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COMPLETE' SPECTFICATION.

Improvements in or relating o Oataly_tic Uonvérsiou of Carhon

Oxides with I-Iydrogen. -

We, Hrawpakp Om DEveLoPMeNT Con-
pany, a Corporation dnly organized and
existing under the laws of the State of
Delaware, United States of America, Fliza-
beth, Now Jersey, United Btates of America,
do hereby declure the nature of this invention
and in what manner the same is to be per-
formed, to he particularly described and
ascertained in and by the following state-
memnt i—

The present invention relates to the
catalytic conversion of carbom oxides with
bydrogen to produce vulusble synthetio

products smch ag normally lquid hydro-.

carbons and oxyyenated organie commeds.
Mors specifically, the invention relafes to
catalysts for this econversion, which are
formed from pure or commeoreial iron oxides
and which are particularly efficient when
employed in fluid eatalyst operation.

Iron catalysts have been usad heretofore
in the catalytic synthesis of hydrosarbons
end oxygenated products from earbon mon-
ozide and hydrogen. These ocabalysts are
normaily employed at relatively hizh tem-
peratures of about 460° F.—800° F. and
relatively high pressures of about 3—100 atm.
abs.,, or highor, to obtain predonimantly
unsaturated hydrocarbons and vxygenated
products, from. which motor fuels with high
octane rutings ey be Tecovered.

The extreme tempcradure seneitivity amd

relatively rapid eatalyst deactivation ol the -

Lydrocarbon synthesis have led in recent
vears tu various attempts and preposals
to employ the so-called fluid calalyst tech-
nique wherein the synthesis gas is contucted
with & dense turbulent bed of finely divided
catalyst fluidized by the gaseous reactants
and produets and which peemits eontinuous
catalyst replacement and greafly lmproved
temperatare confrol. IHowever, fhe adapta-
tion of the hydrocwrbon synihesis fo the
fluid catalyst fechnique has encouundered
serious diffioulties, partienlarty when iron
eatalysts are used.

[FPrice 2/-1

Application of the fluid catalyst technigue
requires easc of fluidization amd atirition
renistance in addition to the convenfional

cheraciceistics determining eatalyst utility,

such a8 total desired yield, and active
eatalyst life.: =

The &oE:d‘i:,‘iy and utility of iron catalysts
decline stendily in the course of the strongly
exathermic reaction, chiefly due to the de-
oeition of fixed carbon or coke-like muturials
formed by the dissodiation and cracking of
(O and unstable hydrocarbons, which take
place at the relatively high temperatures and
pressures agsociated with the use of irom-
baze eatalysts.

1£ allowed to accummlate vxecssively, these
curbon or doke deposits adversely affect
particularly those characteristies of the
catalyst whith :determine its utiliby as a
Auidizeble solid in processes employing the
fimid solids tevhnique. More particularly,
carhomn or colke deposiis have been found to
cause rapid disintepration of the cabulyst
parﬁcheagcadiug do a substantial and unde-
sitable expansion of the fuidized hed and
vltimately to the requiremens of complete
catalyst replacement: because of fluidization
difficulties. Cololyst broken down in this
manner must bé restored to a fuidizable
pacticle size or is lost for further use.

" Iron catalysts ave usually prepared hy a
substartially complete reducilon of various
natural or synthetic iron oxides, their
catulytic activity being enhanced by the
addition of sueh promolers as varions com-
pounds of alkali metals or the oxides of
chrominm, zine, magnesium, manganese, the
rare esrth metals, and others, in smail
amounts of about 0.6—10%. Hydrogen or
mixturss of hydrogen and carbon monoxide,
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such as fresh syfthesis gas are normally used -

as the reducing: agent ab temperatures of
about 600° F.2x1800° F.  All these catalysis
ure either sitbjset o™ excessive- carbonization
and disintegration in fluid operation or their
activity and for selectivity to useful prodnets
ere tdo low for satisfactary operation.
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The present invention substantially re-
duces these difficulties and affords various
additional advantages ug will be fully onder-
stoad from the detailed description given
helow. :

Tt iz therefore the principal objeet of th
present invension to provide an improved
process for the catalytio conversion of CO
with H,. :

Angther object of the invention is to pro-
vide improved iron eatalysts for the catalybic
conversion of QO with I, employing the
fluid zolids technique. -

Other objects and advantages will appear
hereinafter.

