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[57) ABSTRACT

Alcohols, particularly linear saturated primary alco-
hols, are manufactured from CO and H, in the presence
of a catalyst comprising at least 4 essential elements,
copper, cobalt, a third metal selected from chromium,
iron, vanadium and manganese, and at least one alkali
metal. A preferred method for manufacturing the cata-
lyst is also described; it comprises the use of a complex-
ant, such as citric acid.

12 Claims, No Drawings
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PROCESS FOR MANUFACTURING ALCOHOLS,
PARTICULARLY LINEAR SATURATED PRIMARY
ALCOHOLS, FROM SYNTHESIS GAS

The present invention relates to a catalytic process
for manufacturing saturated straight-chain primary al-
cohols from carbon monoxide and hydrogen.

Two main types of process have been proposed for
preparing alcohols from synthesis gases CO + H,: the
modified Fischer and Tropsch syntheses with alkali
metal containing iron catalysts and the isobutyl synthe-
sis. : .

As a rule, the processes of the Fischer and Tropsch
type have poor selectivity, as well as concerns the na-
ture of the products as the repartition of the molecular
weights for a given type of products, and they have
poor productivity, usually lower than 5 kg/m? of cata-
lyst/hour fora given alcohol.

Another known process is the isobutyl synthesis used
in Europe between 1935 and 1945; it is analogous to the
methanol synthesis and utilizes the same catalyst (zinc
chromite) modified by addition of an alkali metal salt, at
high pressures and temperatures (respectively 300 to
400 bars, 380° to 450° C.). A representative composition
of the main products obtained is the following: metha-
nol (50%), isobutanol (20-40%), n-propanol and higher
alcohols; the latter comprise non-linear primary and
secondary alcohols (50—50%).

It has been proposed, in the prior art, for these reac-
tions, to use nearly all metals of the periodic classifica-
tion, either alone or as associations.

The state of the art may be illustrated. by the follow-
ing patents:

French Pat. No. 1,074,045 proposes the use of precip-
itated catalysts comprising a major proportion of cop-
per and a minor proportion of metal of the iron group
with possible addition of known activators, such as
alkali metals, zinc or chromium; a copper, iron, potas-
sium catalyst is described.

It is indicated that copper is detrimental to the cata-
lysts containing nickel or cobalt.

The British Pat. No. 317,808 and the French Pat. No.
660,678 disclose catalysts similar to the above ones.

Catalysts containing zinc and chromium with op-
tional additives are disclosed in the Federal German
Pat. No. 857,799. Finally the German Pat. No. 544,665
proposes to employ alkali, earth-alkali or earth metals,
or rare earth metals, in the absence of heavy metals.

It has been found, and this is the object of the present
invention, that certain catalysts could be used in the
process of manufacture of linear saturated primary alco-
hols from mixtures of CO with H, or CO with CO, and
H,, to obtain the following advantages as compared to
the above processes:

the selectivity to alcohols is high; it may be higher
than 95%, particularly when using the preferred
method for manufacturing the catalyst; practically no
hydrocarbons, particularly methane, are formed.

the selectivity to linear saturated primary alcohols in
C, or more is often higher than 70% by weight, which
differs from the alcohols obtained by isobutyl synthesis.

the productivity is great, higher than 100 kg of C,*
alcohols per cubic meter of catalyst per hour, as com-
pared to 20 kg/m3/hour of C,~C, alcohols for the Fi-
scher - Tropsch method.

the operating conditions differ from those of the prior
processes.
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In the process as used for the manufacture of alco-
hols, the pressure is usually between 20 and 250 bars and
preferably between 50 and ‘150 bars, the ratio H,/CO,
CO0, is advantageously between 0.4 and 10 and prefera-
bly between 0.5 and 4 and the temperature is between
150° and 400° C. and preferably between 220° and 350°
C.

The catalysts which are used according to the inven-
tion contain at least 4 essential elements, i.e. copper,
cobalt, a third metal M selected from chromium, iron,
vanadium and manganese and a fourth metal which is an
alkali metal A, preferably lithium, sodium or potassium.
Zinc is optional. These elements are in the following
atomic proportions: Cu, Co, M, A, (I).

When zinc is present, it is in the atomic proportion
Zn,

In this general formula, x may range from 0.1to 1, y
from 0.1 to 1, z from 0.2 to 1, # from 0 to 0.5 and not
above 0.5y, and v represents 0.001 to 0.25 times the sum
(x + y + 2). The above formula does not indicate in
which form the metals are present. As a general rule, at
the end of the manufacture of the catalyst, these metals
are present as oxides, although under use conditions,
certain oxides may be more or less reduced.

In a preferred catalytic formula, whenx = 1,y = 0.2
t0 1.2,z = 0.1to 1 and v = 0.02 to 0.2.

