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“This invention relates to improvements in the produc-
tion of carbon monoxide hydrogenation products having
a high content of oxygenous compounds.

"Oxygenous compounds and in particular alcohols may
be. obtained in larger or smaller quantities, in addition
to  hydrocarbons in carbon .monoxide hydrogenation.
This. is effected by the use of special iron catalysts and by
the application ‘of increaséd. synthesis pressures and suit-
able syntheésis conditions. - ‘These ‘special iron catalysts are
conventionally produced by the smelting process and con-
tain aluminum oxide and small quantities of alkalies  as
their. activating ingredients. - Precipitated catalysts. are
also known which consist chiefly of iron and contain small
quantities of copper, manganese or rare earths as activat-
ing ingredients. These special catalysts produce larger
quantities of -oxygenous synthesis products. These iron
catalysts, in' addition, generally contain larger quantities
of: kieselguhr -or -similar - inert carrier materials ‘whose
quantity amounts to-about 50-100%. of the iron content.

By the use of these catalysts yields of alcohols and other-

oxygenous compounds amounting to. 50-60% of the nor-
mal - liquid  synthesis ‘products are obtained.  All such
catalysts -contain. only ‘comparatively small quantities of
alkalies, such as potassmm hydroxide or potassmm car-
bonate.

One object. of th1s invention, among others, is to in-
crease the yield of oxygenous compounds in the products
obtained from carbon monoxide hydrogenation. .

This and further objects will become apparent from the

following description and the examples.

It has now been found that'in the hydrogenation of
carbon monoxide with the use of iron catalysts, yields of
more than 60%.  oxygenous compounds can be obtained
in the synthesis products if the synthesis gases contain at
least 1.2 parts, and preferably 1.5 to 2 parts by volume
of hydrogen to one part by volume of carbon monoxide,
and are conducted over special precipitated iron catalysts.
The special ‘precipitated iron- catalysts, according to-the
mventlon, contain a free alkali oxide, the amount of which
present in relation to the iron content and calculated as
K20, is more than 5% and preferably between 8 and 12%
of K20. ‘Alkali compounds of non-volatile” acids,-such

as alkali silicate, are not likely to be used for the adjust--

ment of the alkali content in the catalyst in accordance
with the invention. ~According to the prior art, the intro-
duction of alkali silicate in-the catalyst results in products
of the carbon .monoxide hydrogenation consisting prefer-
ably of hydrocarbons. - These catalysts do not contain any
carrier material or may contain small amounts of carrier
material not exceeding 20%. The catalysts may also be
activated with copper, silver or metals of the fifth, sixth
and seventh group of the periodic table.. When proceed-
ing accordmg to -the invention the synthes1s may be car-

ried out in the gaseous, as well as, in the liquid phase.

1t is also-possible, according to the invention, to use the

so-called “fluidized” process in which the catalyst is dlS-
persed as small particles. :

The new catalysts-according to the invention, even at
low temperatures, show an activity which heretofore had
not been ‘attainable with iron catalysts. = As the catalytic
conversion of gas mixtures containing carbon monoxide
and hydrogen will produce very high yields of oxygenous

- compounds, -especially alcohols, only at ‘low ‘synthesis
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temperatures, -yields of these oxygenous compounds here-
tofore unobtainable may be obtained with the iron cata-
lyst according to the invention, especially by a synthesis
carried out in several stages or by leading the synthesis
gases through a circular path. The highest yields of the
oxygenous compounds can  be obtained with synthesis
gases which are rich in hydrogen, and which contain at

least 1.2 parts and preferably 2 or more parts by volume

of hydrogen for each ‘unit part by volume of carbon
monoxide. The iron catalysts conventionally known and
used will under these conditions show a decrease in the
alcohol yield and an undesirable high formation of
methane. ' This decrease in thé alcohol yield is due to the

' hydrogenation into saturated hydrocarbons by the con-
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ventional catalysts under these conditions.

If the same catalysts are activated with an alkali in the
form of sodium compounds, e. g. hydroxide or carbonate
and with potassium compounds.of an analogous composi-

" tion, it is observed that by the use of the latter, consider-
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ably more esters are formed than by the use of the former.
Conversely, the use of sodium compounds produces large
quantities of alcohol and only small quantities of esters.

