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COMPLETE SPECIFICATION

Improvements in or relating to Catalytic Conversion of Carbon
Monoxide with Hydrogen

We, Huawpsrp O DRVELopMENT
Company, o Corporation duly organized
and existing nnder the laws of ths State
af Delaware, Uniled Slates of Ameries,

6 baving an offics a$ TElizabsth, New
Jersey, Uniled Slates of America, do
hereby declara the nature of this inven.
tivn and in what manner the same is to
be performed, to be pazlicelarly des-

10 cribed and ascerialned in and the
tollowing statement ;— :

This invention relates to the catalytic
conversion of COQ with. T, and il;lﬁrwed
citalysts therefor. More specifically the

15 invention iz concerned with improved
iron entalysts for the catalytic synthesis
of normally liguid hydrocarbons and
vxygenated compounds from €O and

a
) Tron type catalysts are normall
- employed in the hydrocarbon synthesis
at relatively high temlpemtures of about
450°—800° F. and relatively ]:Ligh_ Ppres-
sures of about 8—100 atm. abs. ar higheyr,
28 {0 oblain predominantly nnsaturated and
oxygeuated products from which metox
fuels with high octane ratings may be
resovered, L
Tha extreme lewmnperature sensitivity

80 ynd relatively rapid catalyst deactivation .

in the hydrocarbon synthesis have led in
recent years to various attempts and pro-
pesals to employ the so-called fiuid
eatalyst technique wherein the syuthesis

85 gas is contaeted with a dense turbmlent
bed of finely divided vatalyst Huidised .b{
the guseous reactenty and products which
permifs continuwpus catalyst replacement
and greatly improved temperaturs com-

49 tral; However, the adaptation of the
hydrocarbon syathesis to the fluid cata-
Iyst techulque has encouniered serious
diffionities, particularly when irpn cata-
lysts are used. .

4F  Application of the fluid eatalyst tech-
nique requives ease of Huidization and
altrition resistance in additon to the con.
ventionul characteristicy defermining

[Price 2{-]

eatalyst utility, such as total desired
yield and active catalyst life. 50

The activity and wutility of iren
cetalysts decling steadily in the course of
the strongly exothermic reaction, ohiefly
due to the deposition of fixed carbon or
cuke-like material formed by the dissoci- 85
afion and cracking of CQ and unstable
hydrocarbons which take place gt the -
relalively high tempersture and pres-
sures agscclated with the use of iron-bpse
catalysis, -

It allowed to accumulate excessively,
these carbon or coke deposits adversely
affeet particularly those charncteristics of
the catalyst which determine s ytility
a5 a flnidizable solid in processes employ- 85
ing the flwid solids fechuigque. More
particularly, earbon or.coke deposits have
been found to canse rapid disintegration
of the catelyst particley leading to 5 gub-
stantial and noedesirable expansion of the 70
fluidized bed and ultimately to the
requirement of complety eatalyst replace-
went becavse of flwidization diffeulties.
Catalyst broken down in this manner must
he restored to o fluidizable particls size or TH

48

" is logt for further use,

Iron catalyats are wwally prepared by
o gubstanfially complete  reduciion of
varigus natural or synthetiv iron oxides,
their catalytic activily being enhaneed hy 80
the addition of such promoters a8 various
compounds of allali metals ar the oxides
of chromium, zinc, mapgnesinre, man-
gansse, the rave surth metale, and others,
i smbil swmounta of about 0L5—10%. B
Hydrogen or mixtnres of hydrogep snd .
carbon monoxide, ‘such gz fresh synthesis
uas, are normelly used 23 the reduecing
agent at tomperatures of about 600°—
1600° F. All these catalysts are either g9
subject tr excesaive carbonization and dis-
integration in fluid operstiva or their
aetivity andfor selectivily to nsefnl pro-
ducts are too low for satisfactory opers-
tiom, %

The present invention substantially
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reduces these difficuliies and affords
vavinus additional advantages as will be
fully understood from the datailed des-
cription given below,

5 1t is therefore the prineipal object of
the present invention 1o provide e
impraved process for the patulytic conver-
gion of G(%J with H,.

‘Anpther object of the invention ig fo

10 provide jmpraved, iron catalysts for the
ratalytic conversion of CO with H,
eraploying the fluid solids techmique.

(ther objects end -advanfages will
_ appedr hereinafter, .

