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This invention relates to the art of eatalysic
conversicn and more partleularly iz conserned with the
catglybic interaction of zaseocus reactants in the presence
of 8 finidized catalgaﬁ mass.

45 is kuown the fluidised technigus of operation
iz advantagecus in permitfing conbact of gasecus or vaporized
reaclants with catalyst surfaces under very closely cone
trolled conditions, and ias particulariy advantapeons in the
¢aze ol exothormic resctions whers the Liberated heat of
reattion is transferred from the flonidirzed catalyat o cool=
ing Eﬁfaces ﬁndar such conditions that a quité unif'orm pre-
daterminaed temperature may be malntailned. As is Parther
kknown, the technigue of fluidixati&n.inv&lvea the aeration
of the powdersd or particulate catalyst by mesns of reactant
gages so that each particle is $uspénﬁad and vet undergoss
siippags in the gaaaé;_ﬁhé particles describe random movew
ments &nd.ﬁhe mass of particles assumes the appearancs of a
boiling liquid. '

Amnpg.thé_disadvautages of this typs of process,
howém, 13 the fact tl':i.at- the affluent reaction EASEE 1ne

eritably tend to entrain some proportion of the catalyat

particles, These particles continue to catalyse the regction

ef the unreacted or incompletely reacted constitusnts of the
af fluent eﬁtraining gases, Howsver, departure of the
entrained parﬁicles from tha-catélysf Lass usuaily'nmrks
geasation c.ri‘ any effective temperature control, / Where the
reaat;nn is axqths.tﬁic, the carefiul mainbenancsz of Gperat=
ing temperature obtaining in the resction Zone by virtue of
cooling surfaces dlsposed in heat axchangs relationship with

the fluidized catalyst mass l1a not effective above the
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| s50-called peeudo-liquid level of the fluidized mass, FParti-
| eularly in the vicinity of the filters, cyclones, and any
| other separating deviges uassd for removing the éntrained

particles, the reactlon tends to go oo wilth a eorresponding

unconsrolled rise in localized tompergture of the catalyst
particles, formation of uncantrolled and wndesired products, i
degradation of the desired product and general detsriorsticn
lof the catalyst. Morsover, the highly earbonized catalyab
Itends to glog and impair operatien of Gha geparating devices.:
j %o alse in the fluidized system ol operation there
is a definite practical relationship between the mavwisum size
of the catélyst particles and the rate of gaseousl flow re-

i

quired to hold the particles in & true condibioxn of Ilunidiza-

tion, Where it i8 desirable to limit or restrict the avail-
able contact surfages with respect to the flow of reactant
gases comlng im contact therewith, since limitation of the
area of acbive conbact surfaess usuaiiﬁ means afl increase in
the average particle sise of the catalyst, a condition 1s
ultimately met wherein the particles can no lenger be In-
greased in size witheut lozing the éffects ué random vibratoery
mevement of the particles in good denaé phase suspsnsian, In
yother words for any predetermined }in?ar rate of reactant E
figw there iz a particle size above ﬁhich good fluidization
15 impractical.

E One important object of the present invention colm |
:templates the effective fluidization of relatively large size
cabalyst warticles wnder conditicns of fluddization characterﬁ
jastie of smaller particlas, Anathet-pbjent of the invention |
ia to fluidize relatively larga.ﬁafﬁiﬁies of catalyat under

such conditioné that the particles while maintained in a :
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state of suspansioca in the reactant gases for free randon
movement, nevertheless are not entrained end carried out of

tae catalyst bed by the gassous efflusnt.

In accordanse with the present invenlbicn catalyst

particies of sush slze, mass and shape thas théy are physl-

celly incapable of being fully entrained and earried oul of

the reaction zone by the Ilow of reactant peses, are main-
tained in a stete of denge phase fluidisation by the pre-’
sence, ib admixture therewith, of discrete particies of
inert materisl having & swhstantislly smaller settling rate
and adaptad to assume 2 good eondition of fluidization in
the prevailinzg flow of rezctant gasas.' I am aware of a
process for exsthermic reaction of gééifurm feed maberials

