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COMPT.ETE SPRCIFICATION

' -Impr-oye:_ﬁct_ﬂs in or relafing to Catgly.tic Conversion

Woe, Tezace Duvucormmnr Corpops-
+TON, & corporation organised under the
laws of the Stuile of Delaware, Tinited
States nf America, of 185, Fast 42nd
Btrect, New York, State of New York,
TUnited Stales uf America, do hereby de-
clare the nature of this invention z#nd In
what manner the same Iy to be performed,
to be poiticularly described -and ascer-
tained in and Dby the. follawing state-
ment : — . t .

Thig invention Telates to a method of

effecting caislytic eonversions with a.

fluidized cotalyst in solifl particla form.

Ths invention contemplates effecting
convargion of gaseouy reactants during
How-through werfieal reaction passages or
chaznels vf constricted or relatively nar-
ro¥w cross-sactional area in cyntact with »
fluidized catalytic mass = comprising
catalyst particles in .relatively  finely-
divided form or in the form of dust, and
relatively coarse dispersing particles of

solid materia) and preferably inert, such -

as quartz, the matérial known by the
Lagistared Trade Mark, ** Altndum,”’ or
metaly unaffacted by the reactants. Thq
reaction pussuges, may bo in the form of
tuhes, or other suitable surfaces within
u reaction vesscl the surfaces preferably

_being cooling surfaces in the case of &

highly exothermic reacliom: .
The catalysi particles are thuse obiain-
able by fine grinding soch that at least
f0og biy'mlm e.of the catulyst eonsists of
particles having a diaifeter.nok Targer
than 0.1, and preferably not larger than
0.001 limes the average diameter of the
dispersing particles.  The dispersing
particles sre of sheh sive as to bs mWain-
tained in vibretory mofion with limited

-girgulation of the dispersing parbicles.

The dispersing particles are of wniform
gize and shapa and have & particle dia-
meter within ‘the range of (105 to (.33,
and preferably 0.1 to 0.2 timeg the dla-
meter of a tube having en hwdraylio

radius equal to that of the reaction pas-

soge or cheunel in which the catalyst
fluidization iz being effected. The
hydraulic radivs of said passage or chan-
nel advantegeotsly docs nol cxzceed One
inch and preferably, 0.5 inch. These re-
lationships are critical from {the stand-
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‘point of realizing affective contact be- B

twéen catalyst and reactants and wuni-
formity of catalyst parficle temperalure
within the veacfion zomns, .
“Tb is desizable to employ dispersing
particles affording a maximum of fzee
gpace, preferably in excess of about 60%.
These particles 1nay . be spherical,
-although it is eontemplated thut they
ma¥ be in Lhe form of ¢ylinders, Raschig
rines; "Berl saddles, efc. so as to afford a
maximnm of free spacs. The void apaces
_between dispersing parficles are subsban-
tially complelely filled with the calatyst
powder,

The invention is of particular applics-

tion with respeet 1o cxothermic zeections
wherein provisien is mude for effectively
-removing from the Teantion zonme heat
liverated by the reaction, -elthough it is
-also "ﬁsefu{ for endothermic reaclions.
By means of thiy invention a uniformly
Ligh rate of heat transfer is realized be-
twaen individual catalyst particles amd
adjacent heat exchange surfaces within
“the zeactivn vessel, The invention i
tharefore partioularly udeful in effecting
the catalytic conversion of carbon mon-
oxide and hydrogen into higher mole-
eular weight - componunds, including
-hydrocarbons, ‘oxygenated bydrocarbons
and the ke, S

T avcordance with the invenfion
‘method ig.provided of effecting cafalylic
aonversion of gaseous repefants by con-
bact” with 2 fluidized solid  culalyst
in'- "finely ~dwided  form ~ #hich

