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the particles in a vniform dense flinid phase, the effluent

levael of the fiuid phase and are, aqe*eaiter,cﬁuhjacﬁ%d tu

:trsntment for ssparation znd recovery of the dealired praducts

‘el raggtiou. Simpltanesusly, catalyst, in a state of high

Tha present imvention relabtss to the synthesis of
hydrocarbons, oxygenated hydrocarbens and mixtures therssf by
tha catalyzic reduction of carton oxids with hydrogexn, and
mores specifiezlly, is concerned with imprnviﬁg_the vield of
degired produet rﬁétiona by passing the reactants upwardly
through a fluid phase of solid porticle synthesis catalyst,
the upper or outlet porticn of which is eentinually suppliéﬁ
with catalyst particlea of kigh activity.

In partlcular, thersfore, the invention gontemplates]
mainteindng a high catalytic activity of the fluidlzed cons
tact mase at a polnt substantially above the bottom or cata-
lyst ouwtlet zsectien, and preferably adjacent.the uppar lavel
of the Fluidized mass where the resgtion gases emerge from
contast with the catalyst,.in order o effect & morTe cowplete
gonsumption of relativelyfdilu;e rsactants exiatiﬁg at this
polnt apd thus form additional desired produets of reactlon.

Ty this enuq]a stream of synbhssiz gas compriging
essantially hvdrogen and'carbon mnnuxide iz contlnwally nassod

upvardly through a mass of synthesis eamtalyst particles under

reactlon corditione at a linear weloecity effective tg malintein

gagiform produets are withdrawm from the upper, naeude~ligquid

catalytile aetivity, Is drawn off iron the lowver portihn-cf
the reacticn gone in the vicinlty of the ppoint of ictroduction
of the reactant feed ztream and continuously reintrodueced
irto the rezebion zone at a level substantially abowe the

bottom or reagtant inlet zope, and preferably at about the
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unper surface of the dense fluld phose. It is contemplatad

[ effecting such bottom withdrewal sud teop reintroduction of

[

the particlss at 2 relatively high rate, zuch Lhzt the unper
gertion of the contoct mens 1s continuously ceocupisd by a sube
3 stantizl nroportion of high getivity particles,

The inventlon morenver partiouisrly conﬁeﬁplates
transportation of the satalyst from the bottom to the wnper
g portion of the reaction zons, without substantisl alteration
or degradation, that is, without impairing its characteristio
10} conditicn of high zetivity.  For example, cne objection iz to
avold any substantlal oxidizing influence &g by conbact with

steam or other oxidizing agsnt st an elevated Lemperature.

Por similar reaszon, reduction or other chemical change 1=z
likawise avplded, prefersbly by maintai;ing the gyeling parti-
sy 153cles under cunditinns of =whztantisl imertness. |

K iépéﬁava intimatad, the catalyst recyele to the
upper portilon of the reactlon wmone i1s effected at a substan-

tlal rate sufficient te insure the preseace ol &n efPective

Proportion of the highly eective particlea in the upper or gas
20 outlet portion of the Fiuid phase, More specific&lixﬁw;he

| invention generally involves the downward movesment of the
eatalyet mass throuch the reaction gona with a lipear valoeity
!uf at least about twles the linsar veloelty o the geseous.
strean {lowing upwardly through the reaction sone ) prefaraﬁlr
2 lihe downward velocity of the catalyst ig at least about five

T

times the upward velocity of the gaseous stream. In he

majority of the cases, the fluidiszed cdbalyst maos will have
a dapth of about 5 to 15 feet and ths gazes flowlng up there-
il through will have a.linaar velooity of about D.ﬁ to 1.5 feet
20 || ger second. As an dliuwstrotive exatiple, the gases pass up

through & fluldized catalyst mass having a tepth of 8 feot
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with a velocity of 0.k foot per second, while the caztalyst
mass lz Jischerged from the bobtom of the resction gone aerd
recharpsd to the top thersef at 2 rate to maivtain a dewaward
relopity of the catalyst through the reaction zone of 2.5
faet per secotd,

