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COMPLETE SPECIFICATION

Hydrogenation Catalysts

We, Szavwarp Omn Deveropwexr Com-
Paxy, a Corporation duly orgemised and
existing vnder the laws of the State of
Delaware, United States of Ameriea,

b having an office at Blizaheth, New T ers%y,

United Stutes of America, do hersby de-
clare the nafurs of this inveniion and in
what maaner the same is o be performed,
fo ha particulazly described and ascer-
fained in and by the following state-
ment:—

The present invention relafes fo eafa~
Lytic conversions and improved catalysts
therefor. More particularly, the inven-
ticn 18 concerned with improved catalysis
for the catalytic hydrogenation of enr-
honneeous materials and it finds its most
useful application in fhe cafalyfic syn-
thesis of mormally liquid hydruearbons
and oxygenated compounds from CO and

10

13

22 .

The catalysts most commenly uvsed in
the hydrogenation of carhonaceous
materia{s guch as hydrocarbons or carbon
monoxide are the metals of Groups V1
gnd VIIT of the Periodic Syslem and their
vxides and sulfides, The former group of
catalysts is more active in the hydrogena-
tion of wvarious es of hydrocarbon
30 materizls while the latter group is pre-
ferred in the synthesis of valuable pro-
ducts from carbon monoxide and hydre-
gen. The choice of the proper catalyst
png the conditions at which it is applied
depend mainly on fhe type of product
desited.

Por example, in the conmversion of car-
bon mompxide with hydrogen, mickel
catalysts may ba used over a wide Tange
of temperatures and prossures to produce
predominanily normplly gaseous hydro-
carbona nseful as fuel gases of high heat-
ing volue and as starting materials for
_ further synthetic processes such as poly-
4D merization, slkylation, oxidation, - ete.

Cohalt type catalyxts when employed at

[Price -]

35

40

reletively low temperatures of about 380°
—460° ¥. and low pressures of about 1—
10 atmospheres abs. yicld predominamtl
saturated hydrocarbone useful as diesel 50
oils, lubricants, parafin wax, ete, For
the synihesis of high grade motor Iusls,
on the other hand, 1von type catalysts ave
more switable partieularly when used af
relatively high teémperatures of about 55
4503>—B00° ¥. and pressures of ahout 3—
100 atmespheres rbs. or higher, beeatse o
predoreinently wnsaturuted produet of
high ociane rating js formed at these
conditions. T

Catalytic hydrogenation reactions in
saneral and particularly the synthesis of
hydrocarbons from CO and H, pre ex-
tremely temperaturs semsitive and sub-
jeet to relatively rapid catalyst deactiva- 62
tion mainly resulting from the deposiiion
on the eatalyst of involatila carbonaceons
deposils such as wax, colke, or fthe like,
This sifuation has led, in recent yeaws,
to various attempts ahd preposzls to em-
ploy the so-called fluid catalyst technigque
wherein the rasiform reactanis are con-
tacted with o dense turbulent had of finely
divided catalyst Onidized by the gasiform
reactants and - products. The fluid
fechnique permiits: eatalyst replacement
without 1mterrupiion of the process and
greatly improved temperature rontrol and
thus constitutes ' a suitablc means for
snlving the aforementioned problems. 80
However, the adaptation of hydrogena-
tion reactipns and particulariy of {he
hydroearhon synthesis o the fluid eatalyst
techuigque has encountered serious diffi-
culties, particularly when iron catalysls 8B
are used. K

Applieation of the fivid techni
quires in addition to the conve
characteristies  determining
activity, such as totel desired i
active vatalyst life, ease of fini
and attrition resistance. Ii s al
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able, for cxample, when iron-type syn-

thesis catalysis are used that the calalyst

be aefive in the temperature rangs ahove
G00° F. and siill ve largely selective to
C,+ hydrocarbozs, sinee under these con-
ditions kigh octane moter fusls are ob-
tained. DNoue of the prior ari vatalysts
complies satisfacterily with all of these
requircments, '
Synthesis catalysis are ususlly pre-
pared by the reduction of various natural
or synthetic ieetn] oxides or by the de-
compostiion of metal earbonyls, the cata-
Iytie uotivity being enhanced by the ad-
dition of such promoters as various com-
pourds of alkali metals or the ecxides of
chromiwm, zioe, aluminwm, megnesium,
manganese, the rare earth metuls and
olhers in smell rmount of about 1--10%,
20 While some of these catalysts exhibif ex-
cellent activity charasteristios they are
wilhouf exceplion deficient with respeot
to easa of Huidization, andjor attriiion
resistence parficularly when used in com-

10

(o

25 mercial rups of several hundred bhours
duration. Even fAuidized cataiysis uob-

tained from sintered iron, which bave

been found to exhibil exsellent fuidize-

tion and alérition characteristics show
pigns of dmsintegzation in long zun
operation.