In accordance with the preseut invention
improved iron ostelysts are obtuined by
subjecting iron oxides admixed with small
amounts of carbon to o combustion and
sintering treatment at temperatures of
2200° F.—2600° F., preferabiy followed by a
reducing treatment with 2 gas rirh in hydro-
uen ot temperatures of abuut 600° F.—

1100° F. Conventional allkali metal vom-

pound promoters may be added at any
convenient stage of the process, preferably
prior to the combustion and sintering treat-
menf, Irom eatalysia prepared in this man-
ner have been found to have substentially
lower carbonization and disintsgradion fen-
dencies and ab least cqual aetivity and
gelcotivity to desirable products, porticularly
in fluid operation, as compared with irom-
type catalysts prepared by conventional
methods. o
Cutalysts in accardance with the present
invention may be most conveniently  pre-
pamecfi-y mixing fron oxide erushed to about
4 in—%¥ in. size with about 2—8%, prefetr-
ferably about 59 by weight of carbon,
preferably in the forie of coke, such as
motellurgical coke, which has been moistened
with about 8—30% of water hased on iron
oxide. The water scrves as a binder per-
mitting air tn penetrate the mixfure and also
serves o control the rate of carbon com-
hustion as will appear more clearly herein-
after, If desived, the alkali mefzl eom-
pound or other promotey may be added to
the waler usad for moistening the earban.
"T'he mixture of iron axide and earbon may be
igmited by any suitable means and the car-
bon subjerted ta combustion with air in such
2 manuer that the iron oxide is subjected
tn sintering temperatures of about 2200° F.—

a500° F, for about 0.5—2, preferably abont.
| minute. The calred sinter may be cooled,.

erushed, ground to &he desired size and
reduced in a conventional menner. ;
While substantizl improvements may be
reatized when preparing the catalysts of the
present invention from any desired iron
oxides such as precipitated jron oxides,
fused magnetite, or other natursl or syn-
thetic iron uxides the invention affords

ureatest advantages when applied to siu-
tered iron pyrites ashes, This materiul is
extremncly inexpensive and readily available.
Ar mentioned befure, it has been user before
as & synthesis catalyst, after promoter
addition and adequate reduction. Activity
and selectivity of these cheap catalysts have
heen comparable to thuse of more expensive
iron-type preperations. However, carboni-
zafion and disintegration of these pyrites
vatalysts are so proncunced as to seriously
interfore wilh satisfactory fluid operation.
Tt has now been found that these pyrites
ashes when treated in accordance with the
present invention exhibit carbonization and
disintegration. rates which are only a small
fraction of those of conventional iron pyrites
cabalysts, while their activity wnd selevtivity
are ai least the same and often even appre-
ciably higher. It is possible therefore, in
accordance with the present invention, tu
prepare from the éheapest iron-bearing raw
materizls by relatively simple and inexpen-
give means an iron-type catalyst which is af
least equal and in many cases supsrior to the
mast expensive conventional iron-type cata-
lysis with respact to all essential eharacter-
istics such ay activity, selectivity, and disin-
“tegration resistance.

- T4 has further heen found tkat the earbon-
ization agd disintegration tendeneies of the
eatalysts of the present invemtion may be
refduced to an even greater extent without
signifieant Josses in activity and selectivity,
when sn amcunt of about 2 t0 15% by weight
of such & meial as antimony, vanadium,
"manganese and particularly copper. or about
25--50% of aluminum, all calculated as
oxides, is incorpurated imfv the catalyst,
prefesably prior fo sintering in the presence
of carbon. These metals may ba added in
the form of their oxides or compounds eon-
vertible into oxides at elevated temperatures
guch as the carhonates ar nitrates to the
mixture to be subjected to sinfering in the
presence of earbon a$ the vonditions specified
above.

Having get forth its general nature, the
invention will be best understood from the
following more detuiled deseription wherein
refarence will be made to the accompanying
dreiyving, the single fignre of which shows a
semi-diagramuatical view of a system for
carf¥ing out a preferred embodiment of the
invention.”

" The svstem of the drawing is particularly
addpted to the preparation of catalysts in
attyrdanee with the present invention from
frori’ pyrites which is the preferred storting
materiat of the invention. Jt should Dbe
vndetstood, however, that the systers fllus-
trated, may, in its essential parts, be applied
in & geperally anslagous mammer to iron
oxider of other origin.