Therefors, in speration, the cootact mass embodies
a denss Fluid phease of solid catalrilce partieles, of sub-
stantial verticszl elevetion, meintained in a substantially
uniforn conditicon of turbulence by the upflow.of gaszifcrm re-
aetants, having an uoper interface or level from which the
affluent gasss emerpe, but in whieh there iz a continuous
oyerall and &gwnward progression or migration of catalyst
barticles meintained by continveous removal of the wctive
particles at the bottom and théir contimuous reintroduction

it about the upper level of the fludd phasé. As a result,

_ﬁhe Upper pﬁrfion of the reaction zone is continncusly ccou=
‘pled as above indicated by highly active particles which ef-
Lfectively convert the last traces of rezctants durdng the

‘latter stagéé of the reaction, without undesirsble loss o

gide reactions which secur upon prolonged contact of extremalﬁ'
dilute resctants with catalyst of poor setivity,

Fhe rate of cavalyst recycls may be advantageously
inereased beyond the preferred minlmum rates above lndicated,
limiting only by the practical consideratiens of uataiysﬁj
handling and the ability to Beintain a uniform, dense ugd
ph&aé of particlés within the resction zoned _

The present invention is primariiy:based ol tﬁa
dlscovery that perticles of syntheais caﬁalyat in therregian
af the snterdng frosh reactant stresm assums X gondition of

high catalytic activity, whersas particles nasarer the upper
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particles.

:uf an iron hydrucarbnn synthesis coctalyst of varying nagreas

-af carbide content, the remalnder of the catalyst consisting

5 oonnd of catalyst per hour, and a 2:1 rate of recycele of

540593

axtremity of the reaction zone are relatively dmficiéﬁt i
activity. Presumabiy, the lower 8etivity in fhe uprer pore
tions of the coatalyst maszs results from the faet, that the
dileta reactant stresm in the lzst stapes of cohverslon ia
accompanied, among other things, by substantisl proportions
of by-produck ¥»0 and/or C0» which zre highiy oxidiaing in
cherscter, and therefors, tend to diminigh by oxidstion, the
active surface carbide centers of the vatalyst essential to
maximom eatalyst activity. In addition, a tendercy for segre-
gatad stratification of the wmers cxidized catalyst particles
appears to be promoted, even im the Fluldized phase, by &
somevwhat decresased satbiing rate of the relatively oxidized

On the otﬁfr hemd, more highly carbided and mera
active perticles tend to exist in the atmesphers of the gon-
centrated rezctants adjacent the feed inlet, 4t this oint,
the typical proportiening of H, and CO and the inkerent strip-
ping gffeot of the fresh feed stream #8sentialiv free of nor-
mally liquid hydrocarbons apparently maintaln the particles

at maximom activity.

For exsmpla, the folicwing table shows the activity

ESSEﬂvlall? of dren axide. In each case, evalustion wes con-
ducted with a fregh feed gas comsisting of Hy and ﬂh in 2:1
ﬁhl&r ratlo, at a tamperature pf EiOBF,, presgure of zoﬂ.ﬁéi

& Flow rate of 40 standard cuble fset of frosh feed Zas per

normally gassous products of rezetion to the reactien TOTE ,




¢

i0

15

x|

34

| tion gases, the present invention promutaslrapid completion

tered has heen the reaction of an sxodssively laprgs proportion

ey .t

A 540595

Test A B [13
Iren carbide content of
catalyst ~ Wegt. % &7 L5 28
Yields {grams per normal cu,
meter of fresh feed gas)
Separated oll g1 g3 25
Total 63+ dydroearbons#® 133 12t 5
GO, 59 L9 &2

*Toclinding oile-soluble oxygenated hydrocarbons
It i= evident from these data that the more active yarticles
are those relatively high in carh?da content, and that as
oxidation of the varticles pragrésses, catalybic activity
decreasas, _

Az a result of maintaining a:high proporivlon uft%ha

more active catalyst partiecles near the outlet for the reacs~

of the resction at the point vhere ths concerntration of the
resctanta approaches & minimum, and therefore, enablas the
substantially somplete consuﬁption of the reactants with less
catalyst &nd at & higher space velocity.