The Cu, Co, M and eventually Zn metals are usually
present as oxides such as CuO, CoO, CrO; or heat de-
composable salts such as carbonates, sulfates, nitrates,
oxalates, tartrates, citrates, acetates or succinates, or in
the form of complexes, for example a chromate or vana-
date.

When preparing these catalytic compositions, it is
preferred to employ manufacture techniques leading to
a product of so homogeneous composition as possible,
and avoiding segregation of the elements during prepa-
ration. Coprecipitation techniques may be used, or tech-
niques making use of thickeners such as gums. Binders
may be added, for example alumina, magnesia or ce-
ments.

A method of manufacture which leads to catalysts of
higher selectivity and which is thus to be preferred,
comprises the manufacture of a common solution of the
Cu, Co an M metal compounds with the addition of an
agent selected from the orgamic complexant com-
pounds, preferably from:

the organic acids with 2 or more acid groups, for
example oxalic, malonic, succinic or glutaric acid,

acid-alcohols, for example glycolic, lactic, malic,
tartric or citric acid,

aminoacids, for example aminoacetic acid, alanine or
leucine.

Water is evaporated from the resulting solution, for
example by heating at 200°-600° C., which yields a
powder which is agglomerated, preferably with an
aluminous cement containing alumina and lime in the
form of calcium aluminate.

Metal A may be supplied with the other metals, in the
form of a soluble salt, or thereafter to the powder or to
the formed catalyst.

Shaping may be effected according to conventional
techniques of the art, particularly by tabletting or extru-
sion, or by pill-forming while adding, for example, alu-
minous refractory cements which, further to their bind-
ing properties, have a co-catalytic effect due to their
basicity. The preferred aluminous cements contain
40-85% b.w. of Al,0;and 15-30% of CaO with option-
ally small amounts of other components. Alumina and
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lime are present in major portion in the form of calcium
aluminates.

Drying and calcination, for example at about 400° to
1000° C., are the usual final steps.

The incorporation of the alkali metal(s) may occur
before shaping of the catalyst or thereafter, for example
by impregnation with a solution of soluble salts or hy-
droxides of one or more elements of the group Ia of the
periodic classification. This addition may also take
place before the drying and calcining steps by addition
of a solution of one or more soluble compounds of met-
als of group Ia; it may also take place with chromates or
dichromates of one or more elements of group Ia.

CATALYST A (COMPARISON CATALYST)

400 ml of water and then 80 g of citric acid are added
to a mixture of 160 g of chromic anhydride CrO, with
115 g of copper carbonate 2 CuCo;, Cu(OH),. The
resulting solution is dried for 2 hours at 200° C. and then
heated in air at 450° C. The resulting powder of compo-
sition (Cr;03)g4 (Cu0), is made to tablets of 5 X 5 mm
with are then impregnated with a potassium hydroxide
solution, so as to introduce 2% b.w. of potassium, calcu-
lated as K,O. The tablets are heated for 2 hours at 400°
C.

The resulting catalyst is in the form of oxides with the
metals present in the following relative proportions:

Cro Cu; Kogs

CATALYSTS B, AND B,

450 ml of water are added to a mixture of 160 g of
chromic anhydride CrO; with 483 g of copper nitrate
Cu(NO3),, 3 H,O and 233 g of cobalt carbonate 2
CoCO,, 3 Co(OH),, » H,O containing 50.5% b.w. of
cobalt; when the gas evolution has ceased, 100 g of
citric acid are added. The resulting solution is dried at
200° C. for 2 hours and then heated in air for 3 hours at
450° C.

Half of the resulting powder of molar composition
(Cr,0;)04, (Cu0);, (Co0), is made to tablets of 5 X 5
mm. These tablets are then impregnated with a potas-
sium hydroxide solution to introduce an amount of
potassium, expressed as K,O, of 2% b.w. After 2 h
heating at 400° C., catalyst B, is obtained, wherein the
metals are present in the following molar proportions:
Cu, Coy Cryg Kgge. The other half of the powder is
admixed in totality with a refractory aluminous cement
of the “Super Secar” type of composition in % b.w.:
Al Oy 81, CaO: 17, Na,0: 0.8, Fe,0;: 0.1, plus others.
This mixture is obtained from 70% of powder obtained
according to the above method and 30% of aluminous
cement.

The resulting mixture is then made to 5 mm pills in a
pill-maker by pulverization of a 5% b.w. aqueous solu-
tion of potassium hydroxide, so that the potassium con-
tent, expressed as K,0, of the resulting product is 1.7%
b.w.

The pills are then heated in air for 2 hours at 400° C,;

_the resulting catalyst B, contains metals in the following

molar proportions: Cu; Co; Cryg Kggs + aluminous
cement.

