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The oresent invention relates to method for effecting
estalybic conversions wherein gaseous reactants flow through a
reaction zone In contact with a solid catelyst to produce & reoac-
Etic-n croduet having o meleculsr welght creater then thet of the
I'ead gzses,

' The present inventiosn is ﬁonca}ned more varticnlarly
with earrying out & econversion rezcbion whersin the gosedus Teac-
tants bassing in conbzet with a catalyst mess are associabed with
an actlve adsorbent material, effectlve under the reaction condi-
tioms, which prefarentiallf zdsorbs products of reaction and thus,
in eifect, removes them from the sroximity of the reaction., Io
tha usual catalybic operation of tha Lype mentloned above the re-
actant gases in comtaet with the catalyst maes are progressively
converted Lo the desired reactlion products with the result that
the Peed geoes become relatively diluted as the reagtion progresses
with the formation of diluting reaction products, Moreover, many
resction products tend to adsorb on the zurface of the c atal yat
itself and tend %o impair fts funetion.

The present invention has as one of its nrimary ohlects
the adsorption of the reastion p:uducts; with the reault that the
partial presmre of the residual reactant feed materials is mein-
1tained at a relatively high level to promote efficlent reaction,

{ ' & further objeet is to prumﬂte.ﬂésurption from the cata=
lyat surface, with resulting imprnvamant.in catalytic activiﬁz,
The present inventioan may be'affabtively carried out in
any system whersin the adserbent agent, discrete from the eatal yat,
may¥ be cerrled through the reaction zomae, and continuonzly removad
for the recovery of the sdasorbed produecte of reaction, preforably
wlth eontinucous return of the reactivated adsorbent material to

the regator.
Thiz result may be schieved 1n & mumber of ways. For

exﬁmple, a mixture of cabalyst snd adsorbent meterial may be con-

.
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| tinncusly ¢iremlated through © he reactor, econtiruously separated
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Irom the effluant reactant pased, treated for recovery of the ad-
sorbed product, and spaln returped to reactor in conbact with the
fresh feed zases. It ia most edvantsgecus, however, to pass the
.gasauus reactants contzining sweyended zotivated adsorbent materdisl
in powderad foym, or in the form of o dust, through a mess of re.
latively coorse catalytic material cpnfinaﬁ within the reactlon
sone. While this type of operation may be employed with fixed
catalyst bed operations wherein she particles of catalyst permit
pasgape of the adsorbent entrained in the reactants, the invention
1z ideally =pplied ip the case of a patd yst comprising a mass of
fluidized particles which gré relatively coarce with respect %o
the varticles of the adaprbent agent and thus contined witﬁin the
reaction zoms under the comdltions of Flow prevalling.

In secordance with the prefarréd type of cperation men~
tioned, the gassous rezctants amnd suspsﬁ;iarfi adsorbent material floy
through the flutddzed mess of rslativalfsﬁoarse particles undser |
eondi ticns such a5 to maintaln the ccaré;"particlss i a state of
aubsta tially uniform fluldization $long the vertical dimension of
the reactor, but such that “there iz ne materid enbralnment Qf;
coarse particles in the #apbr s trean from.the reactor. To tﬁi?

end, there prefarably iz no substentiel differential between the

-

rate of flow of the vapor and the adsorbent powder ﬁhéough the
rexction zone, and the concentration of adsorbent powder in the
effluent strear will be substantlially the same as that in the
stream entering the reaction sohe. .

The inventicn iz of partinular.qnplicaticn to the cata-
1ytia conversisn of carbon oxides and hy&fﬂgén for the production
of hydrocarbons, oxXysenated hydrucarbané and the like, The pas-
gage of the relatively flre adsorbent maverlal appesrs to CLacllli-
tate fiuvldizatdon 5f the relativaly nnafspr ezt sl yet particles and
at the same time passes through the mass of catalyst in a turbulent

and relatively rendom flow. As a result, the adsorbent tends 1o mEke

=3




:with the result that there is & mors effective wtilization of the

iresidual and unrsacted feed goces as the reactlon progresses.

lof the adsorbent perticles to ths reactlon Zone #ssurss a high

5183051

good =nd repeated contact with the s eparste and discrete catalyst
particles, fasilitating the sccumlating of the reaction products.
In short, there is a contimucus scrubbing action which promotes
the adsorption and removal of the products of reazction from the

active surfaces of the cetal yat into the moving adsorbeut solids

It 15 significant alse thnat the continuous intredunetion

degree of tempersture unifafﬂdty within the catalyst mass by a :
tend&nﬁy of the adsorbent to take up excessive hest which may be 1
locally liberated ef minute pointa on the catd yst surface, and
disbrituta thiz heat at the optirmum controlled sverage Lemperzture
of the massz. So also the heat lossz ﬁf the reoveling adsorbent to
the eatalyet bod promotes overall sooling and may be controllsably
enhaneed if desired oy eooling of the aﬁsbrbent during recirculs-
Gion. |

