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This invention relates toc maintaining the activity of finely
divided or supported metal catalysts which are employed in hydrosarbon
synthesls from hydrogen and carboq'monoxide Qnd/br in desulfurizing gas
stfeams. More particularly the invention relates to a fluidized solids
gystem whorein contact of motul ocatalysts with gasiform fluids is effected
and the oatalysts subsequently &are subjected to oxidation followod by row
duction befare contacting the metal catalystas with additional quanitites
of gaaiform fluids. o |

The presaﬁt invention provides a process of obtainlng synﬁhasiﬂ

products by reastion of carbon monoxide and hydrogen wherein a gas

.mixture comprising carbon menoxide and hydrogen 1is. contacted with

synthesis oatalyst under synthesls oonditions, which comprises employihg

- ag a catalyst iron partioies which have been made catalyticelly astive
by an oxidation gtep at high temperature followed by a reduotion step

~aleo at high temperature.

The present invention also provldes a process for synthesizing
froductaQby reaction of oarbon monoxide and hydrogen wherein a gas mix~

ture comprising oarbon monoxlde and: hydrogen is contacted with a synthesis

catalyat under synthesis temperature conditions, which comprises employing ag a

":synthasis catalyst finely divided iron whiok has been oonditioned by subjeotins

a suspended densa liquld-like mass of finely divided iron to oxldation

and to reduction at temperatures substantially above the synthesis

temperature conditions.

The desulfurization of gases and vapers is & problem which has
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confronted the oll and gas industries since their inceptiocn, yet no alto=-
éethar satisfactory solution to this problem hus been found. An objest of
our invention is to provide & method and means for reducing the sulfur
content of gases and vapors in a more effioclent manner and with a lower
investment and operating cost than required by any other process.

In the Synthol process of producing hydrooarbons from carboen
monoxide and hydrogen it has heretofere been required that the sulfur
content of the synthesis feed gas be reduced below about..s grains and
preferably below about «2 gralns per 100 oubic feet of gas. To effeot
this degree of desulfurization it hes been necessary to employ expensive
squipment in a preliminary desulfurizing operation. It is an_objeet of
this invention to avoid such independent desulfurizing operation and to
affeot desulfurization with the synthesis catalyst itself. Anothér_objeot
of our inventlioh is to'provide a system wherein feed gases of relatively
high sulfur oontent.aén‘be oconomlcally employed:in the catalytic re=
duotion of oarbon oxides in the produstion of hydrooarbons;‘

A further objeot of this invention is to maintain an iron
catalyst in a high state of adtivity go that it m{y serve its intendsed
function more effeotively and fof a longer pericd of tims than prefiously
posegible.

$t411 ahathsrlobject 1s to avoid undue scoumulation of sulfur or:
gulfur compodnds iniiron catal&sts and to provide improved method and means
for removing sulfup ocompounds and for featofing the catalyst to a high
atate of aotivity. ‘A_sﬁéci:io object of qur_invention is teo prévidé @athod
aﬁd.ﬁeans'ror removing sulfur oompounds ffoﬁ gasiform fluids inoluding
CO-Hp mixturss and hydfoeirbon vapors.

The invention finds partioular utility in providing an economical
mathod and means for the conversion of sulfur-containing gases by the
eatalyﬁio raduction of ocarbon oxides. Therefore, it is another object of
this invention to provide an 1mprav6d method and means for intermittently

or continuously removing sulfur from the synthesis catalysts, restoring
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the activity of the catalysts and reemploying the reactivated catalysts in
a synthesis step. Other objects will beoome apparent to those skilled in
the art as the detailed desoription of our invention proocesds.

In praocticing our invention we employ a finely divided iron catalyst
which may be "fluidized" or maintained in dense turbulent phase suspension
in upflowing gases or vapors. Such catalyst 1s employed in m reaction
zone which, for example, may be a hydrocarbon synthesis conversion zone
or a desulfurizing zone. Before the catalytic effectiveness of the catalyst
is unduly reduced by sulfur acoumulations the catalyst is intermittently

or odntinuously contacted with oxygen or an oxidizing gas while suspended

- in saild oxidizing gas as a dense turbulent phase at a temperature within

the approximate range of about 1000 to 2000°F, Under such conditions the
catalyst is oxidized, the sulfur 1ls removed as sulfur dioxide and any
sarbonacecus daposits are removed as oxides of carbon. The oxidizéd
catalyst is then réduoed with hy&rogen or other suitable redueinglgas,

also at high tamparatﬁra so that the iron oxide is converted once more to

a lower state of oxidation and in most cases sudbstantially completely fo
metallic iron. For obtaining maximum catalyst activity we may alternntely‘
oxidize and reéﬁca the catalyst a number of times before again suspending

it in the reaction gas stream or we may continuously reoyels a substantial

. part of the roduced catalyst back to the oxidizing zome whils returning

the remainder of the reduced catalyst to the reaction zone. Likewise tho
oatalygt en route to the oxidation step can be employed to dssulfurize .
the feéd.gasea tﬁ the hydrocarbon conversion.

