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The present lnventlen relates to catalytic Ecnveraionﬂ and

lnpraved vatalysts therefor. More particularly, the invantlon s
eoncerned with lmproved catﬁlyatﬁ for the catrlytio hydfogenating
of parbopaceounr materlals and 1t finde ite most useful application
in the patalyslce aynthoslas of normelly 11Quid hyédracarbons and oxygeneted i
compaﬁnda from ©0 and Hz;

J _he catelyete mozt commondy wesd in the hydrogenatlon nof
sarbonacesua materlala augh aalhydrﬂmarbons or carben monoxide are
the megale of Groups VI and VIII of the Periodic Sypaten and thelr
oxlées and euifldes. The former group of catalyete 1s mors active
in the hydropenetion of warlous types of hydroearbonacesus materiala
while the latter group 1s preferred in the gynthesls of valiuseble
producte from cerbon moneoxlde and hydrogen. The chalce of_the T oper
catalyet end the conditians at whlch 1t is applied depend malnly
on the type of product dealred, ;fi-

For example, 1ln the conversailon of carbon monnxide with

hydrogen, nilckel catalyats may ﬁe used over 5 wide range of
temperaturea and preasurés to produce predeomlnantly normally r_.
gageoud hydrocarbons useful as fugl gases af high heating valus
ant @e starting materliale for further synthetlec proceppes sugh
as polymerizatlen, slkylation, oxldation, ote. Cebalt type catalyate

when employed at relatlvely Low temperatures of abont B0e~k50°F,

and low pregourss of gbout 1-10 atmoapheres abd. yisld pre- e

dominantiy safurated hydrocarbons wseful as diesel alls, Iubri- o=
aanta, paraffin wax, eitz. For the synthesias »f hlel grade mobap
fuels, on the other hand, 1ron type catalysd are mors zuittable

particularly when uasd at relatively high tenperaturses of about
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450°-B00°F, and preseured of about 3-100 atmospheres abs. or higher,
Pecguee a predominantly unsaturated preoduet of high outaﬂé rating
ig Teormed et thess condltione.

Catalytic hydrogenatlon reactlens in general and par-

tlenlarty the synthesie of nydrocarbone from OO0 and B, are extremely

)
temperature pensifive gnd sublect to relatlvely raplé gatalyst
doactlvetlion malnly regulting from the depoeitlicn on the catalyest
of lnvolatile carbonacecus depoeite euch as waXi coke, or the like.
Thia eituatlon has led, in recsnt years, to varlous attemphe and
propeals o employ the sp-called fluvid cetalyet technldue wvherein
the gasiform reactantd are contactad with a denae turbulent hed
of finely dlvided catalyet fluldlzed Ly the gaslform reactants and
products,. The fluld technigue permite cgtalyat replasament wlthout
interruption of the prucéas and greatly imp&n?ed fepparature oontral
aend thus ennatitutas-& gultable means for sclving the aforementioned
problems. However, the adaptation of hydrogenatlon reactions and
pertleularly of the hydrocarbon aynthesls to the fluld catalyad
technlgue haes encounterad sserlous Aiffleulties, partieculariy when
lrom catalyste are used.

Application of the Fluld technique reGuires in addltilen.
to the conventional characteristlcs determlning ecatalyet asslvlsy,
auch as totel dssired yleld and eetdve catalyst l1fe, sase of

fluidization and attrition resigtance. 1% Ls aldo desirable,
for cxample, when lron-type gynthesls cetmlysts are used that the
catalyst be active ln the semperature range above BO0°F. and atilt
be lappely selestive to Eﬂ+ hydroearbong, since under these
conditione high ooctane motor fugla ars obtainéﬁn Hone of $he prior

art catalysta complilss enftisfactorily with all ef these requirementa.
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Byntheals catalyate are ueually prepared by the
reduetlon of vaficua nafural ar gynthetic metal oxidee or
by the decompositlon of metal eorbonyle, the catalytio ae-
Tivity belng enbanced by tae additlon of such Fromptera am
Tarions compounds of alkall metals or the oxldes of ahromlum,
zine, aluminum, magnesium, mangangse, the rare earth metals and
othere in ansll amount of about 1-10%4. While some of thege
catalyg#ts exhibit exeellent activity characteristicc they ere
wlthout exceptleon deficlent with respect tn ease of rluldizatien,
and/or atbrition resistance rartlieularly when used in coomgp-
erclal runs of severnl hmndred hours duratlon. Even flutdlzed
catzlypta obtalned from aintered iran, which have been found
o exhiblt excellent fluidization and sttrition cnaracteristies
ehow signy of disintegratisn in long ran operatlon.