Thie general lack of mechanical resist-
ance or steady decrease of mechanical
strength during operation is pavticularly

a0

hug been found to he elosely connected to
a high rate of carbon deposilion vn {he
catalyst, encountered at the conditions re-
quired bgy Lbe synthesis using iron cata-
iysts. The catalyst disintegration which
acoompanies excessive carbon deposition
is believed 4o be the result of & migration
of carbon intu {he iron laliice by the
mechanism of interstitizl carhide forma-
tion followed by decomposition of the ear-
bide 1o free carbon. This process may
continue until the catalyst mass eontains
about 99% of cerhoxn.

¥5 will he appreciated from the above
50 that catalyste of satisfactory activity,

seleetivity v useful produets, and catn-

lyst Jife which may ha used in comamer-

40

cia] operation without substantial patalyst

disinlegration and rarbon deposition 1s a
55 need strongly falt particulariy in the syn.
thesis art. This drawbaek, for example,
has beenn the major obsfacle i =21l at-
tempts to apply the flnid eatalyst tech-

nigue to the iron-catalyzed hydroearhen

60 synthesis, The present invenlion over-
comes this obstacle and affards various
other advanisges.

It is, therefore, the prineipal objeet of
the present invention to provide impruved
catalysts for the hydrogenalion of earbon-
AN

.

N

5 characteristic for iron type catalysts. 11-

- tlon, ordinary sofl glass having a rom.

aceous materials and more pariicularly
for the eatalytic conversion of CO with

A furbher object of the lnvention s {o
pravide improved hydrogenation pro-
ecssed and more partieularly an imgroved
hydrocarbon synthesis process, emplox-
ing fluidized catelysts, which are uot sub-

© ject to excesslve disindsgration and ear-

han. fermation. T

A maore speeifie object of He Invention
is to provide improved iron catalysts of
iiighest disintegration resistance when
used in the syuthesis of hydroearbuns
from CO and H, employing the fuid
eatalyst technigue.

Other and forther objects and advan-
tages of the invention will appear herein-
after.

In accordance with the present inven-
tion, earbon deposition on hydrogenation
and iron iype syathesis cafalysts is sub-
stantially redueed and catalyst disinte
gration correspondingly suppressed while
wetivily, selectivity and eatalyst life are
maintained at highest tevels, by supporé-
ing the netive metal oblained by
the decomposition of s carbonyl,
e.g. Te(CQ);,, en a dense furbu-
lent fluidised mass of a  sub-
stantially inaelive mnou-usetallic carvier
materizl of high atirition and disintegra-
tion resistanee,  The subport for the ear-
bonyl iron is preferahly adsarpive and
eapable of promofing the selectivily of 1€
the final eafalyst fo liquid produeis. The
carrier materizl itself may aeot as a
promater or it mey coulain small amounts
ol 1 enaveniional promoter such as K,C0,,
Nusid,, KOH, KT, Na¥, EBF,, Ny (O,
or the like,

Carbuny]l cowpounds of other melals
liaving hydrogenating activity, particu-
Iarly of Groups VI and VILE "of the
Peripdic System may ba used.

While a fairly wide variety of in-
active supporty is available for the pur-

oses of thiz invention, superior results

have haen consistently obtuined when
using  syutbelic  spinels  asuch  asili
Zn0.ALG,,  (r0,.ALD,,  Cu0.4AL0,.

&

9

o

11

- Other suitable supporls are sfable earbon-

ules, for example thase of Group I of
the Peripdie System, pariicularly }Jariﬂm,
ealeium or zine earhbonate in which case 120
an eXtraneous promoter is not usually re-
quired. Other supporls which may be
used inclmle aclive carbons, for example
the carbon formed in the syonthesis renc-
T 1%
position such as R.0.000.6810, : ix whicl
R iz an alkali metel: aluminacecontainine
eracking eatalvsts anch as silica-ntumina
compnsites which may confain about
87.5%, AlLO; and 12.59% 8i0,; silica-mag- 4
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nesin compopites which may eonteln
abont 87.5% MgQO and 125 B5i0,; etc.
Miztures of these supports ray be used if
desired.

