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COMPLETE SPECIFICATION

Process for Hydrocarbon Synthesis -

‘We, METALLGESELLSCHAFT AKTIENGESELL-
SCHAFT, a Corporation organised under the
Taws of Germany, of 45, Bockenheimer
Anlage, Frankfurt-on-the-Main, Germany, do

5 hereby declare the nature of this invention
and in what manner the same is to be per-
formed, to be .particularly described and
ascertained in and by the following state-
ment :—

10 This inventivn relates to a process [or the
gynthesis of hydrocarbons, or mixtures of
hydrocarbons and oxygenated hydrocarbon
derivatives.

The use of iron catalysts for the synthesis

15 of hydrocarbon by hydrogenation of carbon
monoxide is known and results in a series of
products comprising, in addition fo hydro-
carbons, particularly oxygenated hydro-
carbon derivatives such as alcohols or fatty

20 acids. The amount of oxygenated products
formed varies with the composition of the
catalysts used and the conditions under which
the reaction is carried out. Good results have
been obtained with such iron catalysis as

95 contain a few per cent of alkali metal oxide,
especially polasshmm oxide, and in which the
alkali metal oxide has heen incorporated in
the form of alkali metal silicate. 'When such
catalysts are employed 2 high percentage of

30 paraffins is formed during the reaction, the
parafin yield rising with the percenlage of
alkali metal in the catalyst. Water gas
proved best suited as feed gas since the ratio
of carbon raonoxide to hydrogen in said water

35 gas comes closest to the ratio of consumption

of the catalysts, heing about 1 part of carbon -

monoxide to 1.2 or 1.3 parts of hydrogen in
the case of a catalyst having a low anlkali
etal content and about 1 part of COto L or

40 0.8 or less of H, in the case of a catalyst con-
taining a higher percentage of alkali metal.
The greater consumption of hydrogen is
however obtained only when the synthesis
gas s recycled.

45 Since hitherte even iran catalysts low in
afkali gave rise to the formation of constder-
able quantities of carbon dioxide there arose,
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with multi-slage operation, the disadvantage
{hat earbon dioxide had to be removed from
the synthesis gas between the individual 50
stages so as to ensure a feed gas of suitable
comlg:sition for. each following stage.

The present invention aims at enabling
synthesis gases with varying ratios of carbon
monoxide to hydrogen to be worked up. 59

Tt ias alveady been proposed to employ for
the synthesis of hydrocarbons, catalysis
which contain iron, alkali metal compounds
and difficaltly reducible non-volatile reactive
acid anhydrides.

The process of the present invention like-
wise employs a catalyst containing iron,
atkali metal compounds {preferably oxygen-
containing potassium cempounds) and diffi-
cultly reducible non-volatile reactive acid 65
anhydrides, and is characterised by the
fealare that the ratio by weight of allali
metal compound (calculated jn terms of
alkali metal oxids) to nop-volatile reactive
acid anhydride in the catalyst is selected to 70
lie between 1:2.5 and 1:7.0

The term * reactive acid anhydrides ” used
herein is intended to denote a group of com-
pounds comprising those oxides whick are
capable of reacting directly at elevated tem- 75
peratures with alkali mefal carbonates or
alkeli metal hydroxides to form alkali metal
galts. VU

The reactive acid anhydrides which may
be used in ing out the invention are 80
silicic avid or Htanic acid or like oxygen con-
taining compounds which arc similarly diffi-
cultly reducible and which will not evaporate
at the temperatures at which the synthesis is
carried out, The acid anhydrides are applied 85
in such a form that they can react with the
alkali incorporated in ifie catalyst. Accord-
ingly, silicic acid will not be employed fur
example in precipitated cafalysts as quartz
or kieselguhr, but as prect itated silicic acid 80
or in the form of the sol, It is, however, also
possible to transform the silicic acid during
the preparation of the catalyst into & reactive
form, for example-with the aid of alkali or ta
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incorporate the silicie acid parily er wholly
.in the form of afkali dlicates in the catalyst.
Similarly, also the cther non-volatile reactive
acid anhydrides which will be used according
5 to this mvention will be embodied in the
catalyst not in the form of difficultly redetive
minerals but in a finely divided reactive form,
or will, alternatively be converted inte such
form during the preparation of the catalyst.