in the presence of a fluidized mass composed of catalytic

actlve partic;ss intermized with diédﬁatéﬁEEEEigiéé cf
inert solid materiel. In that prﬁcasé'it-is desireable in
ugst inssancea tu'ﬁainﬁain a unifnrm_édmixture af the
iner; and acilve pérticles ol the pow&er by selecting par-
ticles of apprﬁxiﬁately the sate size, or alternatively
selecting ralati&e siras so related to the density or

other characterisztics of the respectives materlals that good
admixture will orevail. Ths inert material, by. inereasing the
surface arez of the total powdersd mass Lo contact with
the awvailable cooled surfaces, tends ﬁu enhance haa% trans-
fer and thus permit ac exceptionﬁlly“guud condition of heat co
trol even in the case of expthermic.réactinns carried cuft at

a high rate of sonversion.
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In setordance with the present inysntion suhstanti{
ally the samse advantages are availanle aithoogh che inert .
rarticies may possess & substantially smaller diamster than
that of the catalyat., In additien, the relawlvely smaller
particlss supporbed in furbulent motlon in the reactant .
flow conbinuously dmpinge and bucy uwp the large catalyst i
particles and, in effect, create a similar c¢ondition of tupre:
bulence in respect to these largerparticles. By means of
thig gotion the catalyst per =2 can be held in 8 good state G?
fluidization at flow rates of the gasecus reactanbs such thaﬁ

there 13 no regsonable possibility of catalyst entrainmant E

in the effluent pases to the extent cthal such particles
thereof will be carried out of the fluidized bed amd to the
geparating devices, On the coantrary the gaseous flow may be

o controlled that the Ftotal inevitabile embraimment will be

limited to 2 portion only of the finsly powdersd inert

diluent which obviecusly is incapable of any appreciable cata-

1¥tiec action and therefore free Irom the disadvantage which

characterizes catalved so entrained,

Thé tendancy.for clagsificdation betwesn the rala-
tively large and small particles mekes it adviszable £o pro-
vide zome meana for conbinvously maintaining s homogensous

admixitnre. This however can be easlily obbained by any sult-

reaction thamber or returning the smaller particlss o the

lewer portion of the fluidized bed.

Whila the invention is applicable, in general, to
catalytic processes whersin gasiform reactants interact with

the substantlal liberasion of exothernic heat, I prefer for

purpeses of convenlence to deseribs 1t particularly in con-
nection with the catalytic imbteractien of carbon oxilde and

hydrogen in the synthesis of bydrocarbons. As 1s kuown the

e




mssh, preferably finer than 200 mesh, and finddization is !

 particles. In each case, however, it will be nndérstood thal
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catalyst may comprise any of bhe known effackive metals of

the iron greoup, such a5 irem, cobalt, nickel, or ruthenium
topgethar with svitable activators and pronoters. Advanta- é
. i
ggousiy the eatalyst powder may consist of irom particles :
containing about L to 25 of potassim oxide and about Z to !
3% alumina. Anong the wide Tisld of kaowm promoters and !
i

activators sre compounds of alkali and alkaline sarth metals

oxides of thorimm, uranium, vapad:ium and many others, up to

as high as 5% concentration or higher, The catalyst way
be supported or not, as desirsd, upon any convenient aupporté
ing maberdal such as diatonaceous eafth, s.zlica gel, and anyé
of the Filtrol clays.

To permit proper fluidisabion, the catalyst puwﬂeré

herebofore used normally censist of particles fimer than 10X
: !
only accomplished with scme diffieunlty with larger 2ized i

the mgximam size of the particles will depend, within the
limits of ultimate practicabllity, upon the'linea#}rate of
Flew of meactant gases. Where a substantial proportion of :
finely divided inert powdered materizl is admixed uniformly
with the large particles, a rate of reactant flow may be

selacted such that the entire maaé-is myintained in uniform
pluidized condltion with s well defined pesudo-ligquid level
and thers is substantially no entrainment ol the large par-
ticles in the effluent gases above this level; this samo

rate af reacwant flow would be toe 1ow to give Zood fluidizag

tion of the coarss catalyst particles in the absence af the

fine inert powist. .