~method “comprises - dispusing 1n =a
-vertical resction zine s mads eomiprising
relatively ocoarse selid digpersing par-
teles and relatively fine solid ealalyst
particles,. said catalyst consisting essen-
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tally of catalyst perticles having s dia-
meter not mors than about 0.1 times the
diameter of suid disparsing parficles and
said dispersing paprticles iaving g dis-
meter in the range of .05 to .35 times
the diameter of a tuhe having an
kydraulic radius equal to thab of said re-
action zoms, oontinuously passing to the
lower portion of said zome reaciant
streain of vapor, passing said vaper wp-
wardly through said mass with sflicient
velocity fo entrain fine catalyst particles
and to maintain said dispersing particles
in a gtate of fluidization along the verii-
cal dimension of said reaction zome,
effecting substaniial conversiom of said
reachaunts during passage through tHe
catalyst mass, discharging an efflucni
stream of vapor containing produets of
reaction from the upper portion of seid
zone und supplying fine cafulyst par-
ticles to the lower portion of said zomoe.
In carrying out the invention, 5 fluid-
izable mass of cotalyst powder and inert
dispersing particles is disposed within a
vertical reaciion vessel or vegsely in divect
physical emmtact with cooling surfaces
Dositioned therein. A sbream of react.
wnt gas containing carbon monoxide and
hydrogen is continuously inteoduced to
the lowar portion of the reaction vessel
and {o succeeding points, if unedeafary,
and caused fo pass upwardly throagh the
flnidized mass of particles under nondi-
tiong" such as to meintain the mass in a
state of svhstantially uniform fluidiza-
tion along the vertical dimension of the
reaction vessel. Advanfageously, ocon.
difions are employed such that the mass

of- golid particles aimulates a boiling -

liguid. The produects of reaction, in-
cluding wnreacted pas, are drawn off ay
an efluent stream Irom tho upper per-
tion of the reaclion ‘zone, provision be-
ing mede for removel of eutrained sslids,
as will be described later, = -

As aresult of entrainment, cotalyet
powder accumulates in the ‘uppermosi
portion of the Teaction zome, and there.

-fore provirion is made for recireuiation of

acrumulated powder 4o the Iower portion
of the reaciion vessel, T

1t Lias been observed that in the cori-
ventional apﬁlicaﬁon of fuidized svlid
catalyst fechnique' the pas or vipor
passes through the reactor laxgely in the
form of lazge *¢ hubbles.” The catalyst
raoves upwardly ‘en ninsse ‘within the re-
zetor in tha form of  slugs  and since
o i substaniially
vonstant the eafalyst alsd movas dowme
wardly lorgely an masse in the form of
slugs,  Under these conditions the von.
f:ac‘iii betwecn vapor “and catalyst is not
good,

Moreover, there is a wide deviatipn in
temperature bebween individual eatalyst
particles. Some particles may be of tem-
peratures 100° ¥, or more above the in-
dicated teactor femperature. Comse- 70
quently with elevated reactor tempera-
ture in the range above 500° F. und par-
ticularly with an iron fype of catalyst,
reaciions of earben furming nature ceour
s0 that the ocatalysi rapidly bBecomes 76
foulsd with carbon and cerbonacegus
de%osits.

he present invenlion permits materinl
improvement in this contact by provid-
ing effective dispersion- of gas or vapor 80
throngh the cotalyst mass. This desired
dispersion is achieved by employing o
particie size distribution sugh that the
reseior is substantially £lled with coprse
particies which will have o lesser tom- 8%
dency to move mpwardly af the velooity
of ihe vapot. The coarse particles thus
sarve as the disparsing wmedium, The
desired contact between vapor and cata-
lyst is aclifeved by inclusion of fhe 9
eatelyst in the form of very fing particles.
in an amount such as to substantially
coruplebely 1l the voids within tha mass
of dispersing particles -

The fine catalyst particles move sub- 9
siantially with the velocity of e mas or
vapor until impact with the dispersing
particles upon which their direstion of
fow changes, resultidy in improved con-
factyrith the reactants, The fna eatylyst 100
particles move wpwardly at s much
greaber-rate than the coarse dispersing
particles und escape from the dense
phasel They thus tend to acoumulate in
the top or upper portion of the vesssl 10;
and therefore provision must be made fop
their return fo the hotiom. of the vessel.
ionditions are- maintmined gych that
there iv a high degree of slippage be-
tween vapor and fwidized dispersing 11!
porticles.  Conseguently the proportion
of dispersing particles o - eatalyat par-
tioles entrained in the efflugyy vapor ris-
ing from $he ‘reaction zome ig relatively
small but sufficieat to inswre Auidipatios 11!
of the dispersing particles _ajong {ha
verticnl dimesdigion of the reaciion mope,