Referring now in detail to the drawing, the
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syrbem llustrated therein comprises a mostly
conrventional iron pyrites roasting and sin-
tering plant ineluding the elements numbered
1 to 35 and & sihbering plaat consbifuting the
essential feature of the present imvention,
which includes the system elements numbered
B7 to 57. The function and co.apersfion of
these apparatus elements will be forthwith
lained.
operation, a container or bin 1 is sup-
phed with an iron pyrites concentrate whioh
may have been obtained by Sotation-separn-
tion of mixed iron pyrites—rdn-copper
pyrites ores. These concenlyetes consisd
mostly of FeS, containing small amounts of
impurities sueh as 8i0,, AlQ;, Ca0, MgO
and CuO.

The FelS, concentrate may be passed frum,
bin 1 throngh Kne 3 to roasting fornace 3
which may be of the Herrerhoff or any other
suitable type. In furmace 5, the Hef; is
blown with zir at suitable roasting tempera-
tures of about 700° F.—1200° F. The air
may be admized with a minor proportion
of reeyeled produet 50, The roasted
material is withdrawm through bin 7 in the
form of so-called ° caloines” containing
about 8%, sulfur

The caleines are pormitted to coot in bin 4
fromn whish they are transferred theough line
1t to a mizer 13. FeS, and watber are added
through lines 15 amd 17, respeetively, to
adjust the gulfir and moisture content of the
material. The mixed msterial which now
eontaing jugt gufficient sulfar to serve as fuel
in the subsequent sintering stage leawves
mixer 18 through Line 19 and is dIO]fJPBd on
the continucusly moving grate 21 of & con-
ventional Dwight-Lioyd-type or similar si-
tering machine, an which it forms a Tayer 23
ahout £ t0 6 in. thick. Grate 21 is actuated
by rotating rvollers 25,

In performing the sintering operation, a
streamm of air or other oxygen containing gas
is drawn through the layer 23 from: the top
downwardly by means of a vacuum in space
27, created by suetion pump 29. In order
to initiate eombustion, the surfoce of layer
23 may be ignited by means of an oil torch
or other Same 31, The hurning of the sulfur
asgocisted with the iron pxide causes the latter
1o be sintered, that s, fo be subjected 1o a
tempsrature of ineipient fusion which causes
the formation of relatively larpe aggregates.
During the burning the sulfur is substontially
completely consumed. The burming of the
sulfur, once ignited, is self-gastaining. In
vrder to aid the sintering prooess, the Iayer
23 should be loosely compacted, so as fu
permit the oxygen-containing gas to flow
through the seme readily. The water added
to mixer I3 acts as a binder suitable for
thin purpose.

The temperature of the sintering operation
should be sbout 2000° F—2300° F. for ot

least a portion of the oxide mass at any
timme, su that ultimutely the entite mass will
have been, subjected to these temperatires.
The operation should be conduoied rather
rapidly so that the average time for which
the iron oxide is subgected to the sintering
terhperastures referred. to 5 merely a matter
of & few minues.

The sintered oxide which may now contain
ag lithle as 0.02%, of milfur, drops off prate

o 21 in the form of relafively large aggregates

which msy be vooled with water or aiv and
then &ereened “in a conventional prizely
gafesn or similar soreening means 33,  TMnes
having & paeticle size of less than aboub
LA 1. may be recyoled threough line 35 to
mixer 18 for resintering.

The coarse material lewving screen 33 is
the well-known sintered iron pyrites ash
which hag been previously used {in fhe re-
duced stabe and after promoter addition) as
irontype catalyst for the hydrocarbon
gynthesis. A fypical anslysis of this “sin-
fered fron pyrites ash is as follows :

TotalFe .. .. 6810 purts by weight
Reducible Oy com-

bined with Iron  27.50 , 2
TR 0, .
a0 082 , .
M%O 080 ,, -, 1
Si B 1.50 e LE] »
a0 014 ,, »
Zn0, Mn( &EEO (.58

The coarse sintered iron pvntes ash ha,vmg
an average particle size of about 2 to 6 in.
is passed ‘through line 87 to & crusher &% in
wlhich it B reducad to a particle size of about
1 in'—3% in. “"Thi orushed material is trans-
fen'edm litie 41 to a mixer 43. An swount
of about 5% 'hy weight of coke ground 1o a
size of alidut40 mesh and about 5--10", by
welght of wialer - which- may contain o dis
solved promoter, for example sboit 0.5—8%
of pot%ssmm carbonate or ﬂnor:rde, based on
pyrites ash, aro added to mizer 43 via line
4% and thoroughly mized with the pyrites ash.