'Since.hhe temparature of a Synthel remotion zone is usuvally in
the general vieinity of about hDQ to 650°F. and the temperature in the
oxidation and reduction zones is abave 7006F.. preferably within the ép-
proximate range of 1000 to EODOUF-,‘tha‘problem presented is of utilizing
heat most effactively. Heat exchangers may be employed in sach of the

dense phase turbulent eatalyst suspensions or the temperatures of each

. deonge phass may be controlled by reoyeling catalyst therefrom to a heat




475403

exchanger and back to seaid dense phase but in the oxidation and reduction
stops eonsiderable advantage is obtained by employing a multi-stage-
sountercurrent system wherein the ocatalyst flows downwardly from dense
phase to denss phase countersurrent to upflowing gases. Thus the catalyst
itself may entor the top of the oxidiring zone at a temperaturs of only
about 4OO®F. or even less and as it proceeds from stage to stage in the
oxldlzer it becomes heated by the sxothermlo heating reaction so that it
will leave the base of the oxidizing szone at a temperature of about 14,00
to 1600°F. This hot catalyst similarly passes in stages downwardly
through a counterourrent reduction zone counterourrent to a cold reducing
gas introduced at its baso so thet a minimum amount of cooling is re=-
quired before the reduced oatalyst is reintroduced into the oonversion
zone. - Any net production of heat in the oxldation zone may be removed by
heat exchangers in the warious Aense_phasea or by the use of suffisient
inert gas along with the dkﬁgen to carry away the excess heat.

Another featurs of the sountercurrent oxidation and reduotion’
aystems is the more effiecient utilization of the oxidizing end reducing
gasea respectlvelys Since gases must be passed upwardly through dense
phase catalyst at a rather oritical veloecity im order to maintain the
desired dense phase conditions, the gas cannot be completely utilized
in a single pessage through the dense phaze. Where single stage oxidation
or reduction is employed, & substantianl portion of the gases leaving the
top of the respactive zone may be reeyeled to the base of said zone by
a.suitaﬁle‘cirohlating fan designed to withstand the high temparatﬁres
and erosive effects of Qny entrained catalyst particles. However, by
employing the multi-stago~coumtercurrent system a suff'icient number of
stages may be employed to effeotively utilize most of the oxidizing end
reducing gagas rospeotively thereby eliminating the neceszsity of gas
reoyoling.

The invention will be more olearly understood from the following

detailed description of speoific examples thereof read in conjunction




with the aocompgnying drawings which form & part of the specification and
in which

Figure'l is a schematic flow diagram of a hydrocarbon synthesis
sygtem employing our invention for catalyst reactivation;

Figure 2 is ; sohematic flow diagram of a countercurrent system
for effeoting oxidation and reduction.

Our iren catalyst may be prepared by igniting iron nitrate with
opticnally added promoters and in the presence or absencs of a carrier.
An iron nitrate sclution whioh may contain up to about 25% copper (based
on the iren) may be precipitated onto acid treated elay such as Super
Filtrol, Kieselguhr or other omrrier by alkali carbonates, then dried
and impregnated with about .5 to about %% of potassium carbonate. After
ignition the catalyst thus prepared may be introduced direotly into a

carbnn monoxide syntheais reactor and reduced.with hydrogen to metallie
. :it5£}?¥Uﬁ1éss #hg'qgtalyst is substantially completely reduced the Synthol.
:Qéaﬁﬁi$; ﬁay-§r6dﬁce-méfhane tﬁ.éha-exolusion.of"desirﬁd prbducts. o

The iron catalyst may be of ﬁha typo emplpyad for ammonia

-synthedis. Pure ironlmay be burned in a stream of oxygen, the oxide
(FGBdh) fused, and the fused mass broken or ground up and used as suoh.
Promoters may be addsd to the fused mass such, for exemple, as 2.5%
giliocon, 2.5% titania, 5% potassium pormanganate, ete. {(all peroeéntage
by welght based on iron)..

- As another example, catalyst may be propared by desomposing iron

carbonyl te form iron powder, adding 1% sédium carbonate or about 5%
of élumina to serve as a promoter, tﬁen palloting the powder with the
added promoter, sintering the psilets for about four hours at about 1550

‘ to iéEOQF. and finally reducing the sintered pellets at about 1550°F,

witﬁ-a reducing gas guch as hydrogen. Catalyst partisles prepared by

grinding up suoh pellsts-may-hava a bulk density of about 120 to 150

pounds per. cubic foota -

The cataiyat roferred to in the {ollowing examples is one in

.
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whioh the iron 15 deposited on a finely divided carrisr such as acid
treated olay (Super Filtrol), Celite, Kieselguhr, or the 1ike.. The iron
may be deposited on the ecarrier as iron nitrate, subsequently ignited and
roduced, or it may be dopesited in the carrier by iron carbonyl decomposiw=
tion theorein. The activity of the finsly divided iron entrapped in or
carried by the sarrier may be modified by the additlon of alkali metal
compounds and/br compounds such as the oxides, hydroxides, carbonates, or
halides of cerium, chromium, copper, manganese, molybdenum, thorium,
titaniwm, zirconium, apd the like. Such compound or compounds may be
added to the reduced iron catalyst in the agueous or dry state either
before or after reduction. Likewise, vaporizable carbonyls of cobalt,
iron, nickel or ruthenium may be deocomposed so that the corresponding
metal may be depesited in or on the ocarrisr or iron catalyst, preferably
in the presgence of a reducing gas.