The coorse’ dispersing. partisles are
varefully sized since void space iz & maxzi-
mum when the coarse particles gre of u 12
uniform shape snd size. In ovder. to
have the maximum satalyst bed density
the fine cafalyst particles raust be very
small in comparison, with the cparse dis-
]Eer_smg particles,  We find that high 125

od density is realized when the Tatio of
he dizmeter of the fine catalyet particles

‘1o the dimmeter of the coarss disperainyg
‘partioles in'in the order of 1).061 or less,

In the eatalytic conversion: of curhon 1§
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monoxide and hydroeran at, elevatecl tem-
peratures, as for example. 111 the range
500° F. and above, with an ivon type of
catalyst disinlegrufion of catalyst per-
{icles {akes place as & result of the for.
mation of elemental or possibly higher
varbides within the catalyst particle.
This causes the particle to spall with an
ascompanying diminution in parbicle

size, Therefore, and in sceordante with -

the prescnd mvcntmn it-is gdvantageous
{0 employ dlaperamg' particles formed
from  substantially imert material,
examples of whick have already been
mentioned, The object in employing
inert material is 10 ayoid disinfegration
and diminution in digpersing particle
gize during continusd use.

The ostatyst particles nsed in the
method vl the present {nvontion, intiiall
are in g state of fine swb-division, am
while these parlicles may undergo gub-
stantial diminution in particle sizo dur-

continued uge, this iz mot ohjectlon-
ab e, and in fact iz advaniageous [rom
the standpoint of facilitating reciroula-

{ion of the fine cotalyst fo the bottom of”

the reactor so as to maintain the desired
high catalyst bad density with’ resultaut
improvement in contect ‘belween reach-
ants and osatalyst,

High hed density iz also advanlbugeous
from the standpoint of realizing u high
rate’of heat dransfer befween individual
solid particles and the edjacent cgoling
or heat exchange surface. Dispemsing
patticles are preferably formed. of
material having 5 high heat conductivity
tharehy facilitating heat {iransfer from
individual catalyst” parlicles fo iHe ad-
jacent heet exchange surfaces,

It will be undersiood, of course, that
the valoetty throngh the particle mass
should be auch. thet the coarse dispersing
purticles ** jigele *’ or are mainfained
In vibratory motion such thot the exiat-
ence of stagnant pockets of catalyst in the
void spaces is avoided. Otherwisg, the
oatelyst particles in suchk puckels would
be healed excessively, giving rise to wa-
desired reastions and excesswe foulmg of
the eatalyst.

From the standpoint of realising rapid
and effeclive removal of heal frm‘n Y
highly exothermic veaction sach ss the
synthesis of hydiocarbons from carbon
monozide and hydrogen, 11: ig preferred
to apply the fuidised catalyst technique
in reaction soneés of tubuf,al character

80 affording o maximum surface to volume

6l

ratie,

11 is eontemplated employing re-
aotion passages having a2 hydraulic radius
in the range of that of tubes lLawing a
rading not greater than uhout 2 inches,
and preferably of 0.5 inch or less. = —

cAn . effectiver reactor advanlageously
comprises a vertioal vessel rontaining a
plurality of tubular elements. Tha con-
struction may be such that the beat
rarrier fluid flows within the fubes in
which ecase the fuidized solids are main~
fained in spases between tubes and omt of
direct contact with the carvier {lwigd,
which spaces are in effect cun’ﬁmueus]y
interconnected vertical passages or zomes
wherein the catalylic reaction iz effacted
as- $he reactants rise thersthrough. In-
stead, the fubes may be set vertioully in
suitable tube sheets to permit dow of the
heat carrier fluid over the exterior sur-
faceg while the fluidized solids are main-
*(ameﬂ within the tubes.

