content of the catalyst
inereases, until large proportlons of waxy materlals are formed,
Based on this discovery the present inventlion provides for a
control of the oxygen content of iron synthesls catelysts 1ln
aocordance with the desired moleculer welght or wax content of
the synthetlc product,
Unreduced iron catalyst which usually is substantlally
Fe304 or F9203 has an oxygen content of about 3%8-43%, based on
pure iron, Theoretically, therefore, highest ylelds of wax-llke
and other high molecular weight productae should be obtalnable
E 20 when using unreduced catalyst and this has been found to be
astually the case, Howsver, 1t has been found that oxygen contents
of this megnltude serlously interfere wlth a proper opqration, and
varticularly with preoper fluld operation of the synthesis process,
The cause of these dAlfflculties 1s bellaved to be excesslive
formation of produets of highest molecular welght which at the
temperatures {500°~700°F.) and pressures (150-750 psig.) required
for the iron~catalyzed synthesls are deposlted on the catalyst,
Thege wax deposlte caunse agglomeration of the catalyst partlcles
to aggregates which cease to be Fluldizeble at the reaotlon
30 conditlions,
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This effect 1s demonatrated by the experimental data
reported in Teble I below which presents a summary of three fluld
syntheals runs carried out at an Hy:C0 ratio of about 2:1 and

wlth an lron oxide base catalyst promoted with 1,5% of i30,

Table I
Catalysat
Preparatlion Reduced Unreduced Unreduoced
% 05 on Cat,, Fe Basle 5 39.6 39.6
Pregsure, Palg, koo uo0 400
Catalyst Temperature,
Specified, °F, 650 650 650
Catalyst, Temperature,
Max, Range; °F, 650-655 650-743 650-783
Feed, V/V/Hr, 1350 1330 1230
Duration of Run, Hrs, 387 38 B

It will be seen that 1n the run using reduced catalyst the maximum

: tempéramuré'range throughout the catalyst mass was only 5°F. for

a durestion of sbout YOO hours while the runs using unreduced
entalyst had to be discontinued after lese than 50 hours when

the temperature renge over the catalyst bed epproached or excseded
100°F, as a result of poor fluldization,

In accordance with the present inventlon, therefore,
the oxygen content of the ocatalyst mass le malntalned somewhere
between complete reduction and complete oxidatlon, A broad
operation range 1s an oxygen content of up to about 35%, based on
pure lron, wlthin which specific values may be pelected depending
on the amount aﬁd_molecular welght of high moleoular wéight
producta desired, More specifically, it may be stated that
satisfactory ylelés of waxy materlals may be obtalned at oxygen
contents of the catalyst of about 10-30%, based on pure iron,
without affeoting the fluld characterlstlics of the catalyst mass,

In accordance with one embodiment of the invention

the oxygen content of the catalyst 1s controlled by the addition

. of oontrolled amounts of fresh unreduced fluidizable iron

catalyst to a fluldlzed mass of substantiglly reduced 1lron
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catalyst in synthesais operation,

Between about 24 to 10% of catalyst inventory per
day of unreduced lron oxlde catelyst may be added to a hydro-
carbon synthesls raactorVOOntaining reduced or partlally
reduced lron catalyst depending on the desired molecular welght
of thes product, The addition of iron oxlide catalyst 1n these
amounts to a bed of substantislly reduced iron catalyst avolde
the operating difficulties caused by the formation of excessive
quantltlies of high boliing hydrocarbone and the resulting proper
fluidization conditions, The actual total oxygen content of
the catalyst mass is greater than the equlvelent of oxygen
added wlth the unreduced catelyst, because the iniltially reduced
catalyst 13 likewlae oxidlzed at the syntheels conditions until
1t reaches an equilibrium content of about 5-20% of oxygen,
based on pure iron, Thus thls embodiment ¢f the Anvention
provides for the introcduction of unreduced 1ron base catalysts
in deslirable incremental quantltiss to the hydrocarbon synthesie
reactor depending upon the molecular welght of the hydrocarbons
in the oll that 1t is desired to obtain, upon the level of
conversion 1t is desired to malntain, and upon the desired level
of the fluildized catalyst in the reactor,