. This fact is of considerable importance in the technical

- exploitation of the process according to the invention,
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since it makes possible the production of primary prod-

ucts with larger or smaller amounts of esters or increased
. or reduced amounts of alcohols, whichever are desired.

Thus, simply by changing the catalyst, while allowing the
other synthesis conditions to remain the same, products

“with a_high or low estér. content and a correspondingly

reduced or increased alcohol .content may be obtained.

This specific effect of the various alkalies in the catalyst
used for the hydrogenation is espec1a11y important for
precipitation catalysts, though it is also of 1mportance for i
smeltmg and sintering catalysts.

The iron catalysts according to the invention, which:
permit synthesis temperatures-of 150 to 200° C. are pro-
duced by precipitating a hot aqueous solution of- iron-
nitrate or other nitrate salts and soluble salts of the acti-
vators with hot soda or potash solution. In addition to
soda and potash, other -alkali compounds, such as soda
or potassium lye are suitable as precipitants. The precipi—
tation suitably takes place in the alkaline range; i. e. be—
tween a pH of 9 to 11.

The high alkali contents required accordmg to the
invention may be obtained by a partial washing out of
the precipitated catalyst’s sludge. Such a partial wash

- may be carried. out, for -example, by washing out the

moist catalyst mass, which.-had been freed from. the
mother liquor in a filter press, for a period of time suf-
ficient to have the desired alkali: content.as residual
alkali, the wash being carried out by repressing hot con-
densate.. However, in many cases it is advantageous
if the washing of the precipitated sludge is not stopped
at an alkalinity of 5 to 12% K20, but is carried through
in a conventional manner of manufacture, as far as is
possible, e. g. to a residual content of 0.5 to 1% of K20,

~and a subsequent impregnation with suitable alkali com-

pounds is effected. Since a certain content of free alkali
in -the catalyst is required, -alkali salts of non-volatile
acids, ‘such as -alkali silicate, can not be used for this .
1mpregnat10n, as is self-evident, Following this proce- -
dure it is particularly advantageous if the catalyst is to
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be impregnated with alkali compounds which are so
valuable that their excessive use for precipitation entails
large expense. Thus, this procedure should be followed
if impregnation with lithium or -other homologues of
_potassium is to be done. This parficular precedure has
also been found effective if several alkalies are-to be used
in the catalysts at the same time. :

The technical execution of the impregnation of the
moist catalyst mass may be carried out by any ef the
known methods, such as by stirring in a suspension con-
tainer, by mixing in 2 stirring apparatus or by use of
a kneading machine. The alkali compounds to be used
may be in a solid, dissolved or suspended state.

When the moist catalyst mass through partial washing
or complete washing -and subsequent impregnation has
been brought to the desired alkali content, it may be
dried in the usual manner and shaped. The shaping of
the catalyst may be done in a thread or cord press.
Other arrangements for shaping may also be used:

When shaping the catalyst mass the production of a
catalyst grain with the greatest possible firmness must
be: attempted. . The length of the life of the catalysts
depends to a great extent on their firmness. * If the grain
is too soft, the catalyst will tend to form a sludge due
to the more or.less extensive disintegration of the grains.
This disintégration of thé grain may be prevented to a
large extent if the shaping is performed under as high
a pressure as is possible. In many cases, the addition
of small amounts of ineft carrier substances, such for
examiple as kieselguhr, “Tonsil” or bleaching clay will
improve the firmness of the grain. ~This addition of the
inert carrier material should be carried out, however,
so that the coertent of these products never exceeds 20%
of the iron content of the catalyst. It is important that
this amount never be exceeded as the addition of inert
substances always fesults in an undesirable increase in
the synthesis temperature. The inert ingredient used
may -be added during the precipitation or just before the
shaping of the catalyst, '

If the catalyst is divided into threads, the unreduced
grain should have a size of about 3-8 mm. and pref-
erably 4-5 mm. A smaller grain size will tend to form
splinters or extra small grains due to the shrinkage of
the grain size during the reduction of the catalyst. This
shrinkage in the size of the grain may at times be as
great as 50% and more of the original volume of the
grain. Thus a grain having an initial size of 2 mm.
may under certain circumstances be reduced to a size
of only about 0.5 to 1.0 mm. Catalyst grains of such
small size tend to disiritegiate a great déeal. When using
a formed catalyst grain of 4 mm. size; the grain size
of the reduced catalyst will be about 2 mm. which is
sufficiently large to prevent disintegration. The formed
catalyst grains are continuously dehydrated, or de-
hydrated in stages on a band in a drying oven. The dry-
ing process is carried out at a témperature of between
80 and 150° C., and preferably at about 110° C. At’
the beginning of the drying procéss the temperature .
must not exceed 110° because a too rapid escape of -
steam may damage the structure of the catalyst grain
to such an extent that the catalyst during reduction, and”
particularly during synthesis, tends to disintegrate at an
increased rate. . It is preferable to discontinue the drying
of the catalyst when the residual water content reaches
about 4-6%. '