5 fipecific sxamples, are silica-alumina
and silica-magnesin composites of vary-
ing somposition, hauzite, fuller’s earth,
various clays, netural or artificial spinels
such as compounds of alumina with sine

10 oxide, eopper oxide, ele. These materials
may be subjected to various heat fremt-
ments, particularly caleinztion, preced-
ing their use as carrier materials and the
ealoinalion may be so controlled as lo

15 effect mild dehydration or to zesult in
partial or substantially complete sinter-
ing or fusion. Various powdered melals
rr alloys mﬁy also be ugedl as carrier
mayferials. aterials containing Zn,

20 Cu, Cr, Mo, W, Te, o, are especially
useful.

The relative proportions of (ke con-
stituents of the catalysts of the present
invention may very within wide limjts, I{

28has heen found, however that catalysts of
cxecllent activity, seleetivily, carboniza-
tion, mechanical strength aod Huidizu-
tion, characteristics may he oblained by
combining as little as .29, by weight of

90 carbonyl metal in the suppuris of the -
veution, particularly the synthetie spinels
Histed above. The melul concentration
may, therefors, be advaniageously held
within the most economieal limits of pre-

ferably aboui (.2%—10% without detri-
mentally affecting the eafalytic perform-
ance of the catalyst. The amount of
promoter added may vary between adout
0.5 and 10%, preferably about 1—9%, 3D
depending on the charscter of {ke pro-
moter and of the support.

Materials snitable for the formetion of
the esrbonyl compounds Include a wide
veriety of metal-eontaining substances or 40
composifions reduecible to the metallic
state such a3 oxides, carbonales,
hydroxides, ete. Pure forms of the metals
are not requirved since the volufilization
of the carbonyl compound effects the 45
separation of the desired constituents. For
example, in the formalion of iron car-
bonyl various types of powdered ivon, re-
duced irom oxides, or a2 number of re-
duced iron ores are suitable. ho

The ¢arbonyl compounds wre formed by
eontacting the subdivided metal or metal-
containing starting material with CO or a
gns rich m CO under a suitable pressurs
ot o temperature sufficiently high to pro- 60
mote the desired remction bul below the
decomposition temperature of the cur-
bonyt compound.. For purpose of illus-
trativn the table below shows the atmos.
pherie pressura  decompesition tempera-60
tures of the most important metal ecar-
honyls here involved as well as the tem-
perature and .pressmre ranges preferred
for their preparation.

ga Temp. at which carbonyl Preferred Operating
: begins to decompose, “¥. Conditions Temp.
Carhonyl (Atm. Press.) Y. Yres.lbfsq. in.
Ni(C0), 140 50—250  100—600
Fa(CO}. 302 50—440 100—460
70 Cx(CO). 266 0350 1069—600
Mo(CO). 302 H0—200  100—40U
WCO, 302 50—400 100600
[Co(CU)]. iy 502256 100400

The carbonyl vagors formed are then

75 contacted with the subdivided carrier
material af atmospheric to about 600
Ibs/aq.in. pressure and af o jemperatunre

at which the carbonyl is rapidly decom-
posed, nsually within the renge of about

80 2507 to 750 F. depending on the metal
earbunyl used, sv as to deposit the metal
on the earrier material 1u the desived
proportions, The decomposifion of the
carhonyl may take plece in the hydro-
85 genation or synthesis reactor itself. Par-
ticularly in this cese it is not necessary
that all of the carbonyl metal be deposited
on the surface of the carrier material.
pood operative being obteined in this
90 menner with mechanical mixtures of cur-
hony] metal and éarrier material. 1f o

promoter is required in the final catalyst

it may be incor%;am‘ted into the ocarmer
material by suitable irnpregnation or miz-
ing prior o the deposition of the carbonyl 9
metal or it may be added contintiously ox
intermittently a8 reguired by msans of
suitable solutions or as molten salta.

The preparation of the metal earbonyl
may be earried. out by passing the re-101
gpeciive gasiform materials over the
solids erranged as fised beds in suitable
reaction zones. However, in aceordance
with the preferred embodiment of the in-
vention the fluid solids fechnique is em- 10H
ployed for the preparation of the mefal
earbonyl as well as for its decomposition
om the earrier material.

For this purpose, the metal-confaining _
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sterting waterial heving a pariicle size of
about 5—200 microns, preferably about
T5—809% of 20—100 micron material is

maintaived in 4 reaction zone in the form

5 of a dense turhulent mass of solids fluid-
ized by the upwardly fowing CO-con-
taining gas fo assume gn apparent den-
aity of about 38—150 lbs. per cu. T and
& well defined upper level at the reaction

10 conditions specified above,  Superficial
linear pas veloetties of ahout 0.5—5 £,
per second are gjfne:rally suitable mainly
depending on the specific gravity end
particle size of the solids used. This pro-

15 duction of the metal carbonyl may he
conducted in a fully continuous manner
by supplying fresh getal-containing
s0lids and withdrawing spent solids to and
from the fluidized bed s o function of the
rate of metal conversion.

The metal carbonyl wapors formed in
the first stege of the process “are then
contacted with a dense turbulent ecarzier
mases fluidized in a manner substaniially
25 anelogous to thai just deseribed. The

rarticle sizes of the earrier materisl may
e generally somewhat larger than thai

" spavified for the metal-confaining start-

ing muterial and may fall within the

80 approzimste range of 20—300 mierons
preferably 20200 microns and partieu-
lazly 50—150 microns. ¥4 desired, the
corbonyl vapors may be diluted wiik a,
non-oxidising gas swch gs mitrogen or

85 hydrogen fo improve fluidization.