dncther advantage of the pressat invention residea
in restficting excesslve reaction setivity at the hntﬁnﬁTEf -

the reachion =one. One of the difficulties hitherto énénuh-

ef the fead materlals tlose to thelr inlet to the reaction
sone where the highly concentrated Feactonts meet the highly
active catalyst particles. Aetually, about 90% or mere of
the available resctants may be consumed almost 1mmadiatély
upon eontacting the catalyst, =o that the remalning smd mejor
partiom of the ﬁartipal extent of the reaction zonme funetioms

te react only a minor proportion of the reaptants. A5 &

P
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- Iresult, the major pertlon of the sxothermic heat of peaction

.Jvertiﬁ&l temperature gradient throush the reaction sone, ang

540593

ie Liberatad locally nesr the feed inlet, imposing an excessiv
burden of temperature control at thisg point., Experisnce has

indicated that io apite of apparent tamperatura control in

this region, the tempersture does Tize unecntrolledly at minutey
logelized eress of the datalyst surfage, thus seccounting for
produst losse= in excessive gas formation, deposition of una-
desirable carbon, znd shortensd catalyst life.

The present invention, by effeoting continual mie
gration of ls=se sotlve catelyst particles toward the reagtent
foed inlet, materially dzerezses che digadvantage of excessive
heat generation at the fesd inlet by better distribution of
the exothermic resacvtion througheut the vertieal extent of the
raaqtar.

! ' Among other advantages, the invention resulta in
desiralle countersurrent contzet between the eatalyet and re-

actants, which additionally ecounteracts the tendehey for a

also promotes improved heat transfer between the luid phege
of catalyst and temperaturs controlling surfzces imneresed
therein, the elinination of so-called dead spots where flujide
ization is incomplete and nonw.wniform, snd the zenersl main-
tenance of precise and uvniform temperatﬁra control,

In order to more specifically illustrate the inven-

25

tion, reforence iz had to the enboediment representsd more or

less disgremmatically in the HCCONpENYing drewing wherein

30

mumeral L0 indicates an wpstanding, cylindrieal reactor coen-
.pied by a mass of perticulate catalyst 11 supported in a
denss Fluid rhase by the upflowing reactsnt gases, such that
it riszes %o the upper level or interiace indicated by the

numeral 12,
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The reactant feed sircam comprises a mixture of
hydrogen and carbon menexide draws from any suitable source,
not shown, throuzh olpe b eznd dischargéd into the bottom
portion of the reactor through a preferably flaring distribue
tor nezale 15, The distribuotor 15, however, may take any
other suitable form such as a perforsted distribwting ring or
othsr type of manifold, or inlet adapted to =ffect substane

tially uniform introduction of the feed gaoses to the botbom

portlon of the reaction mohe.

10 Aceordipgly, the reactant pases pass upwardly

25‘ ZONB.

through the derse fiuid phase of gatalyst verticles, and the

efflvent gasiform prodeets of reaction émarga frem the upper
sgrface 12 ioto the catalyst disengaging space 18 of the ra-
actor from which they pass throucgh a filter 19, and pipe 20
ﬁtq :nndenser 22 snd decanter 24, It ¥ill be understuod that
filter 19 is merely exemplary of any uther sultubla means
swch as cyelones, electrostsatie precipitators zod the like,

for separating entrained solid particles from the gasiform

J’stream. bn ell product layer is withdrawn from separator or
2

decanter 24 at.ES, for further trestment or recoyery. The
water layer is rewoved at 26, and the residual overhead pases
l are drawn off through pipe 27. & poriiom of the overhead |
gases, 1f dezired, is pasasd through recycle pipe 29 by com-
prassor or booster 28 to the inlet line li of the reaction

Catalyat pérticlas sra continuously withdrewn down-

werdly from the bottem of the reaction zone throngh standpipé
30, by means of mechanical conveyor 32 which disﬁh&rgas intao

#n elevator designated =ymbolically by the dotisd line 33,

gupplying ecnveyor 34 at its upper extremivy. BAs shown, con-

i, -
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i veyor 34, in turn, direuts the stream of catalyst particles
threugh vive 35 into the reaction zone for re-entry at ahout
the psendo~llguid level of the catulyst bed. As a reenli,
the uwoper porticn of the reaction zone 1s conmtihtucusly sup-
5; plisd with a substantial quantity of highly active catalyst
particles with the forepping hﬁnafiﬁs and advantages.

