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The pres-nt invention rel tes %o catalytic eonversions ~nd
improved cutalysts therefor, MNo—e particularly, the invention is con-
cerned with improved iron catalyets for the catalytie wynthssis of nor-
mally liguid hydrocar¥ons and oxygenated compounds from 00 and HE'

Iron type catalysts are normally employed in the synthesis of
hydrocarbons at rel#tively high tempsratures of about 430°~B0N°F, and
relatively high pressures of about 3-100 atmosvheres abs. or higher, to
obtain predominantly unsaturated gnd oxygenated products from whieh motor
fuels with high octane ratinss may’ua recovered,

The rxtrens termnersture ?enéitivity nné relatively ravid catelyst
deactivetion of the hydrocarbon syntheels have led, in recent vears, to
various mttempts And proposals to ampley the so-palleé fluid catalvet
technique wherein the synthecis gas is contrcted with a denme turbulent
bed of finely divided catalyst fluicized by the pes-gus reactents ond pro-
dué%s. This teehnique permity catalyst replacemont without interruptien
of the proeess and greatly improved tempernture eontrol, However, the
edaptation of the hydrocerbon synthesis to the fluid catrlvst technigue
has encountered serious ¢ifficultias, particularly when iron catalysts are
used,

dpplicetion of the fluld techninue reouires ~sse of fluidization
and attrition resiatancs in addition to the gonventional characteristics
detormining catalyst netivity, rsuch re totel desired -10ld and sctive
catalyst 1ifa, It 1g also desirshle thet the eatnlyst be active in the
temperature renge above‘600°F. end 8t111 be highly selective to Guf hydro-
carhoné, since under theeé conditions high octene motor fuels are obtalned,
Hone of the rrior art iron catalysts complies satisfactorily with 211 of
theee reguirenents;

Iron catelysts are usually orepared by the reduction of various

neatural or synthetic iron oxides or by the decnmposition of iron carbonyls,
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the catalytic activity being enhanced by the ndcfition of such nromoters
as verious compounds of alknll metals or the ouides of chromium, zine,
alunminum, megnesiunm, nanganese, the rare sarth metsls and others in small
smounts of about lﬂIO%. While come of thera catelysts ~rhiblt excallent
activity cheracteristics they ars without ercention doficiant with respect
to sare of fluidlzatien, ond/or attrition roristence particularly when
used in commercial runs of several hundred hours duretion, 3ven fluidized
catalysts obtained from sintered iron, which hsave been found to erhibit
excellent fluidlzation snd attrition cherncteristice show sisns of disin-
tegration in long run operation,

This genererl leck of mrchenical reslsterce or steady decranse
of mechenizel strenrth during opsretion heg be-r found to be closely
cenvrcted ke » high rate of corbon deposition on the catnlyst, encountered
at the gondltions reguir~d by *he synthesis using iron cetelysts, Thﬁ A

' e

catalyst digintegration whi=h sccompenies cxerssive carbon deposition is
beli-ved to be the result of » mirrstion of carho; into thr iron lgttice
by tﬁe nechanism of intarstitisl carbtide formetion followed by disinte~
grotion of the carbide to frea carbon. This procees nay continue until tha
catalyet mass contnins about eal of cardon,

It will be apprecisted from the sbove thet ar iron catalyst of

sati*factory synthesizing pctivity, seloctivity, end crtelyet 1ife which

A

‘moy be usad in comm-rcial operstior without substentirl ceirlyst disinte-

grrtion #md cervon deporition is A nood stronply Telt in the synthosis arsg,
This drovback of iron catelyets hos basn the nedor obetecle in a1l zttempts
to apply the fluld crbnlyst tochnitue to tho dronecens lysed hyﬁrocnrhon
synthesis, The present invention overcomss thie obsfrcle,

It is, therefore, the princinal cbject of the present invention
to provids improved 1ron catelysts for the Q;talytic synthesis nf hydre-—
carbons from CO gng H2. .
A further object of this invention i= to vrovide an imﬂro%ed

hydrocarbon syntheels process opsrating in the presence of ilron catelysts

e Y
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which are not subjected to excessive disintegration and cerbon devosition,