In gome types of operation there may be an 'expansion
of catalyst volume because of carbon deposition and catalyst
fragmnentatlon, in accordance with the embodiment of the present
inventlon Just desoribed any dewsirsed volume of catalyst in the
reactor and substantially any carbon concentration on the
catalyst guch as between sbout 15% to about 25% by weight of the
reduced catalyst may be maintained by withdrawing, continuously
or perlodically, sasppropriaste quasntltliea of used ocatalyst from

the upper portlon of the bed whers the particle size is smallest
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and the carbon concentration on the catalyst 1s greatest and
adding controlled quantities of unreduced catalyst., Since un~
reduced catalyst has a tendency to become partially reduced
under operatlon condltions, sn equllibrium state between re=
duced and unreduoed Eatalytic materlal contalning oxygen in an
amount between about 10% and 30% by weight of the reduced catalyet
may thus be malntained by control of the withdrawal of the used
catalyst and lntroduction of the unreduced catalyst., The
molscular welght of the hydrocarbon product may bes controlled
in this manner,
Example I

The following data 1llustrate the effect of intro-
duetlon of unreduced catalyst into the system in accordance with

this embodliment of the invention,

TABLE II
Conditions g
Temperature, °F, © 6R0
Pressure, psi . 4o
Throughput, vﬁv/hr 3500
H2:00 Ratlo : 2/1
Linear Velocity 0,37 rt/sec,
Catalyat :
ypeo Ipon oxlde base
Unreduced Os-gontent 39% based on Fs
Average Particle size G0 mlcrons
Pour 011 Oyt ,Yield

Point of  Recowered cc/m3ot-
- Catalyst Catalyst Collected ce/md of Hp + €O

Hours Started . Added 011,°F,  Feed Consumed
22-4% Reduced 60 100 - 143
(638 g.)

7093 ~60 93 185

115-138 ' - Unreduced +5 116 202
1b8g,

182193 Unreduged  +30 116 190
168z,

218-229 Unreduged - +55 9l 175
lo8g,

230~253 : _ +140 107 191

254277 “5 103 190
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Cafalyet amountlng to about RO%'of the sxpanded catalyst volume
was withdrawn at Hour 93 and Hour 15% from an upper portion of
the reactor,
Examle 2

Given in Table III are results that were obtalned in
another run which was made with the catelyst of Exsmple 1 under
substantlally the same conditions as were smployed in Ta?le i1

but wlthout addlition of unreduced catalyst,

TABLE IT1

Conditlions

Temperature, °F, 650

Pressure, psig 100

Throughput,v/v/hr 1360

H3/00 Ratio 2/1

Linear Velocity,ft/

gec, 0,37
Catalyst
ype Iron Oxide Base

Op content after reduction 5% based on Fe

Average Particle Size 96 microns
VYol, Yields, Vol, % of Cy+ % Unsatig. Res,0.N."2cc TEL
Excess Oy 15,0 5
Gasolline 62,4 82.0
4Yo0°F, + Bottoms 22,6

The presence of a high percentage of gasoline and a relatively
low percentage of 400°F, bottoms which cooperate to eetablish a
pour point of the total g%; recovered of the order of -50,
demonatrates the fact that the completely reduced catal&at was
not conducive to the formation of wax-type conatituenta,

From these data 1t will be seen that the addition of
unreduced catalynt causes an increase in the moleoular welght
of the product since three addltions of unreduced catalyet in-
creaged the pour point from =60 to +55°F, However, when the
addltion of unreduced catalyst was dlscontinued, the materinml
became less waxy indlcating that the tendency to form high
molecular welght material is 2 transient condition when unreduced

catalyst 1ls added,
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It is evident, therefore that the molecular weight of the
reactlon preduct can be controlled by the addition of unreduced
catalyst to the hydrocarbon synthesis reactor,

fﬁ In accordance with a further embodiment of the in-
vention the oxygen content of the iron catalyst, and with it the
molecular welght of the synthetioc product, 1s controlled by
pericdic hydrogenation and/or oxidation of the catalyst in situ
or in asesparate treating equlpment, Depending on the desired
molecular welght of the reactlen product and the equllibrium

10 oxygen content of the iron catalyst at the prevalling synthesls
conditlons the gynthesls gas supply may be perlodically replaced
by the supply of a more strongly oxidizing gas such as air, COo,
gteam and/or oxygen or of a more atrongly reduclng gas such as
pure hydrogen or a gas gixture richer 1n hydrogen than the
synthesls gas used, Slmilar treatments may be carrled out in
gseparate treating zones, without interrupting the synthesis
reaction, by periodlcally or continuously circulating sultable
proportions of the fluldized catalyst from the synthesls resotor
to the treating zone and back to the synthesis reacior in a
20 manner well known in the art of fluid solids handl ing.