¥ ° Thls general lack of mechanleal repistancs or steady

decresse of mechanisal strength durlng operaticn la parti-
eulariy characterlstic for iren type catalyets. I% hes besn
frund %o be eledely connacted to & high rate of carbop
deposltlion on the catslyet, encountersd at the conditlons required
ty the ayntheals uelng iron cefalyata. The catalyst dlelintegration
whlch acesmpanlee sxoesgive ocarbon depoaltlon ie bellsved to be
the result of & migration of carbon into the iron lattlos by
the mechanlem of injerstitial carblde formation followsd by
decamposition of $he carbide to rrze carbon, fhis nrasess mey
oontinue until the eatelyst niose confainm sbout 99% of carbon.

It slll be appreclated from “hs shove that satalyeta

of uatiafa;tary aetlvlity, selectivisy to userul products, and
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eatzlyelt Iife which may be ueed in pommepalsl operration wiltheut
subatanttal catalyst disintsgratlion and oarbon depoaltion is

a need ptrongly felt particulariy in the gynthesie art.

This drawback, for sxample, has been the malor sbatacla in

all aftempts to apply the fluld catalyset teshnique to the iran-
eatalyzed hydrosarbon eynthesia. The present inventlon overoones
thia pbeterle and afforde vaerions other adrantazes.

It itp, therefore, the prinsipal ohleot of the precent
loveniion to provide improved catalysts for the AWrdrogenation
of earbonacecus matsrisls and more particuiarly for the
satalytio converaton of 00 wish Hos

4 fursher obleet of the inventlon s %o provide lmprao-
ved hydrogenatlen procesees and more particularly &n improved
hydrecarbon synthesis procesd, employing fluidlzed eztalygin,
whilch are not sublect to expesgalva dlslintegration and carhon
Tormation.

A more specifie object of Fhe invention is to provide
improved iron catalyste of higheat dieintegration resistance
when uwaed In the syntheals of hydrocarbone from G0 and Hz Em—

" ploying the fluid catalyst teohnigue.

Other and further oblects and aﬂvantagéa of the inren-
tilon will appear Merslnefien,

In acnordance with the presant inventlon, ocarbon de-
position on hydrogenation end iren type synthesis catalyata 1=
subetantially reduced and cetalyst dlsintegration sorrezpondingly
ggppp;ﬁssﬁxwhi;e ectivity, geleativity and ﬁatalyst ;1fe are

maintained at bighest levelas, by dupperting the astive metal

A
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obtalned by the decompesition of 1tz carbanyl, e.g. FBEEG}E, pr 4R
edgentlally inactive non-metallio carrler of high attritlion and
draintegratlion resletanpce. The gupport for fthe sarbonyl ilren 1s
rrefersbly readlly fluidizable, adecrptive and sapatle of Promoting
the selectivity of the finel cafalyst te 1iguld produete. The
agrrier material 1taelf ssy act 2s8 a promoter cor 1t mAY cantaln
small amcunts of = conventlonal promoter such as Kzﬂﬂj, NaEiGB,
E0H, X7, HaPF, KBF@, H&2503 ar the like.

Carbonyl compounds of other metals having hydrogenating
actlvity, partleularly of Groups VI and YIII of the Perlodle
Bysten may be uged.

¥hile a falrly wide varisty of inactive Bupparts ie
avallable for the purposses of this loventlon, superior vesyltse
have been consistently obtalned when uslng synthetle apinels
such as Znﬂ.nlzus, Grzﬂﬁ- ﬂlzﬂj, Guﬂ.hlzﬂa. Other gultable
supporte are sballe carbonates, for exanmple thome of Group TI
of the Ferlodle Hystem, partlenlsarly barium, calcive or zine
earbonate in whlch ocase an extraneoud promoter ls not veunally
required. Qther supperts which may be weed lnslude aoctive
sarbone, for example the carbon formed in the synthesis reactian,
cridinary goft glass hoving a sompositlon such as Ry0s Oady 6
81043 1n whioh R 19 an alkell metal; alumina-containing oracking
catalyete such as eillca~aluming composltes which mey¥ contaln
shout 87,5% ﬂ1203 and 12,54 5102; Blllce-magnesia gcomposites which
mey oontailn about B7.5% Mg and 12.3 Binz: ete. Mixtures of
thees supports may bé used if deaired.

Speclific examples, 8re #lllecé—sluming =rd sillon-

magnesla composltes of varying composition, haﬁxite, fullerig
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Barth, varlous nlaye, netural or artifiolal spinela auch me
compounda of aluminae with zina oxide, copper oxide, ete.
These materials may be subjected to various heat treatments,
partlicularly calclination, preaeding thelr uee ae garrier
materlals and the ealeination Bey te 8o controlled a8 ta
effect mlld dehydration or to resuit in rartiasl or pubatant-
1521y complete sintering or fusion. Yarlous vowdered metals
or alloys mey elsc be uaed az carrier materialg. Materiale
containlog %n, Ou, Cr, Mo, W, Fe, ste. are papecinily useful,