CATALYST B,

160 g of chromic anhydride CrO,, 483 g of copper

nitrate Cu (NO,),, 3 H,O and 582 g of cobalt nitrate Co
(NOs),, 6 H,O are dissolved into 450 ml of water. The
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solution is dried for 2 hours at 200° C. and then heated
in air for 3 hours at 450° C. The resulting powder is
made to tablets of 5 X 5 mm size, which are impreg-

‘nated with a potassium hydroxide solution, so as to

introduce a potassium content, expressed as K,0, of 2%
b.w. After 2 hours heating at 400° C., there is obtained
catalyst B'; where the metals are present in the follow-
ing molar proportions: Cu; Co; Crgg Ko e

CATALYST B;

2 Liters of an aqueous solution of 483 g of copper
nitrate Cu (NO;),, 3 H,O and 582 g of cobalt nitrate Co
(NO3),, 6 H,0 are quickly added to 3 liters of an aque-
ous solution, heated to 60° C., of 5 moles of sodium
carbonate. The resulting precipitate is decanted, care-
fully washed, dried at 200° C. and then impregnated
with an aqueous solution of 18.6 g potassium chromate,
so as to introduce 2% of potassium, expressed as K,O,
and then with a solution of 200 g of ammonium dichro-
mate.

The product is dried for 2 hours at 200° C. and then
heated in air at 450° C. for 2 hours. The resulting pow-
der is made to tablets of 5 X 5 mm size.

Catalyst B; is thus obtained, where the metals are
present in the following molar proportions:

Cu, Co, Cr3 Koo

CATALYST C

450 ml of water and 100 g of citric acid are added to
a mixture of 160 g chromic anhydride CrO,, 483 g cop-
per nitrate Cu (NO3),, 3 H,0, 163 g cobalt carbonate of
50.5% b.w. cobalt content and 37.6 g zinc carbonate
ZnCO;. The resulting solution is dried for 2 hours at
200° C. and then treated for 2 hours at 450° C.

The resulting powder is made to 5 X 5 mm tablets
and then impregnated with a potassium hydroxide solu-
tion to introduce 2% b.w. of potassium, expressed as
K,O.

The tablets are then treated for 2 hours at 400° C. The
resulting catalyst C contains the metals in the following
molar proportions:

Cu Coy;y Zng 3 Cro g Ko o5

CATALYSTS D, E, F

6 Liters of an aqueous solution of 6 moles copper
pitrate and 6 moles cobalt nitrate are added to 9 liters of
an aqueous solution at 60° C. of 16 moles of sodium
carbonate. The resulting precipitate is decanted,
washed and dried at 200° C. The resulting powder is
made to three equal parts.

Catalyst D: One third of the powder is impregnated
with a solution containing 1.6 mole of manganese ni-
trate and then dried at 200° C. and treated 2 hours at
450° C. The resulting powder is made to 5 X 5 mm
tablets which are impregnated with a solution of potas-
sium hydroxide, so as to introduce 2% b.w. of K,O.
After a 2 hours treatment at 400° C., there is obtained
catalyst D where the metals are present in the following
molar proportions:

Cu Co Mn,; Ky,

Catalyst E: One third of the powder is impregnated
with a solution containing 1.6 mole of iron nitrate and
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then dried at 200° C. and heated in air for 2 hours at 450°
C. The resulting powder is made to tablets and impreg-
nated with potassium hydroxide and heat treated as
catalyst D; the resulting catalyst E has the molar com-

6

The selectivity to alcohols is expressed as the ratio

moles of CO + CO, converted to alcohols
moles of CO + CO, converted

position: 5 . ) '
Cu Co Fey, K, It is determined at a VVH of 4,000, a temperature of
08701 250° C. and a pressure -of 60 bars by passage over the

Catalyst F: The last third of the powder is impreg- catalysts of a gas mixture of composition:
nated with a solution containing 1.6 mole of ammonium 4,
vanadate and then dried at 200° C. The resulting pow- o = 19 H, = 66
der is shaped, impregnated with potassium hydroxide co, = 13 N, = 2
and heat treated as the catalysts D and E. Catalyst F is ‘
thus obtained; its molar composition is Cu Co V3 Ko 3. The following results have been obtained:

CATALYST DI 15

600 ml of water is added to a mixture of 483 g of CATALYST SELECTIVITY
copper nitrate Cu (NO;),, 3 H,0, 233 g of cobalt carbon- gl gz
ate 2 Co CO;, 3 Co (OH),, 4 H,0 of 50.5% b.w. cobalt B, 89
content and 402 g of manganese nitrate Mn (NO;),, 4 54 g, g‘;-
H,0; after gas evolution, 140 g of citric acid is added. E 82
The resulting solution is dried for 2 hours at 200° C. and E 9%
then heated in air for 3 hours at 450° C. The resulting
pl(:wder is made to tablets of 5 X 5 mm size which are These results show that the highest selectivity is ob-
t frqafter impregnated with a potassium hydroxide 5 15ined when using the method of evaporation in the
so. 'moél’ s%(az)to ?trogtlxlce 2% b.w. of potassium, €x-  ,recence of citric acid (catalyst By), as compared to the
Presi)se. as K,0. After 2 hours heating at 400° C., there ;o cipitation (catalyst By) and the evaporation with-
;s)o tained catalyst D' of same composition as catalyst gyt citric acid (B')). The selectivity of the catalysts D’