The mixed material it removed from mixer
43 through line 47 and dropped on the
moving grate 40 of a sccond sintering
machine of the type described in conneciion
with tha pmvmus sintering stage. The
sintering provedure Is substantially the sarme
as that of the first sintering stege, a solid
layer 51 about 4—6 in. thick forming on
moving grate 49, the carbon being ignited
by an oil borch 53 and the combustion
of the carhon belp completed by air (or
other oxidizing gas) drawn through layer 51
by mesus of suctlon pump 84, The air
supply is carefuily controlled so that the
temperature of the pyrites smbject ta active
combu§tion and sintering at any given fime
lies between about 2200° F. and 2500° ¥,
that is s::mswhat above the sintering tem-
pcra.turu i ; i.fhe ﬁlsi- sintering stage. Thpon
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ignition of the surface thoe carbon flame

continues o move spontaneously across layer |

51 while layer 51 moves in the direcion of
the arrow. The wator added to the coke
not only facilitates the passage of the
oxidizing gas but simulsaneously controls

the eombustion rate acrose layer 51 by the . ;

cooling effect of wuter distilled from the

may be added in the desired proportions to
mizer 43 or crusher 38, in solid form or dis-
solved in water. The system Hlustrated may
be modified in- varions addiional ways
without deviating from the seope of the
invertion.

The invention and its heneficial effects will

“be further ilustrated by the following

comhustion zone into deeper zones end re-

digtilling from the latter under the influence | .
of the combustion taking place ahove. m ® ™

this manner combustion is preferbly 'so'®”

oontrolled that the flame penetrates the’

layer at 2 Tate of ahout 5 in. within 8-—7
muuies and that any purticular portion of
layer 51 is cxposed ta the sintering fempera-
tures mentioned for only about rme minute.,

Ry the time the pyciles ash reaches the
end ol grate 49 substantially all the earbon
is consumed. The vesintered pyrites ash
removed from grate 49, in the form of
porous, brittle blocks, is then ecooled with

spedific ‘examples :

L Examern 1.
' A catalyst was prepured substantially as
degeribed with reference to the drawing,

_ the mixfure in mixer 43 having a composition

_as follows :
.. Binterad Dyrites Ash, }in. .
o mesh L. . . 89.7 Wt. %
-, Potaggium Fluaride . 21 o,
. Metallurgieal Coke,  io.
mesh .. . .- +5 ..
Water ' 34,
1000 .

air or water, and sereened in a conventionel

soreen 5.
linc 57 to a conventional grinder (not shown)

wherein it may be gronnd to a fluidizable:

The coarse material is sent via® -

pertiols size of aboul 30--200 mierons:
The fines recoverad from screen 55 are pre--

ferably recycled shrough line 89 to mizer
43 for resintering. o
The properly ground matcrial of flnidizable

gize mway be reduced in any conventional

manner and is then ready to be used-as a

catalyst for fluid synthesis operation. -A.

typical anaiysis of the material as removed -

from screen 55 is about as follows :
Total Fe .

Reducible O, .
combined with Fe 28.00 ., ., "
Carbon .. 005, o A .

Ash weight afler B}
heating in air  101.80%, by weight- -

5 .

8i0,, a0, M0,
Cu. §i Iy

The disinfegration rate

00z, ™ »

400 . . .
of this malerial is

67.40 parts by \TB-igh’_E:.

‘hours at 800° V. and 1000 V[V /Hr.
reduced catalyst was tested in fixed bed

© " Température, °F.

Besintered material was sized to f;, in.
Earticles and reduced with hydrogen for &
i The

operation ‘as follows :

‘ernpér 800
. Pressure, Lbs, fq. In. 250
“Hg : CO Rutio, Fresh Peed .. 1:1

- .

_ Thronghput, V/V{Hr. .. o200
. ¥ield, e, of O+ fenm. of Hy-+-CO )
[ Cunverted . 191

- These data demonstrate the high activity

‘and -selectivity of the catulyst of the inven-

C IixampPLy 2.

T AR ordmzu\, pyrites ash catalyst of the

fype withdrawn from screen 23 and promoted
by impregnation with 29} K00, (in —14

" mesh particle size), was reduced with hydre-

1.0-=1.5 parls by weight

cenly a fractivn of thas withdrayn from sereeu

83, andl itz activity and selectivity are
appreciably higher. :
Instead of adding catalyst- promober to
mixer 43 us described ahove, it may be
added as a whole or in part to mixer 13.
prior o the firsh sintering stage. IF iron
oxides derived frem. sources other than irgn
pyrites are to be used as starbing materials
Hicse may be fed divectly to crusher 89 .0v

gap-for 6 hours at 900° F. and with “3000
V[V [Hr. gas vate. 'This eatalyst was tested
under fxcd bed conditions in a fest desiz-
nated in Talle I below as Run A,

Catalyst was prepured from sintered
pyeites ash and 1—3"; K, 00, by resintering
using coke as fucl according to a procedure
substantially as described with refercnce to

{he: drawing. The mixture subjected to

- fesintering had the following composition :

mixer 48 ond then treated substaitially as

deseribed above.