16 It has now been found that » relatively
low degree of reduction of iron pxlﬁes to
metallic jron is sufficient to activate the

catnlyats to a degree degivable for satis-
factory uperation while at the some fime
producing iron. ratalysts of gubstantially
Teduced caybonization and disintegraticn
tendengies, Furthermore, it bLaos been
found that an gptimum renge of catalyst
reduction exists
25 exhibiting both highest aﬁjnﬂj:y amn
selectivity and lowest caTbonization and
digintegration fendencies may he pro-
duced. .

More specifically, the present invention
evaluntes the serprising discover that
sron catalysty which are ohlaine from
their vxides by reduction by an amonnt
hetween 5% and 50% of that required for
complele redmetion have potivities aud
olootivitics eguivalent fo those -of
catelysts obtained by oxide rednction of
more than H0% 2

20

Bb

up to 93% or even
complete reduetion, whila the catalysts of
lower degree of reduction form only abowt
one-half, or less, of the carbom formed on
the more thoroughly reduced catelyst.
This effect of limited catalyst reduetion
applies fo all conventional iron-type
ca.%)alysts such ag sintered and resintered
iron pyrites ashes, various mill scales,
ammmonie synthesis catalyst obinined from
a high purity fused magnetite promoted
with alkeli metal promoters gnd alumina,
cto. While hydrogen is the preferred
reducing sgent, the invention 18 not
Lamited to its use, but applies fo all con-
ventipnal fixed bed or finid methods of

40

&il

iron uxide reduction, provided reduction.-

ig limited to the degree indicated,

. accordance with fhe present inveu-
tion, the hydrocarbon syuibesis, particu-
loxly the fluid type hydraearbon synthesis,
is eurried out in the preseuce of 1ron-type
catalysts obtained by {he reduction of
iron oxides by a degree within {he range
of 5%—B0%, preferabl 10%—25%, of
hat required for complete reduction o
the metal. These degrees of reduction
correspond to oxigfen contents of aboub
g6 26 to 14%, prefer 1y about 25 to 21% by

56

80

whthin which cafalysts:

weight of the tolal catalyst. The eatalysls
are promoted with belween 0.5% and 9%
of conventional alkali metal promeoters
guch as the halides, oxides, carbonates,
acctates, phosphates, of sodium or potas-
sium the potassiam compounds Peing par-
tienlarly preferred. When appied in fluid
operation the catalysts should have o par-
fcle gize of about 20—200 microuns, pre-
ferably about 30~-100 microns,

1L is believed $hat in the proeess of he
present invention the oxygen removal
$rom the catalyst is confined to tha gur-
foce of cach cafalyst particle. The
activity uf this surfoce may be majd. 80
tained by coutinuous gr periodic suitable
{reatment of the catalyst with reducing
gases such as H, in @ mannes lnown per
se. Here ngain the catalyst treatment
may be so controiled that the interior of B
the catalyst particle is not disrupted, the
treaiment belng such that heavy product
deposity are removed in order to Teeover
o clean. catalyst suriace.

Catalysi suitable for the purposes ot 90
the present invention may be preparcd oy
follows s —

10

43

Exavrers 1.

Pyrites ore, prefarably of low silica
(less than 1.0%) and low phosphorus (less ¥
than 0.01%), is roasted in air and
sintered in & conventional type sintering
machine at temperatures of 1800° to
2600° F. tu produce 5 mixture of irom
oxides containing less than (.08% sulfur, 100
'The dry pyrites agh is ground to the
desired purticle size and then promoted by
thoroughly mixing or mulling with & to
15% by weight of an aqueous solution
contaiving the desired amouwt (0.5 +o 3.0 106
wh. % based on dry ironm oxides) of dis-
solved promoter (potassium carbongte).
The composite iy then dried in a steam-
‘heated oven at femperatures below 400°
F. Tifferent batehes of this material are 110
vadueed with 400 fo 8000 V/V/hr, of H,
at B30 to 030° F. for differcnt times. For
example, reduction. o an oxygen ponteni
of about 20 to 259, requires » trentmeut
lasiing ahout 2 to 10 hours. 115

Exauers 2.

Nry pyrites ash confeining less than
0.06% snifur, prepared as ir Wxample 1
and having a particle size of § to } inches
in diameter, is thoronghly mixed with 120
the desited amount (0.5 to 3.0 wi. %) of
potassium carbouate promotor dissulved in
an aqueous solution go that the resulting
rpisture vontent is 4 to 8wt. % based on
the pyrites ash. Four o nine wh % of 12
coke based on pyrites ash s ndded and
ﬂmrauihly mized ynd the whole is passed

through a couventional fype sintering
machine at temperatures of about 23007
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to 2500° T, The composile is fhen
ground to the dJesired particle size.
Thfferent batehes of this maderinl aTe
reduced to different iron oxygen contents,
& substantially as described.in Example 1.