: and E’ (citric acid method) is also higher than that of the

CATALYST E' 30 catalysts D and E .(coprecipitation) respectively.
. , What we claim is:

The procedure is as for catalyst I)', except that man- 1. A process for manufacturing linear saturated pri-
ganese nitrate is replaced .by 646 g of iron nitrate Fe mary alcohols, by reacting carbon monoxide with hy-
(NOs)s;, 9 HO. T}tl:l resulting catalyst E' has the same  grooen at a pressure between 20 and 250 bars and a
composition as catalyst E. 35 temperature between 150° and 400° C., in the presence

The activity of the so-prepared catalysts for the syn- ¢ 5 caalyst, characterized in that the catalyst contains
thesis of linear primary alcohols from mixtures of CO, : .

: ; at least 4 essential elements:
CO, and H, is determined as the amount, expressed as (a) copper
grams per hour and per gram of catalyst, of the prod- (b) cobalt
u.cts. obtained by passing a gas mixture of the composi- 49 (c) at least one element M selected from chromium,
tion: iron, vanadium and manganese, and
(d) at least one alkali metal A, in the following atomic
CoO = 19 H, = 66 proportions: Cu,Co,M, A, where x is from 0.1 to 1,
€o, = 13 N, = 2 y from 0.1 to 1, z from 0.2 to 1 and v from 0.001 to
45 0.25 times the sum (x + y + 2).

on the catalysts at diverse pressures, temperatures and 2. A process according to claim 1, whereiny = 0.2 to
space velocities. 12,z=101toland v = 002t002forx = L

The results are given in the following Table, where 3. A process according to claim 1, wherein zinc is also
the following abbreviations have been used: present in atomic proportion Zn, where # has a value of

VVH = volume (NTP) of the reactants per hour and 5¢ 0 to 0.5, although not above 0.5 y. ) .

per volume of catalyst. 4. A process according to claim 1, wherein a binder

T = temperature in degrees Celsius selected from alumina, magnesia or cements is also pres-

P = pressure in bars ent. :

D.M.E. = dimethylether.

YIELD IN g/h/g CATALYST

n. pro- i pro- n buta- i buta-

CATA P T VVH methanol DM.E. ethanol panol panol nol nol
A 60 250 4000 0104 0002 0008 <0001 <000t <0001 <0.001
B, 60 250 4000 0076 <0001 0.125 0063 0006 0045 <0.001
270 099 <0001 0.63 0080 0008 0050 <0.001

120 250 4000 0130 <0001 0244 0135 0021 0108 0002

8000 0208 <0001 0341 0192 0027 0150 0003
B, 60 250 4000 0063 <0001 0117 0058 0008 0040 <0.001
B, 60 250 4000 0080 <0001 0128 0069 0005 0047 <0.001
C 60 250 4000 0.081 0002 0119 0064 0008 0040 <0.001
D 60 250 4000 0065 <0001 0108 0054 0010 0039 <0.001
E 60 250 4000 0056 <0001 0111 0052 0015 0037 <0.001
F 60 250 4000 0.063 0008 0104 0030 008 0.029 <0.001
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5. A process according to claim 1, wherein the cata-
lyst contains copper, cobalt, chromium and at least one
alkali metal. ‘ o

6. A process according to claim 1, wherein the cata-
lyst contains copper, cobalt, iron and at least one alkali
metal. ' : o 0
7. A process according to claim 1, wherein the cata-
lyst contains copper, cobalt, vanadium and at least one
alkali metal.

8. A process according to claim 1, wherein the cata-
lyst contains copper, cobalt, manganese and at least one
alkali metal.

9. A process according to claim 1, wherein the cata-
lyst has been obtained by a method comprising dis-

15

20

25

30

35

45

50

55

65

8
solving at least one compound of each of the metals Cu,
Coand M into water containing a complexant organic
compound selected from the group consisting of or-
ganic polyacids, the acid-alcohols and the amino acids,
followed with evaporating water.

10. A process according to claim 9, wherein the com-
plexant compound is citric acid.

11. A process according to claim 9, wherein, after
evaporation of water, a powder is obtained, which is
admixed with an aluminous cement, shaped and cal-
cined at 400°-1000° C. )

12. A process according to claim 1, wherein carbon

dioxide is also present.
x * & % %