The relative propertlons of the eonetfitnenta of
the catalysts of the present inventlon may vary wlthin wlde
limits. X{ has been found, hewaver, that catselyste of
exoellent metivity, selectivigy, carionization, mechanigal
strength and fluldization characteriatice may be cbialned
br combining as littls ams 0.2% by weight of tarbonyl metal
in the supparte of the invention, partlcularly the synthetle
apinela lleted above. The metal concentration mey, therefore,
bo aﬂfantaganualy held within the moet economioal 2imlta of
prefearably about 0.2%-10% without detrimentally affeoting the
catalytic parfnrmancé of the eatalyst. The amsunt of promster
Added may vary between zbont 0.5 and 10%, preferably Ebout
1-5%, depending en the chersotsr of the prometer and of the
gupport,

Materiale guitabhle for the formation of the carbanyl
entpounda include a wide warlety of metai-containing substances
ar compaeltlons medusible to the metellio state auéh ae
nxldes, aafhunntes, hydrexides, etc. Pure forme of the metale
are not reQuired elnce the wolatiliratlon of the aarbanyl




compound &ffecte ths geperation of the desipad canstltuensts.
For exsmple, in the formation of ivoen parbonyl various typea
of powdersd iLron, reduced iron CIiGed, or & number of reduced
lron ores sre sulteble.,

Thé carbonyl ocompounda are formed oy contasting
the subdivided wetel or metal-contelning starting material
with 00 or a ges rich in €0 under = suitanle pregpures at a
temperatura sufficlently glgh %o promote the desirea
reaction but below the decompodition tempersture of the
earbonyl compound. For purpoees of 11lustratlon the toble
below showe the atmoepheric pressure deconposltion
temperatures of the most importent metel garbonyls here
involved as well ag the tﬁmperature gnd pressubre rangaa

preferrad for thelr preparation.

Tenp. at which carbonyl Freferred

beglna to decomposs, °F, Cperatlng Uondl tlong

Carbonyl {Atm. Press.) TEmp. °F. Fress.lb/sqg.

in,
H1{00)y 140 50-250 100-600
Fa{csngj 302 20-8450  100-E00
Cr(00)7 266 30-350 100-600
Hn m:- & 302 S0-400  100-600
E 202 50-B00 104-500
[co co ] 127 50-225  100-600

The cerbonyl vapora formed are then contected with
the subdivided carrier material at atmespheric to shout &40
1ba/Pg.in. pressure &nd at & temperature at whiah the
carbonyl le rapidly decomposed, usually within the renge of
about 2300 to 750°F, depending on the methl carbonyl uesed,
an &8 to ﬂepnait the metal on the carriernmaterlal in the

dealred proportions. The ﬂecﬂmpnaition of’ the carbonyl mey

.taka Place in the hydrogenation or aynthesis reactor Ligelr,
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Farticulerly inm this ceae 1% 1 not nocesgany that all of
the carbonyl metel be deposlted on the surface of the
gerrler matesrisl, Zood operaiion beirg obtained ln thle
menner with mechanical mlxtures of ca~nonyl metal and
garrler material. IFf a promoter le required in the flngal
catalyet 1t mey be Ancarporated into the carrlisr materisl

by suttable impregnation or mixing prior to the depositien
nf the cerbonyl metal or it may be added eontinucudly or
jntermittently =& regquired by mesns of aultable solutions or
g2 molten saife.

b HThs preparation of the metal carbonyl and lte
dccomposition on the cerrier materisl may be cerried out by
peseing the respective gaslform meterials over the golida
grranged 88 Tixed bede in gulteble reactlon ;onaa. Howevar,
in eccordance with the preferred embodiment of the invention
the flutd solide technigue is employed at leasd for the
Formetion of the metal carbonyl snd praferebly eleo for 1ts
decorposltion on the carrier meterlal.

For thls puwrpose, the mat&l-cont&ining starting
meterial having & particle size of ebout 5-éau ﬁiurnna,
preferably about #5.90% of 20-100 mlcron méﬁérial lp
meintalned in & resactlon zone in the form of & denes
turbulent mase of solide fluldiesd by the ﬁpwaraly rlowing
Gﬂucﬂntaining gas to mgaume an apparent ﬁenaity of about
A0-150 1be. per cu. It, end = well dsfined npper level &b
the resctlon conditions epeclfled sbove, Buperficial linesar

gee velocitles of aboub 0.5-5 Ft. per second are generally

aulteble malnly dependlng on the speclflc gravlty snd
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particle slze of the sollde used., This production of the
matel cartonyl may be conducted in & fully conftlnucue menrer
bty supplylng fresh metsl-contalning eclids and wlthdrawlng
spent sollds to and from the fluidlzed bed sg & funetion of
the rate of metal converslon.