The shaped and dried.catalyst must be ‘reduced in a
suitable manner. Practically all known reduction meth-
ods are suitable. Especially favorable catalyst .prop= -
erties result if theé reduction is carried out. with. pure
hydrogen of with mixtures of hydrogén of nitrogen,
such as used in the synthesis of ammdnia: With the :
iron catalyst used accerding to-the iiivestion, it is pos-
sible to obtain low synthesis temperatures- and, thus,
especially high yields. of oxygenous compounds if the
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reduction is carried through to a content of free iron of
about 60% Fe, preferably of more than 80% Fe, relative
to the total iron present. 'The temperature range lies
between 250-350°, preferably at 300°. During the
reduction, the linear speed of the reduction gases should
be 30-150 cm./sec., preferably 100 cm./sec. at 760 mm.
Hg and 0° C. )

With the iron catalyst used according to the invention
good yields in ‘oxygenous products can be obtained from
all gases containing carbon monoxide and hydrogen.
The use of gases rich in hydrogen is particularly suitable,
as mentioned above. - This is in coatrast to the prior

_art- which places a special value on the use of gases
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rich in carbon monoxide in the manufacture of oxy-
genous synthesis products,

The catalysts described can be used considerably above
the normal load of 100 parts by volume of gas per- 1
part by volume of catalyst per hour, e. g. with 400
parts by volume of gas.per 1 part by volume of catalyst
per hour. In this, correspondingly higher temperatures
of synthesis can be used, without any appreciable reduc-
tion in the yield of oxygenous dompounds. This is also
in contrast to the catalyst known up to now.

With the catalyst used according to the invention high
(CO--Hz) conversions may be obtained in a single stage
operation. It is, however, considerably more advanta-
geous to use a two or three stage operation. When so
proceeding, conversions .of 90% (CO--Hz), and more,
can be obtained without difficulty. ‘At a synthesis pressure
of between 10-100 kgs./cm.?, and preferably between
20-50 kgs./cm.?, yields of about 190-210 gms./cubic m.

at 760 mm. Hg and 20° C. can be obtained. These:

high yields were technically impossible heretofore. This
is due to the fact that synthesis pressures considerably
above 10 kg./cm.2 have the advantage of a considerably
higher conversion. If aconstant conversion rate is de-
siréd, the synthesis temperature can be lowered consider-

“ably. In this connection the ratio of making up CO and

Hs may be influenced towards an increased Ha consump-
tion. - Considering the favorable properties of gases rich
in hydrogen, this appears to be particularly advantageous.

In an operation in several stages it is advantageous to
wash out the carbon dioxide at least after the second,
but preferably after the first, stage.. In this way, a syn-
thesis gas with a high content of carbon monoxide and
hydrogen is provided for each stage. If the gas has a
sufficiently high Hydrogen content before the last stage,
this stage can be operated in a straight path, not a cir-
cular path.

In contrast to technical methods of today, in the proc-
ess according to the invention for the manufacture of
products with a high content of oxygenous compounds,
leading the gases through a circular path is advantageous.
In the circular movement, the ratio of 1 part by volume
of frésh gas to 1-10 parts by volume of returning gas,
and preferably 1 pait by volume of fresh gas to 35 parts
by volume of returning gas is used. In this circular proce-
dure, an increase of the temperature is not required. By
keeping the temperature constant, the conversion according
to the invention is somewhat increased by the use of the
circular path. Particularly, the consumption rate is con-
siderably improved. This fact is especially advantageous
for the catalysts used according to the invention because,
with their assistance, gases rich in hydrogen can be con-
verted particularly well and produce high yields of oxyg-
enous compounds. By this method a conversion up to
90% (CO+Hz) can be obtained. Known catalysts,
which work ‘with gases rich in cafbon monoxide, can not
be used for such high (CO--Hz) conversions bécause; by
using the circular path, the conveérsion ratio is changed
toward an increased consumption of hydrogen.