QOther conventional roast- -

ing and sintering means may be used in the

production of the sintered pyrites ashes .

gnbjected to the treatment of the mvention. -

If +he addition of other mefals such as

cupper is desired, @ suiteble compound of

such metal, e.g., the niirute or carbanate

o 14 parts by weight K,CO,
CAT Sy . s coke (99% carbon)
Y % .. water
8981 .. . ertshed pyrites ash

il passing through } in. sercen openings and

analyzing 0.03%, suifur.

* Thi mixture was spread in a loose porous
mass ‘on u grate and after ignitien with a
flame, was caused to sinfer in & draft of uir,
The eoarsé portion of this material analyzed
0,012, ‘sulfue. This eatalyst was then re-
duced and tested in a fxed bed unit, the tesh
being designated as Run B in Table I below.
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Tazre L The disintegration rates caleulated from 60
‘these data_and-the carbon formafion rates
Tixed bed tests ab 600° F., 250 psig. fonnd were as follows :
Bun A Bun B Congentional catolyst :
(latalyst Conventional Resintered Disintegration Bate :

5 with C 213 gr. of 0—20 mivrons 65
Vv C{Hr . 210 192 formed per 100 gr. of-
H,/CO Batio 2,031 2.05{1 20-- micron eatalyst per
Yield, cc. Cy+ fm? 100 humma,

H,-+CO Jon. 191 194 Corbon TMormation Bate :
10 €O Conversion, ) R . 340 gr. of carbon per 70
Outiput Basis 85.6 0.7 100 gr. of cutulyst per
The selectivity of the ocutulyst of the o 100 hours.
invention (Bun B) shows an appreciable im- Crtalysé Restdered with Carbon .
provement over the ordinary pyrites ash 1igintepration Bebe :
15 ‘catalyst. The lower aclivily may be attri- _— v a2 g of 0—20 microns 75
huted to the lower promoter content. formed per 100 gr. of
20-- mieron catalyst per
Examrry 3. 100 hours, )
A eatalyst disinfegration and eacboniza- Clarboy Formation Rate
tion test was made on each of the catalysts 388 gr. of carbon per 80
20 of Huns A.and B of Example I. A new 100 gr. of calalyst por
bateh of conventional (Run A) pyrites ssh 100 hounrs.
catalyst, (2% K,00;) having the following  Thus the eatnlyst of the invention had only
articie size analysis as determined by the about one seventh the disinicgration rate of
pler method of elubtristion. the ordinary pyrites ash ecatalyst in spite of 83
25 (0—=20 mierons B% by weight its higher ocarbon formation rate.
20—40 microns 69, by weight Compazative tosts on synthetio ammonia
40—80 microns 209, by weight catalyst (fused and reduced promuted mnug-
$0-+- microns 819, by weight netite) have shown disintegration rates of
was veduced with hydrogen at 148 V[V [Hr. 68 prams 0—20 microns per 100 grams 204+ 90
80 for 30 hours at 900* F. A portion of the microns catalyst per 100 hours and carbon
prepuration. resintered with carbon. (Run B) formation rates of abont 350 grams of
which hud the following particle size distri- carbon per L00 grams of ocatalyst per 100
Inrtion @ hours. *: - 7 '
0—20 microns trace T addition to exhibiting improved physical 95
35 20—40 microns 1%, by weight gtrength. and selestivities comparable to
40-—80 microns 79 by weight other ecatalysts, the pyriles ash calalyst of
80+ microns 929 by weight the invention -is' much cheaper to propure,
was reduced for 22 hours at 900° F. and  the cost per pound being about 3¢ at present
g2t V[V Hr, flow rafe of hydrogen. The while: synthetic “emmonia catalyst costs in 100
40 resulting reduced catalyst had a low oxygen the neighbourhovd of 604, per pound.
eontent (0.1%, compared willi 11.1%, oxygen S
for the conventional pyrifes ash cutalyst _ lixaireLe 4.
affer reduction). The ubility of the eatalysts of the invention
The two redused ostalysts were then for fluid synthesis operstion iv demonstrated
45 treated in aceelerated carbonization and by the data summarized in Tables II and 105
diminbegretion tests with scrubbed synthesiy below. ~
gas of 21 H,/CO ratio for 7 hours ab A eatalysb in accordanee with the inven-
atmospheric pressure sod 700° F. using  tion containing 1.5% K,00, was prepared
0.7 £ jseo. pas velocity. After this treat- substandially .as- deseribed in Examples |
B0 ment the §wo catalysts had the following and 2 wiid gréund to give the following sieve 110
Roller analysis ; analysis :
Pyrites Ash All through 50 Mesh
Oonventional —Keyistered 3%, 0—20 mierons
Pyrites Ash with ¢ 3% 2040,
85 29, E,00;  1—1% K00, 17%, 40—80 115
0—20 microns 21, 29/, 7179 R0 .
20—40 microns 139, 8% This catalyst-was fested in fluid operations
40—80 mierons  30% 359, at the conditions and with the results given
804 mieroms 319, bhY, in. Table LY. below.
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weight of water, and sintering the mixtwe