A more specific object of this invention is to provide an im-
vroved hydrocarbon synthe<is process enploying the fluid crtalyst technioue
in the pre=ence of iren catalysta of highest disintapration ro=istance
throughout rung of comnercial langth,

Other and furthsr objocts and adventages of this inventilon will
pppear hereinsfter,

In accordance ﬁith the presant invention, carben denozition on
iron synthasie catalysts is substentially reduced ~nd eatalyst disinteerstion
correspondingly suppressgsd while activity, selectivity =nd catalyst 1life
nre maintained at highsst levels, when the iren preferadly in the form of
1ta carbonate is combined with a motal carbonnt» bepen vhich in itself
exhibits a high disint-pretion resistance and the composite is subjected
to a redurtion treatment, While m wide variety of retal cerbonates may form,
in comblnation with iron, catalysts of good sotivity, sslectivity and dis-
interration resistence, suprsrior results have been consistently obtained
by combining iron carbonete, particularly farrous carbonate, with the
carbongtes of metale of Group II of the Poriodic System, and more parti-
cularly of one or more of the metels of csleiunm, DYariun end zine., The
relstive propertions of the olemenfe in the unreduc~d catnrlysts of the
present invention may very within wide linits, Howevar, this iron content
should not be suhatantially lower than shout 0, 5% by waicht or rbout 19
by woipht of ferrous carbonate, with the other metel carhonate baing present
in meJor proportions, Active carbonate-eupported cntrlysis with over-s11
iron concenfrntions of lass than 0,53 by walght may nlse be nrde provided
that the iron is proparly dictributed on the surfece of the crtelvsts,

A distridbution of about 5-40% by weisht of ferrous carbonate and sbout 50—
90ﬁ by weight of the carbonate of a Group II metsl is genernrlly preferred,

An outstanding and surpricingz charscte-istic of the corbonnte
catalysts of the present invontion, particulﬁrly thore comprising beriunm

and for calcium carbonate, resides in the fact thot they rfford excellent

welte
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conversion and liguid profuct wirlds =wen in the absence of tha conventional
catelyst promoters such as halidas, carbometes »r orifdes of alkall metals
which prior to the nresent invention hawve been consldersd indispensable for
catelysts of satisfactory rctivity and selectivity.

*While it is not wished to linit this invertinn to »ny specific
thanry or probebly rerction mechanism, it is b?li;ved that the carbonate
bases give the catalyets the proper alkalinity requir=d for high
geloctivity to liquid preduct,

Tuenplas of catalysts useful For ths purpeses nf the precent
iﬁvention include compositas consisgting of a0 BaGO? and 0% FeCﬁq;

804 Cel0y and 205 Fel0.; 207 In%0,_ and 207 FalC,; ehe,

32

These cotalyste mey %= prepsrad by »nv suitable n=thod of co-
procipltation, precipitation of the iron component on the precipitated
gupport, impregnation or mechanicsl mixing, known per se In the arsg of
catalyst menufacture, followed by reduction, A simvle and expedient
method of adding the iron, especially in very low congentrations, to the
surface of the catelyst is by the decomposition of iren cardenyl upon the
catslyst, Althoush a number of different iren compounds guch r8 the
nxides, oxalates, ecetatrs, etc, may be used; superinr rasults heve been
obtained when uzing the methnd of precipisetine ferrous cerhonats on the
precivlitated metal carbonate.nupport.

The invention will be further illustrat-d by the following
specifle examples.