Exavern 8.

Synthetic ammonia type cafalysts are
prapared by methods well known to the
art, Purified natural magnetite is mixed

10 with synthetic magnetite prepared by
burnizg relfatively pure irom in oxygen.
Some relgtively purte iron may be added
to eontrol the oxygen eontent during the
subseguent fusion. The proportions in

18 which the above constitnents are added
depend upon the impurities present in the
individual oconstituents, ~ Promoticnal
amounts of potassium nitrate, equivalent
to about 1.5 to 3.9% potassium oxide

20 hased on iron, and sluming (about 2.6 to
5.5% based on iron) are added and the
whole is then fused in an eleciric resist-
ance furngce. The melt iz then cooled
and the fused composites are broken up

4¥ and ground to the desired particle size.
Different batches of this material are
redunced to diffezent ivon oxygen contents
gubstantially as described in Example

1. .

80 It has becn found that the time fo
reduce iron catalysts is proportiona) to the
diameter of the individual particle, The
rednetion of large particles requires eon-
siderahly more fime and expense as_com-

85 pared with smaller particles when being
reduced with IT,. I?E‘ﬁrn example, when
operating at 700° F. with throughput of
ag{mt 50 cubie feet of frash synthesia gas
per pound of iron per hour and a pressure

40 of about 400 pounds, the time for Y5%
reduction of a cerfain variely of irom
oxide i3 ghown in the following iabmula-
tion:—

Diameter Time in Hours
4% 30 mierons 4
4 microns 62

90 microng 126 .
Tt may be seen from the above tabulation
that otonsiderably greater guaniilies of
50 hydrogen must he used for the pariicles
teking the lonpest time, Heure, in ihe
manutfacturiag of catalyst, 1§ may be
desirable to grind the unredused axide to
pariicles of about 30 microng or lees and
88 then reduce them with hydrogen. The
finished particles may then be sinbered at
elevated  temperatures iz o misture of
Catalyst Reduetion, % -
Selectivity, ce. O,+ {m®
These data show that the seleclivities of
the eatalysts of low degres of reduction,
120in acoordance with the present inventiom,
were equivalent fo those of the more
thoroughly reduced cotulysts,

== - e 0
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reducing guscs to form large pariicles of
the desired size. .

Another method of gaving hydrogen &0
involves sepprating particles of a variety
of wizes (puch as constitute a fuidizable
catalyst (inlo yize ranges and reduce fhe

ifferent sized parlicles in  diferent
vessels, the larger size requiring more 62
holding time than the smaller ones. Thae
separetion may be accomplished within
the reducing unit or prior to feeding info-
the wnit. X it v accowplished within
the unit, the cyclone separator imstalled 70
in the different size wessels may be used
to geparate the finer particles which may
then ba fed into the vessel corrvesponding
lo the smaller parbicle aize, Usimng this
method of operation, the hydvogen rate
may be adjusted so that the time for the
reduction will be the same for all par-
ticle gizes, rvesulting in lower overall
hydrogen requiremcnts.

The beneficial affects of the process ang B8
catalyste of the present inventiom are
demonstrated by experimental data sum-
marized in the graphs of the asscompany-
ing drawing wherein;—

Rigure 1 showe aetivity plotied ay CO 89
vonversion, per cent, cvubput, versus time
on synthesis, in fixed-bed operation for a
catalyst prepared substantially ss des-
eribed in Hxampls 1, ut reduced to
various degrees, the esseniisl synthesis
conditions being indicated on the draw-
ing, and :

Figure 2 showa the amount of carhon
on catalysts prepared in accordance with
Examples 1 to 3, as o function of their B8
oxygen cohtent in g fluid, accelerated car-
benzation test woder uniform gonditions
gpecified in the legend of the drawing,

The curve of Frgure 1 shows that the
eatalyst which was redunced by only 189%
had an initial activity equivaleni to that
of catalysts redueed by 65% or by 989%.
Even the wholly uunredueed catalyst,
although cxhibiting poor initial activity,
showed Increwsing achivity us  the 105
synthesig proceeded and approached the
aclivity of the reduced catalysts alter
15(+—200 hours of eynthesis operation,
While this induetion period may be sub-
stentially eut down in fluid operation, g 110
catalysi reduetion of at least 59 ia neces-
sary for satisfactory initial operation.

