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Iron Catalyst for the Hydrogenation of Carbon Monoxide giving

" We, LUHRGREMTE ARIIENGESELL-
‘scmapr, of Oberhansen-Holten,” Cer-
many, a CGerman UCompany, and Liarrer
(ESPLISCHART FPUER © YV ABRMRETECHNIE

& sy dl, of Wrankfurt oM., Heddernhein,

Germany, 8 German Uompany, do hereby
declure the Invention, for which we pray
that a patent may be grented to us, and
the mathed by which it i to be per-

10 formed, te be particularly described in

and by the following statemrent:— .

. Y'he invention relstes to a process for

the synlhesia of prodnats having & hﬁh
&

.+ nontent af hydrocarbons boiling in

15 gasoline range by the catalytic
genation of carbon monoxide.
The great flaxibility ¢f the provess of

.the hydrogenation of carbon monoxide m
the produciion of hydroearbons and oxy-

20 men-pontaining organic componnds of

yavious heiling renges, s known. TFor
‘chemieal processing, the production of
wnsaturated hydrocarbons and of oxygen.
containing compounds s, in gemeral, of

26 particular importance, By reasnn of their

“high- prices, high-boiling bydrovarbuus
- QT g;c-ages are algo very desirable. On the
other hend, the progressive machanisa-
“tiom, of daily life emphasises-the need for

. ;3{) a cheap method of prodmeing motor fuels

40 gressed from the side of the cafalyst.

o

B

j'l like hydrocarbong have heen ma

which meang, for the Fischer-Tropsoh
_gynthesis, the productinn of gagoline-like
Tyrrocszbons.  Many proposels for the
produetion of such low boiling agolirie
: e within
the scope of the Fischer-Tropsch syn-
thesis. - Mentlon may be made, for
_expmple, of gas recyeling. The work or
researpk jn this direction has alzo pro-

°- Aveording o the inventiou, -8 process
.for the gypthesis of produets-having a
Ligh:comtant vf hydrocarhons builing in

-+ the gasoline ranme wopriges contacking

&5 5 oas pontaining hydrogen and carhon
-_;mntlfl?}xj_de in. synthesis propoztions wr;ﬂ:.
“ap. ivon estalyst obiained by precipitation

hydro- -

Coi-theiroti-in the form of an oxide, o .infroduced info the from salt so

“a High Yield of Gasoling-Jike Hydrocarbons

hydrozide or a carbonate from a solulivn
of an ivén salt at a pmE in the rangs 7—3
with subsequent raduetion to convert leas
than 5% of the total iron into the fres
state, the datalyst having an internal sur-
fage ares of from 110 40 180 sguare
‘meires, preferably from 130 to 160 square &b
"miptres, per gram of fetal iren in the
‘eatalyst, being free frim or containing
ohly small amounts (for exwample, up o
10%, by weight of the total iron) of sup-
porling waterial, and having gn alkall-
metal oxide content, calculated as K0,
of from 0.5% to 2% sud un Bi02 contemt
of fyom 0:5% to 5%, both the alkali-
_metal content and the 810, contept being
“by welght and based on the fotal iven con. 66
tent'of the vatalyst; the gas being con-
Ctucted with the cajalyst at o temperature.
in the renge 1706°—330° C. and at &
gauge pressure in the range 10—40 atine-
spheres” and at the rate of 100—T75D
volumes of fresh gas ];{cr volume of ouba-
Lyst per hour. The calalyst may contein
one ¢r more uchivators such az lime,
topper, silver and metals of Groups 6 o0
"7 of the periodic system.
The use of a cafalyst with suck an
inlernal surface area is based on the facl
thaf; the inner surface of estalysty iy of
decisive importance for their efficieney,
“particularly with respecl to the chemical 80
uature and the boiling range of the pri-
mary produets. (Reference 1s made to the
_work “of Tramm  Zur Technik der
Eohlcnoxydhydricrung . published in
*‘ Frdoel und Kobhle ", Vol, b pp. 10— 86
17, particelarly Figore 9 and (ke left
" hand colnmn of puge 14, and in °* Brenns-.
toff-Chemie ', Vol. 83, pp. 2130, par-
Hoolarly paga 27, left hand colummn,
Pigure B
- Where the catalyst is fo be supported,
Kiegelguhr, aluminium oxide, bauxite
gnd the like are examples of substances
suiteble for the purpose. The supporting
.material, whon it is to be used, may be 95
Tution or

80
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into the solutivn of the precipitant either
before or during the preeipitation, but
it is preferably introduced immediotely
afier the precipitation.