It i3 to be umderstood, howevef,:that in the cens of
cotalytle reductlon of carbon manoxide and other strongly exother-
mic resctions the primary means of heat trensfer from the mass
of fluide and solids most sultably takes the form of adeouste covl-
ing surfzces in eontact with the catalytic mass. Thus, far exam ol
the reaction zons mey comprise 3 vertical shell cowmprising & plur-
A ity of wverticzl tubes sxténding tihrough the catdl yst mess and =
rlisd with 2 sultzble cocling 1iquié or Tiﬁid; or the reaetion mey
be carried out in the tubes whish are in Lurn surrounded by the
cooling fluid so that heet removal acﬁufﬁ indirectly through the
walls of the tebes, By this means the fémparature throughout the
mase of catal vst can be kept within not more then 59F. veriation
from a predetermined reaction temperature level.

The sdscrbent powder shonld consist »f pardieles of sulis

sble fineness to permit fIluldlzed nassage with the rzactant vapors

Sy
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lltnrongh the reaction chamber. While the siwe thersof may be widely
varied in sccordance with the veloelty of gaseous flow =nd the
density of the adsorbent selected, I find that in ferms of practieco
al operaticon with whieh I am femilisr the adscorbent may consisc af

j

cparticles which pass through e 200 meah screen. Whe}a, howewrar,
high liaear velocities are rosorted to, the adsorbent meteorial may
1comprise partleles gz large az 100 mesh size or aven larger.
] The ¢atalyst partiecles on the other hand, in the zrefer-
red form of opersticon, may range from &0 to 200 mesh when apersting
iﬂ'it-h the adscrbent agent of the vreferred rerticle sige stated,
1although here agsain the particle size is relsted to sffeetive
jfluidizatian end malntenance of the dagired conlitions of reactiond
Thoze akilled in the art of fluidization w;ll appresiste that the |
relative densitles of the adeorbant and the catalyst particles wilf
influence the respective particls sizes.ﬁhosan for the two meter-
_ials. |

4 suitable csbalyst for she reducstlcoun of carbon wmonoxide
maEy comprise an iron powder contaiming about 1 to 2% potassium oxdld
and about 2 to 3% alumina. Heowever, it is cuntempla{ted that the
catalyst may comprise other metals of the iron group such as oobaldy
nickel, ruthsnium, ete,, snd any other of the comventional promo-
ters may be smployed such sg the oxides of thorlum, magnesium,
uranium and vanalq:‘:lium. Elternaltively, a'suppurta& tyoe of catal vet
may be employed whersin the metal of the irven group together with
the promoters are supporbted upon a maﬁeriél.such as gletomacaous
earth, silica gel, Filtrol and the like.

The relatively fine particle ads@rhent ie necesgarily

selacted from the 2lass of active adsorbeants capabie of preferen-

tially adsorbilng & materdal preportien of hydrocarbon reaction

products ab the conditions prevaliing in the reaction mone. While
this may vary widely deperding upon the specific reaction sarried
out, the produgts vroduced, snd paTtisularly the tempersfures and

preasures asrevailing, the catalytie recuction of ecarben monoxide

e
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ir the nresence of mr ivon cacelyst, for & he production of hydro-

cirbong snd oxy gemeted hydroearbons, smbodlies a rather severe

Tl

applie=tion of thiz nrinciple. Thus, for sxanple, such 8 reactlon

may be carrded cut at z btemssraturs shove $00°F., preferably at i

AO0OF, , and under a pressure of nbent 200 ts 250 pounds mr squere

inch gsuge. ke adoorbent suitable for overation v er these condi
tions comerises the commereinl activated chareosl kneown as Yoo conuy
charcosi®, although varlous other zctiveted chareouls may be em-
plovad h::.r proper seleedion in Eccor‘dm.ce with the greval ling condi-
tiona. Thus, for many purpcoses, ineluding fhe catalytic rednegtion
of tarben monoyl de, such sdsorbert materials as ac‘tivated_.-@lumina
:nd sllica esl are suitable equivalenus, .