R W 0 T

About 1141 gme, of BaGOJ, mede by the addition of ammonium
carbonate to a solution of Fa%l, in Alstilled watsr, was slurriad in 3
liters of water. 4 solution of 344 gme. of FeCl,, M0 in 2 litere of die-
tilled water was slowly added to this slurry, Contact with nir wes kapt
at a minirum during these sieps. The slurry vas stirred for one hour and
an additlonal 1H9 ams, of FeGlg,#HZO dissclved in 600 c.c. of water was
sdded, Then 285 gms, of ammonlum carbonete, dissolved in 1 liter of water,

"
—1'!-—-
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werse s£1rred in »nd the mixture was furthar stirred for one hour. The
precipitate vas pernitted to settle, warhed fre- of chioride by decgntation,
end the resultine sludge was dried ovsr-nigsht in en atnosphere of GOZ
at about 300°F, and then pilled, The catelyst contain~d about 20% hy
welght of BaGDB and 20% by weight of FeCOq. It vos reduced prier to use
with adout 1000 volunes of H2 pey volume ;f catalyst-per hour for 4 hours
at about 900°F, "

T™hs catalyst so prepared was tested in a fi-ed de-laboratory
unit at about 630°-650°F,, about 250 1bs, per sq, in, presgurg, a through-
put of about 200 voiumsn of synthesis mns per velume of catalyst per hour,

and an M53100 ratio of about 1:1, The resulis ave smomarized helow: .

CC Convarsion, . 96
0,4+ Tis1d, e,c,/cu.m,
§2+GO Consumed 211

Garbon Formation-
Selsctivity to C,Vol,?

CC to © 0,87

Sel-ctivity to C,% of

Rafersnce* 32

Catalyst Aze

fu, ft, of (0 Convertad.

pa7 1b, of Catnlyst 49 f
% COY After Use 22 (Agrasm nt within 23— ;
4 cog Theoratical for (p-rinontal ~rror

Bal 3 : 27

The above data show that carbon formetion oﬁ this catalysi is
only a frP?tion of tyg?wobserved on the r~ference cntalyst, while liquid
product yiélds at high temperstures ars micellant in snite of tha atsence
of any catslyst promoter, Eowsvsr, low carbon farmetion is also evidence
of n loQPr digintesration tendancy for catnrlysta having a comparable
abrasion resistance, .

The mctivity and sslactivity of this catalyss are substantiadly
nainteined even aftar high tamperaturs caleinetion, A sample of the fregh

*) Basis of comparison is the carbon formation on a reduced catrlydt con-
sisting of 997 precipitated iron oxide and 1% potassiun flucride,

~Firm
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eatalyst was caleined for sbout 4 hours at 1600°F, nafova roduction at

e 900°F, The catalyst so prepared was t-sted in » fixsd bed laboratory unit
© at about A30°-650°F,, shout 250 1bs, per sq. in, prensure, a throushout of
about 200 volumes of synthesis grs p-r volume of cétalyst par hour, »hd

s HZ:GO ratio of 1:1, The results are sunmarized helow:

00 Conversion, % ’ gl
Oy+ YTield {c.c./cw,m, Hz+00 Cons) 122
age o n 0 i 237

Carbon Formaticn
Selectivity o €, Vol.
CC ta C ° : 0,71
Balactivity to ¢, 7, of Referance® Lt

Sataiyet Aze
Cu, ft. of €O Convertod

per 1b, of Catnlyst peH

TXAMELZ II

¢

A catalyst was preparsd as d-seribed in Txample I, Howsver,

20,2 gms, of K coq was stirrsd into th» washed pasté,pripr-tg drving. The

2
‘pracipitate paste was then dried and pilled s= descridad in Zxample 1 to

. form s-catalyst consisting of R0 parts by weisht of 33003, 20 parss by
welght of FeCO:3 and 2 prrte by welpght of Ko00q, The cetalyst was reduced

and tested at the conditions of Zxamnle I, The rosults were ag follows:

60 Oonversion, % 94
Cy+ Tield, ¢.c, per cu,m. Hy+00 Consumed 211

Carbon Formation
B:lectivity to C. Vol, 500 to O 11,9
Selectivity to €. % of Rafarsnce 20

Catalyst Age
fu, ft. 00 fonvert=d por 1b, of Cntelyst 126

The date of thin sramwla ehow thrt the pddition of a2 nromoter to
the carbonate catalyst of the presant inventisn has no #worecirble influence

on ligquid yieslds or carbon formation.