5 The use of a valalyst obtained by the
precipitation uf the ron salf solution at
a pH value of 7—8 has been found fo be
particularly adventageous. The reduclion
of the catalysi, prior fo mse, ia prefer-

18 ably such as to convert from 209 to 309%
of the iron into the free or metallic state.

The 8i0, content of the cafayst 1s
advantageously introduced ar adjustod by
a direct %ma.l jmpregnation of the precipi-

15 lated and completely washed catalyst
D1E3E.

Tha alksli content of the catalyst is
generally adjusted by first wushing the
precipitated eatelyst mass intensively.

20 Then the desived content of Si0, is
obtained by impregnating with commmer-
cial alka-]i-metzﬁ ‘ﬁlieu’m having a ratio
%;W&icrht of K,0:810, ol shout 1:2.5.

¢ Si0, remains quantitatively in the

25 precipitated calnlyst mass and is not
removed therefrom by any chemical step
nsed during the cvourse of the cafalyst
production.

. The catelyst i5 conveuienily adjusted

30 to a E,0:8:0, ratic by weight of from
1-1 to 1:5. This will give particulacly
advantageous resulis with respect to the
life and the activity of the calalyst. Te
obitain a ratic of 1: more thed 2.5, the

35 catalyst mass impregnated with water-
glass (alkali-metel silicate) is neuntralized
with dilute nitric scid whilst maintain-
ing 2 pa valuc of B.5—8, thereby dis-
solving out a move or less large propor-

40 tion of the alkali-metal and shuffing the
ratio of X,0:8i0, in favonr of the 5103.

Tf a E,0:8i0, ratio by weighf of 1:
less than 2.5 Is desired, an incomplete
washing of the precipitated catalyst mass
is ndvantageously effected, that is to suy,
the washing of the precipitate is such us
io Jeave from 1% to 2% by weight (hased
on the lols]l iron content of tlie precipl-
tata) of alkali-metal comppunds in the

30 precipitate. the alkall metal compuunds
Leing salenlated as K,0. By the subse-
rquent direct impragnation sith commer-

. e3al waterglass, it is possible fu obtain
K,0:81i0, rafios which are lower than

3% 1:2.5, such, for example, as 1:1.5 oF
even 1:1. . : . )

The content of free ironm which 1s
desired, 1s obtained by suitable reduetion
gonditions. The catalysts, according o

60 the imvention. are reduced with gases
coninining hydrogen andfor ~ carben
monoxide ut femperatures within the
range 175°—320° C, and preferably ab
temperatures beiween 2000 (1. and 250°

@6 (0 The use of high gas velocities of, for

4{

Py

example, 132 meires per second and pre:
Iemhﬂ’ of 1.9—-1.5 meties per second
(measuzed at 0° €, and V60 mm. Hg) has
besn founnd -tu be advantageous in the
reduetion of the catalysi, 70

The formation of an inner wrface of
the dimensions Lereinbefore given is of
decisive impurbance for the activily sad
the gelectivity of the cabulysi in _the for-
matien of low boiling gasoline-like 74
hydrocarbons. An inner or internal sur-
face of {he given dimensions is a funchion
of the glkal: and Si0, contents of the
catalyst us well us of the amount of froe
irem present im the catalyst; if is, more- 80
over, determined by the pm value at
which the precipitulion Is earried out.

Phe detormination of the lpner surface
area 1s effected by the preparation of an
adsorption sother and its evaluation by §5
the methed of Brunuuer, - Emmet and
Teller {the so-called BET-method). The
apparatus required comsists substantially
of a graduated burrette in whidh ithe
volume of {he gas to be adsorbed (such 80
us nitrogem or argon) is measured, &
manometer fopr the delermimation of the
gas pressure, and o small flask in which
fhe adsorbing substance or adsarbent fo
ba tested iz placcd, -

The invention is illasiveted by the fol-
lowing example, .

Bz \MFPLE. .

A golution containing 50 grams of-iron,

2.5 grams of copper and 5 grams-of Cal) 100
in the form of nitrates was precipitated

in the hot state by adding to4i a Eoi]ing
golution of sodivm, cathomate in such &
manner that the pi yalue of -the mixed
solutions afler precapitation was 8. The 105
precipitated catslyst- mass was  then
washed to a resi{ﬁlal wlkeli content of
0.3% caleulated a8 E,Q and based on the
total amount of iron in the precipitate,
and was thereafter impregnated with o 119
20% sclntion of - potassium walerglass
{potassium silicate) having a E,0:8i0,
ratio of 1:2.68 by wdight so that the
impregnated catalyst had a total XK,0
content of 1.29 and an Si0, conlont of 115
2.3%, both hased on the iofal amount of
iroh. .