For the procéss, according to the invention, it is of ut-

‘most importance that the heat of reaction is carried off

thoroughly aid quickly. To carry out the synthesis, the
technically well-known carbon monoxide hydrogenation

Baoems
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oven with double or single pipes, with diameters of 10—
20 mm., can be used.

The followmg examples are glven by way of illustra-
txon and not 11m1tat10n

Example 1

-~An iron catalyst, containing 100 parts of iron (Fe),. 5
parts of copper (Cu), 10 parts of calcium oxide (CaO)
and 10 parts of kieselguhr, was precipitated out of a solu-
tion of metallic nitrates by means of a boeiling soda solu-
tion. At the completion of the precipitation, the pH was
9.2. The precipitated mass was immediately pressed into
a filter press and separated from the mother lye by filtra-
tion. The filter-cake was partially washed with distilled
water (water of condensation) to a residual alkali contents
which, calculated as K20 and relative to the iron contents,
was 8.4% K20. The partially washed mass was pre-dried
to a residual water content of 60% H20 and shaped into
threads, 3.5 mm. thick, in a thread press. The catalyst
shaped in this manner was then completely dried at 110°,
crushed into small pieces and screened through a sieve.

This catalyst was reduced, in-a_suitable reduction ap-
paratus, with a gas mixture, consisting of 75% hydrogen
and 25% nitrogen, at a temperature of 310° C. with a
linear speed which, calculated cold, was 1.20 m./sec.
The reduction lasted 90 minutes. The catalyst contained
70% of free iron, relative to the total iron contents.

When this catalyst was operated hourly with 100

(760 mm. Hg 20° C.) liter of water gas per 1 liter of
catalyst (CO:Ha=1:1.2) at a circular path ratio-of 1
part by volume fresh gas with 3 parts by volume of re-
turn gas under a pressure of 30 kg./cm.2, synthesis prod-
ucts with a total contents of oxygenous compounds of
64% were obtained. When, under the same conditions,
instead of water gas, a synthesis gas was processed, with
the ratio CO:Ha==1:2, the yield of oxygenous compounds
was increased to 73%. When processing a gas mixture,
whose ratio of carbon monoxide:hydrogen was 1:0.85,
the yield of oxygenous compounds was decreased to 53%.
In all these cases, the (CO--Hz) conversion was about
57%. :

Example 2

A catalyst, which consisted of 100 parts Fe, 10 parts
Cu and 10 parts of kieselguhr, was precipitated out of a
solution of suitable metallic nitrates by means of a hot

soda solution at a pH of 9.2. The precipitated mass was-

immediately separated from the mother liquor in a filter
press and washed to a residual alkali content of 1%
calculated as K20 (relative to the iron present). There-
upon the mass was impregnated with a potash solution
in such a manner that the finished catalyst (calculated as
K20 and relative to the iron contents) showed an alkali
content of 7% K20. Then the mass was pressed through
a sieve into granules of 3-4 mm. and dried to a residual
water content of about 6% at a temperature of 110° C.

This catalyst was reduced for 3 hours at 310° with a
gas mixture, which contained 75% hydrogen and 25%
nitrogen. The reduction gases had a linear speed of 1.4

m./sec. - ‘The reduction value, calculated as free iron and’

relative to the total iron contents, was 78%.

When this catalyst was operated in a straight path
hourly with 100 liter water gas (CO:Ha=1:1.2) per 1
liter of catalyst at a pressure of 20 kg./cm.?, the liquid
synthesis products contained nearly 62% of OXy;zenous
compounds. With a synthesis gas, whose ratio was
CO:H2=1:2.0, the contents of oxygenous compounds
was increased to about 75%. With a gas rich in carben
monoxide (CO:Hz2=1:0.85), only 55% of oxygenous
- compounds were obtained. The CO-+Hz conversion was
between 58—-60% in all these cases.

Example 3

- 4 catalysts were made whose basic composition was 100
Fe, 5 Cu and 10 CaO. The catalysts were made out of
a boiling solution of the above mentioned nitrates by
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means of a boiling soda solution at a pH of about 9. . The
residual alkali was practically entirely removed by a sub-
sequent thorough washing- whereupon -they were impreg-
nated in such a manner that 10 parts, calculated as K20
in the form of (1) KOH, (2) K2COs, (3) NaOH (4)
NazCO3 were brought into 100 parts of iron.