The metsl carbonyl wapora fomed in the flret stage
of the procese mey then be contacted with » derse turbulent
parrler peas Pluldized in s matner substantially enalogous
to thaet just described. The particle slzes of the carrler
meterisl mey be generslly somewhat larger thea that apeclifiled
for the metal-contalning sterting materlal and may rall

within the spproximste range of 50-500 microne. If deslred,

the cerbenyl vapors may be diluted with a nop-oxldlzing pas

such sa nmltrogen or hydrogen to lmprove fluldlzation,

The catalysts of the inventlon mey slvo be prapared
by seburating the selectivity-promotlng support wlth the
1iguld metal carbonyl or & dclution thereok and the
decomposlition may be accumplished hy ghocE-heatling, EB.2.
by blowing the impregnzted support in a finely divlded stete
into & chember heeted above $he decompeaition tempsrature of
the metal carbonyl, e.g. in the cage of Fe(L0)s, of about
2H60F, Other aulteble decompositlon methods lnelude
erposure Ho euperaonle waves, altra-violet rays, or sunllght.
However, in eccordance with the preferred enbodiment of the
invention, the ective metel ip 8dded to the support by
peaaing metal cerbonyl vepors through or over the support
gt a gultable temperature which for ircn cetalyetd ia about

B0Oe-1000°F ., preferably about obCeF, The pressure may oe

TP
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17 the renge of from 1 %o L0 BB ORErSE .

Phe latter msthod may be perriea sut to preetest
advantage 1n e fTuld ayetem of the type 11lustrated semi-
ﬂiagraﬁmatically in the Grawlng, ag w111 be kersinafter
explained.

Raferring now to Flg. 1 af the drewing, the syetem
1I1ustrated therelin congleta easentinlly of an elnngatﬁ&.
vertlical fluid reactor (20}, aurrounded By & heating Jacket
(20}, The upper povtien of reacior (10) is expended to
form & separation zone {12} for the peparation of guspended
gollds from gaAER.

In ¢peration, reschor {10} may ©e Bupplied through
Iine (1} with & finely divided salectivity-promoblng Bupport
of the Hype specifled apove, having s fluldlzable partiele
gize of about 20-290 micronsd, preferably ahout SO=150 miorond.
i mizture of metel carbonyl vapers, B&Y of ireon earbonyl,
ylth & non—oxidizing gea puch z& methane, nitrogen ol hydrogen
i introduced throusgh line {7} and grid (5} intc the lower
porticn of reaotor {10} at a guperfislal veleolly adapted
to malntain the finely divided oatalyst support in the Torm
of & densse, turbulent, fluldized magd having & well defined
uppar evel {Iqgl. Gae veloclties of about 0.3-3 ft. per
geoond are usnelly edequets 2% the particle s;zes 1ndiceted
%o sgtaplish spparent densliies of the fluldized sollds mess
of shout 20-100 1he. pel" Cl. 4.

fhe mixture of FelCD)g vapors and non-oxldlzing

gee may be obteined by supmlying 1te cenatltucnts in the

Lo i N LT

-1l




P

FEN

*

L\L_t
=
—

propertion desired through llnes (7} and (9), respsctively,
to llne {3). However, the mixture may alsc be preparsd
by bubbling the non-cxidizing gas throush a conteiner af
Iiguld iron esrbonyl at room Yempersturs and normal pressura,
Heating Jacket {20} 1= gupplied throuzh tap {1&)
with & sultable heatlnz fluld such as Dewtherm, superhszated
gtpam, ebo. A0 a8 Tt heat the fluldized =ollde maszse in
reactor {10) above the decompoaition temperature of iren
carbonyl, prefersbly to e fenperaturs of about 4609-7000PF.
Spent heating fluid ie withdrawn through tap (15). 4a a
reault of the exesllent heat tranafer and ths perfect goae-
gollda digtribution within the fluldized sollde meaa, the
garbonyl iron formed g unlformly depoelted throughout the
fluldlzed maes to form 8 gunetantielly unlform f1lm of
iron on the estalyet particeles., The thicknesg of the iron
fllm may be readlly controlled fo correspond to the
concentration ranges specifled above by & prupér choioe of
the 1ron carbonyl concentration of the ges entering through
Iine (3} and/or the contact time befween gas ahd solida
end/or the throughmut of the gas-vapor mixture. Condltlons
sultable to estebllsh an iron concentrafion of about 1-5%
y welght lnclude the Ascompoeltion of froo sbout 4% fo 20
poundg of lron carbenyl vapora on eech 100 pound batoh of
catalyat support. The carbouyl vapors mey be dlluted with
from ebvout 1/2 to abous 100 volumes of methane, rdtrogen, or
the like before paaslng 1% 1nte the fluldizsble catalyst

pupport whlch e held at a temperature of about GODOF,

=] 2-




A gar veloclty of abeut 0.3-3 Tf, per second B8nd pregewrss
up to about 400 pRig. are employed. The preferred presoise
renge 4a about 5-30 pelg.