The impregnoted catalyst mass was
dried al a lemperature of 105° O. o &
water content of 5%, crushed and sieved 120
to a prain size of 2—4 mm. This catalyst
was reduced {or 60 minytes at o tempera-
ture of 225° C. using o gos mixture con-
sisting of 6% H, and 20% N,. Adter the
reduction, 30% of the iron in the vuta- 125
]ﬂst was in the fres or metallic state.

is reduced eatalyst maes was them
charged into a reactor formed of two con-
centric tubes of & length of 4.5 metres,
the catalyst being placed in the sunular 130
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spuce between the two tubes. A eynthesis
runl was then carried oub with water gas
at a syntheals pressure of 25 atm%ﬁ)heres
# temperature of 230° C., a gas load of
#1900 volumes of water gas per volume of
vatulysi per hour, and a recycle ratio of
1:8, w'hil.?st the temporature of the syn.
thexis was malatained by pessing o cool-
mg wedivm through the inuer tmbe of
10 the reacter. 4 CO + H, conversion of 62.%
was obiained, the melhane formation
being 79, _
The liciuid products were subjested o
fraetiounl distillation; 59% of the Ligmid
16 prodmets had a boiling range of 30°—
180~ ., 289, had a bolﬁing range of 180°
—320° . whilst the remaining 18%:
boiled sbove 320* C.
1% will be neoied that the alkalH-metal
20 oxide ventent of the eatalyst iz alwa
expressed and enleulefed at K,0. Thus
where the alkeli-metal oxide comtent ef
the catalyst is whally or partly sn oxide
of un alkali-metal ofthor than potassium,
2 lor example, sodlum monoxide, the
sodium monoxide will be detcrmined as
-such and wil] then bo cxpressed as the
cquivalent in K, 0.
The ferm ‘ fotal iron *’ used with
30 referemce to the valalyst, includes both
the irom in the free or metallic state as
~well ag the iron whick 15 in {be form of
oxides or other compounds.
What we eclaim is:—
36 L. A process for the synthesis of pro-
ducts having a high conlent of hydrcenr-
bons boiling in the gasoline range, which
comprises contacting e gas containing
hgdrugen and carbon monoxide in syn-
thesis proportions with un iron catalyst
vbtained by precipitation of the irop in
the form of an oxide, a hydrozide or a
carpoute from a solntion of an iron salt
at u pom of from 7 fo 9 and subsequent
45 reduetion to eomvert less than 50% of
the tulal iron into the freo state, the cata-
lyst having an internal surface azes of
from 130 to 180 square metres per gram
of {obul iron, being free from or contain-
a0 ing ozly small amounts of supporting

material, and having @ alkali-metal
oxide content (caloulated as XK,0) of from
0.6% tn 2% and an 8i0, conten} of from
0.6% to 5%, botk contenis being Ty
weight and based on the total iven con- Bh
tent of the catalyst, the contacting of
the gas with the catalyst being effected at

2 temperalure in the range 170°—
300" C. and at a pressure in the ramge
10—40 almospheres gange and at the rale 60
of from 100 to 750 volumes of fresh gas
per volume of catolyst per hour. .

2. A process acoording to elaim 1, in
which the catalyst used {s one in which
the iron was precipifated at o pw in the 65
range 7—8, .

3. A process according to ¢laim 1 or
slaim 2, in which the eatalyst used is
one the 810, content of which has been
introduced or adjusted by impremnation 70
of the sompletely washed precipitate with
an alkali-metal silicate. _

4. A process according to any ome of
ihe preceding claims, in which the cate~
Iyst used conteins from 20% to 30% of Th
its total {vun in the free state, o

B, A process according to any ome of
the preceding claima, in which the cata-
Iywt nsed hag an internal sarface area of
from. 130 fo 160 equare mefres per gram 80
of tetal iron.

8. A process aceording fo any one of
the preceding eleims, in which the cata-
lyat containg an activator selected from
the group congisting of lime, copper, 86
silver end metals of the 5tk 40 'f’th gTOUPS
of the pericdie system.

7. A process for the esbalytic hydro-
genation of sarbon wmonoxide, substanti-
ally as hereinbefore descrihed, 00

8. A process for the eatalytic hydro-
gemation of carbon monoxide, substanti-
ally as hereinbefore described wiih refer-
onge to the Example,

9. Hydrocarbons whenever produced by 95
the process of any preceding elaim. .
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