The hydraulie radins of a fnbe is taken
us the inberual crozs-seclivnal area of the
tube divided by ifs welted pevimeter,
The hydraulic radius .of a ‘eylindrieal
tube is thus eqital to its diameter divided
by 4 so that the hydraulic radivs of a 4
iuch tube fur example 1s 1 inch. Tn the
rase of a_ reaction wvessel gontaining a
plwralify of verlical cooling tubes wilh
the Aunidized eatalyst reastion 'being
effected in the spaces between fubes, the
hydraulic radius of the reactor is re-
garded ms the mei infermal area of the
vegsel {the internal cross-sectional ares of
the vessel less the gum of the external
crost-sectional arvens of the tubes) divided
Tiy the sum of the infernaj perimster of
the wessel and 'f:he tube cxtornal peri-
meters,

Tha rela.humﬂup batween’ particle dia-

~meter in fnches and mesh size of the par-

ticles, using a Tyler sieve, is 1nfilcatcd. in

the followmg fabulation ;

_Parlicle Dismeter - Mexh Sizé

' Inches . Opening
0,40 ST : [
08y - 25 -

k20 - T 3.h

010 B A
0.0 - o 12—14
0. Dl - BO

W]::en ilis pa.rtlr\le ig in ﬂie fﬂrj:n of &

eylinder or any ‘other shape it should be

related to s aphere having the same gross

) surface aren In which case the e.IIecL‘lve

dismeter of the particle is thaf ecorre-
sponding to 2 sphere having - the same

‘grogs surface area.

Reoference will rnow he mada tv the
accompanying drawing which déséribes

the application of tlln invenfion t0 the

catalytie conversion-of carbon monoxide
and hydrogen into hydrocarbons by con-
tact with fluidized catdlyst powder in 2

‘reaction vessel contpinifig u pluralify of
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vertical cooling tuhes for removing exo-
thermic hedt vf reaclion.

As indicated in the drawing, synthesis
gas conbelning carbon wonoxide and
hydrogen iy drawn frow. a source not
shown through a pipe 1 leading to fhe

- lower portion of a vessel 3. Advantage-

ously, the synthesis gag contains af
least about 2 mols of hydrogsn par mol of
earbon monoxide and preferably is sub-
stantially free from water or {s no more
than saturated with water at the tem-
perature of the feed gas entering the)rc-
actor. The temperaiure of the enbering
gas is preferably sinospherie or shightly
above, o '

The numeral 4 designatés o fubular
cocling slement indicated in Dlroken
lines.  This element may comprize a
vertieal tube bundle formed from tubes
having a diameber-af aboug 14 to 2 inches
angd having a lenpth of 16 feet vr nwre
for exam %c The spacing betwssn ad-
jacent, tube walls may range from about
1% to 2 inches, )

The apaces between the conling tubes
within the reaction mone of vessel 3 are
initially filled to the extent of ahout 75
to 909 with dispersing particles haviog o
diameter of abont .1 fo .2 inches and
formsd from a cubalytically inzetive
metal having & high heat conduetivity.
Txamples of such inactive metals (for o
process of converting hydrogen and car-
bon monoxide into hydrucarbons) are
stainless steel, tungsien, mild sfeel and
a copper-silicon-manganese alloy known
by the Registered Trade Mark * Yiver-
duz,”? These dispersing particles should

40 have a high demsily and may he of any

45
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ati]

suitable composition which will resist
disintegration and abrasion during gon-
tinued nse. The void spaces between dis-
perging Rm-ticles are mainfained AiTlad
with catalyst powder obtainable by fine
grinding having not more than 10% of
the parlicles having a diameter of more
than 001 times the diametfer of the dis-
persing particles. The catalyst powder

may comprise an iron type of catalysl

conteining about 0.1 to 0.5% potassinwm’
oxide and about Z to %' elumina.”

It is contemplated that the catalyst
powder may comprise aboub 25 4o 609%, of
the volume of the resction zone, whish ig
$hat portion of the reactor through which
the conlin§ tubes extend, The catalyst

powder volume depends mpon the volume
of woid  spaces’ hetwesn dispersing
particles.