A determination of the selectivities of
the same oatalysts resulted in the average
values tobulated below,

18 65 095
10 173 179 161

The curve of Figarc 2 demonstrales
that carbon formatbion decresses as the
oxywen content of the catalyst inerenses. 195
The carhon formed on ecatalysis reduced
by about 18% amounted fo only aboub

78

180

115
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40% of the vurbon formed on_ catelysis
reduced by about %%, this reduction in
earbon  formation being largely inde-
pendent of the compnsition of the iron-
type catalysts used, .
-]%V_hi'le the ijnvention affords grealest
advantages when applied to fluid syn-
thesis operation, certain of its advaniages
are realized in fixed-bed opergtion. and the
scope of the present inveniion includes,
.therefore, both fiuid and fized-bed opera.
tion, slthongh the former is the preferred
embediment of the invention,
Conventional syuilesis eondihions nay
he employed in connection with the
catalysts of the invention. Suitable con-
ditiens for fluid aperalion include tem-
peratureg of about 350°—750° I, pres-
anres of about 200—800, preferably aboug
400—600, 1bs. per sq. in., throughputs of
about 5 to 40 standard cubic feet o fresh
synthesis gas per ponnd of iron 1;:31- hour,
r.:00 ratins in the fresh synthesis gas

of ahout ¢.5—2.0:1, gas recycle ratios of
and superficial linear gas

about 0.5:1,
velocities of about (.3—3 it. per seecond
at catalyst partiele sizes of about 200
microns o establish apparent bed den-
sities of ahaut 40150 iba. Her en. ft.

Having now partionlarly eseribed and
ascertained the nature of our said inven-
fion and in what munner the same 13 70
he performed, we declare that swhat we
clpim 81— .

1. An improved Fischer gyuthesis pro-
cess which comprises contacting a gag
contpining CO und If, in synthesis pro-
porticns at synthesis conditions with an
iron type ecafalyst comprising au. iron
oxide reduced by an smount between 5%
und 50% of coraplete reduction and con-
tnining between $.5% and 5% of an alkali
metal pramoist.

3, The process of claim L ju. which said
catalyst is presend jn the form of & dense,
turhulent mass of finely divided solids
fnidized by an upwardly flowing gas.

3. The process of claim 1 or claim 21in

which the iron oxide iy redueed by about

5—959% of complete reduction, preferably 50
by hefween 10 and 259 of complete
reduction.

4. The process of any of claims 1 o 3,
in which said catulyst contains abont 21 -
to 25% of oxygen by weight of total &5
ealalyst.

4. Tle process of any of claims 1 to &
in which said catalyst is prepared by com-
bining an irop exide with 2 suilable
wmount of allrali mefal promoter and sub- &4
jecting the composile iv sn_incomplete
reduelion with a_gas rich in hydrogen.

6. The method of preparing iron-type
catalysis for the synthesis of hydro-
carhons and oxygenated campounds from A8
(0 and H, wlich comprises mixing an
oxide of iron with a promotional amount
oF an alkal metal promoter and reducing
the composife by an ampunt between 3%
and 50% of complefe reduelivn.- 70

5. The methed of claim B in which said
oxide is reduced with a gas rich in

Tydrogen.

’8. The methed of claim 6 or claim 7,
wherein said catalyst is ground to a 73
fimidizabla particle size.

9. The method of any of claims ¢ to 8,
wherein the oxide is 16—25% reduced.

10. The method of any of claims G to
9, wherein the promoter is present in an e
amount of 0.5—H% by weight and is a *
compound of godinm or potassiom, pre-
ferably potnssium,

11. Uatalysts whenever prepaved by the
process of any of claims 6 to 10. 85

12, Catalysts as claimed in claim 11
having a particle size of 20—200 micTous,
preferably 30—3100 mierons,

13, Tron-type catelysts whezever pre-
pared aoeornﬂng to the methods or pro-30
cesses of mannufacture hereinbefore par-
ficalarly deseribed and ascertained.

Dated thia 24th da%ui January, 1940,
J. T. TYSON,
Brettenham House, (Sixth Flopr South),

Tancaster Place, London, W.C.2,
Aygent for the Applicanis.

Teamington Spa: Printed for s Majest:v_‘s Stationery Office, by the Conrier Tress.—185L.

Published a5 The Patent Ofice,
copins, price £5, per oopk;

25, Bonthamptan Duildings, London, W.0.2, from which
by post 2w 1d. may he obtained.
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COMPLETE SPECIFICATION 2 SHEETS

This Drawing is o reproductior. of the Original on a reduced. scede

€O Conversion % Oetout
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