Ls abore intimated, 1t 1s preferred to provide for
maintenance of uniform, predetermined oparating temperaturs
in the reaction sone by means of cooling surfaces indieaté&
i0 ﬁure or less svubolically by = tubular exchanger bundle 37
supplied with a coolant through inlet pipe 38 and having an
upper outlet for coolant liquid or vapeors as at 40. Advane
tagsonaly, the vooling surfaces take the Form of vertically
extending tubes fres from lateral projections and stresmlined
1sfi in the vieinity of the headers to assure uniformity of tﬁa
fluld epatalyst phase thfaughnut the reaction zone. It may -
be desiraﬁle tc extend ths vooling tubes thrbugh thémréactiun
zone with headers exteriorly thereof to ilncrease the amount

of' heat transfer surface in contact with the fluid phase

particles.

Supplemental temperature coutrel may be provided

Wy a cocling zone A2 interposed in the catalyst recyele or
elevating ayatem. Tt iz to be specifically wderatood, hows
E?ef, that ¢ooling in the exchanger 42 is necezsarily effected
24 ‘gither indirectly or in a substantially inert atmosphere such
i that the high activity of the ecireulating catalyst remains
subztantially unimpaired,

As a result, the highly active particles of cata-
;l 1¥st discharged from conduit 35 promptly diffuses into the
%3 wpper portion of the reaction sene zod effect 2 swrprising

clean-up &r congunption of the residual 4ilute repetants.
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ty of 3 feet por second. The reacticu gases emerging . from thef

~10- 540699

For example, in accordsance with one illmatrabive
method of gperatdon, a vertical e¢ylindricel reactor holding
a fluldized catalyet mss3 about 10 £+. in height ls continu-
ously supplied at its lower end with an upflowing strezm of
gynthasis gas comprising about 61% hydrogen and about 339
carbon moxoxide. The reaction zone is at & preesure of about
00 peig. and cendains & mess of sclid perticle symthesls
catalyst yrepared by reducing wmeznetite to which has been
addad about 1% by weight Alzﬂj and about 1.5% by weight K0
ag prometers, Tha linear veloeity of the gasss flowing up
throwgh the catalyst mazg is about 0.5 foot per second, soffi-
cient to hold the mass in uniform demse fiuid phase cnhdition.
A substantially wdform temperature of about Eiﬁ“F. iz main-
tained at &)} points in the fluidized mass by vertically exe

tending cooling tubes distributed thriewghout the cross~-zection

of ths reactor and supplied with weter under an slevated ﬁraﬁ-

sure te hold the desirsd spoeration tewperatnure. ﬂatal?sﬁ:is
sentineonsly drawn off from the battom of the reachtor, elevatgﬂ
end reintroduced into the resction sone at the vseudo-liquid
lewel of the catalyst mass, thersby sffecting the continmgl

dbwnward movement of estalyst in the reaction zone at a veloeil

fiuidized catelyet masz are withdrawn from the resctor and
sreated o recover the reaction prcdu;ts; prineipelly hydro-
carbons with minor proportions of cxygensted hydrocarbona,
The total recovery of Lyt hydrocarbons Including the miﬁgk
oroportlons of.oijgenatﬁﬂ numpaunda amounts o 1,51 gzlions
paf'}ﬂﬂﬁ cubie fzet uf.aynthasis a8 supolied to the resctor.