Sultable catalyst oxidation conditions lnclude treating

wlth steam alone or with steam~slr mixtures contalning 1 to 10%
Op ‘at 0-750 psig,, HOD-750°F, and velocitiea from 0.3 %o 1,5
ft,/eec, specific condlitions depending on the degree of oxldetlon
deslred and the nature of the ocatalyst, Hydrogenation may be

carried out quite generally at 0~750 psig., 650°~1100°F, and

0.3 to 1.5 ft,/sec, with pure Hy or with gases rich 1in He
depending on the deslred oxygen content of the catalyst and the
nature of the catalyst. o

30 The oxygen content of the catalyst may be also controlled
in situ wlthout interrupting the synthesisa reaction, by altering
the nature of the enteripg feed to give a more oxidizing or more
reducling atmosphere 1n‘the reactor, The oxidlzling activity of
the feed may be convenlently increased by addition of extraneous




10

20

30

526205

]l -

steam with the total feed, or by decreasing the ratio of Hy/CO+COp
in the feed, and dscreased by increasing the ratic of Hp/CO+CO,
in the feed,

Ex le
Another run wes conducted as follows:
Conditions
Temperature, °F. 6RO
Preasure, pal 4oo
Throughput 5v/hr. 3500

200 ratio 2/1
Lfnear Veloclty,Ft./sec. 0O,B~0.6

Catalyst
Jpe Iron Oxide Base

Op Content After Reduction < 5% based on Fe
Average Particle Size 70 microne

The run was interrupted after 359, hours no appreciable amounts

of wax having been formed to this point, Durlng the interruption

" of the run no precautlons were teken to avold oxldation of the

catalyst. When this catalyst wae placed back on stream at the
same condltionp appreclable wax formation wag observed in sus-
pension in the hydrocarbon product and temperatures indlicated
poor fluldlzation,

Thereafter the catalyst was reduced in altu wlth hydro-
gen at 700°~750°F, and 400 psig, pressure for 26 hours, When
the réducsd catelyst was placed back on stream at the condltions
specified above, the hydrocarbon product collected did not ghow.
any evidence of suapended wax,

The advantages of the inventlon and preferred means Ior
securing the same wlll now be further explalned with reference to
the asccompanying drawing in which

Figure 1 s a graphlcal 1llustration of the relatlionship
between oxygen content of the catalyst and wex formation in the
reactor; and

Figure 2 1a a semldiagrammatical view of equipment
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sultable to carry out the preferred smbodiments of the invention.

Referring now to Figure 1 the ocurve shown therein
represents an evaluation of varlous fluild type synthesls runs
carrled out at substantislly identical conditions except for the
oxygen content of the catalyst. The eseentlal reasction condltions
are given in the legend of Figure 1. The catalysts used wers as
followa:

"NH3 Synthesis Catalyst" (Runs 1 and 2) is a fused high
purity magnetite promoted with about 1,5% of K50 and about 3% of
alumina, and initlally reduced by treating with H2 at 250 paig,
and 725°F. to an oxygen content of{ 5%,

"I\ll'l3 Synthesis Catalyst, Precarblded"(Bun 3) ia the
“NH3 Synthesis Catelyst" first reduced as above and then sub=
Jeoted to a tremtment with an &/1 Hy/CO gan ﬁixture at 623°F,
and atmospheric pressure in fluld operation for & hours,

"1.5% KpCOz Resintered Pyrites" (Runs 4 and 5) is a
sintered iron pyrites esh resintered with alr in the presence of
about 5% of ooke and 1,5% of K00z at about 2200°-2500°F, end
inltlally reduced as lndiocated above to an oxygen content of <5%.