_,TQQAinog,q;tg;ys? propared by the above methods or;éy ggyﬁcon-
ventlonal methiod should be of small particle size, i;é.‘éhogld have &
particle size chiefly within the approximate range of 10 +o 200 miorons
or preférably about 20 to 100 microns. When the catalyst is in such & fine

state of subdivision it may be "fluidized" by an upflowing gas stream

- and the vertical gas veloeity for such fluidization should be such as to

deorense the bulk density or inerease the bulk volume so that the catalyst

- particles will be separated from each other by a film of gas end thus

suspended in a dense but highly turbulent liquid-like phase which is
superimposed by a dilute or dispersed catalyst phase of very low density.
The density of the fluidized turbulent demse catalyst phase may be about
30 to 90%, usvally in the general vicinity of 50 to 6% of the density
of settled catalyst material. Such density-is obtained by employing the

propor vertical gas valocitiss; with iron catalyst supported on finely

-divided Super Filtrol such velecities may be within the approximats range

of 4 to i, SaZs about 1 to 2 feet per second. With heavier iren catalyst

particles higher velocities may be necessary.
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In Flgure 1 our invention will be described as it is utilized in

& hydrocarbon synthesis process. 4 hydrocarbon gas, such as natural ges
(which may be ohisfly methans) is introduced through 1line 10 to synthesis
gas preparation unit 11 end partially burned with oxygen or air from

line 12 under conditions to produce a gas mixture consisting eesentinlly
of earbon moncxide and hydrogen. The synthesis gas preparation may be
off'eoted at a temperature in the approximate range of 1800 to 2200°F. in
the absence of eatalyst or at lowsred temperatures in the pressnos of
catalyst. Ca}bon dioxide and/or steam may likewlse be ubtilized in the
synthesis gas preparation unit and the various gases may be employed in
"auch proportions as to &ield any desired ratic of hydrogen to carbon
monoxide. While 111 carbon menoxide=hydrogen ratioc can be used we prefor
to prepars a synthesis gas with about a 1:2 carbon monoxide-hydrogen
ratio. Any unreacted gades from the synthesis step may bo recycled either
direotly to the synth951s reactor or the synth351s gas preparatlon unit.
. éince no- invant1on 1s claimed in the synth631s gas prep&ratlon step per
se this step regquires no detailad description.

The eynthesis gas mixture contains at least 1 mol and preferably
about 2 mols of hydrogen per mol of carbon moncxide along with unaveidatble
diluents such as niltrogen and earbon dioxide. These diluents are relatively
inert and are uncbjectionable when present only in small amounts but if
they are allowed to accumu}ﬁte in any appreciable quantity the effective
oapacity of the reaotor will be greatly reduced. The partial combustion
of mothane with oxygen yields 2 synthesis gas containing approximately 2
mols of hydrogen per mel of carbon monoxide whioh gas mixturs is passed
by line 13 to synthesis reaofor il at a temperature of approximately
LOo%F., a comprossor 15 being employed when preparation unit 11 is operated
at a léwer pressure than resctor 14. The aotual hydrogens carbon monoxide
ratic in total gases entering the reactor may be considerably higher than

2:1 because of high hydrogen concentration in rasyeled gas as will ha

hereinafter pointed out.
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Reactor 1) may operate under a pressure within the approximate
range of 50 to 500 pounds or more per square inech, eeg. about 75 pounds
per square inoh and at a temperature within the approximate range of LH0
to 650°F., e.g. about 550°F. A commercial plant for producing approximately
LoOO warrels per day of hydrocarbon synthesis product ligquid (ineluding
butanes) may, when operating at 4 or 5 atmespheres pressure, require a
reactor at least about 30 feet in diameter and 60 feet high and the
rotention in the reactor of 2 to 3 million pounds or more of catalyst
meterial {inoluding catalyst support)}s Reaoctors of smaller diameter but
inoreased height will be required st higher pressures. With the supported
iron catalyst the reactor may be designed for an upflow gas velocity of
approximately i-1/2 feet per second. From these general principles the
reactor sizes, shapes, ete. may be determined for other catalysts and
operating conditions.

' The synthesls gas charge rate mey be in the general vieinity of
6,000,000 fest per hour {all gas volumes being at 60°F. and atmospheric
pressure). In this specific example the synthesis gas is introduced at
& pressure of about 5 atmosphores through a distributing plete or grid
16 above which is”the dense suspended fluidlzed mass of catalyst consist~
ing of about 10% by weight of finely divided iron earried by acid treated
clay such as Super Filtrol having a particle size ranging from about 1 to
100 microns, chiefly about 10 to BO miecrens. Temperature control may be
‘affected by suitable heat exchangers mounted within the reactor itself and
in which case the diameter of the reactor will be increased to compensate
for the cross-gectional ara; of the vertical heat exohange elements.
Alternatively temperature control may be effsoted by withdrawing fluidized
solids thersfrom, passing said solids through a cooler and returning them
to the reactor. Temperature may be effected by injecting a vaporizable
liguid, such as water or a hydrooarbon fraction directly into the fluidized
catalyst masss In the drawing any such temperature sontrol means ie

diagrammatically illustrated by cooling coil 17.




475403

To prevent entruined catelyst particles from being carried out of
the top of the reaoctor with the effluent gas streem we may employ oyelone
separntion means 18, the eyclene dip legs in this oase extending direectly
into the denss phase in the reactar. Alternetively we may employ ceramic
filters or any other known means of separating finely divided solids from
gases. The space velocity in the reactor may be in the general vieinity
of 50 to 500 or more volumss of gas per hour per volume of space ocoupled
by the dense catalyst phase in the reacter, e.g. about 150 ocubie fest par
hour per oubic foot of dense catalyst phase.

The effluent stream may be passed through condenser 19 which may
be of the tube bundle type or countsrcurrent liguid serubbing type for
effecting the condensation of water formed in the synthesis step. The
cooled produets are introduced inte separator 20 from which an agueous
liguid, iets the water togethor with water soluble products is withdrawn
through line 21. Gases ase introduced by compressor 22 to the base of
absorber 2§land serubbed with absorber oil intreduced through line EL for
recovering condensible hydrocarbons. The unabsorbed gases leaving the top
of the abscrbsr through line 25 may be recyeled through line 26 to
réaotor 1L, introdused by linss 27 and 28 back to synthesis gas praparation
uvnit 11 or vented through line 29, At least a part of the gases must be
vented to prevent nitrogen build-up in the system and it should be undar~
stood that suitable means may be employed for separating nitrogen from
gases to be reoycled in the system. The recycled geses may have a higher
hydrogensoarbon monoxide ratlo than the prepared synthesis gas mixture so
that in the reactor itself such ratio may be appreciably higher than 2:1,

The rich absorber oil passes through heat exchanger 30 to still
31 providead with heater %2, the overhead from the still passing by lines
3% and 3l to fractionator 25 and the bottoms from the still being returned
by line % through heat exchanger 30, cooleor 37 and line 21, back to the
top of the absorber.