Operation of t.hlﬂ f orepolng illﬁ.atrativa oroness mger
elovated pressure 15 pertlenierly advaﬂ:ééaoua in thet rezctivetion
¢in be accomplished ouwkzlde the reaction zc:lrig bty simple relesss of
pressure accompanisd, whers deslred, by subsequent treatment with
g guitatle stripping ges. In other cases, however, where alevatedt
nressures are nob employed It will be nece:ssa_r'y and desirable Lo
resctivate the adsorbent at an incressed temperature or by other
conventional means,

In arder to illustrate ths npler'a;;iun of the invenktion in
greatar de‘ﬁail, reference 1s now macde t.u._.the agcomoa ying drawing
wherein numersl 1 indlcates a vertical remetion tower containing s
Finidized mass of relstively coarse pérﬁiéles of f;z”;atal}fst. Synthe
sig gas, Tlowing from a Source not shown, 1g conducted through ping
2 to the imterior of the reaction tower by way of the conicsl
bottam

This gas may contein carbon monoxide and hydrogen in the
pmﬁurtion of about I mols of hydrogen per mol of carpon monoidide,
zrl normally conbeing some additiensl diiuant, as for ax=mnple sbold]

14% carbon dioxide. Advantageously bhe synthesis pas may be pre-
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heated te from abouwt 200 to S00CF. depending upon the type of

satalyst employed ané the nature of the reaction products

desired. The synthesis gas iutroduced into the qonduit 3
entrains and suspends therazin an amtivéted adsoyrrbion agent %
supplied through means explained subreguently, It is impurtan%
to note that the velosity of the gas flow upwardiy through the%
reactor i3 to be maintaineddt a sufficient value to gaTYY tha:
suspended adsorbent powdel upwardly through the mess of rela-
tively ccaorse cstalyst, as well as %o maintain bhe coarse
particles of catalybic matarial in a state of uniform or 0=
callef dense phase fluidizstion throughout the vertical dimen-
sion of the reaotor.

During flow through the fluidized mass the synthesis
z#as undergoes conversion into the desired proeducta, B.3.,
hydrocarbone boiling within the range of pasoline, when using
the iron powder catalyst described above at a Lemperature of
600 %o 625°F, ana under a pressure of 200 pounds per square

inch gauge. The adsorbent particles fentrained in the reaction

gases adsorb a gubstantial preporticn of the hydrocarbons as
well aé_ﬂxygenataﬂ hydrosarbkons as ﬁﬁey.ara formed and pass
oub -through the senduit & of the reactor 1,

Bxothermic hesat of reaction.is gxtracbed from the
reaction sone primardly by = Beat excﬁangé eleomant 5'¢umpris-
é ing a plurality of vertical tubes extending through the mass
Icf catalyst and supplied internsily with a heat-conducting
fiuid such as waser, diphenyl, @ercury, or the like. 4= is
knoﬁn in the art, such fiuid may wndergo partlal or zubstan~
tially.cumplete vaporization within the tubes under controlled

conditions of pressure such as to regulate the eifsctive

average temperatura of the catalyst mass during reaction. The

cooling fluid is introduced frovm a source not shown through

pipe O at the lower

i
-1
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end of the vertieal tubes, and the effluent liguid or vapoy, as
the caae may be, is removed through the upper or oublet plpe 7.
The reaction geses flow through the condwlt 4 to z zeps-
rator §, which,while indicated more or less disgrammaticsl 1y, msy
compriss any nutther of unit: provided with mechmical or electric-
2l means for precipitating the adsorbent oowdser from the entraln-
ing gases., The gsades thus separated are continucusiy dischsreed

through & pipe 10 leadlnpg through a pressure reductlon valve 11,

vantional type for recovery of the desired products,

The separated adsorbent powder passes from the zeparator

k2 fote s hooper 94 =nd thence into a standpipe 12 where it gravi-
tates to any suitable type of feed valve 17 which may take, for

the powder through the pipe 12 inta a.réécﬁivation chamber 15. Pif
14 is used to inbroduce sn serating ges, such as hydrogen , methane
fete., to meintein the powder in pipe 12 in a free-flowing conditior
Tﬁé reactivating chamber 15 is medintsined &t 2 substan-
tially lower pressure ;han the reactor, preferably stmespheric,
whereby the adsorbed hydrocarbonz are released from the partd cles
smd paas autwﬁrﬂl% through pipe 16+ The gases flowing through
pilpe 16 digcharge inte eyelone 17 to separate any entrzined part-
icles .and thenee passz thrbuph pipe 1B inta the nein product line
30, The demired pressure diffzrential J..'I].El'_'];'.:he maintained by con-
ductlng pipe 18 into the aforementioned p_i_._ﬁe 10 just beyond the
threttle valwve 11, which 18 sat o reduné.the alevated pressurs
preval 2ing in the reactor 1 to, for example, atmospheric. In the
case of adsorbents requiring further treatment for reactlivatlon,
additional heating or stripping maans msy be provided In the lower
pertion of the reactivator. Theve 1s shown, for sxanple, 2 pipe