In accordance with the preferred em-
bodiment of the invention, the active
meta] is added to the snpport by passing
metal carbomyl vapors through or over

o

40 the suppart at & suilable temperafure

20

which for iron eatalysts is ahout 400"

1000° F., preferably about 600° ¥. The
pressure may be in the range of frem 1 to
50 aimospheres.

- 45 The latter method may be curvied out
to greatest advantage in o fiuid system of
the type illustrated semi-diagrammalic-
ally in the accompanying drawing, as will
be hersinafter explained,

Befarring now to Tig. 1 of the drawing,
the system iilusirated therein consists
casentially of an elongated vertical fuid
reactor (1), surronnded by a heating
jacket (20). Tlhe upper portion "of re.
55 actor (10} is expanded to form s separa-

tion zome (12) for the sepuration of sus-

. pended solids from gases.

plied through line (1) with a fine
00 divided seleclivity-promoting support of
the type specified ahove, having n Huidiz-

In uperation, reactor {10} may he sulp-'-
"‘r

able particle size of about 20—200 mies

rons, preferably ahout H0——150 microns,
A mizture of meial eatbonyl vapors, say

B85 of iron carbonyl, with a non-oxidizing

3 ft. per second are usuall

gus such as methane, nitrogen or hydro-
gen is introduced through line (3) and
grid () inte the lower portion of reaeior
(10; at a superfieinl velocily adapied to
maintaiz the finsly divided catalyst sup- 70

Jport in tha form of a dessc, {urbulexnt,

flmidized mass having 2 well defined apper
level (1i,). Gas velocities of about 0.5—
adeglate at
the particle sizes indicated to establish T8
ahporent densities of the Huidized solids
mags of about 30—100 1hs. per cu. ft.

The musture of Fe(CO);, vapors and
non-oxidizing gas may be obiained by
supplying its constituents in the propor- 80
tion desired through lines (7) and (¥), re-
speclively, to line (3). However, the
mixture may®also be prepared by bub.
bling the nun-oxidizing gas through a
comtainer of liquid iron carbunyl at room &5
temperaftre anul normal pressure,

Heating jacket (20} is supplied through
tap (14} with a suilable heating fluid such
as that sold under the Registered Trade
Mark  “ Dowtherm ** or superheated 90
steanl, 50 us to heat the fnidized solids
mass in reactor {10} abeve the decomposi-

-Uon temperature of fron earbomyl, pre-

ferably to a temperature of about 606"
T00* ¥. Spent heating fwid is with- 85

- drawn throngh tap (16). Az a resulé of

the excellent heal {ransfer and the per-
fect gus-solids distribution withip “the
Hluidized solids mass, the carbonyl iron
formed is uniformly depusited throughoui 100
the fluidized mass to form a substantiaily
uniform film of iron on the catalyst par-
tieles, The thickness of the iron film may

be readily controlled {v correspond to
the econcentratiun ranges specified above 105
by a proper choice of the irom carbonyl
conventratinn of the gas entering throngh
line (3) andfor the contact time between
gas end solids andfor the throwghput of

the gas-vapor mixture, Condilions swit- 110
able to establish an iron concentration of
about 1-—5% by weight include the de-
compoesition of {rom abeut 4 to 20 pounds

of iron carbonyl vapors on each 166 pound
buich of catalyst supporf. Tha earhonyl 115
vapors may be diluted with from aboul 1
to about 10 volumes of melhane, nitro-
gen, or the like before passing it into the
Huidizable caialyst support which is leld
at a temperature of about 600° F. A gas
velocity of about (L83—8 #t. per second
and_pressures up to aboug 400 psig, are
employed. The preferred pressure range
is about 211} psig.

. The non-oxidizing gas and any excass
iron curbony] vapers nre withdrawn over
head from {1, inlo separation zome (17
wherein most of the smspended solids
settle out ug o result of the decrensed fas
velacity.  The gas is finally withdrawn 130

120

125
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through line (17) and may be recyeled to
the syatem, if desired, after further solids
separation in conventiomal gas solids
separators such as oyelones, prenipitators,
filters, ete. (nol shown). Separated selids
may he returned to reactar (10), passed to
the synfhesis reactor, or discarded.

The finished calalyst may either be
withdrawn via overflow pipe (18) or vis
1) Lottom drawoll line (22) to he directly
supplied fo a canventional fuid syn-
thesis reactor. Instead of feeding the
fresh support through line (1}, it may be
supplied through line (24) and suspended
15 in the feed gases in line (3} in 2 maunner

known per se in the art of fluid cafa-
Iyat operation. The system of the draw-
ing may he operated continuously ‘or
baichwise as desired. A similar arrange-

20 ment may he used for fized bed activation
of the vatalyst suwpport.