The non-axldizing gae and sny excess lron carbonyl
vapors are withdrawn overhesd from (Lqy) lanbe separetlon
zone [12) wherein moat of $he suspended zolifa settle aut &s
8 regult of the deeresesd ges veloelty. The gpag ls flnally
wilthdrawn through 1ine (17} 2nd may be recycled to the
gyetem, 1f deslred, &fter further aclids geperatlon in
conventionsl gag s8o0lids seperatora puch s2 cyclones,
preecipltators, flltere, ete. (not shown}. Bepereted solias
w8y be reburned to reactor (19), passed to the synthesis
reactor, or dlescerded.

The finlshed catalyst may eithar be withdrawn via
overflow pipe (18) or via bottom drawef? 1ing (22} to be
direstly supplled to 8 conventlonel fiuwld aynthesle resctor.
Inatead of feeding the fresh support threough line {1], 1%
mey be supplied through line {(24) and suapended in the feed
geses in line {3} in & menner known per as in the art of
fluld catelyet operation, The systen of the drawlng may be
operated continucusly or batochwiae ze deslred. A slmllar
arrangement mey be used for fized bed activetion of the
catalyat support. o

It w1l be mderstood thet the sratem L1lustreted
by the Arawing may be used 1ln & aubstantielly anelogous
manner for the reactivetlon with & catalytle metel such e

iron, of desctivated cetalyste of the trype here lnvolved.

-13-
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Referring now to Flg. 2 of the drawing, tha ayetem
1llugtrated therein conslats egsentlally of Swo conventional
fluld reactors 220 and 250 whoee Funcblons and cooperatlon
will e forthwlth explalned using the preparstion of an lron
type catalyst for the synthesia of hydrccarbeons from G0 and
H: ga an exsmple., It will be understcod, however, that other
catalyets of the type here involved mey be prepered ln e
gubstantlelly analoSoug REDNer. _

In eperation, feed hopper (201) contains a finely
divided meas of on itron—c¢ohtelning material such &8 reduced
iron ore, or metallic ireon hevlng & particle size of about
20-100 microng. The iron waterial mey flow oy greavity from
hopper (201} through lines {203} and (205) info reactor
f220), Bilmultansecusly, 00 or a gea rich 1n 00 such as
protucer gag, water gea, synthesia feed ges or the Ilke 18
puppiisd through line (207) to the bottom af.reactor {220}
which it entere through distrlbutlng nesns suﬁh g8 a
perforeted grid (209}. If desired, the iron;centaining
matertisl may be peased through lines {203} ara (211) to gas
foed line [207) to Form & dilute sollds-in-gas suepenslon
thareln whiclh enters resctor [220) through grid (20%) in a
manhor known per 88 in the art of fluld ﬂalida'hanﬂling?
Particularly in the latter cese, line (203) mey have the form
of & conventional siandpipe serated through tapa {213) and
high encugh %to ereste the pacvdo-hydrostetlicfpresaurs
requirsd to forece the suspendien in line (207} 1nto.reautor
{220) agalnat the comblned gas and psauﬁb—hyaruatauc

preseures of the rescior. The feed rele of géses end acllde

=1i=
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and. the superficisl gas veloaiby within reacter (220) are
60 comtrolled that a dense turbulent Tluidized mame {¥320)
18 formed having a density of about 40-100 ibe. per cw. .
and a welil defined upver 1evel {Legp). Gas veloolties of
about 0.5-1.5 ft. per second are sultable for thia purpose
at the wartlele sizsa indisated.

Heactor {220} 1p orovided with ecnventional
temperature cantrol meana such as 2 heat transfer ¢oll
(215) which may be supplisd with a =aultable heat tranzfer
medium suoh aa Dowthera, steam or the like to maintaln mase
{Mpop) at the deslired reaction temperature of about 50° to
450°F, The pressurs withln reactor {220) is prefarakbly
kept at about 100 to 600 lba, per 4. in, for the nurpoass
of the present example. At thess cenditlons, 30 reacts
rapidiy with the lron o form iren carvonyl, Epent solids
may be withdrawn Qcwnwardly from mase (Magg) through &
withdrawal well (217} and pipe (218}, normally at about the
game reto at which Iresh sollds are sunplied through linse
(205} and/or (211), Bowever, the rates of scllds sunply
and withdrawal may be varied to chenge the ped lavel {Lasg)
and with 1t the asolids hold-up and contact time withln
regctor [220), Qulte generally the dimsnslons and nperating
sonditions of raastor (220) ars Bo chosen tha’ a alight
gxceas of meatal carbonyl ia formed over that necéaaary o
meet the metal rogulrements in the decompozition etage as
sarrisd out in veseel (250). Unconverted lron wikhdrawn
through ilne (219) mey ba returned bo hopper {201} to be

re~treated 1n reactor (2207,

oL B7e0
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The {O-concentrasion of the gases introduced through
line (207} is preferably eo cacden that the OO0 Le subetontlially
completely consumed on ita path through reactor (220}, In
thia manner the free {0-content of the vepera diecharging
from reactor (220} iz a% & mindmum which aidé the aubseguent
decomposlition reeckion of the iren-cérbonyl Lle reschor [250).
If regquired for proper fluldizetion, the gaz in Zine {207)
mey e diluted with inert geses agch a8 COs, Np, Hy, etc. In
cperations smploying reacter {250} as the gynthosls vessel,
1t 18 net necesasry to effect high C0 converglone Lin reecetor
(220}, In this type of operatlen unreacted 00 meay be elther
recyeled or blended wlth the foed gas to the synthesls
reactlon.