10 TIf catalysts ate used for the hercin de-

scribed process which are obtained by fusion-

at high temperatures the acids ¥azy be e

ployed in any form. In this case the fusion

treatment converts the acid aphydrides into
15 a reactive form even if they have been added
in another form, As atkali promoters parti-
cularly oxygenated allezli metal compounds
sush as carbonates, nitietes, hydroxides or
thie ke may be wsed, Potassinin compaunds
20 are preferable, In wddition, the tataly
may contain any additives. common {0 iron
catalyst compositions, #.g., copper or any
other substances kuown to My ‘the
efficiency of catelysts: =zinc oxide, calcium
25 oxide, alrminium exide, thotivm dioxide and
other oxides of metals of the afkalive earth
gronp. Moreovet mixtures of such substances
may be used. The catalyst miay also be used
in admixiure with carrier such as kieselguhr.
In many cases it is ‘advantageous to have
tw76 ‘or more reactive acid anliydrides present
-in the catalyst, e.g., sflfcic acid and tungsiic
acid or silicic acid and titanic acid.
Moraover it has been found that the per-

a0

35 formante of these patalysts depends on ihe

pressure under which the synthesis is carried
auf; the hydrogen ¢comswiption increases

with increasing pressure. For exuinple, a
s of given compbsition, Le, with a.

feed

40 carbon monoxide to hydrogen ratioof 1 : 1.2,
may be reacted over a catalyst of the com-
position e

total Fe V. .. 100
e .. .. .. 25
45 G .. 18
K0 .. 11
S0, .. 45

at 10 atmogpheres gauge pressure and while
recycling the tail gas. The tarbon monoxide
50 to ‘hydro?in consumplion may then be
1€0:14H, Ticreasing the pressure to
20 alm. raiscs the matic in whick the two
gases are worked up to about 1CO and
1.7 lI;. On fhe other hand, increasing the
55 allkall metal oxide conteni of above cafalyst
sa that the K 0 : $i0, mtio lics between 14
and 17 K045 810, will again lower the

ratio in which CO and H, ars worked up 1o

1: 1.8 or 1.4, given the same compusition of
60 iced gas atd the same préssure. The higher

K0 content méoreover results in a higher

yield of paraffins. -

If instead of water gas there is used a gus
of a CO to H, retio of 1: 1.8 or 20 such as is
commonly fed to cobait catalysts, the ratio 65
of consumption mises towards higher tom
sumption of hydrogen amnd practically no
carbon diozide will be formed. This is true
particulasly when setting the K,O to &i0,
ratioto1:Gor1:7. The luvention Hias also 70
affords the passibility of processing over ron
catalysts stch fresh feed

ga.eves as are used
“with the cobali-caialysed syathesis. In

gdditivn, With multi-stage operation, the
removal of carbon dioxide from the feed 75

ses for the subsequent steges may be
dispensed with.
further advantage offersd by the present
invention is that it facilitates the operation
of synthesis plants which combine stages 80
where the rcactors are filled with cobalt
catalysts with those where the reactors aré
filled with iron catalyst, since the formation
of carbon dioxide on the iron cafalysts can

“be kept ko low that it need no longer be taken 85

mto acconnt.

These numerous possibilities of varying the
operating conditions provided by the inven-
tion render it ‘adaptable to conditions
obtaintig in various types of plant. 90

Tt haz moreover been found that the .
advantages of the hereindescribed process .

depend to a cerfain degres on the ratic of

ek, KO to 50, rather than on the aiimal
alkali oxide and acid (e.g., potassivin oxide 95
and silicic acid) content of the catalyst.

.Hen¢e, already 8 parts of K0 and 25-30

parts-of $i0, suffice, when added to 100 parts
of iron which is present as metal ani in the
form of chemicel compounds {total iron), to 100
maintain ratios of consumption of CO to H,
frém 1: 1.2 to 1.7 and higher, depending on
the pressure and the femperatore under
which the syntheids iy carried out,

Tt is a remarkable fact that also the 103
garaffiy yield does not decrease substantially

" with these rlatively low alkali contents,

The ratio of consumption is influenced not
ohly by the ratio of alkali oxide to non-

" vilatile reaciive acid anhydride, the CO-H,- 110

ratin of the feed gas and the pressuze but
also is determined by the way and ‘the degree
aof reduction to which the catalyst is subjected
Ezgvious touséin the synihesis. The catalyst

fas been found to form the more CO,, the 115
greater its comtent of free jron.  If for
examnple a catalyst vf a composition Lerein-
before set forth is rediced with hydrogen to
sucli an extenl that about 169 of the total
iron is present as free metal, water gas In 2120
recyelé operation will be worked up at a ratio
of']l CO ;14 to 1.5 Hy. Reduction, previous