Tt will be underestood that the sysiem
illustrated by the drawing may be used
in a substantially analogovs manner for

25 the reactivetion with a eatalybic metal
gnch as iron, of desclivated catalysts of
the type haere involved.

Heferring now to Fig, 2 of the draw-
ing, the system. illustrated thereln consisls

30 essentially of two conventional flnid re-
actors 220 and 250 whose functions and
eouperation will be furthwith explained
using the preparation of an irom fype
catalyst for the synthesis of hydrocar-

39 bans from €0 and H, as an example, It
will be understoed, however, that other
catalysts of the type here involved may
be prepared in a substunticlly szzlogous
manner.

4 In operation, feed hopper (201) con-
tuing o finely divided mess of an iron-
containing material auch as reduced iron
ore, or metallic iron having a pariicle
slze of gbout 20—100 mierons. The iren

45 matarizl may flow by gravity from hopper
(201} through lines (203) and (205) into
reactor (220, Simultaneousdy, CO or a
gas rich in CO such as producer gas, water
gos, syntheais feed gas or the like is sup-

50 plied through line (207) lo the bottom of
reactor (2201 which it enfers throngh dis-
tributing mesns sueh g8 a perforated
prid (209. Tf desired, the iron-contain-
ing material may be passed throwgh lines

59 (208) and (211) {o gas feed line (RLT) to
furm = dilute solids-in-gas suspension
therein which enters reactor (220) through
prid (209} in a mannper known per se in
the art of filuid solids handling. Particu-

80 larly in the latter case, line (208) may
heve the form. of a conventional stendpipe
nerated through taps {218) and high
enough to ereate {he pseundo-hydrostatic
Presgure required o force the suspension

65 1n line (207} into reactor (220} apainst the

[=1]

combined gas and pseudv-hydrostatic
pressures of the reactor, The feed rate
of gases and solids and the superficial gas
velority within reaclor (220) ave so eon-
trolled that a dense turbnlent fluidized 70
mass {M,.,) is formed having a density of
about 40—100 Ibs. per ou. £t. and a well
defined upper loval {Tug,). Gas veloeities

of about 0.5—1.5 ft. per second zre suit-
able for this purpose at the partiele sizes 75
indicated. o

Reactor (220) 1y provided with conven-
{iona] temperatura contral means such as
a heat transfer eoil (215) which may be
supplied with a suitable heat transfer 80
mediem anch as that sold monder the
Registered Trade Mark Dowihermm, steam
or the like to maintain mass (M.,,) at {he
desired reaction temperature of about 50>
to 450° . 'The pressure wilhin reactor 85
(220} is preferably kept at ahout 100 o
600 1bs. per sq. in. for the purposes of the
present example. At these conditions,

0 reacts rapidly with the iron to form
iron carbenyl. cnf solids may be with- 90
drown  downwardly from maes (M.,
fhrough a withdrawal well {217) and pipe
(219), normally at aboui the satne rale
b which fresh solids are supplied throngh
Iines {209} amdfor (211), However, lthe 96
rates of soiids supply and withdrawal may
be varied to change ths bed level {L..,)
and with it the solids Lold-np and contact
time within reeclor (220). Quite gener~
ally the dimensions and operating condi- 10p
tions of reactor (220) are so chosen that =
slight excess of metal carbonyl is furmad
over that necessary fo mest the metal re-
quirements in the decomposition stage ay
carried out in vesse]l (250). TUnconverted 105
iron withdrawn throngh line (219) may be
returned to hopper (201) fo be re-treated
in reacter (220),

The CO-roncentration of the gases in-
trodueed {hrough line (207) is preferabiy 110
so chosen that  the GO iz substantially
vomplately consiined on its path threugh
reactor {220). Iz this manner the free
CO-content of the vapors discharging
from reactor (220 is al'a minimum which 115
aids the subsequent decomposition reac.
tion of the iron-carbonyl in resctor (250).

If required for proper fluidization, the
gas in line (207} may be diluted ‘with
tnert gases snch ag CO,, N., H,, efc. Tn 193
operations employing reactor (250) as the
synthesis vessel, 1t 98 mot mecossary o
effect high (0 conversions in reseior
(220).  In this type of operation wnre-
acted CO may ba either recyeled or 125
blended with the feed ges io the syn-
thesis reaction, :

The iron cathonyl ~vepors formed in
mass {M..,) are withdeawn overhead from
level (Lo} #nd enter an enlarged disen- 130
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gaging spuce (222) wherein most of the

entrained solids settle out as as result of
the reduced gas velneity. Solds fines
which remain suspended may be separ-
5 ated from the vapors in = conveniiomal -

gas-aolids separaling system {224) whieh
may comprise filters, eyelomes, precipi-
tators, ate.  Solids separated in sysfem
(224) may be returned through Line (226}

18 fo mass (M,,). The carbonyl vapars
leave through line (228} and are passed
through line (230) o reactor (250) to be
treated therein as will be forthwith de-
seribed.

