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{A communication from Szasparn O
DuveLorMeNT CoMPANY, 4 corporation duly
organised and existing under the laws of
the State of Delawaie, United Stales of
America, having an office at Linden, New
Jersey, United States of America}.

I, Congap Arnolp, a Britlsh subject,
of 2g, Southampton Bulldmgs, Chancery
Lune, London, W.C.z., do hereby declare
the nature of this mventmn and in what
manuer the same is to he performed, o
be particularly described and ascertained
in and by the following statement ;—

This invention relates fo catalytic con-
versions and improved catalysts therefor.
More specifically the invention is concerned
with improved iron catalysss for fluid
catalys; operation, parficularly for the
catalytic synthesis of normafly liquid hydro-
carbons and/er oxygenated compounds
from CO and H,.

Iron type catalysts are uormaily em-

ployed in the hydrocarbon synthesis at rela-
tively high temwperatures of about z50°-
Boo'F. and relatively high pressures of
about 3-1oc atm. abs, or higher, to obtain
predominantly unsaturated and oxygeaaicd
products from which motor fuels with high
octape ratings may be recovered.

The cxtreme temperature sensitivity and
relatively rapid catalyst deactivation of the
hydrocarben synthesis have kd in recent
years tp various attempts aad proposals to
employ the so-called fiuid caralyst technique
wherein the synihesis gas is contacted with
a2 dense turbulent bed of finely divided
catalyst fluidized by the gaseons reactanis
and productls and which permits continuous
catalyst replacement and greatly improved
temperature confrol. Bowever, the adap-
tation of the hydrocarbon synthesis to the
fluid catalyst technique has encountered
serious difficulties, particularly when iron
catalysts are used.

Application of the fluid catlalyst technique -

requires in addition to the conventional
characteristivs determining catalyst utility,
such as total desired yield, and active cata-

(PRICE 2/-)

-_mcnts o

lyst life, ease of fuidization and attrition
resistance,  None of the iron catalysts
prepared according to the prior art com-
plies. satlsfactorlly with all of these require-

the: r_educ_tmn of various natural or syn-
thetic’ iron oxides or by the decomposition
of 'iron .carbonyls, the catalytic activiiy
béing.. cohancéd b‘y'_ the addition of such
promoters as varions compounds of alkali

‘metuls. or the; oxides of chrominm, zine,
aluminum, - mzgnesium, manganese, the
rage ‘earth ‘relals, s and others, in small

amounts of about 1-10%. While some of
these cawlysts exhibit excellent activity
charsitéristios they arc without exception
deficient with respect to case of fluidization

- and at‘rr;hon resistance for the following

reasons. -
Catalysts obtained by the reduction of

' "natulai iron oxides, such as various oxidic

iron ores, may be ground to a fluidizable
particle size, however, not without exces-
sive losses in the furm of fines having
particle sizes below the minimuom fluidizable
size of about go microns, In wddition, the
particles  of  proper fluidizable size are
e:x'rremely brittle and subject to excessive
attrition in ‘the coursc of fluid opcraticn.

: Iron, catalysts preParad by the reduction
oI gynibetic oxides, such as precipitated
red 'or, yellow: iron oxides or by the de-
mmposx:mn of iton carbonyls, are obtained
1n ‘e form of ‘extremely fine powders hav-
ing . pa.rtlcle sizes far below the fluidizable
range. LAi:to.-n-ﬂpts to convert these powders

1 materials by agglomerating
' as pilling or sintering,
~ag. a-resuly of either the low
attntwn LSJ.‘-‘:-:.&DEE or the irregularity of

“the agglomerates

. The. present invention overcomes the
a,furementmned difficulties and affords
vasious, additional advantages as will be

: fuﬂy udderstaod from the more detatled

description - given below.
It is therefore the main object of this
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invention to provide an Improved process
for the catelytic conversion of CO and H,,

Another ohject of this ipvention js. to
provide. an
hydrocarbon synthesis a.nd a method of
preparing the same. -

A more specific object of this invention

i3 to provide un iron. catalyst for the hydro-
carbon syothesis, which combines high

activity and long catalyst life with highest

utiiity for fuid catalyst operation.

A still further object of this iovention is

to provide an improved hydrocarbon syn-

thesis process operated by the fluid catal}"st ’

technique.

Another object of this invention is Lo
provide an iron catalyst having improved
utility for fluigd catalyst operation.

Other and [nrther obfjects and’ advarr-
tages will appear hereinafter, o

Tn accordance with the present invention

easily fuidizable iron catalysts are obtained

by subjecting iron oxides to, a sintering
treatment and grnnding the sintered
material to a fluidizable particle size, A

reducing ireatment may be applied, pre-

ferably prior to grinding, It has beeén’
found that [he sintering treatment increases
the mechanical strength of the catalyst
nass 50 t:crut:,lderabfy thet it may ke ground
in conveptional grinders to a. desired
particle size, e.g., at Teast 50% of the,
particles falling within the range of 3010
250 microng or abont fo-400 mesh with o

“nevligible loss in the form of non-fuidiz-
.ahle fines of less fhan 30 microng ar about
d0g mesh particle size repregents a pre-

ferred sizc range. In addition, the fuidiz~

-able catalyst particles, hardened by sinter-
g,

are far superior to Huidizahle fron
catalysts prepared by conventional methods
with respect to atftition yesistance and
exhibit highest catalytic activity and satis-
factory catalyst life, .