120 sdapted to supply hydrogen, cafbon dicxide, methens, stesm or

-

ta any snitable cooling, separating, oy tracticnating means of cond

exanple, the form of a star feeder, onerated to contimuomaly sueply

=]

s
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ay othgr guitable stripping pas, from a scurece not shown, throngh:
the mass of particles therein accumlated. So zlso 2 heat ex-

changer w2y be provided in standpipe 12 or reactivater 15 to faoi-

litate reactivetion by heating., Any solids carried into eycelone

17 are returned to charber 15 by way of standpipe 19.

A secopd ster feeder 21 iz provided for the purpose of
delivering powdered reactivated adsorbent agent from tha reactliva-
ko 15 imto the hopper 22. The sdsorbent is discharged from hop-
per 22 through feed valve 23 and pips 26 inte pipe 2 for entrain-

ment in the incoming feed gases znd return to the reasctor 1,

It will be api:uarent From the foregoing that where hegb-
{ing is resorted to for resghivation, subsequent cooling means of
any conventional form 1ls desirably inseftad in hopper 22. 'Tha
present invention, in the preferred form illusirated, conmbemplatszs
ent rainment of the s ctivated adsorbent in the incoming stresm of
feed pases, passage of the reactant material and the adsorbemt
narticles through the fluidized mess of catalyst in the reactor,
subsgouent separation of adscorbent particles from the reaction
,pmducts, reagtivation of the =dsorbent, and return of reactiwvnted
i adsorbent to the incomlng stresam.

By way of fllustration, ihen ogéfating tha proceas for
the produstion of hydrocarbons appmximap.élif in the gasoline hoil-
ing range the reactor contains a mads o_f;.f:._atal}ftic iron powder wIo-
noted with sbout 1 to 2% potaséium uxi&; éﬂﬁ 2 to 3% dumina, the
lpsrticle size being of about Bl to 200 mééh. The synthesis gas
comprising atout 1 mol of caurbon monorlde to 2 mols of hydrogen and
with about 14% carbon digxide is introduced through ploe 2 ot a
temperature of about 5500F, Before emgering the reaction zone, the
synthesis gas entrealns shout 0.1 peund of nowdered pobivated coco-
vaut ¢hereesl per standard cubic foot of #ed gas, The activated

charcadl i3 of sugh particle sise that all of the meberigt passes

through & 200 mesh screen.
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icamnut charcosl particles in the reactor are carried out by en-

ihat of their intreduction.

iThe effluent mixture of reactisn vapors and entrained adsorbent

{The reactivatsd particles are then reintroduesd into the incoming

iwlthdrawn from the reaetor by these particles and are liberated

518051
The feed gss passes through the mass of relatively coarsei

cata) yet particles al e lirear velocity of about 1 1/2 fest per
second {detormined on the besis of the wolume flow of inlet gas and
ithe intermal volume of the reactor neglecting the space oceupled by

the eolids). Underthe conditions preveiling in the reactor the
trainment in tha effluent recotion gases at a rebe egquivalent to

The reaction zone la maintainsd at a temperature of ahoub

400°F., and under a pressure of 200 pounds per square lnch gsmge.

perticles are passed into a zome of atmoaphkeric pressure for reace—
tivation, The hydrosrabon vapors released during the resctivetion
are combinad witk those separated from the adsorbent and topather

they are passed to means for further treatmsut and fractionation,

stresm of fresh feed and tims repeatedly i‘écycled to the reattion
system. o

When operating in this menner, = subataitial proporticn
of the reaction products are teken up by the adsorbent particles in

the immedlate vicinity of their formation within the resctor, are.

from the varticles in the reactivation chamber. Thereafter the
liberated products are trsated, separated, ete., in any desired

MalneT s

ii-t.ions, it is contemplseted that the t._emperétures nay range from 200
| to 70007, depending upon the catd yet employed and the type of
praduct required. As furthar indics.teé, the invention is =lso
spplicable to other types of exothermic reactions and may have & -

olication as well in the speration of endpthermic COnVerslion reac-

t5ons wherein it is desired to adsort reaction products s A WMeans

of promoting reaction.

