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[57] ABSTRACT
Catalyst for heterogeneous synthesis and more particu-

larly for the preparation of oxygenated compounds: g

from synthesis gas (substantially H; and CO and COz),
based on the general formula:

CuTigMpA,

in which M is at least one metal selected from the group
consisting of chrome, manganese, cobalt, molybdenum,
rhodium platinum and iron, A is an alkali or alkaline
earth metal, a is comprised within 0.1 and 0.5 and b and
c may vary between 0 and 0.2.

Application of these catalysts for the preparation of
higher alcohol mixtures (fuel grade) C1-C4 when b and
c are zero, and C1—C4 (for about 50%) and Cs~Cio (for
the other 50%) when b and c are other than zero. '

8 Claims, No Drawings
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" CATALYST FOR THE SYNTHESIS OF
OXYGENATED ORGANIC COMPOUNDS AND
PROCESS FOR ITS MANUFACTURE

DESCRIPTION

This invention concerns a catalyst for heterogeneous
synthesis, consisting, in the non-reduced state, of metal
oxides. The invention concerns also a process for the
preparation of oxygenated organic compounds and
more particularly of fuel grade alcohol mixtures.

The need for efficient catalytic processes for the
preparation of alcohol mixtures to be used as or with
fuel, starting from synthesis gas consisting substantially
of hydrogen, carbon monoxide and carbon dioxide
{(with_or without the addition of small amounts of CH4
and N) has always been keenly felt.

To fulfil this need, numerous processes have been put
forward which can be schematically divided into three
groups:

(1) Processes and catalysts deriving from those used
for the synthesis of hydrocarbons (Fischer-
Tropsch, Synthol, Isosynthesis, Synol).

(2) Catalysts used for methanol synthes1s, suitably
modified.

(3) Synthesis from CO, Hz and olefine (oxosynthes1s)

In Chapter 3, “Direct catalytlc synthesis of higher
alcotiols from carbon monoxide and hydrogen” of “Ca-
talysis”, Volume 5, Natta, Colombo and Pasquon, be-
sides reviewing its history, thermodynamlc consider-
ations and reactions, describe also and especially all
experimental catalysts as well as those most commonly
used. The Chapter in question ends with as many as 66
bibliographic references and provides, therefore, a com-
plete survey of this unportant field.

More particularly, the various types of catalyst are
substantially classified as follows: :

(1) Catalysts based on ZnO with alkaline promoters
(11) catalysts based on ZnO and- Cr,0O3; with alkaline
promoters; (IIT) catalysts containing Zn, Mn, and Cr
oxides activated with alkaline promoters; (IV) catalysts
containing Cu, ZnO, Cr203 activated with alkaline pro-
moters; (V) catalysts containing Cu and Zn, Cr, Mn, Ca,
Pb, Al, Th, etc. oxides (or salts) activated with aikaline
metals; (V1) catalysts containing cobalt.
~..In paragraph (V) dealing with catalysts which may
mention is- .made of catalyst
Cu:Cr:K=1:4:1.97 which at a-(high) temperature of
490° C. would-yield, it is true; much isobutanol (37%),
but which would suffer from the serious drawback of an
extremely low resistance to ageing. The only other two
catalysis mentioned, containing Cu, are: the catalyst
according to U.S. Pat. No. 1,770,165, (ZnO-CuO-X;0)
and that according to German Pat. No. 565.309
(X2C03, V205 and CuO in equal parts in weight) which
would yield, however, at 480° C., 40% of MeOH, 25%
of isobutanol, 209 of H,0 and 15% of other higher and
ester alcohols. -

In the conclusions, catalysts | based on ZnO seem to be
preferred, while catalysts substantially based on Cu are
ignored or, at least, not recommended.

To conclude, conventional catalysts most suitable for
use seem to suffer from at least one of the following
drawbacks: (a) they are difficult to manufacture and
involve expenswe basic components; (b) the alcohol
mixtures they produce have a high methanol content
and a relatlvely low higher alcohol content; (c) they
may require high synthesis temperatures and involve,
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therefore, far from negligible energy costs; (d) they
have a very short life.

The first object of this invention is now to produce a
catalyst free from the above-mentioned drawbacks,
which should also be easy to produce from inexpensive
elements and should yield mixtures rich in higher alco-
hols.