The cooling tubes terminate in suitable
ring type headersin the apper and lower
portions respectively of the vessel 3. In
operation, a cooling liguid such as water
or diphenyl is drawn from a source id

-eftuent pas, such as meynetic separating

shown through a pipe 6, and imiroduced
to the eooling fubes so_as to Tise theve.
through, The affaent coolant is dis-
charged through a pipe-7 und may Pe
recyclad afber cooling. It is- confem-
plated that the cooling clement 4 may he
of any suitable consbrnetion and muy in-
volve the so-called ‘* heyonet type ' in
which the coolant is introduced +v the
hottum of ezch tube through an inner
conepntric ube., - '

The upper portien of the vessel 3 {5 en-
Taiged fo provide primery and secondary
sebtling spaces 10 and F0A respectively.
In the primary settling space separatitg
of enlruined dispersing particles from the
rising stream of gag oocurs, Ii Is eom-
templated that during wperdtion some-10
to 209 of the mass of dispersing par-

ticles initially charged to the reaction 8

zone will De in this primary settling
spaca, while a relafively small amount
will pasa beyoud the primary settling
gpinee info the sscandary space.

The gascous and vaporeus producls of
reaction, after passing through the prim-

- ary settling space, still coninin enirained

catalyst powder aund a relatively smail
amountvi dispersing parficles., Thete

ses and enirained catalyst then flow
through the secondary settling spacc 104.
Suitable filter elemenfs formed fitm
purous  refractory material, such as
““ Alundumm ' and not shown in the draw-
Ing may bs provided in the upper poréiom
of this secondary setfling space.

The gaseous and vapurous produels of
rapction, including unreacted gas, poss
through the pores uf such fillers while

70

7h

‘80

90
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entrainad eatalyst powder is ratained 10:

within the space 10A. A plurality of
such Alter glements may he smployed
withk provision for periodis clesmsing of
tlie exterior surfaces of the fillers to Te-

move the fine particles that iend to 110

atenmulate thereon. It is confemplated
that instead of or im addition fo such
filters, other means may bé emploved for
separating enlrained particles fruom the

means. L
As previensly intimated, the solid par-

ticles entraived in the gas flowing inio -

the space I0A comprise prédominantly
catalyst powder, Advantageously tHe
arrengetent 48 sick {that™ a-svbstantial
body of this éatalyst powder accuinulates
a baffle 11 in {the space 10A.” Provision
is thersfore made for continuzlly with-

drawiog a portien of this zecuinulated 12

cutalyst powder throush a condnit 13
leadineg to a standpipe 14, the lower end
of which standoipe commmunieates with
econduit 2 leading to the boltlom of the

1T

12

vessel 8. The sntering stream of 1e- 13
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cyele gas from a svurce later described,
and aided by the static head of eatalyst
puwder in the standpipe, forces the
catalyst powder buck into the bottom of
the vessel 3. Suifable precgutions, not
shown, are taken so as to assuze that the
thus reeycled cafalyst powder iz mni-
formly distributed over the cross section
of the lower portion of the vessel 3, The
recyeled catalyst is Introdused ab & poing
gubstantially below that at which the
fresh syathesis gas cnfers. TE is pra-
ferred to intraduce the fresh gas fo the
vesgel 3 ab o puint immediately adjaeent
to, or just ahove, the hottom header of
the eocling element 4. ’

It will ba understood that obher means
may be employed for returning the
catalyst powder to the bottom of the ves-
sed 3. Tieturn conduits may be provided
within the reactor shell. =

Also as indirated in the drawing; the
recyaled oatalyst pawder may be cooled
prior to veturn to the vessel 3. In this
caze all vr a portion thereof is directed
from fhe conduit 13 info a vessel 15, Tn
tha vessel 16 tha powder can be subjected

1o indirect confaci with a suitable cool-

ant flowing threugh an infernal tubular
cooling element 16,  Direet g¢omtact
eooling may be employed, if desired, in
which case e ligiid sueh as normal per-
tane may he drawn from @ source not
ghown througf o pipe 17 and injected
info the lower portion of the vessel 15

shrough a spray 18, A plurality of ate- ~

mizing spreys may be employed ab sue-
cessive points along the vertical dimen-
sion of the tower. As a resull of con-
tact with the hot; catalyst powder the pen-
fane is vaporiecd end escapes from the
top of the vessel through a pive 19, Simi-
lar provision may be made in the top ol
the vessel 15 for separating entrained

powder from the effluent vapor. Also-

provision may be made for cooling and
condensing the effvent vapor and re-

.cycling the condengate to elleuh zooking of

further catalyst. .. .