15 A finely divided substaniially inactive
carrier suck a3 a zine-nlnmina spinel, a
silica-alumina  composite  containing
about 83% of ALQ, and 12% S8i0,, or
50% 8i0, and 8% ALO,, or a siliep-mag-

20 nesia composite containing about 3S8%
Mg and 129 810, o smilar compo-
sites, which may be impregmated willi

about (LB—L10%, preferably about T—H%"

of a promoter such as = halide, oxide, or
25 carbonate of potassium or sodivm and

which may have a particle siza of abont,
100—200 mierons is stipplied from hopper.-
{232) through standpipe {234) and Ilines

(286} andfar {248) {o reactor (2560} sub-

30 stantially ay cutlined in connection with

reactor (220). Standpipe (2%4) is pro-
“vided with seration faps (240},

The iron carbonyl vapors supplied

from Hane (228) suhstantially at the tem-

85 peratura of reactor {2209 enter reactor

{250) throngh line (230) and grid (24%),
if desired together with finely divided
carrier material fed fhrough line (238),
The flnidization conditions within reactor

40 (220} are substantially the same as thoss
cutlimed in connection with reactor
{220) exceist thai the bed density of mase
(M) having level (Tn.;,) may be some-
what lower, that i about 2080 Ibs. per

45 ow. fi. at the parbicle sizes and gas
velneities specige

added in any suitable proportion througk
line {245} to aid in ‘the fluidizalion of

50 mass {Mas). '
Reactor (241)) is provided with emitable
heating menns su 3
taining a heating fwid sueh as that sold
under the BRegistered Trade Matk Dow-
55 therm, superheated steam, efe. so 23 to
heat the fluidized mass in reactor (250)

above the decommosition temperature of-
iron carbonyl, preferably to a tempera-

ture of about G00°—700° F. As a result

60 of the excellent heat transfer and he per--

fect gas-solids distribution within the
fnidized solids mass the. earhonyl iron
formed is uniformly distributed through-
out mass (M.} to form a substantially
69 uniform film of iron on the surface of

d. If desired o mon-
oxidizing gas such as H,, N,, efe. may he.

as g coil (244) gop-. -

the carrier pariicles, The ihickness of

this film may be readily conirolled with-
in the ranges of metal content specified
above by a proper choiee of the iron ear-
bonyl concentration of the gas entering T
through line (230) amndfor the contoek
time between gas and solids andjor the
throughput of the gas-vapor mixture,
Excess gases and unconverted iron-
carbonyl vapors arc withdrawn overhead
from level (Ins,) into disengaginf zone
(252) and gas-sclids separator (254) from
which saparated solids may be refurned
through pipe (256).  Clases and vupors
now substantially free of solids may be
aither vented {Lrough Tine (258) or re-
eyeled through lues 7260) and (228 o
sas feed line (230) or throuch lines (260
and (261) to gas feed line (207) of reactor
{220) v effeet reduction snd /oy furmation 8!
of carbonyls in reactor (220). TFinjshed
ratalrst of the desired composition mav
be withdrawn through withdrawal +well
(247) and pipe (249) ta be passed fo stor-

-7
i

- aze or directly o a sepurate synthesis re- §f

actor ‘ot shown). at a2 vate aifequate to
rontral the desired holdun and eontoct
“timme in reactar {250% a3 outlined in con-
nertion with reactar (220,

Ix accordanee with a preferred embodi- 45
ment of the invention, reactor (250 may
ba the renthesis reactor itsel? obarated at
2 svnthesis temperature of ahout AOD".
750° F. and a pressurs of about 200— 104)
Ibs. per sq. in. Tn thix cage n gvnthesis 1f
gas containing H, and €O in the ratio of
about 1—2:1 is sunnlicd hroush line
(245).  PBeactor {250) may he supnlied
from Lopper {232) with an amount of
ocarrier material suffcient o establish 105
the desized holdup in reselor (2509, Xo
substantial further addition of carier
meterial is required. The iron-carhonyl
Yapors may he supplied continuously or
intermittently throuch lipe (228) either 11
alternately or together willl the synthesis
&2s in proportions adequate to maintain

s

~the desired iron comventration on the

catalyst. Allhough there is a contimucus
additien of metal as earbonyl, the desired 11
Proporfion may he substantially wmain-
{tained by o corresponding loss of iron.
rich fines throvgh separator 1254, Are
loss of carrier material may ba made up
by a controlled supply from happer (3824, 124
Tnstead nf feeding the earbouyl vapors
directly fo reactor (250) lkey may he ab-
sorbed in a cooled recycla stream {2627 of
the fluidized material withdrawn from the
reactor (250, hefore ifs return to the ve. 12
actor. Tn this manner a more uniform
distribution of the highly setive metul is
acromplished, The irnneich fines lost
through separator (254) mav be recovered
by any suitable means, stch as ail serth. 136
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bing, and returned {o hopper {201), for
I'EUS_G.