==
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Mors particularly, the invenbtion is zpplicable to
i catalyst particles of between A0 and 1) mesh size altheugh

; in its broadest aspeet it conbtemplstss use of any catalyst

dparticle in admixture with a relatively inert diiuent of

sthstantially smaller settling rate,

The particles of inert solid moiterial have on tha
athazl' hand such substantlally smaller particle sise or
smaller ssttling rate that they ean be maintained rapdily in 2
a condition aof dense phase filwddisation by a gas flow which ;
{wculd Se inadeduate in t£he case of the soarser eatalyst
particlas alone. In short, the Zmeri particles are so i
salected that a linsar velocity of gasiform reathbants
effective Lo maintain a good condition of demse phase fluidi-

gaticn of such line partieiss gives effective turbulent supp=

ort to the relatively coarse catalyst particlss in the macss.
The discrete inert particles may be selected from
a wide range of substanesa Including fine sand, silica,
glass and other vitrecus materials.'”HGWEvar, the invention
iz in no wWay limited to such products since the inert parti-
clés may in general be selected from any powdered solid
material which remains selld under the reaction conditions
of the catalytic synthesis process and vhich is not ayprec—
iably active to premote or suppress such reaction. Graphite
and coke are useful for this.purpﬂse,' Gf the commen metals,

alumimm powder ls suitable, awd copper, while indigated to

have some catalytic sifect in intimate chemical assoclation
with othar catalytic materials, nevertheless is subsbantially
i inert when smploved as discrete particies of powder in the
present system, Jo also there may bs smployed a relatively
finecly powdered, completely spent and %hus substantially

inmeckive, metallic catalyst derived from The present process;

1
~1
1
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i d&sirahlﬂ to llmit the propartlun aof rﬂlﬂt:v&ly fine inert

H: in tha'reactian ﬁun& LeY. bB within tha range of .1 or 2 parts
e

' particles.
. Fﬂopartiun of 1nért flnas adm;xed with the catalytie particlep
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ag% for example any of the usuel iroh or cobals catalwsts
which have substantially loat their catalytic acbivity in
the operation. So also powdered cast irom with a normally
high phosphorus ceontent is likewize suitable.

By the term "particles of inert diluent matarialﬁ“
and similar axprasszons I m=an particles separate and
digtinet from those of the catalyst, which have no material
or substantial catalytic effect in tﬁe prncesé. It is true,
of course, that widely varied materials otherwise classed
as inert may possess some minute or insiguificant catalytic
_activity with respect to aome aspects of ths complex opera-
tions going on im the rsaction Zong., The foregzoing term,
however, refers to materials having n&, or such low catalybic

uffect witﬁ respect to the exotherwic resecticn to be carried

aut, as T he of TiD cammerezal slgnificance as a catalyst,
.Inf}ﬁmgetining the preseat invention it is normally

L%} ganaral, for. catalyats of good activity the

of inart Elies far Baeh ‘part of catal?st, although such pro=
portionmay fall as low as 0,1 part or be as great as 5 oor 10
.garts.par_parﬁ of catalyst or higher. The proportions herein
:gra exprﬁsaadzan the basis of pettled volumes of the materiald
in guestion. .

_ For any E?Gﬂlflﬂ Hype and size of eatalyst grains
and any pre—selﬂntad ralatlvaly finﬂ Inert powder, e proper
proportioning may readily be arrived_at Py experimentation
o determing thﬁt proportioning feuﬁired to promete uniformm
fluidization at eny dasired linesr velocity of reactant
flow prefarably such that ths catal?at particles are

na% carried out of the mass in the raactzan aifluents

-
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;withdrawn from the gpper surface of the fluidized mosz.
Brisfly the varisus proporticns gre subtmitted to best in a :
well desigred reactor undar reabtién'conditiona botil proper |
1 £luidization is accomplished with 1o entrairment of catzlyst I
:particles, It 18 parciewlarly important te note however thaté
}in making this édetermination & provortion of inert particles :
Eahﬁuld advantagecusly be selected auch that shere is sube
stantlally no impairment of the reaction nor déﬁraaaa in -
yield in the desirsd hydrocarboos anﬁfor vEygenated hydron

carbons,
1

F Referring now o the drawing wherein I have dis—

closed for purposes of exemplification one illustrative

Yapparatus suitabls for the yresent operation, the numeral 1

indicates a reactor of more or less comvenbional eonfigura- |
itian oeeupled internally by a mass of powdered coarse particlé
Ecatalyst admixed with a prnportion'ai_ralatively fine iaert
powdar, the charge being designated'bf the numeral 2.