The cooling condiilons in the vessel 15
may be regilated 50 gs to reduec the tem~
peratura of the calalyst powder by sqme
25 to 108" I below the temperaturs ab
which it i3 removed from fhe top of {be
rezetor. ‘Thus if the upper portion of
the reaction zonc i maintained at a $ora-
perabure in the taage ol sboul 850 to
600" I, the withdrawn catalyst powder
mey be eooled tua femperature of ebout
800 to 500" T prior to rsburn to thé bot-
tom of the vessel. This is advantamsons
since: it 1s desirable to effect Initial con-.
tact between: the synthesis feed gag and
the catalyst ab o temperatura at leagt 10°
P lower than the -temperature prevail.

oxypenabed, vompounds. is

ing in the upper portion of the resctor,

Thiy inifial contact temperaturs may be

50 to 100° . lvwer than $he temperature
in the wpper portion of the reactor,

The cooling of the eatalysl powder in
the vessel 15 by direct confach with a
cvolant in fhe manner disclosed may
oxert o bencficial action from the stand-
point  of removing comtaminaling
material from the catalyst. )

Catalyst make-up can be supplied o
the system irom s hopper 20,

The stream of effluent vaper containing
hydrocarbun produels and unrezcted gas
is continuously drawn off through a pipe

23 to & heat exchangmer 24 wherein the

stream ig cdoled lo. o tempersture of

.about 300° F, The cooled wfream then

flows through & pipe 25 to » seporator 26
whersin water and -higher molecular
weight hydrocarbons - contained in {he
effluent are condensed, leaving a gaseons
fraction comprising carbon dioxzide, un-
reucted curbun monoxide and hydrogen,
as well as hydrosarhong having trom | to

-5 carhon atums per motscule. .

The water which may contain some
drawz off
dhrowgh a pipe 27 while cundensed

hydrocarbons are.drawn of through z
Pipe 28, .. .

The gaseous fraetion i+ condusted
through a pipe 29 and may he discharged
all or in part from the system. Qo the
other hand, it is advaniageous to pass

-thig gaseons fraction through g pipe 30

and diverd a aeajor porlion. thereof
through a pipa 31 fo an adsorption wnit
.52, This portion of the gas is subjected
4o serubbing with a liguid sneh as athan-
olamine 50 as to adsorh earbon dioxide
therefrom. The varbon dioxide is advan-
tagaously reeycled through a pipe 43 and
pongnit & {o the vessel 3. .

The residual pas from the serubhbing
aperetion comprising lighf hydrocarbons
and some nnreacted carbon monnxide and
hydrogen is discharged through « pipe 84
and can be passed fo fuel or to a poly-
merizgtion operation, and may be tresled
fo recover carbon momnoxide and hydro-
gen, if degired. o
The portion of the gag fraction nof di-
verted through the pipe 31 may be possed
through a pipe 36 to condwit 2 and in
this way recyeled directly to {he raction
vensel 3. L

The recycle gas ia used to force the re-
oyeled ogptalyst, powder, confaining a
trace of dispersing particles, into the re-
action zone,

In operating for the maximum produe-
lion of valuable olefinic hydrocarbons
with a fluidized iron powder catalyel at a
Yempersiure of sbout 600° I if is desic-
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- effective;

.spare  oceupied

-ablg to recyele a substantisl yuantity of

-earbon divxide so as to suppress.the net

production of corbon dioxide as well as to

malerially reduce the production of
methatie, . ,
It is advaniapeons to_temove molsture

“fram the entering feed was and therefore
‘provision may be mude for divering the

synthesis gas Howing (hrough pipe 1
through a branch pipe 40 and exchanger
41 wherein the gas is cooled to the de-
sired tempersiure se as fo oondense
waler. The gooled gas is passed to &
saparator 42 wherein %ha eondensed water
ig removed sud the gas then returned to
the pipe 1 for introduckion to the com-

Aduif 2, ax previouely described,

Reaclion gons pressures may range
from atmospheric to 700 atmosphercs.
For the produetion of hydroserbuns with
an irdn catalyst, prossures of 150 4o 200
J galuge are