" tovuse im the reactor, to 27% of free iron

causes the ratio of consurnption to drop to |
1C0:1. e 1.2 H, 125
“In carrying out ihe tnvention there exists a
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further possibility of influencing the course
of the syfthesis i addition to those herein-
before set forth, such as pressure, ratio of
alkali axidée to acid non-volatile components
5 and the like, namely the degree of reduction
of the catalyst. In general it may be said,
that the preferred high molecular synthesis
products, mainly of paruffinic character, arc
abtained, if the iron is reduced to the metal

10 before the symthesis, to the extent of 10 to
50%,. Lower boiling products will generally
be obtained if the reduction is carvied out to
give higher percentages of metallic iron, for
exatnple, of 55 to 60% and up to, for example,

18999, This applies especially to catalysts
wliich have heen produced by precipitation.

The catalysts used in carrying out the
tavention may be prepared in the conventional
manner. It has already been stated that {he

20 hereindescribed process may be carried out
with sach catalysts as are obtained
precipitation from svlutions as well as wit
those which are obtained by fusing together
the components. These may bc applied in

28 the form of metals or oxides or mctals and
oxides. Im place of the metal oxides also
nther oxygenated compounds such as car-
bonates, nitratcs, oxalates, tartrates and the
like may be used.

30 The hereindescribed process may be ad-
justed to either high yields of pamaflin or
high yields of gasoline and Diesel oils. Sub-
stantial amounts of paraffin will be formed
when the syuthesis is carried eul at low tem-

33 peratures, e.g., 190-250° C., while at higher
temperatures the synthesis tends toward a
higher yield of gasoline and Diesel oil. In the
latter case higher feed gas ¢harges and higher
conversions of carben monoxide plus hydro-

40 gén should be applied. Morcover high con-
tents of iree metellic iren in the catalyst,
e, 50 to B9Y, of the total irom, lead to
higher yields of gasoline and Diegel oil. Thus
it 15 also possible to use such iren catalysts as

48§ contain practicaily all the iron in the form of
the mctel and also such as contain the buik
of the iran in an oxidic form.

The invention will be illustrated by the
following Examphes 1

50 Examrir 1
Preparalion of a precipitated catalyst con-
taining silicic acid.
12 kgs. of calcined soda are dissolved in
water to vield a 100 iftre solution and the
55 solition is brought to the boil.  To this
solution is slowly added, while vigorously
stirting, a solution of the nitrates of itom,
copper and zinc in the retio by weight of the
metals of 100 :25: 14, In this solution, the
60 concentration of the irda is to amount to
341 kge. of mretal to 100 Lifres of solution.
The solution is kept boiling tiil the liberated
carbon diokide s removed, and is theo

filtered. Precipitation is carried out al a

- final pH of 8.8 to 70, In order to remove the 65

sodium nitrate forrned during the precipita-
tion the fiter cake Is thoroughly washed with
hot water. The wash water is finally drawa
off. The filter cake is then impregnated with
potassium nitrete_solution and silicic acid 70
and is kncaded. Potassium carbomate sofu-
tion may be used altetnativelyn The con-
centration of the potassium nitrate solution
is so calertated that the desired ratio of K,0
€10, is abtained. The silicie azid may be 75
a.pplieé cither in the form of sol or of pre-
cipitated silicic acid. The catalyst mass is
reduced in the conventivoal manner with
hydrogen at about 320° C. for a peried vf 40
to 50 minmies.  After this preliminary 80
reduction the catalyst has a content of free
iron of about 209 of the total iroa,
Comiposition of the catalyst:

100 parts by weight. . .. P

25 ' " .. .. Cn 83
18 " " . .. ZnQd

t o ” . .. KO

5 . . .. .. Si0,

The synthesis was carried out at

10 atm. gauge ; o gas recycle of 1: 257 ;90
a temperature of 230° C. and a load of 3.72
ch. ft. water gas (60° ¥., 30" dry} per hour
and per litve of catalyst. |

Feed Tail
gas  gas- 95
% %
€Oy . .. .. 49 218
CHy .. .. .. — 0.4
O, .. . .. 01 0.1
co .. A & 5.1 100
H, .. .. . 488 301 ’
cH, .. .. .. 03 2.4
N, .. e S 4B 103
Average number of
Catoms in hydro- 105
carhons .10 12
CO-LHgconversion .. - -~ G54,
Ratio of consumption — 1CO:142H, -~
Paraffin content {b.p.
higher than 320° C.) 110
in 9%, by weight of
the ligmid produets —  66.0
Uxampip 1T

The synthesis was carried cut under the
same conditions as those sct forth in Example 115
I but at 20 atm. and 220°C.