*} Basis of comparison 1s the carbon fornatiom on o raduc~d estalyst
consleting of 99% precipitated iron oxide and 13 votagaium fluoride,
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ILLERPLE 11D
A solution of 34L gms. of Fe?lz.hﬂzo in 1 liter of water was
#lowly add~d %0 & slurry cf 200 =zns, of GnCO3 in L liters of water. To
thig mixture there was then added slowly with stirrine » solution of 225

Fos, of ammonium carbonate in 1 liter of water. After stirrins for 1 hour,

_ the precipltate was permitted to eotile and was washed free of chlorlde ion

by d=cantation, The precipltate was then dried 2t 250°F, in & strean of
002 and pelleted, i

The catelyst was reduc-d at 900°F, and tested und-r the con-

ditions of BExampla I with the following rasults:

*G0 Corwversion, 9 96
Cy+ Yield {cc/M) fons,) 205
Catalyst hra
Gu’ ft, CO Converted

per 1h, of Catnlyst 79
% [0Y After Use -k
% co" heoretical for (a0

Sunported Iren Catalyst e g
GCarvon Formation

Selectivity to O, Yol. % CO %0 ¢ 0,40
Jelectivity to 0, % of Reference 16

o
TAAUELE IV

The cniplyst was prepared as described in Exanmle III, However,
20$éh;ms,_of K2003 wag stirred into the washed pracipitste vnests, The
precipitate was then further treated as described in Srormple III, the final
gatplvet contnining R0 parte by walsht of CnCOB, 20 parte by welght of

FBGOJ and 2 parts by welght of K504, A test wre carrind out at the cone

ditione of Zxample TII snd had the following reeultar

00 Conversion, % a6
O+ Tield, c.c.feu. m, of
Hy+CD Consuned ‘ 200+

Carbon Formatign
Selrctivity to T, Vol, % CC to & 0,40
Selectivity o 0, % of Referance 23
Zatplvet Age
Cu, ft, of 20 Jonverted per

1b, of Catalyst 133
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The data of Zxomples ITI and IV show that the carbonate
supported catalyst of the invention sffords high notivity snd hich liguid
product sensitivity nt high tenpnrafurns and plves low carbon formittion,
sven in the absoance of conventicnal catalyst nromoters,

2fALLLZ ¥

A solution wns made containing 733 sms. of zinc chloride #nd 275
grms, of ferrous chlorlde (TeOQ.hﬁzo) in 2 liters of distilled water, An
rmmonium carbonate sclution was made by dissolving 1480 gns. of amnonium
carbonate in 6 liters of watar, The two solutions were then sdded simul-
taneously with stirring to 5 liters of cistilled water, After stirring for
1 hour, the precipitate werc washed sree of chloride ion =nd dried at 230°F,
Dontnct with nir wes kept at & ninimun durinc theee steps,

This catnlyst was reduced at 900°F. and tested in a fired hed
laborstory unit ot about 600°F,, about 250 lbs. per sy, in. pressure, a
throughput of about LOn volunes of synthesis gas per volume of catalyst ner
hour, and an 32:30 ratio of about 1:1. Under thege conditions, a C0 con-
version of 05% was obtained, The Cip+ yleld {ce, yef cu, n, of H2+GO consuned)
was 160, nThese date show that Groun II matal corbomntes other than berium
and celciun are suitehle ss supperts for highly retive and selective iren
ertnlvats ever in the absence of ceonventlonnl ecatalrset nrometers.

IXAHELE YI

The catalyat wasg pvgpared as deserihed din Jweanple V, However,

135 gms, of the fi1£er cake was slurried with water end 2,7 rnms, of K2303
was then stirred into the paste, Thic paste was dried and ftrenrted as
described in Zxmmple V, the final catulyst containing °0 parts by welght of
ZnCOB. 20 parts by welght of FeOO3 andl 2 parts by welght of xocoj.