The catalyst mass was subsequently dried for 24 hours
at temperatures between 100 and 110° C. and was reduced
for 4 hours with hydrogen at a linear speed of 1.3 m./sec.
at temperatures around 310° C. The free iron content of
all catalysts was approximately 45~50%. The catalysts
were -used for the synthesis in an experimental oven, with
a 5 _liter. catalysts-volume.:. The . synthesis pressure was
20 atmospheres, the gas load was 100/catalyst volume/
hour. A circular motion ratio of .1:1.was used.

(1) The catalyst, whlch was .impregnated with KOH;
at a reaction temperature of 204° C. yielded a CO-+Ha
conversion of 58%. - The  reaction product contained
about 17% esters and 30% _alcohols besides other oxygen-
ous  compounds; . most -of which  were dissolved in the
aqueous phase. )

(2) The catalyst, whlch was lmpregnated with K2COs3,
yielded a CO--Ha conversion of 53% at a temp. of 221°
C. The reaction product contained about 20% of esters
and 27% of alcohols beside other oxygenous compounds,
most of which were dissolved in the aqueous phase.

(3) The catalyst, which was impregnated with NaOH,
yielded a CO-}-Hz conversion of 59% at a temperature of
213° C. The reaction product contained about 38% of
alcohols, about 10% of esters, beside other oxygenous
compounds, most of which were dissolved in the aqueous
phase.

(4) The reaction temperature of the catalyst, which
was impregnated with NaaCQs, was 224° C., and the
CO--Hzyield was 57%. The reaction product contained
42% of alcohols and 7% of esters beside other oxygenous
compounds, most of Whlch were dissolved in the aqueous
phase.

I claim:

1. Method for the catalytic hydrogenation of carbon

" monoxide with the production of synthesis products con-

taining more than 60%  oxygenous compounds which
comprises contacting a synthesis gas which contains at
least 1.2 parts by volume of hydrogen for each part by
volume . of carbon monoxide with a precipitated iron
catalyst at elevated temperature at a pressure of about 10 .
to 100 atmospheres in excess of atmospherxc pressure, said

. precipitated iron catalyst containing a free alkali oxide
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calculated as K20 present in amounts of about 5 to 12%
K20 and being substantially free from alkali compounds
of non-volatile acids, and containing 0-20% of an inert
carrier based on the iron present, said catalyst being re-
duced with:a hydrogen-containing ‘gas at a temperature
of about 250 to 350° C. prior to said contacting to a re-
duction value of at least 60%, and recovering carbon

. monoxide hydrogenation synthesis products containing
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more than 60% oxygenous compounds

2. Method according to claim 1, in which the synthe51s
gas contains about 1.5 to 2 parts by volume of hydrogen
for each unit part by volume of carbon monoxide and said
alkali oxide is present in amount calculated as K20 of
about 8-12% K-0.

3. Method according to claim 1, in which said catalyst
contains an inert carrier present in amount not exceeding
20% of the iron present.

4, Method according to claim 1, in which the iron
catalyst is dried at 80-150° C. to a residual water content
of 4-7% prior to said contacting.

5. Improvement according to claim 4, in which said
catalyst is dried at a temperature of 116° C. prior to said
contacting.

6. Method accordmg to claim 1, in which said catalyst
contains an amount of inert carrier matemal not exceeding
20% by volume of the iron present, said inert carrier ma-
terial being added during shaping of the iron catalyst and
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bemg at Ieast one member of the group conmstmg of kiesel-
guhr, ceramic masses and bleachmg clays.

7.- Method accordinig to claim 1, in which said ‘reduc-
tion is effected at gas speeds of 30—150 cin./sec.

8. Improvement according to “claim 1, in which said
reduction is effected at a temperatire of 300° C. and a
gas speed of about 100 cm./sec.

9. Method, according to claim 1, in which said con-
tacting is effected at a pressure of about 20-50 kgs./cm?;

10. Method accordmg to claim 1, in which the syn-
thesis gas is present in amount of at ledst 200 parts by
-volume for each unit part by volume of catalyst per hour.

11, Method accordmg to claim 1, in which said con-
tacting is effected in the liquid°phase.
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