When reactor (2509 is used as the syn-

thesis reactor the following operating
5 conditions may he employed to mive yields
of C,+ hydrocarbons amonnting 1o about
180—190 co. fm* H,+ GO consumed : pres-
sire, 400 Jbs,; temperature, 650° I,
o H={CO ratio, 2/1; recyele patio, 281,
10 and a fresh feed rate corresponding to
about 75-—10@ cu. ft./hr. of H,+COQ/b,

of ivon,

14 will be understood by those skilled
in the art that standpipes (203) and (234)

15 may be replaced hy any suitabls means
for conveying finely divided solids such as
serew eonveyors, lock hoppera, ete.

The inventinn will be further illns-
trated by the following specifie examples.

0 Bxarry 1.

A zine aluminate spinel (Zn0.ALO,)
was prepared by adding a ZnS0,-zolution
to & solution of sodium ahuminate, fol-
lowed by filtering of the precipitate, dry-

Carsarygr

Average Tron (lontent of
Catalyst, wt, %
Hours on Stream
Synthesis 7as Feed Rate,
55 vivihr.
CO-Conversion, %
Yield of C.+, cefeum,
H,+ GO Cons,
Average Carbon in Catalyst
€0 Bed, Excluding Wax, wt. %

Examerr 17,

A Catalyst containing 46% carbonyl
iron, 60% 810, 3% ALO, and 1% K.0
was prepared substantially as deseribed

G5 with reference to Fip, 2.

This material was tested in u fixed bed
laboratory wpit at the conditions azd
with the results listed below:

Temperature, °F. GO0
Pressure, psig. | 250
H,/CO, Feed 11711
ViV{Hr, 260
Run Hours 141 —164
Material Balance, Wt. % 3y
73 00 Conv., % Ynput 84
% Output 22
ec’s 0il produced per eybic
metre H,+-CO conspuymed 145
Distr. Ratio, C,+C, + 0.50
80 ¢¢’s and higher produnts pro-
duced per cubie metre
H, + 00 consumad 215

——

ing and ealeining at 1200° ¥, The pro- 25
duet was impregnated with a X,00,-solu-
tion, dried in an atmosphere of 062 and
pilled. A portion of the catalyst now con-
taining about 5% of K,CO, was placed in -
2 reactor and heated to ghout 62&»" ¥, A 30
stream of nitrogen was bubbled through o
vassel containing liguid irom carbonyl at
Toom femperature amd normal pressire
and the gas partly suturated with Fe(CO),
was passed inlo the 7eactor containing 35
about 50 ce. of the ,C0, promoted wine
aluminats until about 19 by weight of
earbonyl iror was degosifed on the
eatalyst.

The untrested portion of the catalyst 40
and that treatad with iron carbamyl were
ciployed s synihesis catalysts in a
laboratory test unit at o temperature of
about 625° F., a pressura of ahout 250 Ibs.
;?ezi s§¢. in,, and an H,:CQ feed ratio of 45

'.Tine results of these runs are swmmar
ized below :

Zn0.41,0, + 5% E,C0,

Tntreated Treated with Fe(CO),
0.0 1.0
1,135 158-—160
400 . 260
b g8
Neolipible 207
Negligible - 1.2

The above data show that active and
seleclive synthesis eatalysts may be made
by decomposing iron carbonyl on the 85
finidizable subsiantially inactive bases of
the invention, sueh as syathetic spinels,
Cuarhon formation was only a fraction of
that of convenlional dirom calulysts of
comparable activity and selectivity, in- 90
dicating a superior resistance to diginte-
gration. The catalyst of the invention

‘thus combines highest aclivity and liquid

produet selectivity with low earbon form-
mg tendencies and high resistance to at- 95
trition and disintegration, which makes
it ideally suitable for fluid operation. An
additignal advantage resides in the fuct
that this improved performance may he
accomplished with an jron concentration1Q0
omn the calalyst as low as about .29, by
weight which may be readily maintained
constant by conbinmous or ~intermittent
reacivalions with decomposing iren
carbonyl.