When the same reaction gystem is operatad without eirculation

of the cetalyst and 511 other opersting conditions remain
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substantialiy the same, the total recovery of C4+ hydrocarbons
E “including ainor propertlons of cxygenatéd ampiunds corresponds
to omly 1.32 gallons per 1000 cubic feet of charged synthesis
2=, |

A= dizplosed akewe, the invention has partientar
Zljepplication te theluse.nf irpn synthesis catalysts, preferably
those resulting from the reductien of =n iren compound, such
a3 ene or mora of the Iron oxides, including will-ssale,
roasted pyrites ore, wzgnetite, and systhetic gmmbpia-typ&
“irﬂn cztalysts. Heduckion of the caualyst is ususlly followed
Lopby conditioning by syntheais pgas under preferably mild condi-
ticng of temperaturs, for example, a temperature below SO0°F,
at which the catalyst possesses no substantial. activity for

the preduction of hydrocarhbons, However, the invention in

its broadest aspect, ig applicable to other typical hydrow

L5(|earbon syrthesis catalysts, such as nickel, ruthenium and,

particularly, cobalt catalysts. Additions $o the catalyst of
the usual medifying agents, activators and promoters ars con-
templated -- asuch, for example, asz the alkali and slkalins

“aarth metal oxides, thoria, titania, alumina amd ﬁﬁny others. | . i; 
20 . The particle size of the catalyst may vary widely .
depending en the weloecity of reactlon gases and the density

of the particles, the prime considersiica being melntenance

of & dense fluid phase of particlss throughout the reactiﬁn

zone, Usually the catalyst particles will vary frem €0 to
25) 400 mesh. Operating temperaturss may vary in tha rangs of
about 500 - PL0%F., preferably about S00-E850°F. for iron _
catalysts, and the broad range extending to as low as aboub
"35D'F, where & cobalt or nickel catalyst is employed, Ooers
ating pressures preferably range from 200 to 500 psig., Wt
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may be reduced to atmospheric or thereabouts in the brosdest
aspect of the invention. The recctant feeg in geEneral come

prizes synithesis gas, by which is meant = mivturs of Hn and

100 In relative proporticns suitable for substantisl converslon

into the degired products of reaction under the eonditions of

it -
the rezetion =zone. In genaral, vhe reactant mixturas comprise

Hy ard €0 in the molar ratie of from abows 1.5:1 to about
3.001.

Obviously meny modificatlions and varisticns of the
invention, as hereinbefore set fort:, may be made withoot de=-
parting from tha soirit and scope thereet aad, therefore,
only such limitations should he imposed g3 are indicated in

the appendsd claims.
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sive property or privilege is claimed are defined as follows:

1. In the production of hydrocarbons, ozyzepated
jbydrocarbons snd mixtures thersof by the pasgaga of a synthe~
sls gas comprising eaiantially hydrogén and carbon monoxide
in contact with a finfdized mass of hydrocarbon synthesis
catalyst partleles in a vertically extending reaction zonse

at an elsvated reaction temperature, wherein the synthesls
gas 1a introduced into the bottom portion of the fluidigesd
w838 and passed upwardly therethrough, and werein the
gasiform stream emerging from said mass is treated for the
!racuvery of desired products of reaction, the imprevement
which comprises contimicusly withdrawing bhighly astive
nhtalyﬂt particles from the bottom portion of saigd fluidized
hass, continucusly reintioducing the withdrawn. catalyst
partlelas into the redction zome in the vicinity of the upper
surface of the mass uhera;tha reactants of azaid syothesis

gas have been largely consumed, and effecting said catalyst
withdrawal and elevation $o the peiut of reintrodustion uader
conditicne such thet the catalyst is substaatially uﬁaltared
and at a rate =suol that the catalyst mass movas dowwardly
through the resction sons with & linear veloclty at lgast_
about twlee that of the zases passing upﬂafdly thruugﬁ thw

regotion zone.

2. The precess aceording to claim 1, wherein the
gases passing upwardly through the reaction sone have &
lingar velotity of about 0.3 te 1.5 feet par second.

The embodiments of the invention in which an excly-
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3. The vrocess according to claim 1, wherein the

hyirocarben synthesls catalyst comprises irom,

L. The process according to claim 1, 2 or 3, whereip
the gatalyst masos moves downwardly through the reaction szome
with a linear welocity of about Five times the linear veloolty]

cf the gases passing upwardly through the reaction gone.

2+ The progess according te claim 1, 2 or 3, whered
in the catalyst mass moves downwardly through the resction zone

in contact with cooling surfaces disposed therein,
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