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COMPLETE SPECIFICATION -'

Improvements

in or relating to Catalysts for_u.ée in the Synthesis

of Hydrocarbons

I, jorN CONRAD ARNOLD, 2 British sub-
ject, of 29 Southampton Buildings,
Chancery Lane, Londen, Ww.C.2, do hereby
declare the nature of this invention {a

[Price 3/-]

for the manufacture of sulfuric acid, and
are quite cheap. The roasting treatment
which is accomplished at the temperatures
of 1800-2200° T, converts the iron suifides

a

5 communication from STanpArD O11, DEvEL-  inte FexOs which is then gently sintered. 58
oPMENT COMPBANY, 8§ Corporation duly A typical snalysis of such a reoasted
organized and existing under the laws of material i as follows :
the State of Delaware, United States of FeDs " = 96.2%
Ameriva, having an office at Linden, New Available oxygen - 27.0%

10 Jersey, United States of Axerica), and in Silica 1.5% &0
what manner the same is to be performed, Sulfur T.css than .05%
to be particularly deseribed and ascertained This material after roasting is extremely
in and by the following statement ;-— hard but it can be ground to any desired

"The present invention relates to improved size. If the finished catalyst is to be used

. 15 catalysts for the synthesis of hydrocarbons in fixed bed reactors, it is preferred to 65
and  oxygen - containing derivatives by reduce the roasted material to granular .
reduction of carbon oxides with hydrogen form by crushing or grinding. Graniies of
and more specifically 1o an iron catalyst the size of 4-8 mash are suitable for use in
which is particularly efficient, cheap und most fixed bed reactors. If the fnished

op readily available. The nature of this cata- catalyst is to be used in 2 finid reactor, the 70
lyst, method of manufacture and use will roasted material is ground to a powder of -
be fully understood from the following des- suitable patticle gize for fduidiziog under
cription. synthesis conditions. The fallowing particle

In the accompanying drawing there is size distribution has been foumd to be stit-

o5 shown an apparatus for conducting the able for use in fuid type reactors : 75
synthetic production of hydracarbons and Diameter Per cent,
oxygenated derivatives by reduction of 0 to 20 microns 5 to 23
earbon oxides with hydrogen and the draw- 20, 80 30 ,, 85
ing indicates the flow of the materials Above B0 microns

3 through the process. but =till ‘character- 80

Herciofore iron bearing catalysts, partic- ized as finely divi-
nlarly iron oxide catulysts, have been used ded : 5, 45

for bringing about the reaction between After the roasted material has been ob-
carbon oxides, particularly carbon mon- tained in the desired particle size for fized

95 oxide, and hydrogen to form liquid Lydro- bed or for Auid operation, as the casc Ay 85
carbons with or without the production of be, it is impregnated with from 0.5.t0 10%

" oxygen - containing detivatives snch as of a suitable promoter such as sodinm
plechols, acids end the like. Tt has been carbonate, potassium carbonate, potussium
generally the practice fo produce these chloride, potassium phosphate or alkali

40 cataiysts from purified iron salts but these inetal aluminates, In addition to the 90
catalysts Tequire a long period of uetivation  compounds of “elkali metals listed above,
before they are of real use and they are also  other promoters such as copper, silver,
relatively expensive. . nickel and thorium oxide may be uged if

11 has now been found that excellent iron desired. Insfead of adding the prombters

45 hearing catalysts can be produced from by impregnation, they may be mixed with 05
certain pyritic ores, for example, pyrte, the roasted ore and fused. ‘The fused mass-
marcagite and pyrrhotite. Fortunately  must then be broken down to the desired
these ores are of low grade and are not in particle size. A-B.
great demand, They are usually roasted In carrying out the process using the

50 in presence of air to produce sulfur dioxide fluidized type of solid, the following des- 100
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cription of a suitable apparatus, diagram-
matically illustrated by the asccompanying
drawing, may be of assistance:

Referring to the drawing, nnmeral 1
denctes a reaction vessel which is gencrally
in the forin of an upright cylinder with a
comical base 2. A grid or screen 3 is
Iocated in the lower part of the cylinder
so as to effect good gas distribution and in
the upper portion of the cylinder a dust
separator 4 is generally indicated. 'The
separator is preferably of the type oper-
ating on rentrifugal principles and the dust
s¢ separated is returned to the fuidized
mass by the pipe 5 while the gas and vapor
mixture is taken out by the pipe 6 to &
sernbber condenser 7, fod with water by 2
pipe The gas from which liguid
products and final traces of catalyst have
been removed is withdrawn by a pipe 9
and the lignid is separated in the vessel 10,
water -being withdrawn at the bottom by
11 and the hvdro-carbon product by the
pipe 12,

Within the reactor 1 it will be understocd
that the catalyst particles are distributed
throughout the reacting gases in the form
of o dense suspension, which compriscs a
denser phese below and a lighter phase
ahove which are separated by a so-called
interface ot level +which iz indicated
generally at 13, Within the denser phase
cocling pipes 14 sre located but it will be
understoad that they may be arranged in
any preferred manner, not necessarily as
shown.

Within this reactor the guspension is in
vigorous motion which insures efficient
utilization of thie catdlyst and accurate
temperature control from top to bottom.

The gaseous feed consisting, for example,
of a mizture of two parts of hydrogen to
one part of CO is supplied by the pipe 15
through a hester 16 which is employed
until the apparatus has becn raised fo re-
action temperature. ‘[hereafter the gas is
preferably directed, ot at least a part of it
is directed around the beater by means of 2
pipe 16a and fed iuto the reactor below the
grid 3, 1i will be mnderstood that the re-
action itself normally produces sufficient
heat to maintain itself and, in fact, cooling
by the pipes 14 will be required.

At intervals a portion of the catalyst may
be withdrawn by a pipe 17 as indicated and
the catalyst may be separated from the
carrying gas and regenerated or reworked
as desired, Fresh catalyst may be supplied
by the pipe 18, preferably in a cariler gas
which may be a portion of the feed gas.

Considerable variation may be mafle in
the apparatus for carrying out-the reaction
in fluidized form but, in general, that
shown In the drawing is suitable: In any
case, it should consist of an  enlarged

vertical reaction vessel pravided with cool-
ing means. It should be fed at tite bottom
and the catalyst is preferably separated
from, the gas within the reaction shell so as
to maintain the bulk of the catalyst atways
within the reactor and to withdraw =2
product gas. After the separation of .the

Jiquid product rom the gas, the-latter may

be recircmiated to the reaction chamber
psually after o suitable adjustment of ifs
compositon.

- In order to understund moze fuily the
comditions of operation of the presmml pro-
cess, it should be noted that in the fluidized
type of reactor the gas velocily upward 18
adjusted so as (¢ wmaintain the distribution
of the catalyst particles throughout the
gas in dense suspension. The velocity 18
preferably in the range from about..Z to 1.5
ft. per second, measured on'the overall cross
section, of the reactor, and :the upwazd
velgcity s sufficient toc syaintain the
catalyst in suspension. ‘The ‘tempersiure
und pressure comditions of the reactor
depend to some extent on whether hydro-
cathong alone are to be produced or-i'El it is
desired to produce omygen confaimug
naterials as wéll. In gemeral the fempera-

‘tuve is from about 350° to 675° ¥, and it 5

preferred to use a pressure of 10 "t
30 atmospherss, particdlarly for bydre-
carbon production and even higher for the
productien of oxygenated materials. i

Iu fixed bed operation 'lhe catalyst is

-utsed as mentioned above in granular form;
the temperature end pressure conditicns

are substentially the same as given above.
“he present cetalyst is charged to the