w1l

Wnilo mentlon has besn mede of specific temperature ¢ondi




i cortiot ot least of the reaction products are =sdsorked from the
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The w esent dinvenbion thus provides a process by which a

active surfacea of the catalyst as they ere formed, thus vromoting
the converslon and ia effect ineressing the pervial pressure of
the remaining [resh reasctent gases in éuntact with the catalwyst.
Tt iz particularly significent that the action af-tﬂe uznal adsorb-
ent arent ls such as to bake uop the higher omolecnlar weight;reac~
tion products. Thus, particularly 1n the eage of the reduction of
carbon monoxlde, there is a fendency Lo withdraw fron the resction,
produets which heve reachsd a predetermined molecular weight whereq
by thé reaction produsts tend to be maintained withiz a limited
mpleculsy size, In‘other words, in foliowing this invention in the
synthesis. of motor fuel there is z tendency to imcrease the pro-
duction of liquid hydrocarbons heiling in the gaseline range and
to decreass the formation of higher beoiling hydrocazbong, e.5.,
Digaesl oil.

The invention is to be shafplf;&istinguiahed from proces
aes wherein adsorption iz limlted to thaf'ﬁhith may oegur on tha
catel et particles or on the carrier maté%ial in The case of sup-
ported catd ysts. . .

The invenkticn iz partleularly ﬁseful in connectlon wlth
the operation of a staged process whersin ﬁhe reactant Teed gzases
are partially converted in a controlled reantion zone, the resc-
tion gased being successively pagsed to mceseding reaction zomes
for further cﬁmpletion of the reaction with or without iptermediste
freatment or selective removal of products. Thus while this sr-
rangement has not hesn gnecificslly illustrated abave, ;t will he
filly appreciated from the foregolng dis¢losure that the problem to
which the pressnt inwvention 1s directed @hj be more severe in lated

sbages of & stapad operation where the molecnlar weight endf/or pros

-1)-




fselect & sowder of smaller particle size to atbttalin & smaller set-
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portion of the reaction products may becoms greatar.' Accorﬂingly,i

it 1z desirable in zome brocesses to usllize the invention set out
s ;

in th= =zpecific exemple asbove, for instanck, as a ssecond and/or

;
later atage of a multi-stage process with the attendsant advantagesl
For f he nreferred ewbodiment of fIﬁiﬂ invention involvingg
fleidization, it is imporitans that the adscorbent powdar have a
smal ler settling rete thern that of Lhe ¢otelwst powder employed.
The rate of zebtling of & powder ia dependent on the sise, shape

and density of the particles esnd penersliy It is convanisnt o

1ing rate. This explzins the freguent refefences in this apselfi-
‘ua.ticn to relatively fine adsorbant particles. and reélstively coarse 7
satadyat partlcles. Breadly, howsver, the slzorbent oowder does rob
have to be sy finer snd may even Ee ccarse:ﬁ than the cetalyst
pawder 1f there iz sufficient diff‘ar:ence' in the de;:sitie-s of the
sdsorvant and catalyst particl.es. Thus,..f;_r instances, » powdsrad
adsorhent becsuse of its low density :nd/or plate-shaped particies
might have a coarssr _uarﬁicle gl ze tha ..1‘“.-1.13 powdered catzal y85% used
in the reactor asd stlll be operative in éﬁcordenc:a with the prin-
pinles of 'this.’ invertion, Thoss familisr with fluldizstion will
sporeciate that » powder of smallsr settling rete is one whoss par
tieles tend to fell or settle less rapidly throwgh the gaseous suso
penglng medium than do the parcicles 3£ the powder ha.ving jgreai;er '
settling rate. It is reodily pessible for one skilled in he ars
to selact the vroper powdersd adsorﬁanﬁ_ ard cebelyst For any operad
tlon im wiew of the foregoing princ:iple.’%.- '_'.L.:.uppurted by exderimentsl

tests.

It will moreover be E.‘,:pafent f;ﬁin the foregolng, that in
the operation of the preferred smbodiment of the invention it will
be desireble to select & mixture of .adsarbpnt and catd yst pertlclg
of such relative settling rates that Tor the rate of gas Tlow

fomployed, thers will result good fluidization of the catal st pari

i
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tzlaz of higher zettllag rats substantiaiiy without entrain-

ment therest in the gagecous efflusnt and yai without exeesslve
clazsifitation.