! The Semperature within the ;aaction sotie 1& cone
rtrallﬂd by tihwe cooling surfzces of ﬁ ﬁean exchangesr 3 shown
more or less symbolically and ecomprizing lower header k4
ésupplied Ly g-liquid coalant throuwgh the inlet pipe 5 and
'feeding a serisa of cooling tubes 6. The coolibg tubes &
at their upper ends merge with a header ¥ communicating with
loutlet tube 8, Az is well-known in the art, it is desirakle
to provide heat exchange neaas which @; not impair the uni-
Torndsy of reactant flow and fluidiﬁé%iﬁn. To this end the
heat exchanzer, only diagrammaticailﬁ shown in the drawing,
ishould be carefily designed to preveni dead spots of cata-
{iyst. Advantagesoualy it may take nﬁeffcrm of coollng jadkate,

fbaynnet type cooling tubes, or a series of vertically
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extending catalyst chambars surrounﬂéd by cooling jJackets.
S0 also external cooling and recyeling of the resctants andfi

ar the catzlyst may be ntilized in accordance with provedurss

i knovn in the art.

A baffle wall ¢ formed in ths upper portien of thai
chamber and having its upper edge 1n the vieinity or slightly
below the normsl pseude-liculd surface of the finidized massi
rrovides, in effect, a eollecting hopper for relatively finei
paréicles which tend to diatribute toward the upper surface :
1m secordance with the normal ciassificatinn tendency of theé
system, The space behind ths baffls wall § commumicates witﬁ
8 standpipe 10 provided with a suitable foeding deviee 1l1. E
The Feeder 1l may be a star feadér'ﬁf any other conventional
t?pe of device adapted to control thé Flow of the particles
of powder dowmesrdly. A stread of gas, such as hydregen or
recytle gas, is introduced through pipe lla to maintain thee
powder in standpipe 10 in a free-flowing conditiocn,

Fresh feed gases are vondimuously supplied from &
goures not showr thiouzh an inlet live 2 to an injector 13
where they pick up the particlss of fines and reinject them
into the lower portion of the éatalyéﬁ mz&8 in whe reactor 1,

By this means 1t will bépéiparent that the Tines,
which tend to aceumalate gt the uppéf portion of the reactor
1 are contimgusly recirculated tﬁltﬂé lowsr portion of the

veactor in order to maintain the raquired intermixture of

Tt

relatively fine and coarze particlesﬁ Opvicusly in the ligh

of the foregoing disclosure the feeder 11 may he operated at

auch a rate as to malntain the desired admixtuire. |

It ig particularly important To note that under the

present syatam of operation relatively high velooibies of

»
i
E
H

r
r



j[incampletaly reacted constituents of the effluent gas. Amy
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H

reactont £low may be smploved withous casalyst snbraimnent in
the effluent gases, Thus iz the ambodimeﬁt siown and with
'the catalyst in a state of dense phase fluidizgtlon charactéru
| tzed by psoudo-ligquid level as imdivated, the effluent zases
emanating therefrom pass $o a filter element 14 which permits
paszsage of the pasiform products of reactlon into the outlet
pipe 15 while retaining aolid particles within the reactor.
The filter element 1L may be formed of & suitable ﬁornus

jrefractor? material such as alundum or may Compriss an?

lequivalent filters known in the art. ¥Hen operating ths pre-;
sent device under opbimun gas f£low, the only particles
entrained will be the relatively fine, insrt particles which
tend to callect on the filter, Where %hs partiﬁlas tend to
adnsre $0 the filter surfaces they. in ne way dmpair the re-
actlon hecause of their inactive character anﬁ relative ig-
ability to affect products of reastion or any unreacted or |
undesired accumulation of such fines uson the Tilter way be
rewoved periodically by a Lrief countercurrent blast of inert |
gas through the pipe 15, .