-rouctor whether of the type for fixed bied-or

fluidized operatton amd then shoudd be

reduced therein -with hydrogen, prefurably

at a temperature from ‘350° to 1100° .F.
This -is aceomplished in a relatively short
time and, as mentioned above,.the cataiyst
does not have the long period of induction
which-is usually-reqtired swith iren bearing
catalysts. If the catalyst is intended for a
fizcd bed type:reactor, the catilyst may ke
fitted in any-kiown mamner -subscguent to
the reducing treatment. To more clearly
{llustrate the nature of tlie present catalyst
and its use, the following examples may be
considered )

Exmmr,n i

A catalyst was .prepared from a sintered
pyrite ash which contained 67.3% Fe-and
27.0% available O, and .less than 0.02% 8
by -grinding to a powder and-impregnating
the powder with sodium catbonate scelution
50 8BS to contain abnut .5% of the salt on
drying., ‘The product was dried at 240°.F.
and -was then charged to a fuid-solid type
reactor such as illustrated above. . -

TThe catalyst was redured with hydrogen
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at 7600 F. for & period of about six hours
and -then fed directly with synthesis gas.
ha-data given below inclnde not only the

H,/CO in Fresh Feed

H./CO Consumed

Temperature “L.

Pressure Libs. /Sq. ITn.

Fresh Foad Vols./Vol. of catalyst/Hr.*
CO Conversion

Carbon ‘Balance

%500 to Cut

Hatio Gt /CiH**

ce Cu-+ fenbic metres (CO+Hs) Consumed

Gallong Cy-t/day/1b. of Catalyst

data with this imiproved catalyst but also
dats typical of the iron .bearing .ratalysts
and obtained from published literature.

Present

Literaiure Catalyst
1.2711 1.50/1
1.26/1 1.40/1
608-626 600
300 275
270 996
75 23
100 heal

41 47 .4
H2 61
163 182
0.04 0.12

“¥Measured at 32° F., 760 mm.
*0Ratio nf carbon inm hydtocarbons in
vathoa product.

Tt should be noted that the pyrite ash
catalyst required only a short reduetion
petiod and there wes no inducticn peried.
The catalysts Imown in literature of this
type usually tequired a long period of
activation and arc distinguished by an
induction period of 2 to 5 days. It should

30 also be noted that the CO comversion is

45

55

60

70

73

considerably higher and the praduction of

(. or higher fraction to.carbon in total hydro-

liguid hy&rocirbons is better.
BXAMPLF 2

Fized bed units for testing the activity of
synthesis catalysts were employed to test
the gquality of a granular pyrite ash catalyst
made as ahove and impregnated with 1/2%
of sodium corbonate. The data on four
rins of this material are given below :

Catalyst Form 1" Pills  6-8 Mesh 6-8 Mesh 6-8 Mesh
TReduction 'Temperature 700°R, 7009, O00°F, S00°F.
Temperzture of Rut S753°F. 576°F. SB86°F. BRIOE,
Pressure Lbe./Sq. Io. 250 240) 249 250
“Space Velocity in Vols./Vol.

of Catalyst/Hr.* 212 198 195 206
Yields
cc/meter? {(CO+Hz) Fed®

Output 137 129 154 152
% CQ Conversion a7 74 95 094
Gy HC** 63 66 .60 .63
Material Dalance %({Vield as )

percentage by wt. of feed) o7 93 .76 90

From the above table the high activity of
this catalyst can be readily observed,

*Measured at 32°F., 760 mn.
W¥Ratio of carbon in hydrocarbons in
carbonn product.

ExaMrLy 3.

The following datn were obtained in a
emall finid unit wsing roasted pyrite ote
which had been impregnated with 1%
potassium chloride,

The catalyst was ground to the size

{atalyst Reduction Twnperature
Catalyst Temperatore during Run, °F.
Reactor Pressure, Lbs. /Sq. In.