This catalyst was tagsted at 650°F. but otherwise at the conditions
of 3xample V, Under these conditions » 60 conversion of 957 was obtained,
Bt yield {c,c, per cu, m. of Hy+(O congumed) was 200+,

These recults show that the zinc carbonste suprerted catplyst ls

more seneitive to the addition of prometers than the brrium end eolelum
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carbonate catalysts, Kowever, bath twvoee of crtrlvete »xhibit a promoter

effact clearly different from that of other srpes of iron catelysts, This
is demonstrated by the data of Ixample VII helow,

In this example it is seen that btoth Li?
and a2 zinc oxide promoted catalyst regquire promotion with K (‘-O,; in order

‘O.Fezoj typme catalyst

% to give high selectivity to C,*. o

: EXAEKELZ VII

; | A catelyst having the compasition I.iEO.Fe.‘?O3 vag mrde by nixing

% Bhly ems, of lithium hydroxide into » paste of RY2 gms, red iron oxilde in

. 200 c.c, of distilled water. After ball-millinm for 17 hours and ‘rying
over~night at 2U0°F, the catalyst wns calcined ~t 1400°F, for 3 hours,

A promoted catelyst h=ving the componltion by weigh’ 2f 99

112°~F92°3"1K2503 wee prepored by mixing 5 gms. K,70. into a paste con-

taining 643 pms, of the dried Li2O.F3003 prste made as ahove, After drying

et 240°F, | the catalyst was caleined at 1600°F. for 3 neurs,

A zine oxide based ion tyme catplyst vias prepared by adding slowly
1016 eme. of Ta(N03)3.9H20 disgolved in 2 liters of &iat111ed veter t6 o
slurry of 1106 ene, ZnD in 3 liters of water. The slurry was stirred until
all of the iror hrd precipitated., The nrecinitats wes filtered, washed,

reslurried, filteresd end washed, Hall of the filtar calke was then drieds.

at 250°F, and calcined fob 3 hours at 250°F, “he finsl calrlyst contained

80 parts by weight of 2r0d and 20 parts by weipht of Fezoa,

The other half of the vashad £ilie~r coke was m;de info a thick
prate and impregnated with 5 mme, choj. The pnate woe dried snd then
caleined for 3 hours at S50°F,, the final composition being about RO parta
by weight of Zn0, 20 parts by weight of Fezo3 enid 1 pnrt'hy welignt of K?CDB'

These catalysts were reducad at G00°F, and tested at temperstures
above 600°F, with a feed pas containins an HZ/GO retio of sbout 1, The

resulte are sumnarized btelow!

e} O
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with 1/1 Hz and CQ0 feed. The results are tabulated “elow:

: Catalyst Fe003§ Synthewic) Siderita
- ,
j Promoter None 2% KQQQF Jons
i Temperature, °¥F, 600 600-650 00 p
; Feed Rate, v/v/hr, koo Loo 200

. OC Conversion, 4 CO+i, ‘ g6 ol 92

S0t Yield, (c,c.fou, m.

; H,+00 Cons. ) 173 162 100

: In the foregoing examples the use of 2 sinecle metal carbonate as
; the catalyst support has been shown, It will be understood however; that
J similar results may be obtained when using suiteblie mixtures of the metal
carbonates disclosed,

While the above experimental data wers obieined in fixed bed
operntion, the relative comparisons hold for fluld operstion, even though
the highew gns throughputs, high recycle ratios and hiph catalyst turbulence
typical for fluid operation quite generslly ceuse a slight dacrease of con-
version and ligquid product yields and on nppreciéble incresse of cerbon
formation rnd catalyst disintegratioﬂ. It follows thet the catalysts of
the invention, asg a result of their sresatly reduced corbonlsetien and dis-

integrrtiorn tendency and their superilor liguid product selectlvities even

at high temperaturee coupled with long catalyst Iife, are prréicularly use- .
ful for fluld catelyst operstion snd in this rermect prestly superior to

other catalyste of the iron type. Catalysts, in rccordance with the in-

vention, sultetle for fluld ¢peration nay be prepared substentlslly ns out-
lined in the above exemples end sized to partlcle sizes of about 20-150

microns, preferably 50-100 mlerons, Yhe cenditions of fluld synthesls

operstion mre well Ymewn in the art and necd not be spacified here in oany
great detall for a proper understanding of the invention by those plilled in
the art, DBriefly, these conditions ney include catalyst particle sizes of

20-200 microns, superficizl linecar pas velocities of ~dout 0,1-3 ft,/sec.,

bed densities of about 10-12G 1ds, per cu. ft,, HZ:CO ratios of nbout
0,5-3, gas recycle ratios of aboud 0~5, temperaturse of about 550°-750°F,,.

and presaures of about 150-650 1hs. per sq. in.