The iron carbonyl vapors formed 1n maes {Mpoq)
are withdrewn overhead from level {Lappl and enter en enlarged
dlaengeging space (222} wherein moet of the sntrained sclida
gettle out &8 & result of the recuced ged veloclty. Sollde
flpes whioh remain augpendsd may be separated frow the vapors
in & conventlonel gag-anlids separatlng dyeten {224) whlch
mey ¢omprloe fllters, cyelones, prscipitaturé? etc. Solids
geparated in pyetem (224) mey be returned thrﬁugh line (226} .
to mnag [HEED}' The carbenyl vepora laave thfaugh llnu.{EEE}
and are peeeed through line {220] to reactor (250} to be
freated thersin a8 will be forthwlth aescribed.

A finely &lvided wubatantlally inactlive carrler
guch 8B & zine-g&lumina eplnel, & silica-aluminas composita

aonfeining ebout BEFE of Alaﬂj and 12F 8105, or 50% 510p

and 9% 41303, or & sllica-megnesla composlte containing
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shout 88% Mgb and 123 B10,, or silmilar comanoites, which
mey be lmpregnated with asbout G.35-10%F, preferably sbout
1-5% of a promoter such as a halids, oxide, or carbonate
of potmeslum or sodlun and which may have a particle size
of about 100-200 microns 48 supplled from hoppsr (292)
through standpipe (2347 end lines (236) snd/or (238) te
reactor (250) suvatentially aa sutlined in connectlon with
reector {220). Stendpips (224) iE provided with asration
teps (250),

The iron cerbonyl vepors suzplied frow 1line [228)
dubgtentially at the tempersture of resctor (2E0) entep
reactor (250} through line (230) and zrid {2%2), if deslred
together wifh finely divilded carrler material:fed thfuugh
line (238}, The fluldization condltlone witﬁin »eactor (220)
are substantlally the same 28 those outllned in connestlon
with reactor (220) except thet the bed denplty of mase
(H250] having level Eszﬂﬁ may be somewhat lower, that 1a
about 20-60 lbs. per em. fi. at the particle slzes and ges
velecltles @pecified, If depired a nor—ozldizing gaBE guolt
#p H-, N5, ete. may be added in eny sultable proparticn
through line {245) to aid in the Tluldlzetion of wmase Eﬂaﬁﬂj.

Reactor {250) 1¢ provided with suitable heating
meana aueh as & ecoll (244) contelning &= hesating fluld =sush
#4 Dowtherm, superheated steam, etc, 8o &s to. heat the
fluldlzed mess in resctor (250} above the decompoaition
temperature of lron ocerbonyl, preferably to & temperature

of atout S00°-700eF, As & result of the exesllent hest
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tranelfer and the perfeet gre~solide dlsvrlbution within the
flutdiged 801148 naes the earbenyl iran formed le unifcrmly
digtributed throughout maas (Mpsa) to form & substantlelly
wniferm film of iron on the gurface af the carrier psriicles.
Tha thickness of this fl1lm meay be readlly ceontrelled wiltliin
the ranged of metal content specified shove oy & proper
choles of the iren carbonyl cencentrablon of the ged entering
ghrough 1ine (230) end/or the contect tlme between ges and
golids end/or the throughput of the gae-vapor mlxturs.

Exegos pasesd ard uncenverted lron-carbonyl vaparsa
ars wlthdrsewn overhead from level {L350] into disengaging
Z0ne iéﬁzl end gasg-polidse aéparatﬂr {254) from whiech separnted
aplids may be returned through pipe (256), Gases and vepors
now pubatantislly free of solide mey he sither vented through
1ine (258) or recyeled through Iinea (260) and (228) to ges
feed Ilne (230) or through lines {264) and (261} %o gas
feed line {207) of reactor {220) to effest redustlon andfor
tformation of ocarbonyls in resctor (2207, Finiahad cetalyat
of the deslred campﬂslﬁian mey be wlithdArswn thrbugh wlthdrawal
well {247) and pipe {247} to be passed to Etarﬁge oT direutlf
to & separate synthegla remstor (not shown), at & rate
adequate to control the deslred ﬁuldup and contact time in
reachop 12501 g8 outlined in connection with reactor (220).