Space velocily of reaotant g Aow
through the vessel may range from 500 to
5000 volumes  of .gas. (standard conds-
tions) per hour per . volnme of resctor
by fluidired catalyst,
Lincar welosity is maintained such that
there is only Iimited entrainment of dia-
persing Particles from. the reaction zone.
The content of the catolyst powder in the
affluent stream alove the resction zone in
the space 10A approximates that of the
reactant gos stream entering the reaction
vessel in order to maintain substantially
uniform catalyst bed density along the
verticol dimension of the reaction zong,

'By maintaining the previously de-
seribed particle size distribution angd Te-
lationship of dispersing particle dis-
meter to diemeter of the reaction gone,
slugging of the particle mass i avoided.
The cetalyst powder appears as a saoke
of wniform density thronghout the reac-
tion zone with resnlting improved contact
hetween eabulyst and reactants as well ag
avoidance of excessive catalyst particle
tomperatipes, There thus .- results g
malerial reduction in the rate of catalyst
fouling or carbon formation upon the
catalyst. Coe -

For example, when operating with a

fluidiked iron catalyst powder of aboug

0.004.inch particle dismeter in a 4 inch
diameter reaction tube substantislly
tilled with fluidized dispesing particles
of abont 0.4 inch diameter at an average
reaction temperature of ghout G00° T for
& given period of time, the amount of
carhon picked up by the cutalyst will not
exceed 10% by weight of fhe catalyst,
By contrast, when operating in the con-
ventiona] manner with a fluidized mass
consisting only of the cafalyst powder,

-the .amounit of carbon picked up by the
eatalyst in the seme period of Hwme and
with the .same zverage reactor tempern-
ture will be et lepst 259 by weight of
the ontelyst. Reduction in $he fouling
of the catalyst with this carbon resulis in
-a eoxpegponding increase in yield nf
bydrocarhons
entering u the reactant pas is heing con-
"verbed 0 hydroearbong rgther than to
sarbon ér carbonacecus deposits, .
While an iron oatalyst hes been speci-
fically mentioned as a synbhasis cabalyst,
néverthelvsa, it is contemyplated that the
ealalyst may comprise glher metals of the
iron group; namely, cohalt, ruthenium,
ete. ~ Other nseful promoters inay be em-
ployed with the muetal such as the oxides
-of theriom, magnesium, uranium, and
vanadium, - L. :
Suppurted catalysts may he used ech-
faiping es supporbing materials diate.
maceots earth, silica gel, the produss
known by thé Registersd Trade Mark
 Pilirel,” efe.
The comversion remction temperature
employed depends upon the naturg of the
“cafalyst and the type of product desired.
The temperatures may range from 200 to
T00° - F. With an iron 4ype catalyst 1t
ds advantageous to cmploy temperatures
-frome 500 to 600° F, while with o eobalt
catulyst an-effective-temperatire rdnges
-from. 36% te 410° T, when produeing pro-
ducts consisting mainiy of hydrocarhons.
“The-invention is useful for- the produc-
“Hon of componnds-other than hydrogaz.
bens, such as oxygenated componnds, Tt
is applieable 1o obher exothermic conver-
-gion reaciions .and -is - applicable o re-
-actiong of an endothermis nafure.- -
= Obvivusty . many modificstions and
varigtions of the inveniion -ag sch fortl
above may he made without departing
Irom $he scope-thereof, a5 claimed in the
appended claims, e -
- -Having-now particulazly deseribed and
-ascertained the nature of cur said iuven-
tion, and in what manner-the same is to
be perfofined, we declare thai whai we
'C]B'_.-im iS:.—"- - :
1. A mecthod of effecting ecatalytic
conversion of gaseons remefants by con-
tack with a flnidized =olid - catalysf in
finely divided form, which-method com-
‘Prises dispoaing in a verfical veaction
Z014 8 Mage evmprising relatively cogrse
solid dispersing particles and relatively
fine, s0)id catalyst pariicles, said catalyst
-eonsigting essentially of - catalyst par-
ticles having o dismeter not more than