- -2~
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Catalyst 3ase 1120.F9203 30 Zn0-20 Fe203
Promoter ¥one | 1p £, 00, Yone 1% K,004
Temversture, °F, 650 850 650 A50
Fressure, peig, 250 250 T50 ?50
Feed Tate, v/vfhr, - hog 200 200 200
€0 Conversion, & . 9o 96 95 97
Cy*tYield (ccfcu,m,

CO+Hp Cons.) 106 172 108 196
Hours on Streanm 2L6 =l 207 209
Selectivity to £, ‘

(% of Reference) 20 1058 10 2R

The above data illustrate the extremely strons effect of alkali
metol nromoters on ligquld product and carbon selectivities, which is twnieal
for usual iron type synthesizing catalysts, It vill be oheerved that tle
catalysts of the invention differ widely in this resnact “rom non-carbdonate
catalyata of the iron tyne,

It has also been found that the metal cnthopatn supnorted iren
cattlysts of the invertlon are far supsrlor to catblysts consleting
escertlally of iron carhonate ard thin in splte of the nuch higher iron cone
tent of the latter, This is demonstrated by the following further exammle,

TALLLELZ YIIT

Ferrous carbonate was precivitated by the siimltaneous glow
addition of agueous rolutilons of farrous chloride ~nd ammonium carbenate to
water under stirriné, The predinitnte wag allowed to srtile ind washed
free of chloride by cecontation, One-half of the washed precipitate was
fried in an atmosphera of CG? and pilled,

The other half of the washed precipitate wan nived with KP'"Oq in
amounts sufficient to ircorrernte ahoul #% of KQCO? in the Tinnl untal;et,
dried and pilled as described shove,

Hetursl Siderite, contnining FECOB {in » concantretion corres—
ponding to L0,4% Fe) and with imswrities of megnasinm, silicon, mangenese,
calcium and aluminum was crushed to a powder, caleined ~t 1000°F, in a
closed pan, pilled ard recnleined at 1000°F,

These three carborate catalysts were reduced in hy’romen and

tested »t temperatures of S0C°F. rnd riove, and at n pressure of 250 psip,

~1 1



526874

‘The prassnt invention is not to be limited by any theory of the

nechanism of the procese or catalyst nor to #ny examples priven merely for
illustration purposes, but only by the following clains in which it is

wlshed te claim all novelty inherent in the invention,

13-
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“"1. An improved ilron catalyst for the synthesis of
hydrocarbona from carbon monoxide and hydrogen, consisting
essentlally of a reduced composite of a major proportion of

the carbonate of at least one metal selected from the group
consisting of calclum and barium amounting to not substantially
less than about 60% by weight and s minor proportion of iron
smounting to not substpntlally less than about 0,58 by weight.
' 2., The catelyst of Clalm 1 in which sald iron 1=
presesnt in sald composlte prior to reduction in the form of

a carbonate.

3., The catalyst of Claim 2 in which sald carbonate
is ferrous carbonate.

4., The catalyst of Claim 1 which contains a small
amount of an alkali metal promoter.

5., The catalyst of Claim 4 in which sald promoter
1s potaasium carbonete.

6., The catalyst of Claim 1 which has a fluidizable
particle =ize of gbout 20-150 microns.

7. The catalyst of Claim 1 in which sald iron is
present in maid composite prior to reductlon in the form of
ferrous carbonate, said major proportions are about 60-95%
by welght and said minor proportions about 5-40% by weight.

8. The catalyst of claim 7 in which said major
proportions are about 80% by welght and ssid minor proportions

about 204 by welght.

o