In scopriance with & preferred embodimsnt of the
inventlon, Teactor {250} may be the synibeate resctor itaslt
opersted at & syntheale temperature of about 600¢-750°F.
snd & pressure of about 200-400 1bs. per eq. in. In thig

page g synthesls ges contelning HE and S0 in the ratio of
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about 1-2:1 l& supplied thwough line (24%3), Hesctor {250)

may be supplied from hopper (232} with an smount of carrier
material surficeient o spteblish the Geaired holdup in
renctor (250), No eubstesntlel further &ddition of carrler
taterlial le required, The iron-carbanyl vepers may he
supplied continucusly or intermittently through line (228)
alther alternately cr together wlth the synthesls goa in
proportiiong edequete to melptaln the deaired iron
conaantr&tion_ﬂn'Ehe catalyet. Althoush there 18 &
continuous addlition of metsl & carbonyl, the desired
proportion may be subatantielly wmainteined by & correppénding
loee of lron-rich finea through separetor [254). Any loae of
cerrier material may be made up by a controlled supply From
hopper {232}. Ingtead of feeding the cerbonyl vapore directly
to resctor {250) fhey may be abaorbed ln a ﬁoalad recycle
atresm (262) of the fluldized meterisl withdrewn from reactor
{250}, before 1ta return o the resstor, In this manner &
more uniform dletribution of the highly setive metal Ls
accomplished. The iror-rich fines leoat through separafor (254)
may be recovered by any suitable means, such as oll scrubbing,
and retourned te hopper {201}, for reuze.

_ When resactor {250} ls used aa the aynthesls reaphor
the following opereting conditlons may be amployed to glve
¥lelde of O, hydrocerbons amcunting to abeub 1R0-1G0 na.fhﬁ
Hy+CO congumed: preasurs, 00 1bs.; temperature, 650°F.;

Hp /0O ratio, 2/1; recyele ratio, 2-3/1; and & freeh raed

vete corresdponding to about 75-100 cu. ft.fhf. of HotC0/1b,

of lron-
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It will be underatocd by those skllled in the ant
thet standpipes (203) and {234) may be replaced by any
sultable means for conveying Tinely Slvides sollde such ae
acrew conveyors, lock hoppers, ete. f

ft?he inventlon will be further illustrated by the

following #pecific exanples.

A zlne gluminate epinel (Zn0.Aklp0y) was prepared
by aﬂ&ingla Znf0)~eclutlon %o & solutlon of godlum alumlinate,
followed by Filtering of the preclpliate; drylng end celelnlng
et IEDEUF. The produet waa lupregnated with a KEGDB-Bnluticn,
dried in an atmosphere of OO end pllled. A& portlon of the
catolyst now contelning about IE of KpG04 was placed in &
repctor and hested to about &25°F, A straam. o._f nitrogsn was
buhblad_tﬂruugh a veggel containing llgquld 1ron caroonyl
8t room femperature and nomeal presaures and the ges pertly
gaburated with'Fa{GG]5 WaE p&aEed Ints the reactor conteinlng
abuuf 50 ec. of the 12503 promeoted zlne slunlnste wnhil hbaut
17 by welght uf caroonyl ilron waa depostted on the catalyst.
L The untreated portinn of the cataliyat anﬁ that
trsated wlth irﬂn parbonyl were employed ae gynthesls
catelyste in & leboratory feat unit at a tamp;ratura af about
f250F,, & pressure of about 250 1lhs. per Bq. in., ang an

Hztﬂﬂ feed retlo of 1:l.
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The vregults of these rung &sre summerdized belew:

QATATY 3T ZnD.Alzﬂj + R% Kzﬂﬂ3
Untraated Treated with Fs{C0)s

Avsrage Tron Oontent of

Cetalyat, wht. % 0.0 1.0

Hours on 3tream ' 0,178 153-140
Bynthesla Zop Feed HRate, .

v/v/hr. Leg 260

go-Converslon, ¥ 5 23

Tield of Cp+, cofcu.m,
Hy+00 Cona. Negliginle 207

Avearage arbon in Catalyet '
PBed, Ezoluding Wax, wh. % Negligible 1.2

. _ EXABEELE II

A4 Ostelyast contalning L6F carbonyl iron, 508
BiOg, 3% Alp0y and 1% K,0 waa_;mep#red gubstantially aa
deseribed with refersnce to Flg. 2.