. Another object of the invention is a catalyst which
should not only be easily prepared from inexpensive
elements and should yield mixtures rich in-higher alco-
hols, but should also operate at relatively low tempera-
tures, with very interesting yields.

Another purpose of the invention. is a partlcularly
smple and advantageous process for preparing the cata-
lysts in question.

Finally, yet another object of the invention is the
advantageous application of said catalysts for preparing
alcohol mixtures to be used as or with fuel.

These and other objects are achieved with the cata-
lysts according to the invention, characterized by the
fact that they are based on the following formula: Cu-
TizMpA,, in which Cu is copper, Ti is titanium, M is at
least one metal from the group consisting of chrome,
manganese, cobalt, molybdenum, rhodium, platinum
and/or iron, A is an alkali metal or alkaline earth metal,
and a, b, and c indicate molar proportions (referred to
Cu) comprised respecnvely within the followmg inter-
vals:

a=0.1-0.5, b=0-0.2, and c=0-0.2.

The alkali metal or alkaline earth metal is chosen prefer-
ably from potassium, lithium, magnesium or calcium.

In a preferred embodiment M is chrome, iron and/or

‘manganese, A is potassium or calcium, b is comprised

within 0.01 and 0.18 and ¢ is comprised within 0.01 and
0.18,

The process for the preparatlon of the catalyst ac-
‘cording to the invention is characterised by the fact that

‘copper, titanium, and graphite powders are mixed, pos-

sibly, with an alkali metal salt or alkaline earth metal
salt and acid salt from a metal preferably chrome, iron
and/or manganese, the mixture is ground to fine parti-
cles in an inert ambient, the fine powder so obtained is
compressed into pellets and the pellets so obtained un-
dergo at least one heat treatment in argon at between
700° C. and 1100° C., and oxidation with argon and
oxygen at 350° C.-500° C.

Metal M and metal A may possibly be added as ox-
ides, hydrates or carbonates. ~

The mixture is preferably ground finely enough to
transform it one hindred percent into fine particles
325-400 mesh. Of particular interest is the application of
the catalyst in question for preparing in-a variety of
versions alcohol mixtures from synthesis gas: advanta-
geously, these mixtures will contain alcohol from Cj to
C4 when “b” when “¢” are zero, and about 50% of
alcohol from Cj to C4and alcohol from Csto Cypfor the
other 50% when “b” and “c” are other than zero.

These and other advantageous aspects of the inven-
tion will be better illustrated by the following non-
limitative examples.

EXAMPLE 1
- Ti/Cu Catalyst

To 479.02 g of Ti and 2286 g of Cu in the metallic
powder state, are added 27.6 g of graphite powder.

Once weighed the powders are placed in a ball mill
where they are finely pulverized, closely mixed. Granu-
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lometric analysis of the powders treated in a mill
showed a 100% 325-400 mesh granulometry.

The closely mixed powder is compressed into 10X 10
mm pellets, and the latter undergo the following treat-
ments in a smelting furnace with the characteristics
described below: ,

(1) treatment at 850° C. in an argon ambient keeping
the powder at this temperature for an hour; (2) subse-
quently the powder is left to cool in the same furnace in
an argon ambient down to a temperature of 400° C.; (3)
at the above temperature of 400° C,, the pellets were
treated with an argon stream containing 0.1-0.2% of O2
for two hours and (4) were subsequently treated with
argon containing ever-increasing amounts of Oz until
the O3 is 100%. This second oxidation phase lasted 3
hours.

The catalyst obtained in the oxidized state, consisting
of Ti02/CuO0, is left to cool in a stream of O;. The
product taken from the furnace was in the shape of
pellets with a tensile stress of 800 Kg/cm? and pouring
density of 2.3 Kg/liter.

The furnace used for the above treatment was a
smelting furnace in which heating energy was supplied
in the form of electric power by exploiting the Joule
effect: it consisted, in substance, of a tubular body to the
ends of which were connected the terminals of a trans-
former’s secondary to apply the required difference in
tension for bringing the pellets to the desired tempera-
ture. (Similar results were obtained using other types of
furnace, such as, for example, arc furnaces in inert ambi-
ent). Dimensions of the furnace used:

External tube diameter: 35 mm

Internal tube diameter: 32 mm

Axial tube length: 1190 mm

The volume of catalyst treated in the form of 10X 10
pellets was 600 cc. A tension of 220 V with a 50 Hz
frequency was applied to the transformer’s primary
circuit.