It ie well to nohe that the apperatus shwn In the
arcompanyring drawing may be exbtensively modifisd while stlzl
permiiting oiroulatisn and reastlvation of the edzorbent par-
tiples end their remizture with the catalyst particies. Thus
in pleses of the separsstor shown, & filtsr of porous alundum or
the 1fks may be interposed betwssn the reactor and the outleb
tube 4. Snued a filter may take any conventionsl form sweh, for
sxampls, as 8 porous tobs eommunieating st its upper end with
the tube 4, clogad =t 1te lower end and éxtending 2o imto
the Tesstor. This filter. mervas Lo geparate sntrainad parti-
gles from tha sfTluent grssa, the Sapé;ﬁt&ﬁ particeles seither
Aropoing bagr ints the fluidized pess ﬂf:heing pariodically
blown off the Filter by perledic tlow-bagks. Under tiese con—
#1tions the mdscrbent partislss of loger ssttling rate would
tend to accumﬁlate at the psendo-liquid lesvel of the fluidifed
mess. & =tendpipe comnected to the resctor 1a the vilelnity
of the pmsudo-liguid level would be used tou withdrew the ad-
gorbent partieles downwardly into = endtebls reactivetion
ahamber sof then the reactivetsd adscorbent particles reduraed
ta_tne:iﬁwer portion of the rsavior in any desirsd manneT. .
Thig é?dlic filow of the adsorbent particles of lower mettling
raﬁe, sg in ths praviows smbodiment, ensures the mairntensnce of
a well-fluidized mixture of adsorbent pe-tlsles and catalyet
particlas of higher =sttling rate by gomnensating for aty ten-
dancy of thz mixed particlss o classify. & modified form of
apoaratus sultable for thls specifie ogératinn iz dloclosed
fn detsil in ths copagdicg Rinletti Sanadlan spplicstion, Serial
Ng, 556,598, filed on Maprch 27, 1947, As in Iha prezent appii-

.ecation, the copsoding Riblstb applicetion is dirgctad %o an
oneration 1n which partlclez of relatlvely high setitling reta

end particlea of relatlvely low settilng rate are maintelined Iin a

—1%—
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state of good fluldizatlon and admixbture by returning the parti-
elez of lowsT settling rate which tend to scoumulate et the psendod
Yiquid level to the bettom of the fluidized mixture,

While mentlon hea been mede of zeversl pessible methods
of separating the adcorbent material from the reaction gases, bhe
pmresent inventlon, whers Iron or other maghetic materials are used
a8 = cafalyst, lgnds itself partienlarly ©o the use of magnetic
separation at such times as It mey be necessary Lo semarote the
catal yat and adscrbent perticles Tor regeneration of the former.
Thus, such an arrangement also permdts the concurrent pasasge of {
rthe adsorbent and catdl yst pa¥ti&lﬂ5 through the rezetion mone and
imithdréﬁal of both therefrom by entrainment in the sefflvent gises;

ithe mixed solids mey be segregated by a megnetlic separstor, the

rtiecles purged of adsorbed products in anotker chamber, snd buﬁh
vpes of pariicles would be returned to the resction zone in good
ledmixtnure, to complete the cvele of cperation. The invention more-
prer is partleularly advantageous when used 1n connection with
talli¢ gatalysts anassoclated with a suppert, ia which imstance
she adsorbent tends to apoumilate a relatively larger proportion

£ the reaction prnaucts because the relative adscrption propen-

parTul oles.
Obvigualy meany modifications and variations of the inven-
tion as set forth abovs may be made without departing from tha

fapirit snd scops theresef, and thersfare only sueh limitatlong

Lhauld be imposed as are inherent in the appended clalms.

ally

ity af the sdasrbent particles is great&r the that of the caté.ysf

stal ytic partlcles revivified in a suitable chamber, the adsorbentj-

b
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The embecdiments of the invention in which an exclu-
sive prupafty or privilege is claimed are dsfined as follows:
i. & process for effecting catalytic hydragenaﬁicni

of carbon oxidea to produce hydrocarbens, oxygenated hydro- ;
carbons and mixturss thereof, invelvipg contimucusly passing
synthesis gus comprising hycrogen and carbon nonoxide thrnugh?
a dense fluidized mass of relatively coarse, solld partlcls .
hydrocarbon synthesgls catalyst within a reaction zone at an .

slevated temperaturs effectlve for sald catalytic reaction,

passing through said dense fiuidized mass, ia guspension in |
said syathesls gas, reolatively fine, adsorbsnt oarticles '
substantially fres of adsorbed materlal and capable of ade
sorbing a substansial smount of the narmally liguid rroducts %
of resction at the temperature prsvailing in said reagiion g
zone, withdrawing from the upper portion of said reaction wong
said adsorbent particles after they have sdsorbed said nor- i
mally ligeid products of reacticn, recovering the adsorbed
oroducts of reaction from the withdrawn adsorbent particles, |
and continucuely malnteining 2aid passage of adsorbent parti-!
cles through said demse flwidized mass at a rate such that &
substantial zmount of normaliy ligeid preducts of reactiom %
‘are atsorbed by said adsorbent particles and withdrawn thers-
with from said reaction song.