The oxygen content of the catalyat used for the correla-
tion with the wax formation was determined by analysis of samples
wlthdrawn during the runs, The same procedure wae uged to
determine the wax formation on the catalyset,

It will be seen from the curve that wax formatlon
1ncréases rapidly as the oxygen content inereases, eubstantially
alike for all three catalysts tested. Wax formation mey there~-
fore be readily controlled by controlling the Ox¥gen content of
the catalyst under otherwlse equal condltions,

Referring now to Figure 2 of the drawing, referencs

numeral 10 lpndicates a reaction vessel wherein a mixture of
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nydrogen and carbon monoxide admitted through line {12) 18
brought into contact with e fiﬂely divided catelyst mass (16)
in & fluidized condition, The catalyst 1e initlally added to
the system through line (18) from hopper (20), Catalyst may
also be added through line (22) from hopper {24), Vessel (10)
18 provided with & catalyet withdrawal line (26) and a gas
dlatributing means, such as a grid (14), One or more gas~soiid
gseparating unlts such as cyclone separator {30) with dip pipe
(32) may be arranged in the top of vessel {(10), Cyclone
geparator (30) is connected to a discharge line (28),

The hydrogen and éarbon monoxide supplied through
1ine (12) and grid (14) pass upwardly through the catalyst {16)
at a linear velocity of between about 0,2 to 5 ft, per second and,
preferably, from about 0,2 to 1,5 ft. per second to convert the
fineiy divided catalyst into a dense puspension of catalyst
resembling s boiling 1lquild ln sppearance and bshavior, The
ﬁarticle slze distribution of the cataly;t may be between about
1 micron and 500 microns and, preferably, as follows: 0~20 M
= 20~30%, 80+ =30-40%, The denelty of the fluldized mess may
be from sbout 30 to 150 pounds per cubic foot depending upen
the emount of the catalyst in the veséel (10}, the average
particle size and the gas veloolty. The fluldized mass malntalns
6 general level (L) 1n the reactor some distance from the top
of the vessel, éﬁall quantlities of catalyét fines are carried
overhead, The denslty of the phase above level {L) may be about
0.1 to 0.2 pound per cubic foot, The catalyst material s
preferably metallic iron promoted with a mlnor amount of a
potapslum compound such as from about 0.%% to 1.5% potasslun
carbonate, Materlal of this type may be 1lnitlally added to

reactlon vessel (10) through line {18) from hopper (20).
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After the reactlon has proceeded for some time, & portlon of

the catalyst moy be withdrawn through line (26) and a corresponding
quantity of catalyst added through line (22) from hopper {2%),

The catalyst supplied through line (22) is fresh unreduced

catalyst prepared from an iron oxide,

The reactlon conditlons in vessel {10) msy be as

follows:
Brogd Range Praferred Range
Temperature, °F. f 500750 625-725
Preasﬁ‘ég.;p's}g,: ‘ 100~750 400-600
Linear Velocity, Ft./sec 0.2-5,0 0,4-1,5
'Fluidized Catalyst Denslty Lbs,/Cu.Ft.  10-100 20~60
Faed‘rétaiiCu-Fniﬁé¥ CQ/Hr,/1b, of
. Catalyst 5=40 10~40
Lt i_ The heat generated by the reactlon msy be absorbed

.

Y.ény’conventional cooling meens not shown,

At the conditions specified a dilute suspenslon of
catalyst fines entrained in gasiform products passes into the
upper portion of reaction vessel (10) above level (L) and enters
eyelone separator (30}, Catalyst separated in cyclone separator
(30) may be returned to the fluidized mass (16) through dip pipe
(32). The gases and vapors separated in eyclone (30) pass
overhead through line {(28) to a product recovery unit (34}, 1In
the product recovery unit (34) the reaction product is separated
1nt6 a water layer and a plurelity of fractions such as the
normally gaseous material largely consisting of normally gaseous
hydrocarbons, unreacted hydrogen and carbon monoxlde, a naphths,
fraction boiling usually up %o about UOO°F, and higher bollling
fractlons varying from gas oile to solid waxes, 1ln a manner
known per se.