1% will be understood that the gasiform products
fram the pipe 15 will pass to apparatus not showm for Dfurther
treatment, reuse or recovery ol The contained products. TG
is dmportant %o note tbat tha forepoeing apparatus is only
intended to illustrate one form of reactor suitable for
overcoaming a tendeney to elassificatien of fluidized powders
of diffarant sizes and any other type of rescior gapable of
jaccouplishing this result may be sﬂbéiiﬁuﬁed tharafor, !
‘ By way of illustrating theé deseils of ome nrafarred

Iprocess gperated in gocerdance with the within princirles, a

=11-
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reackor such as indieated in flmare 1 is supplied with g

lparticulate ecatolyst having a grain- or pariicle sizs fallins
zwithin the range of 40 to 100 meah,.ané coknodad of iron

;with about 1,5% of potassium oxide {(£,0) and abouns 2% alumina,
Fine sand having a psrticle sise of 240 mesi and finer with
about 90% passing a 200 mesh scresn and aboub 606 passing a
325 mesh screen, is tﬁoruughly admired with the catalyss in
‘the reacsor. The mixture comprises approxinztely onz part

Ey volome of the fine sand %o omne part by volune of the
%settled catalyst. The Etandpipe arnd hopper are provided with%
fan additinnal supply of the sand and cperatleon is ecarriad |
oul b intfoducing fresh feed synthesis gas containing abowt
864 of a mixture of hydrogen and sarbon momoxide in the
respective molar ratio of 2:2. The remeinder of the synthesis
2as Consists easentially of about 9% carber dioxide and 54
methane, The gages are introduced to the powdered mass in
the resctor at an inlet rate correépo;ﬂing %o an interagt
linear velocity of about 2 feet per sscond, neglecting the
gvﬂluma peeupled by the powder and considering the ggaés st
Ethe temperature and pressurs of the reactor, The operating
conditions within the reacbor invelve a pressure of 200
pounds per square inch gauge and a temperature of 600°F, The
heipght of the finidized mass to Lhe pseuwdo-liguid level ia
approximately 12 feet., '

Operating undsr the foregdinz conditions, conversion
of the reactant gases is about 50% éﬁﬂﬂieted with a yield, :
ibassd on the quartity of carban moroxide sonsumed, equal to
about 05% of theoretivcal., HNo difficulty is sxperienced over
long periods of operation with filter clogzing or with sn

lacounuianion of active catalyst vpoa the Tilter surface,

- =P £
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i 1ytic operations are, Tor examplie, {1) oxidation of arganic
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: I iz, of pourge, undersztood thai the reaction

i .

iy be condueted iz sucosasive stoges whereino & sscond stage
!

| resotor, similar or igentical with that used io the Pirst

|
I

tags, is supoliszsé wiih ths reactant sffluens fron fae filrst

['IJ

szetor preferably but not hecessarily, svter ssparstioen of

i e narrally ligeid epnstituente thersof.

I

! ’ /u’hlle the specifip catalyst and copditioans of
i

uperution hie een digelosed, the inventlion iz not so

flimitsn bot par be cperzted in sonneetion with any p&rtiuular?
;cat&lyst and roactant foed sffactive to nromote & catalytie

vapor phase #eagtion with ths liberstice of exothermlc enercy.

CObviomsly, the oobimun conditlons of resetion wili depend

upon the cebtalyst apd reactant “eeds employed. In the case

of aydrogarbon gyotheals, for exampls, enploylng e cobalt

catalyst temperaturs of arcund 4007F. and ﬁfassures apprpxi-

mating atmospherio will pormally be sreferred. Qbher oata-

»

compounds with pxyser o give valueble Inssrmedlate orgonlc
componhds sueh ﬁa phthaiic anbrdelde from naphitbalens,
mathenel end formoldebyde Irom methané; etaylena glycol from
ethene, aﬁc., {2) zartial ramoval'mf:uarbananaous Geposlita

Ifrgm carboaized catalysts Dby combugtlon wita cxvaen, [3) se—

{ 1notive palymerizatlon of aigoer Dlefiaa in a mixturse of

ggvarsnl olafine without undasirahla.aubsequsnt polynerization

i of lower olefins aftsr the reacticn vapore lesve the flulde
ized gutelyxb mass,
For the purposes of tals isventloa, it 1s Importast

thet the laert diluent powder have & analler settling rate

then that of the catalyst powdey ewsloyed. The rate of !