2, The precess aceording to claim 1 wherein the i
adsorbed products of reaction are recovered from the withe
drawn adsorbent particles by auhjectlng 8514 adsorbent partl-l
slgs to a subsbdntial decrease in TEEBEUTR .

3,  The protess according to eiaim 1 wherein the
adaorbed products of reaction are recoverst IrTom the withdraws
adsorbent particles by contacting gaid adsorbent particles
with stripping gas.

4. 'The process mctording to elaim 3 whereln the

withdrgwn adsorbent particles are contacted with the stripping

ces whils bedng mainiained as a demss fluidized vass. |

o
;o |
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5. The process according o claim L wherein ths
agsorbent oarticles are aétivated charcoal.

6. 4 mrozess for effecting satelytic reaction of
gaseons readhants into products of higher melecular weight hY:
contact with a =0lid catalyét within a reaction 2ome main-
talned under reaction conditions, imvelving continucusly
paszing said gapsous resctants through & dense fluldized mass;
of relativaly uoarsé'Pa?ticles of said catelyst within szaid
Teaviticn sone, passing through sald dense fluldized mazs, in !
suspension im said gaseous reactants, relacively fdne, ad- :
sorbent particles substantislly free of adsorbed material andE
capable of adserbing a substantial smount of the nbrmally
liouid products of resction under reaction eorditions, withe
drawing from the upper nortion of z2aid reaction =ane zaid !
adsorbent particles after they have adsorbed zaid normally
liguid products of reaction, recovering the adsorbed =ald

pormally ligquid products of reaction from the withdrawn ad-

serbent particles, and centinuously mailntaining sajid passage
of adsprbent partieles through saild dease fluidized masa gt

2 rate such that a substantial amount of said normally liguid
products of reaction are adsorbed by said adsorbent particles

and withdrawn therewith from said reaction zoms.

7. The process for effecting catalytic conversion
of gasecus reactants te compounds of higher molscular wedght
by contact with s powdered catalyst within a rcaction zone

mainteined under conversion conditions, whick comprisez con-

tinuously introducing into the lower porsion of said zome
gald geseous reactants and partigles of aotiveted adsorbont
material sffectlve to adaorbt products of reassion, passing

said gaswous reactants and activated adsorbent particlss sus-

pended therein through a mass of relatively coarse particle

leatalyst switable To prowocte conversion of the reactant zases i

;but at a2 rate Inenffirient 4o permit substantizl entraisment |

G

/
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nf sain relatively ccarse cabalyst particles, remsving fron

the upper portion of the reaction zone the reactisn gases

containing suspended adeorbent material in ameunt substantially

|
|
i
1 goral to that ordginally dntroduced, and ssparating the ad-
f sorbed products of reaction from the adsorbent meterial.

j 8. The vrocess for effeeting catalylic vonverslon
of gaseous reactante by contact with'é powdered catalyst

within 2 reaction zone mainteined under converslon conditions?
which comprises continuensly introducing into She lower portihn
of said zone said gaseous reactants and particles of activate%i
adsopbent material effective to adsorb products of reastion,
passibz said gaseous reactants and & ctivatad adsprbent parti-%
clas suspended thersin through e mass of reiatively ecoarse
particle cotalyst suitable vo promote conversion of the reacté
ant gasea but ab a rate insufficient to permit substantial é
entrainment of said relatively coarse catalyat particles, :
removing from the upper portion of the reaction zone the rea¢%-
ion gasas containing suspanded aﬁsorbaﬁt material in amount %
substantially equal to that omn’anally introduaced, 5eparatmg
the entralned adsorbent material from the reaction gasew,
separating the adsorbed reastion produsts from the adsorbent f
material, and returning the adsorbent material to the inccmin%

stream of gasecusz reactants,

9. & process for effecting hatalytic conversion of

gzmgous reactents by contact with & powdered catalyst within
a reaction zopme maintained under converslen conditlons, which
comprises passing gaseocus reactants through a fluidizged, m'u:arj.
mass of golid catalyst in relatively coarse particle fora and |
so0lid adsorbent moterial in relatively fine particle form

within =aid resction =zone, said adsorbent material being

effective to adsorb products of tha-féaction, csortrolling the

rata of flow of reaction gages through the reaction z2one Lo

waintain said mixed mass of solids in a state of denss phase

/7
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.fluidizaticn and to entrain said adeorbent parti¢les withowd