H,/CO in Fresh Feed by Volume
H,/CO Consumed, Output

Fresh Feed Rate,

Vols./Vol. of Catalyst/H,*

C. or higher fraction to carbon in fotal hydro-

distribution specifiecd in the specification
above and it was charged into the unit,
veduced therein with hydrogen and two
rutis of about 24 hours each were made,
carefully observed and all the data collected
as follows ;

A B
— O71°F,
550
277 278
1,02 1.00
1,02 97
450 1040
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- in respect to catalyst life,

% CQ Conversion, Quiput
9 Carbon Balance

% Converted CO to Cet
Ratio T+ / Cit

Output Cot, cc/cublc metres H:4CO Constumed

Gatlons Ce/ fday /i, Catalyst

91 98
88 .96
436 40.8-
70 62
196 183
08 20

*Mengured at 32°F., 760 mm.

#%Ratio of carbon in hydrocarbons inm Ca or hlgher fraction to catbon in total hydm—

carbon product,

The operation was smooth throughout,
the yield excellent as seen from the above
data.

The present catalyst is supericr to other
iron. bearinz catalysts, first, in respect o
activity and selectivity in the direction of
producing Hquid hydrecarhons, and also
m ability to produce only small preportions
of methane apd ethane, ig superiority of
the quality of the motor fuel produced and
It is notable
that this catalyst is superior in  mmost
regpects to the purer iran bearing catalysts
which are made divecily from pure fron or
from purified iron salts and from the oxide
and carborate ores. It 48 alse superior io
the less pure iron ore catalysts which have
heen emploved.

Having now patHedlarly deseribed: and

abct.rtamcd the nature of the said inven-

tion, and in what mannper the same is to be
petformed, as communicated to me by my
foreign correspondents, I declare that what
I claim ig :—

1. Ap improved process for the catalytic
synthesis of liquid orgamic compounds by
reaction of carbon monoxide and hydrogen
wherein the catalyst comprises a hydrogen
reduced iron pyrite agh.

2 An improved process for the catalytic
synthesis of liquid hydrocarbons and
oxygen containing compounds by reaction
of CO and hydrogen wherein the catalyst
colprises a rednced ivon pyrite ash impreg-
nated with 2 promoting substance.

3. A process according to claim 2 in
which the promoter is an alkaline substance,

4. A process according to claim 2 in
wlich the promoter is an alkali halide,

5. A process according to. claim 2 in
which the promoeter is potassinm: chloride.

A. An improved process for producing a
catalyst for reacton of carbon monoxide
and hydrogen which comprises roasting a
pyrite ash, withdrawing. -sullur - dioxide,
grinding the sintered ash so obtaimed to

powder and reducing the same with hydroe-

gun at an elevated temperature, .

7. Process acocrdmg to cleim 6 in which
the redticed ash.is subsequently pilled.

B. An improved .process for convérting
carbon monoxide and hydrogen to lignid
hydrocarbons and oxygenated derivatives
which comprises subjecting the gas mixture
ter contact with 2 reduced iron pyrite ash
at a temperature of the range of 350 to
G50° F. under supecratmospheric pressure.

9. An fmproved process for preparing a
catalyst for syniliesis of hydrocsrbens from
carbom ~ monoxide and hydrogen, whick
cmnpri'ses‘ roasting an iron sulphide ore in
air under conditions of time and tempera-

50
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70

ture to produce an ash containing less than

0.05% sulphur, reducing particle size to a
desired range, adding a suitable promoter,
and reducing with a gas rich in free hydro-
gen at an elevated tempesature,

Dated this 23rd day of August,. 1944,

b, YOUNG & CO.,
29 Southampton Buildings,
* i Chancery Lane, London, W.C.2.°
' Agents for the Applicant,

Printed for IUs Majesiy's Stationery Office by Chariés Birchall & -Sons, T&d,
Coda 29-210, Published at the Pajent Office, 25; ‘Southampion Buildings, Tonden
from which coples, price 2s. 0d each (iniahd) 2s. 1d

Ll.verpoo:l 1040,
Wiz

(zhroad) may oi)t,a.inad.
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[This Drawing is o reproduction of the Origindal on a reduced scale/
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