Teed Tail
gas  gas
% %
o, .. .. .. B2 m3 120
cd... . . =~ 05 2
Sl a1 -0l :

A "&&;
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‘Feed Tail Feed ‘Tail
gas  gas gas.  gas _
. L % ) n/o ) _ . - . % cy ’ .

o .. oo 4l2 . 434 CO4Hycuwversion ... — - — 70.7%65 °
FH, ... . 498 - 274 _Ratio of consumption- — 1 €O 1.52H, -

€H, .. .. ... 03 23 Paraffin contents — 815% :

Ny .. .. .o 32 74 . T

Average number- of - . _  ExaMPIE V. .

10 S;ﬁzil; fo. hydro- 10 191 - The éynthesis was aimed at the prefecential
CO+H COTLVERSIOLL - —m 6630 formation of light hydrocarbons, The cata- 70
Rabio of consum Gon - "1CO:1 som, st composition was similar {o fhat set forth
Dorafin conh entsI-J — Tn099, 2 jn Txample I except that there were only .

' = : . T e 7.5 parts of K ;0 to 100 parts of iromn. Redue- -
TiavpLE- [T " tiom: was carzied to 557 free iron refarred to

15 The composition of fhe catalyst employed-

was 100 parts by weight of total Fe; 25 Cu;
18 Zn0; 85 K0 ; and 40 S0, _
Conditions of the synthesis were: 10 atm,
.- préssure gauge; temperature. of 225°C. ¢”
20'gas técycle of 1:28; Joad 3.908 ch. .
water gas (60° F., 30° dry) per hour and per
litre of catalyst. 5 o :
Preliminary rednction: 26.8% free Fe..
‘Feed = Tail
25 - .gas ERSs
CO; .. ... 12 - 310
CH, -. ee e —- D8
Op - o .. 01 0.1
30 CO L a74 0 191
H, 472 285
CH, .. - 01 - 5.1
Ny .. . .. 80 154
. Average number of
. 85 C-atoms in hydro-,
. carboms .. - ... 1.0 - 7107 :
CO+Hyconversion., — - — 708%
_ Ratio of consumption — .- 1CO:Li8H,
Pareffin content - -, —  58.0Y%

) Exav®ii IV |

The method of operation was the same ag
that szt forth in thu preceding Example;
_ the gas recycle, however, was 1:24 (e,
1 volume of fresh feed gas to 2.4 volumes of

45 recycled gas). L ’
reliminary reducton ¢f the eatalyst
resulted in a content of 15.6%, irce Fe of the
-~ catalyst. :

40

Feed Tail-

» R

a gt

CO, .. 6.5 263

C.Hy - .. — 07

0y .. - — o1

55 CO .. : 370 276

H ‘e 5089 204

ch, .. .. .. D2 39

N, .- . .. B4 120

Average mumber of )

60 C-atoms in hydro- = B
- carbons .. 1o 1.09

“total -irom.

(60" K. and 30" dry) per hour and-per ltre .

- litre of catalyst,

The operating pressure was 70
20 atm,, gas Tecycle was 1 2.03 at 205° C.;
the load was 14.52 ob. ft. of woter gas

' Prec_-_,ii)ita.tion of catalyst from the solntion
of the mitrates of iron, copper zud zinc with

.soda was carzied out onder the same con- - "

¥

-of catalyst. . :
. : Feed Tail 80
gas  gas
% %
co, . 8.3 - 471
C.Hg - — 0.3 .
Oy - .. — 01 8B
co - . ... 81 99
H, . ;484 167
CH, o o— - 92
Ny e .. .. GO 187
* Kverage “number of _ .80 -
C-atoms. in hydro- -
carbons . L0 - LI7 :
COLHconversion.. — — 89.1%
Ratio of consumption- — 1C0:1.19H,
Paraffin contents —_ 9.5% - 95
Examere VI

ditions and wnder applieation of the same 100 .