Liquid  hydrocarbons from separator 20 pass by lines %8 and 3

to fractionator 35 and a portion of the liguid from line 36 uay be

v 10 =
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" introduced into the fractionator through lines 39, 38 and 3.
The fracticnation system is diagrammatically illustrated as a

single column f'rom which fixed gases are returned to the synthesis gas

preparation wunit by line 28, a normally gaseous hydrocarbon stream is
withdrawn through line 40, gasoline stream through line L1, heavier
hydrocarbon stream through line |2 and residual stream through line L3,
It should be understood that any known type of frasticnation and preduct
recovery moans may be employed and such means are contemplated by the
sehematic representation hersinahove set forthe.

The eatalyst in reactor 1} gradually loses its effectiveness
particularly when the charging stock contains éppreciable amounts of
sulfurs In order to maintain the omtalyst at substantially constant
activity we continuously or intermittently withdraw catalyst solids dirsotly
from tha dense phase in the reactor by means of standpipe L) which

t

proferably extends u%ﬁardly Into the dense phase and may be integrally

e

wgsseiated with the reactor wall. Catalyst in this standpipe is maintained

in fluidized condition by the inbtroduction of an aeration gas through

1 line 45 which gas may be & portion of the synthesis gas, recycled gas or

i the like. Oatalyst ig dispersed from the base of standpipe Li in amonnts

rogulated by valve 46 into eonduit 47 through which it is introduced

into oxidizing ohamber 4B by oxygen, air, steam or other oxidizing gas -

3 T introduced from §ourcs 49. Oxidizer LB may be relatively small in size
as compared with the reaotor and may, for example, bs a ocylindrical
vessel about 1 to 5 feet in diameter by about 5 to 15 feet in height.
The upward gas velosity in chamber 48 should be controlied to maintain
the catalyst therein as a dense turbulent suspended phase, ie.os in this
particular oase should bs of the order of about 1 to 2 feet per second.
Since the oxygen cannot be completely utilized in a single pass through
the oxidizing chember at least a part of the gas leaving the top of the

) cxidizer through line 50 may be reoyelad by blower 51 and line 52. At
least a part of the pgas including liberated sulfur dioxide, carbon

oxides, otes are vented from the system through line 53%. The oxidizer

- 11 =
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‘Ihéuld be operated at a temperaturs within the approximste range of
750 to about 2G00°F. preferably about 1000 to 1300 or for example about
12009F, and at a pressurs which is substantially the seme as that
employsd in reactor 1Y, Considerable hent is evolved in the oxidation
of the catalyst and such heat may be removed by heat exchanger diagrame
matieally illustrated by cooling oo0il 54. From a practical standpoint
ordinary heat exchangers ars not suitebls for such high temperatures and
it may be more desirable to obtain the temperature control by withdrawing
dense phase catalyst through a refractory conduit, cooling the withdrawn
catalyst by direct or indirest contect with water or other cooling fluid
and returning the ooocled catalyst to the oxidizing zons. The oxidation
is preferably contimied until suthéntially all of the suI}ur has besn
removed as sulfur dioxide and the ipon in the catalyst composition has
been converted into ferric nxidé.;i; 

The oxidized catalyét"maﬁébe‘withdrawn from the dense catalyst
phage and oxidizer 48 throughﬂs£gndpipe 55 at the base of which seration
gas is introduced through line 56 to maintain the catalyst in fluidized
condition. The oxidized catalyst may then be transferred through condult
57 to reducing chamber 568 by bydrogen or a hydrogen-rich gas introduced
from source 59. Here again the upward gas velocities are maintained at
such ra%e as to keep the catalyst in dense phase turbulent suspended
condition and to effect maximum utilization of the reducing gus s sub-
ctantial portion of it may be recycled by blower 59 and line &C whils
the remalnder, consisting essentially of steam, hydrogen, etc. is vented
through line 61. The reducing step will be effectad at substantially the
same temperature and pressure as the oxidizing step and if necessary or
desirable the temperature in the reducing ohamber may be controlled by
the use of a heaﬁ exchanger or catalyst recycle or by recyeling catalyst
through an external heater.

When the catalyst has been roduced to the desired lower state of

oxidation, preferably with the iron reduced to metallic form, it is

- 12 -
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‘fdﬁwnwardly withdrawn through standpipe 62 which is provided with a coolgr
6% for acoling the reduced eatalyst back to a temperature of the order

of 400 to SOODF. Here egain the catalyst in the stundpipe is maintained
in aerated form by the introduction of merntion gas through line 6h.
Catalyst is returned from the base of standpipe &l to reactor 1l through
conduit 65 by means of synthesis gas from line 66. Standpipe 5% and 62,
like stendpipe L, are provided with suitable wvalves at their base for
oontrolling oatalyst flow. We prefer to return catalyst te the fe&ctor
above distributor plate 16 although such catalyst may be introduced below
the distributor plate if the openings therein are sufficiently large to
permit distribution of catalyst as well as gases. Distributor plates may
likowise be employed in the base of oxidizer L8 and reducsr 58.