This meterial was teated in & fixed ued laboratory

ult Bt the conditicns and wlth the results Ilsted belowt

Tempereturs, <F. GG
Froogure, palg. 25D
Ho /60, Feed 1.17/1
?%ﬁfﬂr. 200
Run Hours 1l =154
Meterisl Balance, Wi, % BY
¢ Oonv., ® Inpub al
L& output 82
ee. 011/M~ Ho+CD Cons 145
DPiatr. : giu, Cytor+ 0.50
nc..Gs*fH Hz+ﬂ Oons. 215

The above date phow that active and selective
gynthesis ceatelysts may e made by decomposing iron sarbonyl
ofl the flpidizehle substentially lnective basss of the inventlon,
puch a@ #yntheile eplnelse. Carkon fermetion wes only a

frachion of that af conventional irecn catelysbts of comparable

-] -
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activlty and selechlvity, indleating & guperior resistancse

to digintegration. The catalyet of She lovention thus

sombines higheet activity and liguld product pelectlvlsy with

low earbon Formlng tendencies and high reslstance to attrition
" and dleinsegration, which mekes i% ldeally smiteble far

fluid eperatlon. 4n addltlonal edventage realiea in the

fact thet this ilmproved performence may be sccompliehed with

an iron concentration on the catslyat as low &8 adout 0.28

by welght which ney be readlly mainteined constsnt by

continuong or intermittent reactlvationeg with decomposing

lran carbanyi.

While the ebove dats were gbiained in Tixed bed
operation, it 16 noted thet ths catelyate of the inventian
oompers Just ag favorasly wlth conventlonsl iron tyrpe
catalyste in fluld operation, even though the higher gan
throughpute, hilgh recycle ratlos and high catelyat turbulence
typlcal for fluid operation qults generally ceude a slight
decpeans of oconversion and llgeld product 7ields and an
appreclabls increase in carbon formation snd catelyst
dlsintegration, It fellows that the catalyets of the present
ipvention, &8 the reault of the comblnation of cheracheriaties
demongtrated above, are partioularly useful for fluld operatlon
when prepared in fluldizabls perticle pizes substantlally a4
sutlined sbove. Tie comdltieme of fluld gynthesls opereflon
ars well known in the ert end need not be specified here
ir great deball for a propsd uwnderstandlng of the invention
by thoee skilled in the art. Briefly, the copditlons whioh

sre employed include bemperatures of about 5502-F508F,,

.1
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predourss of about 200-630 lbe, per 8q. ln., oatelyst particle
gizes of obowt Z20-150 miorond, puperfleoiel gas velooitled of
epout 0.3-3 ©t. per secand, wed denelties of about 30-100 lbe.
per cu. 6., HE:UG resa ratios of mopout 0.5-7:1, and recycle
ratios of sbout T.5-U.

Fluid operafion of elther or both the cetelyst
preparation and the hydrocarbon gynthesis 1n the presengs of
the c#talyat of She inveantion has the putetandlng ajdvantags
pver fixed bed pperation thet the lron consentration. through-
out the catelyat bed nay he maintainsd substantially uniferm
ag a reguit of the high turbulencs of the fluldized bed.

In fixed bed operation, on the nther hend, the sarbonyl

iron ie depoalted preferentially on the Tirset Earrier leyerd
contacted vy the carbonyl Quring the preParatiﬁn of the
cateliyat, which lsads e gerlous ﬂisturbanaea.in the
goeration of the process. This Lle 111uatratéd by the faont
thet it wes found that the firet 104 of & carbonyl iron
catalyst bed prepered ln flxed hed uparaﬁion.énﬂt&lnad aucuf
8.4% of iron while the gupaequent S0% of the bed oontalned
enly £.15% of lron. _

The pressnt lnvention ia not to be Tlmlted by sy
thaofy of the mechanism of the process or satalyst nor o
any axamples glven marely for illustration purpodes, but
cnly by the following cleims in which we wish %o claim all

novelty lnherent in the inventlon.

~23—
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What ia ¢lalmed:

5 1. Ao lmproved prosess for produclng ve lunblae
iiccnvurainn produsts from (O and Hp in the preeence af irnn
:baae catelysts which comprises contacting 00 and Ho in
iiayntheais proportions and st synthezls conditions including
1Ltampuratures of about 550%-T50°F., pressures of aboub 200-650
ii ibs, per sg. ia., and HoiGOQ feed ratlos of sbout 0.8-3:1,
i‘adaptad to the formatlon of normelly Iigquid hydrocarbons with

E iron supported on subdlvided zinc-slumlna apinel conteining

a catalyst consisting esmentinlly of sbout 0,2%-1% of carbonyl

about 0.5-10% of potessium carbonate.

2. Tha method of cleim I In Which 3ald catnlyst
iz prepersd by patsing s mixrture of tron carbonyl vapors and
nnn-azi&izlng Eas upwardly through & duusu turbnlent mmes of
Fiuldizable particles of =ald apinel nantalning sald potansium
saThonate fiuldized by seid mixture tu fprm a well deflned
apper 1evsl and heated to a Gempersture of about 400°-1000°F.
conducive to the decompositlon of aaid'iron earbonyl.

_ i, The process of clglw I in which spid eomtzlyst
1s maintsined in the form of 5 dense turbalent bed of
subdivided solids having a particls siza of about 20200
wlcrons fluidized by gaslform resctants and renctlon prefucts
6t a aupsrficlal gas velocity of sbopt Q.3-3 £&, per tecond bo
assume 5 bed depsity of embout 30-100 lba. per cu. rt.

T
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