ratios of quantities as previousty set forth
concerriing the preparation of precipitated

" catalysts containing silicie acid, The titamic

acid used was prepared by boiling a solution

period.- The. precipitated titanic acid was
filtered off; was' formed into a pasta with
water, and was Jneaded intensively with a
concentrated solation of 730 grammes potas-
gium nitrate to 1,980 grammes of precipitated 110
titaninm dicxide. Shaping and drying of the
catalyst was carried out in a similar manuer

to that described for the catalyst set forth in

. Lxample I. Reduction took place at'a tem-

perature of 350° G, The synthesis employitig 115
the calalyst containing the titanic acid took
place at a temperature of 240° C. and 20 atm,
pressure gauge, at a Joad of 3.722 cb. {t. of
water gas (60° ¥., 30" dry) per hour and per -
Co-}-H ~-conversion was 120
81,3%, the paraffn yield 56%,. The ratio of
consumption was 1 CO fo 1.23 H,.

 of titanium nitrate for a comparatively long 105 -
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Examerr VII

A thorough mixture of 3,300 grammes of
Perrum rcductum, 1,480 grammes of very
fingly ground quartz, 730 gramunes of potas.
§ sinm nitrate, 600 grammes of zine oxide, and
550 gramumnes of copper oxide was melted by
means of an oxy-hydrogen blow pipe, a
portion of the mizture at a time. The melt
was allowed to cool down and the mass was
10 then disintegrated and granulated and subsc-
quently reduced in a stream of hydropen at
a temperature of 450° C. The catalyst was
thereby brought to a content of 60%, frce
iron referred to total iton. The synthesis
15 reaction was carried out at 20 atm. gauge end
931° C. Water gas was uscd the Joad being
3833 cb. ft. of water gas {60° F., 80" dry)
per hour and per litre of catalyst. The
cle tatio was 1:29. At a conversion of
20 629, the paraffin yield was 57% of the lignid
products. Carbon monoxide and hydrogen

had beea consumed at a ratio of 1:1.14

What we claim is :—
1. Process jur. the synthesis of hydro-
25 carbuns or mixtures of hydrocarbens end
oxypenated hydrocarhan dezivatives by the
catelytic hydrogenation of carbon monoxide
with the aid of catalysts which contain iron,
alkali metal compounds (preferably oxygen-
30 containing potassium compounds) and diffi-
cultly reducible mon-volatile reactive acid
anhydrides as hereinbefore defined, charac-
terised in that the ratio by wuight of alkall
metal compound {calculated in terms of
35 alkal] metal oxide) to non-volatile reactive
acid anhydride in the catalyst is selected to
lie between 1:2.5 and 1:7.0.
2. A process as clajmed in Claim 1, which
comprises varying the consumption of hydro-
40 gen in relation to that of carbon monoxide,
under given operating conditions, by varying

the pressure under which the synthesis is
cartied ont.

3. A process as claimed in Claim 1 or 2,
which comprises varying the consumption of 45
hydrogen in relation to that of carbun mon-~
oxide, under the given operating conditions,
Ly mo the ratio of alkali metal oxide
o mon-volatile reactive acid anhydride in the
catalyst, )

4, A process as claimed in any of Claims I
o8, which comprises increasing the consutnp-
tion of hydrogen in relation to that of carbon
monoxide by using a synthesis gas of in-
creased hydrogen-content. 55

5. A process ag claimed in any of Claims
1 to 4, which compriscs adjusting the con-
ditions under which the synthesis takes place
to give a high consumption of hydrogen in
relation to that of carbon monoxide, whilst 60
not removing the carbon dicxide from the
synthesis gas betwecn the stages of a two-
stage or muiti-stage cperation.

6 Process as claimed in any of Claims
1 to0 5, in whick, for the purpose of prodncing 65
low boiling products, catalysts are emnployed
which contain iron preponderantly in metallic
form up to contents of 99;/,3.

7. A process as claimed in any of Claims
1 ta 5, which conrprises the employment of 70
catalysts the iton content of which has been
reduced to between 10 and 50% of metallic
jron advantageously by treatment in a
current of dry hydrogen.

5. Process for the synthesis of hydro-75
carbuns substantially as described with
reference to the foregoing Examples.

&0

Dated this 22nd day of June, 1849,

W. H. A, THIEMANN,
14 to 18, Holborn, Londen, E.C.1.
Agent for the Applicants.
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