about 0.1 $imes {he diameter of gaid dig-

Dersing partisles and said dispersing
parficles having o diameter in the range
-of 0.08 to 0,55 {imes the diameber of 3
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tube having an hydvaulie radius as here-
inbefore defined equal to thet of sald re-
gofion zone, continuously passing o he
lower portion of said zoke a reactent
stream of vapor, pasiing said vapor up-
wordly throngh said mass with pufficient
velocity to enfrain fine cotalyst pariicles
and 4o maintain said dispersimg particles
in a state of Auidization along the verti-
¢al dimension of said reaction zome,
effacting subsiantial conversion of said
reaclanfy during passage through the
catalyst mass, discharging an efftuenb
siream.  of vapor containing  Ppro-
ducts of reaction from the wpper portivn
of said zome and supplying fine cotalyst
particles to the lower portion of said zone.

2. A methed aceording fo Claim 1,
which ineludes accumulating in the
upper purlion of said redotion zone &
subgtontial body of partieles compriging
main}y said fine calalyst, continuously
racycling fine catalyst from, s2ld aceumu-
lated hody fo the lower portion of said re-
action zone, and injecling said recycled
catalyst in said reactant vapor for pas-
sage through the reaction zone,

3, A method of converting carbon mon-
oxide and hydrogen into compounds of
higher moleculay weight by confact with
a flnidized solid catalyst in finely divided
form and in comtact with 2 heat exchange
surface ‘within o reackion zone, whick
method comprises disposing in a vertical
reaction zone . Iness comprising  rele-
tively cuarse solid dispersing particles
and relatively fine solid catalyst par-
ticles, said fine catalyst particles consist.
ing essentially of particles having a dia-
wmeter nol word than aboud (.1 times the

diamedter of said dispersing parficles end

said dispersing particles having a dia-
metar in the runge of 0.05 to 0.85 times
the digpmecter of o tubs having un

hydraulie radius as hereinbefore defined -

equal to that of said reaetion zone, con-
tinnously passing to the lower portion of

" said mome a reacltant stream of vapor con-

30

tuining carbon monoxide and hydrogen,

passing said vapor upwardly through said

mass with sullicient velooity and with fine
catalyst particles suspended therein,
sufficient to maintain said dispersing

particles in o state of fuidization along

the vertical dimension of sald zone, 5B

effecling substantial conversion of carbon
monoxide. and hydrogen imfo  bigher
molesular weight compounds during pas-
zage through the catalyst moss, issuing
from the reaction zoae an cfineny siream
of vapor containing eptrained fine cate-

- lyst, separating entraived, catalyst from

said effluent vopors, discharging the
vapors, recycling catalyol scparated from
the effluent vapors to the lower poTtion of
gaid regetion zome and injecting reeycled
catalyst into the reactant vapor for pas-
goge through the reactant zons,

4, A method agenrding to Claim 3,

" which said conversion iz effected with

liberation of Leat and the heat is trans-
terred from the flaidized mass to said
heat exchange surface,

5, A method according to any -of
Claims 1 to 4, in which the dispersing
particlas are catalytically inaetive.

§. A wethod according fo any of
Claims 1 to 5, in which the catalyst con-
sigty cssentially of particles having a din.
meter of not moxs than about 0,001 times
the diamster of the dispersing particles.

7. A method according to any of
Claifns 1 to 6, in which the catulyst par-
ticles comprise iron powder maintaimed
at a, temperature in the range of H00° I
and sbove,

8. A method according tuv way of
Claims 1 to 7, in which the reaction zoue
has an hydraulic radius as heveinbefore

. defined mot exceeding about 1 inch.

0. A method of effecting catalytic con-
verzion gaseous reastants gubgtantially as
bereinbefore described.

10. Produets of catalytic couversion
whenever olstained by the method aecord-
ing to any of Olaims 1 bu 9.

Dated the 13th day of February, 1947.
lor THXACO DEVELOPMENT
CORPORATION,
Qtevens, Tangner, Porry & Rollinsum,
Chartered Patent Agents,
5/9, Quality Court, Chancery Liane,
- London, W.(.2, and at
120, Bast 41st Street, New York, 17,
Wew York, U.B.A.
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