L éongity of tie particles, and Eﬂelﬂl4y it is convenlent to

15—
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selact a powder of zraliler partlcle size o stlain & sawller

BPEGLLLﬂ&tlﬂﬂ to relatively fine inerw particles €nd rela-

eetp]¢ng ratz. Thiu explains dhe Frequent reforecces in shis

.tively voerge oatalyst pertlelas, Broadly, however, the iuart|

bowdﬂr does got heve to bs any finer «oé mey cven He cosrser

|than the catalyst »owder i thers 12 gafficient dilference
Fin tite densltiss ol the inert and satalyst parvicles. Thus,
for inatancs, powdered grophite baosuas of ives low denalty
ard plate-shaped parifeles miskt bave 4 ocarser pertiele gice
than ‘the powdered catalyst used in the resotocr and atill be

crerative in aceordence with the prinelples of this irvenw

] -
tica. Those fami;iar with fluldlzation will aspreciate that

a powler ef smellst- s2ltling rete is ooec whose partiolss
Lend o fall or sebitle less repidls thrmugh ths £u300Us Sus-

penfing mediom %than do the particles of = powder having a

gxeater setvling rate. It is readily pugaihle for one
fsEillaﬁ in the art %0 aglect a prnﬁer diluest and catalyst
for eny spezacion in view of tha _aregoiﬂg vrinciples sup-
ported by experimental tagbs.

It will morsover e egparent from thes forspoing,

MNiat Zn the oyuliown opersticon of The process 1t will Be
i

deslreble to select &8 miziure of pearticlas of sach relailve
settling retea that for the rate of gas flow employed there
will Teguelt good fluldlzatlion of the partleles of highex
gettilline rete without entraimment thereof in the- gesecws
cutflow snd yet wlthout excesslve olasgifilestion,

Bovionsly many modifieatione and werlaiions of the

f=om the spirit and soope thereot, £nd tous only seeh limi-

Latlang shogld he inposod &5 &re inulcateé in the zppended

claims.,




it

518049

Thne esnbodimenss of she invenvion in whieh an exelu- -

sive mropecty or priviless 1= claimed sre dafined as follows:

1. In an exvlhérmic catalybic process wilsa in-

volves nassing a gaseous resctant througn & fdense phase

fluidized bed of particoulate catslyst maintaioed urder closo

§ tempsrature contrel to effect Lre dzsired sxcthermic reaction

t5 & pybstantial bot incomplete exisnt and withdrawing frow
saic fluidiged ped a gaseous sffluent centadning sore of
said gaseous reastant ip additien Lo Lite desired reaction
produects with congomitant entrainment a% marbicles Lron sald
Tividized oed, the Inprovesent of pravensing angontrolied
exothermiv eatalytic reaction in the withdfawn gadenus ef«
fluent, which ¢comorises addisg a Tipnely divided inert
golid to said fluidized bed in a substantial oreportion,
saié finsly divided inert solid haviﬁg an appreciably
amaller settllng rate thnan tiat of éaid partigalate cateiyst,
and withdrawing said gaseous effluent from zaid fluidised
bed at a rate to efisnt pfeierential gntrainesnt in seid
gazscua effluent of said firnely divided ineri soiid to tha
aubstantiel sxelusion of said partieulste caialyst thereby
prevensing uncontroelied exodhernic ecatalytic resetiom in
said withdrawn gaseous siflusnt.

5 Tn an exobhermic catalytic process lor the
synthesie of hydroearbons and the like froim synkhsals gas
somprising hydrogen sod carbon monoxiide, wnich invelves pasz-
imp gaid symthesis gas whrough 8 dense phasz fluldized bed
nf poruisulote synonesis catalyst maiptainﬂd tnder ¢lose
semperasure conbtrol to effect the Gesiped exethermic reaction
%o a substantizl LU inookplets QXN and wilLhdrawing irom

said fluidized bed & gaseous elfluent containing socue of said




Dlaidiged bed of particulake o malyst maintaired nnder close
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syataesis gas in addition to biae desirad reaction producets