‘While the above data weze obtained in
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25

a0

38

40

45

50

a0

fized bed operation, if is noted that the
catalysls of the invention compare just
as favorably with conventional iromn iype
cutalysts in fiuid operalion, cven though
the Ligher gas thronghputs, Ligh recyele
ratios and high catalyst turbulence typi-
cal for flnid operation guite generally
cause w slight decresse of eonversion and
liguid product yields and an appreciable

increase in carbon furmation and catalyst:

disintegretion. It follows tkat the enia-
Tygts of the present invention, as the re-
sult of the combination of characieristics
demonstraled ahove, are parlicularly
nseful for Aluid operation when prepared
i fluidizahle particle sizes substantinlly
as gutlived above. The conditions ef
fluid synthesis operation are well known
in the art and nead not be specified here
jn graat detail for o proper nunderstanding
of the invention by those skiiled in the
art.  DBriefly, the conditions which erc
emplayad include temperatures of ahout
B50°—T750° F., pressures of about 00—
850 1by. per sq. in., catalyst particle sizes
of about 50~-150 microns, superficial gas
velocities of about 0.8—3 ft. per secomd,
hed densities of about 30—100 Ibs. per
en. ft., H,: 00 feed ralios of about (.83—
3.1, and reeyele ratios of about ¢.5—4.
Tluid operation of either or both the
catalyst preparation and the hydrovarhon
gynthesis iu the presence of the catalyst
of the invention has the outstanding ad-
ventage over fixed hed aperation thet the
iton concentration throughout the calalyst
bed may he mainiained substantinily uni-
form a8 & resuli of the high turbulence oi
the fluidized Ped. Iu fixed hed opera-

ticn. on the other hand, the carbounyl iron.
‘is depusited preferentially on the first

earriar layers contaeted by the carhonyl
during the preparation of the catalyst,
which leads to serions disturbances in the
operation of the process. This is illus-
trated by the fact that it was found that

the first 109 of a carbonyl iron edialyst

bed prepared in fised bed operation con-
tained about 8.4% of iron while the subse-
quent 909%. of the bed confained oaly
0.19% of izon.

Having now particularly described and
ascertained the neture of our said inven-
tion and in what manner the same is fo
be performed, we declare that whal we
clalm is:—

1. The methed of prepuring hydrogena-
tion cetelysts by contaeting a vaporous
carbonyl vompeund of o metsl having
hydrogenating activily with a deuse tur-
bulenf Auidized mass of a substaniially
inactive non-metllic earrier material

heving u high resistance to disinfegration
wnder conditions such that the metal ear-
bonyl is decomposed and w minor pro-
puriion of the metal is deposited outo the
carrier majerial.

2. The methnd of elaim 1 wherein the
metzl is selceted from the earhonyl form-
ing metals of Groups VI and VIIL of the
Periodic System.

3 The method of elaims 1 or 2 where-
in the metal is iron.

4, The methnd of any of claims 1 fo &
wherein the metal carbonyl is formed by
confacting the metal in the form of a
dense larbulent fAnidised mass with ear-
hon monoxide under suitakle eonditions
of temperature and pressure.

5. The method az elaimed in elaim 4
wherain the metal carbonyl is formed in
a first zone and decomposed to deposit the
metal on the carrier in a seeond zoma the
exit onses from this second zone being
I'EC};'cTed to ihe first zone.

6. The method as claimed in eclaim 3
wherein the said seennd zune Is u conver-
sinn zone for the hydrogenation of ear-
bon monoxide with hydrogen to form
normally liquid hydroearbens.

7. The method as claimed in any of

63

r{]

T

30

an

. claims 1 to 6 wherein the amount of

metal deposited on the carrier maierial is
from 0.2 io 10% by weight of the fotal
entalyst.

5. é.vl.‘he metbod a5 elaimed in any of the
above claims wherein 1he carrier material
i3 a synthetic spinel preferably a zinc
oside-alumina spinel, -

9. The mefhod as claimed in ony of 100
elaims 1 to 7 wherein the carrier matreial
is a carbonate of a Group IT metal.

18, The method as elaimed in any of
claims 1 fo 7 wherein the earrier material
has particls sizes belween 20 and 200 mic- 105
rons preferably between 50 and 190
microns.

11.-The method as claimed in any of
the above claims wherein the catulyst Is
promoted with a small amonnt, preferably 110
from .5 to 10% by weight of eatalyst,
of an alkali metal promoter, prelerably
potassinm ecarbonete,

" 12. Hydrogenation catalysts whenever

95

ﬁ'epareul gecording o any of elaims 1 to 115

N 13. An improved process for the eafa-
lytic liydrogenation of carbounaceots
materials wherein there is used a hydro-

‘wenetion catalyst as (laimeéd in elaim 12,120

. 1%, Tmproved hydromenation catalysts
and mefhods of preparing them as herein-
before deseribed with mpartieclar refer-
ence to tha accompanying drawings.
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