In some cases.&t may be &esirabla to return at leoast = portion of
the reduced catalyst back to the oxidizer and to alternatively oxidise
and reduce the catalyst & number of times before its return to the resotor;
this may be effected by employing & separate standpipe and transfer line
or by effecting trenszfer from the base of standpipe 52 directly beck to
the base of oxidizer LB through & conduit (now shown on FPigure 1) by
means of oxygen-containing gas.

In the system herecinabove described in connection with Figure 1 it
will be seen that the eatalyat is not only continuously or intermittently
fresed from sulfur but that it is likewise freed from any cther catalyst
polsens which are romovable therefrom by oxidation and reduction at high
temperatures. Furthsrmore, ths aotivity of the catalyst itself is enhanced
by the repeated oxldation and reductioh steps. The continuous or intere
mittent regensration of a portiéh of the catalyst permits the main reactor
to remain on stream for an indefinite peried of time with a catalyst of
high aotivity. Since the catalyst reactivdation effectively removes sulfur
from the systsm it bacomes unnecessary to employ expensive desulfurization
treatments of the hydrocarbons intreduced into the synthesis gas prepar-

ation unit or the synthesis gas charge¢ to the reactor.

- 13 -




~In Flgure 2 we have i1llustrated an oxidation~reductbion system
which can be effeotively utilized in the place of oxidizer L8 and reducer
58 of Figure 1. Here the deaotivated, contaminated or sulfur-containing
iron catalyst discharged from the base of standpipe L4 through valve L6
is picked up by any suitable oarrier gas, such as air or gas vented from
line 29 and carried thereby through line 67 to the upper zono of
countercurrent oxidizer 68. The enlarged upper part 69 of this oxidizer
enables the disengagement of the ecarrier gas from catalyst particles and

the carrier gus together with spent oxidizing gas, sulfur dioxide, etc.

x

. are rém?vgddthréugh the top of the oxidizer through line 70. Cyclone

A,sgpargtdg; or filters are employed where necessary or desirable.

[ The oxygen, air or oxygen-conteining gas is in this cage introduced

thrpugh line 71 at the base of the oxidizer and it passes upwardly

through dist;ibutor plates 72, 72a, T2b, 720, eto. at such a velocity as
to maintain dense suspended catalyst phases above each of these dise
tributer platas. The vatalyst flows from the dense phase above the top
distributor plate to the dense phase bhelow the top of the distributor
plate vie downcomer 73 and thereafter it passes downwardly from zone to
zone through downcomer 738, T3by T3¢, ete. the downcomer being above an

imperforate portion of the distributor plate so that the dowmf'lowing

Gense phase catalyst is out of comtact with the bulk of the upflowing

oxidizing gas« The downaomers extend a substantial distance above the
respective plates to insure the maintenance of dense phases of substantial
deptha. The downcomer 7% end perforate plates 72 can be replacead by trays
of bubble caps. Likewise an intermesdiate plate 72 or 88 can be imperforate
with gasiform fluid outlet below the plate and inlet sbove the rlate.

The counterourrent system is particularly advantegeous in ocur
prooess becauss it emables the preheating of incoming catalyst from a
temperature of about 550°F. to oxidation temporature of about 1000° to
2000°, preferably about 15000P. in the upper stages, the maximum oxidation

temperature being reached one or two stages above the bottom of the towsr.

-1 -
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 At the base of the tower the temperdture is somewhat reduced by the
relatively cold oxygen-containing gas stream but the catelyst is still
suffioiently hot so that it may be introduced %o the top of the reducing
tower at a temperaturs of sbout 1200 to 1300°F. Fdrthermore,-tha oxygen
is utilized so effiolently in the countercurrent system that resyeling of
the oxygen-containing gas is usually unnecessary.

Catalyst from the lowest stage in oxidizer 68 is withdrawn by
standpipe 7L while maintained in fluent form by aeration gas introduced
through line 75. The catalyst is discharged through valve 76 and carried
by a oarrier ges (e.g. from vent gas lime 29) through line 77 to the top
of reducer 78 which is similar in construction and opsration to oxidizer
68 and hence will reguire no detailed description. The carrier gas tow
gother with steam, residual hydrogen, ete. is vented through line 79.
Hydrogen or hydrogen-rioh gas is introduced through line 80+ The reduction
is effeoted in eountercurrent stages so that the hydrbgsn is effesoctively
utilized and although the satalyst is somewhat cooled as it pasges downe
wardly from stage te stage through colum 78 it will still be at a teme
parature upwards of 1000 as it leaves the base of this oolumn through
stendpipe B1. Such standpipe 1z therefore provided with heat removal
means 82, e.g. the column may be surrounded by a lecket for generation of
high pressure stesm. The catalyst in standpipe 01 is maintained in fluent
condition by saration gas introducsd through line 8% and it may bo dis-
charged from the base of the standpipe through valve 8l into line &5 for
return te reactor 1. The reduced catalyst may altermatively be recycled
via line 85 to the top of the oxidizer and thus be alternatively oxidized
anﬁ reduced a plurality of times before being returned to ths reactor.
Alternatively a part of the catalyst may bs cmtinuously returned to the
oxidizer while another part is returned to the reactor.

While our invention has been described in connection with the
synthesis of hydrooarbons from hydorgen and carbon moncxide it should

be understood that the invention is also applicable to the desulfurization

- 15 =
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of hydrooarbon gases, synthesis gases or other gas streams generally.