with concomitant snsvairment of pertieies from seld fluidived
bed, +he imprevement of preventing uncontroiiasd excthernic
catalytic reaction in the withdraws gagesus elrfluent, which
pompedises adding a Tinely divided inert soiid to said
Ciypidiged bed in a subshentlal proporticen, said Iinely
divided inert s0lid having ar aporecianly amalier settlicg
rate than thos of said particulate synthesis catalyet, and

yithdrewing said gassous effluent frow ssid fluidized bed

at a rate to eileel zraferencial ectraimment in s8id gaseous |

It a7 tluent of =said finely divided iasrt solid to ths subetantial

sxcluzion of said partisculate syntiesls caualyst thersby
proventing uncontrolled exsthermic natalytic reaction in seid
withdrawn gaéaous affluent.

3. In an exothernic catulfﬁic procass which im-

volves passing a -gasecus raactani through a dense phasa

temperature comirol by cooling surfecss immsrsad in said
fiutdized bed to affect the desired exothernmic reaction to =
subszantial.buz inconmlete extent and withdrawing from said
fluidized bed a gaseous effluent containing soue of said
gasenls reactans in addition t¢ the desired reaciion produchs
with sencomitens entralnment of parbiclee'from gaid fluidised
bed, the lmpravement of preventing wnensrtroiied sxothermic
catalysic reactdon in the withdraw: g&éeéus gfiluert, which
gomprises adding a finely divided inert solild o said
fluidized bed in a substantial proportion, said finely
divided inert solid having an spvrecizably swaller sestling

rote than bhat of said partlculave catalyst, and withdrawing

/@
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iential entrainment in szid gaseuns effiuzent of said fipely
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said rasecusn effluent Deoir g3id Fluidised bed st 2 rate to
aifent oreferential spspainvent in said gascous effluent of

said finely divided icer:t =olid te the zubstuntisl execlo-

sion of said particilate catalyst thereby proventing uLcoit-

rrolled exathermip catzlvbic reantion in sald wi bhdrawn

rzaeons effluant, i
L. Irn an exothermic catalytic process for ihe syn-

thesgia of hydrgearbons and the lixe fron syntiesis Eas com-

orising aydrogen and carbon moscxdde, which involves pasaing

sald svoshesis gas throagh & dznaes nhase fluidizsd bed of

pariiculate synthesis catalyst maintainad undar cioss temper&J

ture centrol by casling surfaces immérszed in said fluidised
wed +o effect the desired exotherwic reaction ©o & subatan-

tin? but inbeuplete exbent and withdrawing frem said fiwidisze

SR . R

bed & gaéeous.ﬁffluent gontaining some of sald gynthesis gas
im sddition to the desired rezetion products with concomitant
entraimuent of particles from ssid fluidized ted, the im-
provement of preventing uncontrollsd exoinermic catalybic re-
getien in thz withdrawn gaseoas affluent, wnhich conprizes
adding a finely divided imert solid to ssic flwidised ved in
a substantial prooortlon, said fineiy divided inert solid
Haying an aporessiszbly smaller settling rate than that of 5aiﬁr
particulate synthesis catalyst, and.wifhdrawing said gaseous

affluent from said fluidlmed bed ab a rate to effect prefer-

divided inzrt solid te the substanitial axelusiocn of =ald
particulate synthesls cebalyst thereby praventing uncontrolied
sxothnermic catalytic reactlen in sald wiihdrawn gaseous

efrfluent.
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%, ‘the process according to claim 3 wherein the

" said cooling surfaces are continuously fubjectad Lo temper-

¥ ature regulation by the cireulation of a liquid cooling

|medium'in cortact therewith and in indirect heat transfer

ralationship to said Fluldized Ded.

6. The process according te claim 4 whereln the

asdd cooling surfaces are continuounsly subjected to Tempera-
ture ragulation by the sireculation of a iiguid cocling medium

in esontmct therewith and in indirect heat transfer relaticn-

ship to said fluidized bad.