suphstantial entraimment of said catalyst particles, removiug

i
from the reaction mons the sffluent gaseous stream of reaction
: !
oroducts and entralned adsorbent particles, subjecting the

adsorbent particles to treatment for'ﬁhs desorption of the ad&

serbed products of resction and reactivetiem of the gdsorbent

particles, recovering the desorbed products of reaction, and

returning the reactivated adsorbeat particlss to the reaction

B . E
10. Lto follew claim .9) The process according to |
Claim @ 1n whiech reactivation of the sdsorbent varticles is
affected at a substantisl decrease of presgura.
11, (to follow ¢laim 10} The proesss sccording to
! Glzim .9 whersln the rsactivated particies are returned to the
reaction zone by introduction into thé:étraam of gaseous reacthk
ant feed to the rezction sone. _ ;
1. 4 process for Effeating.catalytic conversion of
gasecus reactants to sompounds of highér molecular weight by
consact with. a powdersd catalyst in a reacticon zons maintained

under converslon condltionsg, which compriges passing said gas-

eous reactants through a mixture of powders comprising catalysi
. {|particles and adsorhent particies having a lower zettling rate
than that of the catalyst particles, maintaining a rate of

|-+ Jreactant flow such that the entire mixture is held in a state
| of dense-phase fluidization at which the adsorbent psrticles

tend to Llow upwardly relative to the catalyst particles but

guch that substantislily none of tha'éatalyst particlas are !
entrained in the effluent resction gases, separating the
effluent Teaction gases from entrained adsorbent partizles,
withdrawiﬁg satd adsorbent particles from the upper portiom of
the conversion zone, resftivating said withdrawn adsorbent
particlez in a separate zone to recover the pdagrbed reaction
fproducts, and retuming sald resctivated adsorbent particles ty

the lower portion of the reactlon sone.

gEe L ELATIERE A g LAl i Tl R e b
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r 13. A process For effscting catalytic hydrogenabion

]oi carbon oxidss to produce hydrocarbons, oxygsnated hydro-
carbons or the like which comprises cnnt vuously passing &
reactant stream comprising carbon mﬂnoxlde and apdregen uontaiﬁ-
ting suspended therein an activated adéurbent powder, effective

to adserb the producsts of reaction, through a mass of relatively.

gparse particles of catalyst effective to promete such cata-
lytic hydrogenaticn and at a reaction temperaturs, maintaining:
gnch a velgclty of sald stresm as to produse dense phase

fividization of the catalyst and adsorbent particles and cane

ﬁtinuuua entraimment of the relatively fine adsorbent particles:

fl

btut insufficiant toc permit substantial entrainment of ssid
coarse casalyst particles, econtinucusly removing from the uppe%
i - :
Ipori::lon of saild reaction some the ef'flusnt gaszeocus stream of

reaction products and enbrained adéurbeﬁt particles, subject- 3
ing the adsorhent particles ta treatmenu for the desdrptlon ofi

the adsorbed products of reaction and raactlvation of the ad-

-

ﬁsorbent particles and regovering the desorbed preduets of

reaction.

i 1. Im the process for effecting the catalyitic con-
verzion of reactants inbo reactlon products of higher molscularn
weight by contact with a mass of powdered catalyét maintained

within a reaction zone, whereln a strean of zaid gaseous re-

fretants i passed uwowardly through said reaction zone im eon-

tpet with a mass of solid particles comwprising catalyst partl-

ljcles having a relatively high settling'rate, and discrete par-
kicles of adsorbent material effective to adsorb rodasts of
s3id reaction formed in the reaction zune and having a sube=

tantially emaller gettling rate than_that of the catzlyst

articles, controlling thas rate of flow of said gaseons regth- |

ants through the reaction zone to maintain said maas of parti-
i

ltles in a state of dense phass fluidization asuch that the ad- ;
i

orbent particles of relatlwvsly low settling rate Ilow upwardly

/7
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to the top of the reastion zone without substantial sntrain-
ment of seid catalyst particles, withdrawing efiluent gases

and particles of adsorbent material gubstentially free of
catalyst particles from the upper portion of the reaction zome,
subjecting the adsoroent particles to treabment for desorprioun
of the sducrbed products of reacticn and reactivation of the :

| adsorbed particles, resovaring the desorbed products of reaation
and eontinucusly returning reactivated adsorbent particles inﬁu

admirsure with the catalyst in sald rezetion mone,

R/ i
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Clertified 1o be the drawings referrad to
in tha specification kereunio anmexed.
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