]
TapLs 1L
Ram No. - ma IR IIC
Temperatare, 1. .. - .. 650 BaN 830
Tyesh Feed H, {CO .. . . 1.5 2.1 2.6
5 v WL - . .. 87 44 3T
Reeyele [Trest: Feed . . .- 2.6 2.2 2.7
Tressure, Psig. . .. .. 400 400 400
C0 Convergion, 9, .. . .. 04.0 g97.2 69.1
H,+C0 Conversion, %, .. .. . 8B.% /6.7 B5.5
10 0, Hydrocarbon, ce /m* Hy--CO
Consumed . .. .. .. 208 163 143
Clrams of Carbon Formed fin? of Hg--CO
Consnmed .- . .- . L6 0,27 0.31
Disintegration Rate : :
15 Lhs. of 0—20 Microns Formed /100 Th.
af 204- Microns /100 oo .. .. - 47 il Negligible
An ammonia synthesis type eatalyst was, 1.2—2.0% Ky0. The material was ground to
prepured by fusfon in an electricul furnace, of  give the ‘same sieve analysis as tubulafed in
a mizture of netural and synthetic magnetites’  this example above and reduced. This
20 (FeO;} with promoters sueh as aluming. ¢atalyst was likewise tested in fluid operation 25
(2—89, yand amounts of potugsinm saltsgiving a8 speciied in Table T below.
“Taprn 1L,
Rm No. s - IHIB TTT( IIID
Hours .. 24170 270364 173215 a9—7368
80 Temperature, °F. .. 640 : 6ot 670 650
Fresh Feed H, fCO .. 2.8 2.1 2.0 2.0
ViH fW ., . . 435 82 33 E—9
Tecyele [Fresh Feed 2.0 2.0 1.8 i
Pressure, Psig. ‘e .. Ao 401 400 400
35 C0 Conversion, %; .. Lo 993 o922 B 97
H,+C0 Cunversion, %, .. 86.1 7.8 86 95
Cy+ Yield ce fm® Hy+-CO
Consumed .. .. MO i72 172 183
(Frams of Carbon Formed fm¥ :
40 of H,-+ 00 Consumed .. 0.24 0.44 1 2.2
Disintegration Rata: A
Lhs. of 0—20 DMierons
Formed j100 1h, of 20+ CoL
Microns /100 Hours i %\Teg]igible 10.8 13.3
45 A comparison of Run IITA with Run ITC in-total feed, and low hydrogen partial pres-
shows similar yields of O, hydrocarbens sure.. Run IIID which gave velatively high
and similar carbon deposition rates, These  yields shows high carbon formation.
two rime were made under conditions favoue- The above eomparison demonstrutes that
ing low carbon formation: high H,/CO the eatalyst of the invention is at least equal 70
5 ragio in the fresh [ced, and high hydrogei. to the mueh more expensive ammonia
partia]l pressure in the total feed. These gynthesis type catalyst in fluid operation: with
conditions do mot generally favour high . respect to aelivity, selentivity and disin-
vields, for the F, J(H,+C) ratio in the fotal tegration resistance w{ comparable reaction
feed is high. This lms Leen found fo be conditiohs. 75
6 conducive to low yields. The yiclds of C3-
reported Lerc may be described as moder- - Exayrie 5.
ately low. A catalyst was prepared by mixing 691
Ruags ITIB, 111¢, and IIB show similarity. parts by weight of fron pyrites ash made uy
These runs were made nunder conditions deseribed in connection with the drawing
80 favouring high yields: low Hg/CO in the und having a size of lezs thun § in., 1405 80
: frosh, Teed, and low H, {{H,+C) in the total parts by weight of copper carhonate analyz-
feed. ing 5549, Cu. 63.6 parts hy weight of eoke
Tms ITA is-for conditions favouring high having a size smaller than 20 mesh, 11.7
vields and high carbon formation: low parts hy weight of K, (0, and 03.3 parts by
65 T, /('O ratloin freshfeed. lowH, {(H,+C)ratio a5
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by bumning the coke, as doseribed in con-
neotion with the drawimg. This maferial
was reduced at 900° . and 1000 V {V [Hx, of