Srlg
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Ca 7. In an exothermle catalyiic nrocness which in-

volves passing a gaseous rescteEnt up throush a denss vhase

fluidized bed containing rarticulate catalyst nalntained uncer

close temperature conirel by cooling surfacss imeersed in said
ifluidized bad and subjected to tenperature control by the

continuous eirpuiaticn of & coolant in coenhtact fherewith and

in indireet heat transfer relationshiv to sald Iluidized bed

to effect the desired exothermic rgaction to a suhstaatlal
but incomplats sxtent and withdrawing frow sald fluidized
bed a gaseous effluent concedning & substantial ameunt of
said gaseous reactant and partieles entrained from said
fluldlzed bed in addition to the desired reasiiom preduects,
the improvement of ernhancing sald clesa zempersture control
lof said fluidized bed and of praventiné ungontrollsd sxother-
mic catalytic reaction in the withdrawn gaseous efifiuent, which
pomorises maintaining & substantial propurtiup of finely
divided inert scolid in admixturs with sa2id partvieulats catalyst
Jin =aid Zluidized bed thereby anhancing =aid close Lemperature
gontrol of suid finidized bed, said inert solid haviang an
laprreclably smaller settling pate than that of sald particu-
late catalyst, passing aaid gaseous.reactént up through asid
Fiuidized bed st & rate to eifect accumulstion of said inert
=olid at thg tap of said fluidised bed and preferential en-
traimment of ssid inert solid to the substantizl sxciusion of
]said particulate catalyst from the top of sald {luidizad bed
Hn gaid withdrawn gaseous effluenk thereby preventing uneon-

trolisd sxothermic eatalytic resction In saic withdrawn gaseouE

ffluent, and conveying zeid inert aciid from the top of zaid
|§1uidized bed to the botbom theresi et & rate to naintain said
bubetantial propertion of sald inert solid in admlixturs with
said partisulate catalysi in spite'ofjﬁhe tendency of said inert
kelid to scoumulate at the tov uf'sai@ fluidized bed and to be

Prefarentially entrained from the ton of 5aid fluidized bed in

B /7
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. jizaid wivhdrawn gaseors effluent,

2. In the exothermic catalytic provess for the

synthesis of hydroearbens, oxygenated hydrosartons and mixturﬁs
H |
Ighereof which invelves passing synihesis gas comprising hydro-]

gen and carbon monoxide up through a dense phase {lnidized

bod containing partlcnlata symthezis catalyst maintained umder
close temperature control by conling surfaces immerzed in said
rluidized bed and subjected ©o temperature centrol by the con-

tinnous circulation of a roolant in eoniact therewith end in
1

indirect heat transfer relationship to said Fluidized bed Lo
offect the desired exothermic reaciion to = substantisl but
incomplete extent and withdrawing frow said fluidized bed a
gaseous effluent containing a substantial amount of hydrogen
L&nd carbon mompxide and particles entrained from =ald fluidizaf
bad in addition to the desired regctipn;prcduuta, the improve-

ant of eghancing 3sid close tempafatu;e contrel of =zaid flul-

izad bed and of preventing uncantrqllgd exotkermic catalytlc
eacticn in the withdrawn gaseoua effiuent, which comprises
aintaining = substantial proportiocn of finely divided imert
solid in admixturs with said particulate syrthesis catalyst
1o said fluidized bed thereby enhancing sald close temperaturs

bontrol of said fluidized bed, said inert solid having an

Eppreciably amaller seiiling rate than thst of =aid particulatp
ynthesis catalyst, passing saild synthesis gas up through said

Fluidized bet at a rate to effeck &ncﬁmulaticn of szaid inert

olid at Lthe tep of said fiuidized bed and preferential en-
rainment of said inert solid to ;haiﬁﬁﬁatantial axelnsion of
zid particulate synthesais catalyst irpﬁ the wop of sald
Flnidiged bed in aaid withdrawn gas;pﬁg'effluent thereby pre-
enting unconmtrolled exothermlc cataivtic reaction in said

{ ithdravm gaseous effluent, and sonveying seid inert solld frop

he top of said floidized bad to the hottom bherenf at a tate
Eo maintain said substantial proportion of said inmert solld in

o ﬁﬁ
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: gémixnture with said particulats synthesis eatalyst Iin spita
[ - ..
5 of the tendaney of s2id inert s0lid to ascomilate at the top
i .
4 of gsald flvidized bed and to be prefersntially sntrained from
fithe iow of sald fluidised bed in goic withdrawm gasSoUs
e ffluent.
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