In accordance with the inventlon, a balance may be



10

20

526205

15 -

maintalned between the catalyst withdrawal through line (26)
and the addition of unreduced catalyst through line (22). By
the control of this withdrawal and addltion, the nature of the
reaction product recovered in unit (34) may be determined with
respect to the relatlve proportion of hydrocarbons boiling up
to about YOO®F, to those boiling above HOO°F,

gimilar results mey bes obtalned by perlodically
admitting an oxidizing gas through line (12), in place of the
gddition of fresh unreduced catalyst through line (22), in the
manner previously described, For example, alr or alr mixed wlth
a diluent may be mdmitted at intervals of ahout 2l to 100 hours
for about 1 to % hours at the flow conditlions of the run while
malntalnlng temperatures of sbout 625° to 725°F, and preseures
of about 400 to 600 pslg. in reactor (10),

When 1t ie desired to reoxidize the catalyst wlthout
interrupting the synthesls reaction, catalyst contlnuously or
periodically withdrawn through line (26) may be paseed through
line (36) to a separate oxldizing vesgel (38) whloh mmy have a
construction similar to that of reactor (10), Alr may be
supplied through line (40) at conditione simllar to those of
the in-sltu oxldation described above, Reoxidlzed catalyst may
be withdrawn through 1ine (42) from the bottom of vessel (38),
mixed with fregh or spent syntheele gas supplled through line
(44) and then returned through line (46) as = dilute solids=-in-
gas suspension to reactor (10) under the peeudohydrostatic
preassure of the fiuldized mess ln vessel (38), It w11l be
understood that vesasel (38) may also be used as a reducing
zone uelng hydrogen at reduclng conditlons, in a generally
analogous manner,

Other modifications of the system l1lllustrated in the
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+ AGrawing may appear %o those skilled in the art without departing
from the splrlt of the invention,

The preceding description and exemplary operations
have served to i1llustrate the invention, but are not intended
to 1imit the scope of the lnvention, Only such limitatlions
should be imposed on the lnvention ag are indlcated in the
appended clalms,
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The embodiments of the invention in whiech an exclusive
“property or privilege is claimed are defined as follows:
1. The process of increasing the content of high

molecular weight hydrocarbeon in the total liguid product

synthesized from a gas mixture of hydrogen and carbon monoxide
which comprises passing said gas mixture at a temperature of

f between about 625 and 725°F. and a pressure of between about
LO0 to 600 pounds per square inch in contact with a catalyst
conéisting of a major amount of metallic jron and iron oxides
promoted with a minor amount of a potassium compound, said
conditions corresponding to a normal equilibrium content of

g betwegn about 5% and 20% of oxygen based on total iron in

the catalyst while producing a yield of total Ci % product
overhead of at least about 175 cc. per cubic meter of Hz$CO
consumed at a synthesis gas Hp to CO feed ratio of betwsen
about 1:1 and 2:1, said product containing normally an amount
of high molecular weight material insufficient to raise the

ﬂ' pour point of the total product abowe about 0° F., railsing the
| oxygen concentration of said catalyst te a value above said
normal equilibrium value, within the range of about 20% to 35%
by weight of O based on totdal Fe, and maintaining said increased
oxygen content continuously for an extended period of time to
produce a total C % product containing an increased amount of
high molecular weight products over that normally obtained

at said operating conditions.

2. The process according to claim 1 in which said
gynthesis reaction is started with a fluidized mass of substantially§ 
reduced catalyst, and in which fresh unreduced iron oxide catalyst .
is added continually to said reduced catalyst during the course
of said reaction in amounts sufficient to maintain the oxygen
content of the total catalyst at a value above said equilibrium

rangge.
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.. 3, The process of claim 2 in which about 2 to

Iﬁ% of fresh unreduced iron oxide catalyst, based on catalyst
inventory, is added per day.

4. The process according to claim 1 in which the
total catalyst in the reaction zone is kept thoroughly mixed
in the form of a turbulent fluid bed, an aliquot portion of said
total catalyst is continually withdrawn from said fluid bed
and allowed to oxidize spontaneously in an oxygen containing
gag, controlling the oxygen content of said latter gas to
avold overheating of the catalyst, returning sald reoxidized
catalyst to the reactor, and controlling the rate of said
catalyst withdrawal and its return after reoxidation to supply
an amount of iron oxide sufficient to maintain the total oxygen
content of the catalyst in the reactor at gaid level substantially

above the normal 5-20% equilibrium oxygen content.
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