Thus reaotor Il may simply be a desulfurizing shamber into whieh sulfur
containing gases are introduced through line 13 and from which desulfurized
gases are removed, the size, the equipment and particular operating con-
ditiony depending upon the nature and amount of the gas sztream to be de=
sulfurized,

For simple desulfurizetion tho apparatus of Pigure 2 may be

employed. The gas to be desulfurized may be introduced through line 80,

e,

the desulfurized gas withdrawn through line 79, an oxidiszing gas

e

introduced through line &6 for conveying relatively spent ocatalyst through

line 85 and 67 to the top towar 78, an oxygen-containing gas introduced

“through line 71 and a portlon of the desulfurized gas from line 79

T M et

employed for introducing catslyst in the base of standpipe 7 back to the

T

top of tower 78. In this oase the oatalyst may be an iren catalyst of

the type hereinabove deseribed but it is preferably an iron catalyst pro=
moted by an aikali metal oxide, hydroxide or oar;;ﬁate, or by sopper,
nickel, or other known promoting agent. The temperaturs for ths desulfurize
ation will depend upon the speoific vatalyst and the nature of the sulfur

compound to be removed, relatively low tempsratures being satisfactory

for egaily removable gulfur while temperatures of the order of 100 to
H00°F, may be necassary for complete removal of gertain organic sulfur
i oompounds. In this case gny neoegsary reduotion of ths catalyst may be
effected simultaneocusly with the desulfurizing step per s» and the
4 sulfur compounds may be burned frem the catalyst in the oxidizing tower
at temporatures of the order of 750 to 1000°F., a ocooloyr baing employsd
in standpipe 7L if the combustion produses higher tomperatures than are
desirable in the sulfur removal steps No invention 4s claimed in the
use of any specifis eatalyst per se since such catalysts and operating
conditions therefer ars kmown to the art. The important feature of this

. aspeet of our invention is the multiestage countercurrent desulfurization

by means of {luidized solids.
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While specific embodimente of our lnvention have heen described

in considerable detail it should be understood that these examples are

by way of illustration and that the invention is not limited thereoto
since alternative modifications and operating conditions will be apparent
from the above description to those skilled in the art, For example, the
oxldation and reduction may be effected in the synthesis zome itself by
Interrupting synthosis gas flow and providing suitable heat exchange face
ilites. The oxidation may be effsoted by the use of steam at high tem=
peratures, thus predusing hydrogen for use in the process or elsowhere.
The reduction may be effectsd with methane or with hydrogen produced by
steam oxidation. The systom of Figure 2 can be modified for usa in
oxothermic or endothermic gas preparation steps for the synthesis. These
and other possibilities and altsrmatives are contemplated as coming

within the scope of the invention.

- 17 -
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Having regard to the foregoing disclosure, the patent on whieh

this specifiecation forms part confers, subject to the conditions preseribeil
in The Patent Act, 1935, the exclusive right, privilege and llberty of

making, constructing, using and vending to others to be used, the invention

41

as defined in claims submitted by the patentee as fellows:
1, In & process for synthesizing hydrocarbons from carbon monoxide

and hydrogen the improved method of operation whiech comprises eontacting

a carbon monoxide-hydrogen mixture in a synthesis zone under synthesis

conditions with an iron-type catalyst maintained in e dense furbulent

10 || suspended phase, withdrawing a portion of the irecn catalyst directly
from sald dense phase and Introducing said withdrawm cetalyst to an
oxidizing zone, passing an oxidizing gas upwardly in said oxidizing
zone &t such velocity as to maintain catalyst therein in dense turbulendt
suspended phase st a temperature of at least about 700°F, whereby

18 || oxidation is effected, reamoving catalyst from the dense phase in the
oxidizing zone and introducing it into e reducing zone, passing a reducing
: ([\ gos upwardly through seid reducing zone at such veloclty zs to maintain

+he cetalyst in a dense turbulent suspended phase and at a temperature

offective for reducing said catalyst and returning reduced catalyst from
20 ) the dense phage in the reducing zone back to said synthesis zone,

2. The method of synthesizing hydrocarbons frem carbon monoxide
and hydrogen which comprises contacting a gas consisting essentlally of
carbon monoxide and hydrogen in a synthesis zone under synthesls con-
diticns with a fluidized powdered iron catalyst maintained as & dense
251 furbulent suspended phase, withdrawing a portion of the fluidized iron
cabtalyst from the synthesis zone to an oxidizing zone, oxidizing the
withdrawm porbion of seid catalyst in seid oxldizing zone while maintain-
ing said catalyst in fluldized conditlon and at a temperature within the

approccimate range of 1000 to 2000°F,, withdrawing oxidizing catelyst from

30

the oxidizing zone to a reducing zone, reducing gald cmtalyst while maine
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‘gaid eatalyst through saild reducing zone countercurrent to a redueing
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taining said catalyst in fluidized dense phame condition et s temperature
within the approximate range of 1000 to 2000°F., withdrawing catalyst fram
said reducing mone to a cooling zonme, cooling said catalyst in said last~
named zone to & temperature which is not substanitially higher than the
temperature in the synthesis zone and returning said cooled catalyst to
said synthesis zone,

3, The method of syntheslzing hydrocarbons from hydrogen and
carbon monoxide which ebmprises contacting a hydrogen—carbon monoxide
mixture in & synbthesis zone under synthesis conditions with a fluaidized
powdered iron catalyst maintained-as a dense turbulent suspended phase,
continuously withdrawing a portion of said catalyst from the synthesis
gone to an oxidizing zone, pessing the iron catalyst through seid oxidiz-
ing zone qountercurrent to an oxldizing mediuwm in said oxldizing zone,

vithdrawing cabalyst from said oxldizing zone to & reducing zone, passing

medium, withdrawing catalyst from the reducing zone to a cooling zons,
eooling the catalyst to a temperature not substartially higher than the
temperature in the synthesis zone and returning sald coocled eatalyst to
sald synthesls zone,