H, for & honrs and tested in fized bed opera-
tion ag follows:

Taprm TV,
Temperature, °F. .. .- .. 600
Pressure, paip. . . - 250
H, : 00 Rativ . . . 2
Feed Rate, V[V [Hr. . e oo 200 .
Fun Hotrs ‘e . .. - 2269 94—117 142165
Material Bal., Wb, 9% - ' oo\ BB 83
G0 Oonv., %, Input . e . a3 - 77 96
o Outpub .. .. .. . 9. - 06 DI
Gy, oo fmEH,+CO Fed ., ‘e . 134 118 121
o6 fmPH, (0 Cons. .. o 287 188 M
oe fm3H,-1-CO Cons., Cale’d from o
C,+- {0, Ratio ..o 19 187 178
Distr. Ratio, G+ /Ci+ .. 0.64 0.56 0.58

Thege data show that addition of copper
doss not detrimentally affect the activity
and selectivity of the carhon sindered
catalysh of the invention,

Bxamerm 6.

The disintegration and carbon formation
rates of the catulyst of Bzemple & were
determined hy the test described in Exuanple
3, Table V helow summarizes the results
in vomparison with thosc obisined from the
gimilar tests of the catalyst of Run B in
Example 2.

‘'aBLE V.

Catalyst Bun B of BExamples
Resintered Exmmple 2 10% Cu
with Coke (no Cu)

Disimtogration Tast
Carbon Formation
Rate gr. of C [100 go.
of Catalyst /100
hours . ‘e 388 380
Disintegration Rube
gr- {—20 Kﬁﬁmm;
100 gr. of 20+
microns [LOD kours 32 15
Fixed Bad Tast ut Comparadle Conditions
Temperature, °F. 600 600
Feed H, /CO Ratio 21 21
Activity, %, CO Conv. $2 96
Selectivity
ee. Gyt fid® B, {-CO
Consmmed. 194 182

The above data show that the addition of
copper to the eatalyst of the invention affords
sn increased aotivity and a slight further
reduction in disiutegrafion rate without
significant offects on catalysh zelechivitiy,

The Specification of British Fatent No.
634,228 which, although it bears an sarlier
date, was not published at the dutc of
application of the present case claims an
Improved proeess for the reduction and eon-
eentration of iron ores in which a mixburs of
irun ore and solid carbonaceous fuel, with or

without the addition of liguid fuel andfor
other reducing agents, is moved in an upward
direction through o combusiion chamber,
characterized in that the mixture is foreibly
fed in a continnome manmer by mechanical
means into the hase of an open-topped
combussion _chiamber wherein combustion
of the nél is effected by the introduction of
air or other oxygen-contajning gas into $he
upwardly moving incandescent fuel and ore
bed' from a position adjucent the botbom of
the combustion chamber to cause partial or
complete reduction of the ore, while the
resuiting agh and residual mattes snd the
reducsd ore, which is not permitted to resch
the molten stute, is continuously discharged
over the tiop edge of the combnstion chamber
walls or through discharge openings in said
walls above the base, whereafier the par-
+ally or completely reduced ore in separatad
from the ash and fuel residue and subjected
to further refining treafment and wherein
the oil and fiel mizture is foreed into the base
of the combustion chamber under sufficient
pressuce to canse the mass of material therein
to more or fow slowly but continuously in
an mpwardl direction, and wherein the speed
of such upward movement. and for the dis-
tance the fuel and oic mass has to travel
before overflowing, plus the guuntity and
guality of the fuel nsed, are so chosen that
the required- degree of reduction and con-
centration has taken place by the time it
reaches the discharpe edge or opening and
whersin the sonditions are so arranged thab
the tirae dueing which a unib gquantity of
the faass phsses fhrough Ghe bnoming or
incandeseent zone in the combustion cham-
ber, is sullielent to'catse the ore therein to
be partially of completely reduced so that it
- iz digcharged in' & sintered state in relatively
small messes or lymps which are readily
separable from the - ashes and fuel residue
such as by doreening, washing and/oc
magnebic separation. '
We make no elaim to this provess.
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Having now partioularly deseribed and
ageertained the nature of our said invention
and in what manner the same is to be per-
formed we declare thet what we claim is :—