I+ is imporiant for the calalync mech-: .

anical and pscudo-hydrodynamie properties
of the catalysts-of this invention that the
shltering' treatment he subsequEnt 1o amy

“treatment with fiquids or solids, which

affects the chemical compesition andjor
physical structre of-the catalyst.  Tlus
statement does not apply to treatment- in
a reducing atmosphere which may he
carried ont before or after the sintering
treatment. When preparing these cata-
lysts, it is preferred, therefere, tn comhbine

the iron oxide with the addition agents

desired, such as prometers 83 hercinbeforc

_defined, by impregeation or.methanical

mixing and to- subject the resulting com-
posite to Elntermg followed: by grinding to

‘the desired particle size;

improved cataiyst for the

‘been’ indorporated in the iron oxide.

. Whille suPﬁmenﬂy pure iron. oxideg of
any urigin und particle size may be vsed

as the starting material for the improved
iron catalysts, the best results are obfained

when fine iron oxide powders, particularly

85

the precipitated material knowi ag red iron -

vxide, are employed which have substan-
tially uniform particle sizes of less than,
say, ahout 5o microns and preferably less
than abotf go mictons. These iron oxide
powders may first be impregoated with

“suitable ‘solutions of promoters to” yle]d a

powdered or lampy mass which is subjected
to gintering to formn a hard friable mass
which s ground to the desired parficle size
of say about 3o to 200 microns. A reduc-
Ing treatment may precede or follow -the
gintering treatment, but in- accordance with
the-preferred embodjment of this fovention
the sintering treatment is carried -our in

- & reducing atmesphere, using- hydrogen,

carbon monoxide,. gaseous hydrocarbons,.

" or the 11ke, or mlxtures of sm':h Je,ducmg
" gases.”

Suitable 'Smtenﬂ.g temperaturcs. fa_l!

~within "the  approzimate ranme of 1206"-

1600°F. in a redicing atmosphere, bat may

*'be considerably higher in & “don-reducing

atmosphers. For instance 'in -an Tnert
atmosphert of nitfogen or ‘the like it ‘rav
range anywhere from abott 1600°F, to
about 2700°F. The sintering treatment

should be ecanied at léast”to a point ut-

which 5urface deformation’ of the &intered
particles betomes appreciable, Redudiion
temperatules” ranging from about Boo® to
about z500"F. are genewally adegizte to
obfain the desired degree. of teduction
which may reach the metallic state or any
oxygen ¢oncentration” known to be bene-
ficial for iron catalysts. =

A typical mathod switable fc: prepuring

. iron-catalysts useful in fuid catalyst dpéras

tion is illustrared By the ﬁrﬂ}mvmg ex*imple B

EXAMPLE. .~ . _
Red iron oxide po-wde:r.haWHg Aan aver-

. 3ge particle size of absut 10-zo microns s
impregnatéd with = “solution of potassimn

carbonate in distilled water of abouf.1-1. 3
e, % strength untll about 1.59%._of
potessiim- carbonate based on iron has
The
resultifiy pasty mass 5 .dried at a tem-

. perdture.-of about 150%-300 ¥, and redneead

in 2 stream. of hydrogen at about goo®E.
Ior-abour 2-6 hours, The Iumpy, reduced
‘material ix sintered in. 2 -hydrogen.atmos-

-.phere at about 1600°F. for about 4 houra.

ground by subjecting it'to 3 or 4 passes
The resulting. hard .granuldt” mass is
through a conventional. labaratory planctary
dis¢ grinder.. Products having the follow-
ing.typical sieve analyses are ohtained
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Sieve Sizes Weight Dercent While-this: inveéntion has heen described 65
Throuph On Sample A Sample B with. spetifie référence to the catalytic syn-
T 40 1.0 th'sis " of hydrocarbons it will he readily
40 6a 1 undeistood” “that the invention affords
b} Bo 100 7.3 13.8 sinilar advantagcs in connection with ather
roa o g1 11.§ - Huif catalyst operations Involviag ‘the use 70
140 200 q.8 12.6 of fron fypc ‘catalysts, for example the
200 2Y0 22.3 8.x hydrogrenationt of unsaturated hydrocar-
270 323 23.9 G 1 hons, e synthesis of ammonia, the hale-
10 3a5 25.5 44.5 genation of certain hydmcarbons, etc.
Loss 0.0 0.4 The present fvention is not to be lmited 78
The above samples contain more than to any exumples given merely for illustra-
50% of particles within the size range of tion purposes.
6o-325 mesh and fluidize readily, both in Having ‘now paridcularly described and