4o In & process for producing synthesis products from carbon
monoxide and hydrogen by means of an iron catalyst material of small
particle size wherein the effectlveness of the iron catalyst tends to
bacone reduced by contaminating accumulstions thareon, the methed of re-
noving such accunulations which method comprises suspending confaminated
catalyst from the base of a fluidized catalyst colum in a gaseous stream|
conveying said catalyst by sald stream to an oxidizing zone of Telatively
large cross—sectional area, passing an oxidizing ges upwardly in said
oxidizing zone at such velocity ag to maintain the catalyst thereinm in
fluidized dense phase condition, maintaining a temperature in said
oxidizing zohe wi‘thin the approximate range of 1000 to 2000°F., with~
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drawing fluldized catalyst from saild exidizing zone as a dovnvardly
moving fluidized column, suspending catalyst from said colums in a second
gasedus stream and conveying sald catalyst by said gaseous stream to a
reducing zone, passing a gas upwardly through sald reducing zone at such
volocity as to meintain the ecatalyst in fluldized dense phase therein,

maintaining a temperature in said reducing zone within the aprroximate

range of 1000 to 2000°F,, withdrewing fluidized catalyst from the reducing

zone as & downwardly moving aerated cabtalyst column and returning at
least é part of sald catalyst from the bagse of said column to sald
oxldizing zone,

5. A process employing a powdered iron catalyst in a contacting
zone wherein carbon monoxide and hydrogen are contacted with said iron
catalyst under conditions for producing synthesis produchts and wherein
the activity of the catalyst tends to decrease with continuous use, the
method of maintaining said catalyst at high activity level which compris
continuously withdrawing catalyst from said contacting zone as & fluidized
catalyst column, introducing catalyst from said column fto an oxidizing
zone, passing an oxidizing gas upwardly in said oxldizing zome at such
veloclty a8 to maintain the ecatalyst in flwidized demse phase condition,
maintaining the temperature of gaid oxidizing zone within the approximate
range of 1000 to 2000°F., removing catalyst as a fluidized column from
pald oxidizing zone and introducing 1t into a reducing zone, passing a
raducing gas upwardly in said reducing zone at a veloclty to maintain
catalyst in fluidized dense phase condition and reburning catalyst
from said reducing zcne to said contacting zome.

6, The method of Claim 5 wherein the catalyst is Introduced
Into the oxidizing ard reduclng zones respectively at an upper level and
wherein countercurrent contact is obtained between sald catalyst and the

oxidizing and reducing gas respsctively.

L

]
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7. In a process for producing synthesls products from hydrogen
ard carbon monoxide by means of an iron catelyst supported on a carrier of]
small particle size which carrier likewise serves as a heat retention
material in which process the effectivensss of the iron catalyst tends to
become reduced by combustible accwmilations thereon in the contacting zonel
the methed of cperation which comprises introducing catalysh containing
such sccumilations from the contaeting zone to the upper part of an
oxidizing zone, passing said catalyst downwardly from stage to shbage through
said oxidizing zone while meinteining said catalyst in fluidized dense
phase condition, distributing the upflowing oxidizing gas inl each stale angd
passing said .gas upwardly through flvidized dense phase catalyét in each
stage whereby the oxidizing gas is effectively ubtilized and there is a
temperature difference fram stage to stage due to absorption of heat in
the catelyst and carrisr and transfer of heat beiween gases and solids,
withdrawing hot catalyst from the lower part of sald oxidizing zone and
introdueing it to the upper part of a reducing zone, introducing a re-
dueing gas at a low level in the reducing zone, passing catalyst down-
vwardly from stage to stage in the reducing zone in fluidized dense phase
condition, distribubing the upflowing reducing gas and pessing reducing

gas through fluidized dense phase catalyst in each atage, and returning

reduced catalyst from the lower part of said reducing zone to seld contach
ing zone.

&, A procees for converting carbon monoxide and hydrogen to
nornally liquid hydrocarbons which process comprises passing & carhon
monoxide-hydrogen mixture upwardly through a fluidized dense phasze of
finely divided iron catalyst particles under synthesis conditions,
perlodicelly oxidizing said catalyst by passing an oxidizing gas upwardly
therethrough at such vertical veloelty as to maintain the catalyst in
fluidized dense phase conditlon, maintaining a catalyst temperature with-
in the approximste range of 1000 to 2000°F, during the oxldation step,
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subsequently passing a reducing gas upwardly through sgald oxidized

g o ,‘\ﬂf'g_ In the method of synthesizing hydrocarhons from hydrogen and

1E§rbonjhonoxide, the steps which comprlse contacting a sulfur-containing

A7 x40

catalyst at such veritical veloclty as to maintain the catalyst in fluidizgd
dense phase conditlion and at & temperature for effecting reduction of the
cabalyst substentially to metallic state, and cooling said catalyst after
gsaid reducing step before again contacting seld catalyst with carbon

mﬁqoxide'aﬁd hydrogeh in the synthesis step.