1. A process for the preparation of.in-
proved cetalysts for use in the catalytio
conversion of carbon monoxide and hydrogen,
comprising mixing & minor proportion of
gorhon with a pure or commersial fron oxide
in fincly Jivided form and subjecling . the
migture to a sinbering trestment with an
ozidising gas at temperatures between: 2200
snd 2600° I, g

3. A provess as clajmed in Claim .1,
wherein the gmeunt of earbon in the mixture
hefore sintering is from 2 to 8%, preferably
58/ by weight based on the wcight of iron
oside, :

3. A process s claiwed in Claims 1 or 2
wherein water is added to the cachen firon
oxide mizture before sintering, the amount
of water being butween § and 10% by weight
of the weight of iron ozide, '

4. A process as daimed in any of Claims
1 to 3 wherein the iron oxide is & previously
sintered iron pyrites ash. :

5. A process as ohaimed in Claim 4,
wherein the iron pyrites ash is prepared by
rousting iron pyrites, mixing the roasted
pyrites with a minor proportion of fresh
pyrites and » minor proportion of watcr

vontaining an alkell mefal eompavnd . pro-.

motor and subjécting the mixfure to a
sulphur combustion by sintering with szl
oxidising gas. s

8. A process as claimed in any of Claimis

1 to 5 in which the carbon firon vxide mixture
is sintered for 0.5 to 2 minutes, preferably for
1 minute. .

7. A process as claimed in any of Claims

1 to 6 in which an allali metal compodid
promoter is added to the iron oxide priorto
the simtering treatment with cerbon. -
8. A process as elaimed i any of Claims
1 to 7 in which the sintered iron oxide is
ground to a fiwidizable particle size. .

9. A provess as claimed in any of Claims

I to 8 in which the sintered iron oxide is
reduced with a gas rich in hydrogen at a
temperature of 600 to 1100° F.

10. A process as claimed in amy of the
preceding Claims which comprises mixing
gub-divided sintered iron pyrites ashes with
9—8% of carbon and 3—10% of water

sabjerting the mixture ta carbon combustion

with an oxidizing gus al a temperature of

9900-—2500° B, for 0.5—2 minutes to re- .

ginger the pyrites ashes, crushing and
soreening the resintered ashes, and sizing o
evarse portion of the sereened resintered
ushes to o Huldizable size.

. 11. A provess as elaimed in Claim 10
in which a fine portion of the seresmed ashes
is returned to the mixture.

12, A process a3 claimed in any of the
preceding Claims, swherein a catalyst pro-
moter s added to the catalyst ab any con-
vehicnt stage during its preparation.

.. 18, A process as claimed in Claim 2,
- wherein. the cutalyst promoter is added to

‘the water mized with the iron oxide before
sintering with carbon.

.14, :A process ag claimed in Claims 12 or
13, wherein the cabalyst promoter com-

. prises an alizali metal compound or an oxide

of. chromimm, zine, magnesinm, manganese
or 4 1are earth metal.
-~ 15. A process as cluimed in any of the
preceding Claims, wherein other metals such
as antimony, vanadium. manganese, copper
or alnminum are aiso added to the catalyst.
16. A proress as claimed in Claim 15,

wherein the said metals ave added in any
eonvenient form, for exzample as & solution
of & soluble salt at any desired stage in the
preparation of the cafalyst, preferahly prior
ta the sintering tresfment with carbomn.
C¥7. A process as claimed in Claims 15
of 18, wherein the quantify of such metals
added is from 2139, by weight of antimony,
vanacdium, manganese or copper and from
95—d0%, by weight of aluminum calen-
lated a¥ oxides.

J18. A sintered ifron oxide eatalyst pre-
pared by the processes claimed in any of the

r eeding ¢laims.

“19. A process fur converting mixtures of
carbon mimoxide and hydrogen into hydro-
earbons gnd oxygenated arganie compoumds

- which comyprises contacting the gas mixtuve

ahder synthesis conditions of temperature

and pressure with a dense turbulent fuidized

mass of a sinfercd ron oxide cafalyst pre-
aréd by the process claimed in any of
luims 1 o 17.

Dated this 28th duy of Januazy, 1949,

J.T TYSON,
Brettenham [lonse,
(Sixth Floor Soath),
;. . Laneaster Flace, London, W.C.2.
. Agcnt for the Applicants.
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