15 nitrogen and synthesis gus mixtures of aseertained ‘the nature of the said invention,
carbon monoxide and hydrogen. For and in what manner the same is to be 50
example, at superficial gas velocities = performed; as communjeaied to me by my
normal for dense phase finid operation, foreign correspondents, I declare that what
such as 0.2-c.4 ft, per second, a turhulent [ cIa!m s —

20 fuidized solids hed i formed having = An Illlproved iron catalyst, compris-

" well defined upper level and exhibiting a Ing’ szntered iron oxxde particles of fluidiz- 88
steady pressure drop aver the height of able size,
the fuidized mass similar to that of a LA Latalyst ‘according to Claim 'x,
liguid. Small amounts of entrained salids comprrsmg- dron- oxide particles. at leasf

25 may be readily saparated from the gas by 30% ol wihich has. g size falling within the
conventional mechanical gas-solids separa- range of 6b-400;mesh, per linear inch. 90
tors. The catalyst retains essentially this 5. A catal}st accordmg to Claim 2,
condition in normal fluid operation for more wherein: said iron oxide is red iron exide. ¢
than 750 hours. 4. A process for preparing iron oxide *.

30 Catalysts obtained from red iron oxide -catalyst: which comprises subjecting an
powder or iron ores by sizing without sin- oxidic iron 'mass to 2 sintering treatment 95
tering or by sintering withont subsequent and grmdmg the sintered material to a
grinding on the other hand, when applied Anidizabla size,
at similar conditiors of gas flow form 5. A process accordmg to Claim 4,

35 cither immediately or after about 5-ro hours wherein the oxidic iron mass is subjected
operation compact catalyst masscs through to a reducing treatment, 100
which the gas hubbles without any fluidiz- 6. Process according to Claims 4 or 5,
mg sffect entraining usually large propor- wherein sald oxidic iron mass is ground
tlons of catalyst fincs which cannot bhe to contain at Jeast 50% of particles having

40 separated by pas-solids separators of the a size. failmg within the range of 6o-400
lype mentloned and require gas filters or mesh, per, linear inch. 105
s'milar complicated means of separation. 7 Pmcess Aecording to Claims 4 or g,

A catalyst prepared in accordance with Wh&rf'm a.promoter us hereinbefore defined
the above Example was employed in the is mocupomted inte the oxidic iton mass

45 hydrocarbon synthesis using a synthesis prior_to, the.smtermg treatment,
gas containing ahout 2 moles of H, per 8. Protess _acrording to Claim 7, 110
mol of €O and a gas recycle ratio of about ¢, compogite Is subjected o a
a:1 at a fresh feed gas throughput of ahout &at{%cnt_plior to its use as =
1,000 volumes of gas per volume of cuta- .

09 lyst per hour, a superficial gas velocity of o acy ;dmg to Claim vy,
ahout 0.4 ft, per second, a pressore of whﬁrem the Skidie fron mass is impregnated 115
aboul z30 1bs. per sq, In. gusge snd a w1lh a solutmq of sald promoter.
rcaction temperature of about 6po'F., At accordmg to Claim g,
these conditions about g7y% of the CO 6rein, the ‘oxidic iron mass is red iron

88 supplied was converted to furm, per cubic oxide powdear;”
meter of synthesis gas, about 214 c.c. of 1. An improved proccss for prociucing 120
C, aod higher hydrocarbons Including valuable conversion products from CO and
oxygenated organic compounds recovercd H, in ihe presence of an iron catalyst
from the product water. which comprises cont.acﬁng a gas contain-

oy The cxperimental resulls reported above ing CO and H, in synthesis proporticns,

under synthesis conditions with a Avidized 125

demonstrate that the catalysts prepared in
accordance with the present jnvention com-
bine perfect ease of fluidization with highest
catalytic activity,

mass of a catalyst prepared according to
any one of Claims 4, 5. %, 9 or 10,
12, A'prcess w.wrdmg to Claim 11,
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wherem the catalyst is prepmed hy sub-' 3_' '-,'plepzu-auon of the catalyst is carried out

jecting an oxidic jron mass c;}m:umng dn ' 'in ‘ap inert atmosphere.

incorporated promoter, to 4 sintering treat- | Daged this 6th day of September, 1946

ment,. and grinditg the sintered material = .. - D. YOUNG & CO,,

toa ﬂuidizﬂblc size, : '-29, SDuLhatanon Buildings Chancery Lane,
13. A process according to Claim 12, . - . .. London, W.C.z.

wharein the sintering treatment for the ' " Agents for the Applicant.
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Published b The Hutent Office, 25, Soidiinmpton Buildings, Loadan, W.0oR, -
from which copies prics 9s. 0d. cash (inlend}, 2a. Id, (ebroed} mey he obtained.