I

-

streain of a hydrogen=carbon monoxide mixture with a fluidized powdered
iron synthesgis caﬁalyst while meintaining said cetalyst in a first

denge turbulent suspended phase, depositing sulfur zremoval from said
gases on said catalyst, contimuowsly withdrawlng a portion of sulfur-
containing catalyst from said first dense turbtulent suspended phase,
contacting‘the withdrawn catalyst with an oxidizing gas in a second dense
turbulent suSpended phase whereby sulfur is removed from the catalyst,
transferring the desulfurized ecatalyst to a third dense turbulent sus-
pended catalyst phase, contacting said catalyst with a reducing gas, and
employing the said reduced catalyst in a hydrocarbon synthesis step,

10, In the method of symthesizing hydrocarbons from hydrogen and
carbon monoxide, the steps which comprise contacting a sulfur-containing
stream of a hydrogen-carbon monoxide mixture with a fluidized powdered
iron synthesis catalyst while maintaining said catalyst in a flrast dense
turbulent suspended phage, depositing sulfur removed from sald gases on
said catalyst, continuously withdrawing a portion of sulfur-containing
catalyst from sald first dense turbulent suspended phase, contacting the
withdrewn catalyst with an oxidizing gas in a second dense turbulent
puspended phase vhereby sulfur is removed from the catalyst, transferring
the desulfurized catalyst to a third dense turbulent suspended catalyst
phase,. contacting said catmlyst with a hydrogen-containing gas, and con-
tacting the so reduced catalyst with & mixture comprising hydrogen and

carhbon menoxide under synthesis conditions,
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11. In a process for effecting a carbon monoxide~hydrogen
synthesis reactlon the improved method of operation which campriseé con~
tacting a carbon monoxide-hydrogen mixture vnder synthesis condit:j.ons with
an iron catalyst of small perticle glze by paasing said mixbui'a upwardly
in contact with a mass of sald catalyst al such velocity as to maintain
a dense turbulent suspended catalyst phase puperimposed by a light dis-
persed vhase, withdrewing synbhesis products from the light dispersed
phase, withdrawing a poi'tion of the iren ecatalyst as a downwardly moving
colum directly from the dense phase and introducing sald downwerdly with-
drawn catalyst to an oxldizing zoﬂe, passing mn oxidlzing gas upwardly in
sald oxidizing zone at such velocity as to raintain catalyst therein in
suspended dense turbulent phase under conditions for effecting oxidetion,
removing a gageous phream £rom the upper part of sald oxidizing zohe,
separately removing catalyst from the dense phase in the oxidizing zone
as & downwardly moving column, reducing the catalyst removed from the
oxidizing #one and employing said reduced catalyst for effecting further
synthesis in sald contacting step.

12, Tn = process for effecting a carbon monoxide=hydrogen
synthesis resction with an iron catalyst of emall particle size wherein
the effectiveness of the catalyst is decreased by the accumlatlon there-
on of oxidizable materisl, the method of operation which comprises intro-
ducing catalyst containing such oxdidizable material into an oxidizing
zone, passing an oxidlzing gas upwardly in said oxldizing zons at such
velocity as to maintain said catalyst therein in suspended dense vhasge
turbulent condition at a temperature sufficlently high to effect oxidatiop
of the oxidizable material, removing ecatalyst from the dense phase in the
oxidizing zone and introducing it into a reducing zone, passing & re-
ducing gas upwardly through the reducing zcne ab such velocity as to
paintain the catalyst in suspended dense phase turbulent condition and
at 8 temperature effective for reducing the catalyst 4o active condition

and effecting hydrocarbon synthesis wlth said reduced catalyst.

' H
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13. In a process for preducing symbhesls products from carbon
nonoxide and hydrogen by means of an iron catelyst material of emall partis
size whereln the effectiveness of the catalyst material tends to gradually
decrense on account of oxidizable conteminating acoumulations thereon, the
method of operation which comprises contacting carbon moncxide and hydrogeL
with seid catalyst in a synthesis zone under synthesis conditions with
guch an iron catalyst meintained in suspended dense phase turbulent con—
dition, withdrawing = portion of the iron catelyst directly from the dense
phase in the synthesis zone end introducing said withdrasm catelyst o an
oxidizing zone, passing en cxidizing gas upwerdly in the oxidizing zome ab
such veloeity as to maintain the catalyst therein in suspended dense phase
turbulent condition at a temperature sufficient to effect oxidation of
said oxidizable contaminating acscumulations, removing cabalyst from the
dense phase in the oxidizing zone, reducing the removed catalyst by passing
a reducing gas upwardly therethrough at low velocity and at a temperature
in the range of about 700° to 2000°F, to increase its effectiveness in the

synthesis zone and effecting removal of catalyst from and refurn of

1le

eatalyst to the synthesis zone at such e rate as to mainbalin a substantially

constant catalyst activlty in seid synthesis zone,

14, In a process fof effecting a carbon monoxide-hydrogen
synthesis reactlon, the improved method of operation which ccmprises con-
tacting & carbon monoxide-hydrogen mixture under synthesis conditions
with an iron catalyst of amell particle size by passing said mixiure up-
wardly in contact with a mass of said catalyst at such veloeity as to

neintain a dense turbulent suspended catalyst phase superimposed by a ligh

<

disperged phase, withdrawing synthesls products from caid 1light dispersed
phase, separately withdrawing = porbtion of the iron catalyst directly from
+he denge phase and introducing sald separately withdrawn catalyst to a
second contacting zone, passing an oxldizing gas upwardly in said second

contacting zone at such velocity as $o maintain catelyst therein in sus-

IRTTES
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pended dense turbulent phese under conditions for effecting cabalyst oxidT

tion, then pessing a reducing gas upwardly through oxidized catalyst

material at low velocity and at a reducing temperature for a time sufficignt -

+to convert oxidized catalyst to active catalyst, introeducing sald active

eatalyst to the first-named contacting step for replacing catelyst withe

[5]

drawn therefrom, and effecting withdrawal of catalyst from and Introduchiq

o

of notive catalyst to said first-named contacting step at such a rate as
meintain a substantially constant cetalyst activity therein.

15, The method of Claim 14 wherein the reducing bemperature 1is
within the range of about 1000° to 1300°F. during at lemst a part of the

fime that oxidized catalyst is being converted to active catelyst,
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