The tension on the transformer’s secondary circuit
was 0-15 V and operating conditions for the treatments
described above were as follows:

Volt Ampere Time Temperature ° C.
5.8 800 — —
6.5 750 5 164
6.8 670 15’ 748
6.8 670 60’ 850
6.8 670 120 850
3 350 150 400
3 350 450 400

With a copper and titanium alloy, treatment at 850° C.
is equal to sintering (incipient smelting) which may last
between one and three hours. The treatment at 400° C.
is an oxidation which lasts about five hours.

Under these conditions a catalyst was obtained con-
sisting of oxides in which metals were present in the
following relative (with respect to copper) proportions:

CuTi0.28

EXAMPLE 2

A catalyst Cu/Ti/Cr/K was prepared proceeding as
in Example 1, namely mixing 479 g of titanium, 2286 g
of copper, 256 g of potassium (K3Cr,07) and 30.2 g of
graphite.

After milling, pelletizing, treating in a furnace at 850°
C. in argon (actual smelting) and subsequently oxidizing
in the same furnace at 400° C., as in Example 1, a cata-
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lyst was obtained (CAT. 2) consisting of oxides in

which metals were present in the following relative
proportions: ' )

CuTi0.28 Cr0.05 K0.05

EXAMPLE 3

A catalyst Cu/Ti/Cr/K was prepared, with the same
amount of Ti (479 g) and of Cu (2286 g) as in example 1,
but adding 28.9 g of graphite and a reduced amount of
potassium bichromate which is now-129.5 g (as against

1256 g in Example 2).

After milling, pelletizing, treating in a smelting fur-
nace at 850° C. in argon (actual smelting) and subse-
quently oxidizing at 400° C . in argon and oxygen, as in
Example 1, a catalyst was obtained (CAT. 3) consisting
of oxides in which metals are in the following molar
proportions: :

CuTi0.28 Cr0.025 K0.025 '
EXAMPLE 4

A catalyst Cu/Ti/Cr/Ca was prepared mixing the
same initial quantities of Ti (479 g), Cu (2286 g) and
graphite (31.3 g) with 374 g of calcmm bichromate
(CaCr07).

After mlllmg, pelletizing, treating in a furnace and
oxidizing as in the preceding Examples, a catalyst
(CAT. 4) was obtained consisting of oxides in which
metals were in the following molar proportions:

CuTi0.28 Cr0.08 Ca0.04

EXAMPLE 5

A catalyst Cu/Ti/Mn/K was prepared by mixing 479
g of Ti, 2000 g of Cu, 32.8 g of graphite, and 805 g of
potassium permanganate (KMnOg).

Operating as in the preceeding Examples, a catalyst
(CAT. 5) was obtained having the followmg composi-
tion:

CuTi0.32 Mn0.16 KO0.16

EXAMPLE 6

A catalyst Cu/Ti/Cr/Co/K was prepared by mixing
479 g of Ti, 2000 g of Cu, 286 g of.Co, 256 g of
K2Cr207 (potassium bichromate) and 30.2 g of graphite.

Operating as in the preceeding Examples, a catalyst
(CAT. 6) was obtained with the following composi-
tions: .

CuTi0.32 Cr0.006 Co0.15 K0.05

EXAMPLE 7

A catalyst of the type described in Example 6 was
prepared by mixing 479 g of Cu, 2000 g of Ti, 286 g of
Co, 256 g of K2Cr207, and 30.2 g of graphite. By oper-
ating as in Example 1, a catalyst (CAT. 7) was obtained ..
having the following composition: : .

TiCu0.18 Cr0.04 Co0.11 K0.04

EXAMPLE 8

A catalyst Cu/Ti/Fe/Co/K was prepared by mixing,
as in Example 1, 479 g of Ti, 1744 g of Cu, 138.6 g
(COO0)2Fe;H20 (ferrous oxalate), 286 g of Co, 2284 g
of potassium acetate and 28.7 g of graphite.
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By operating as in Example 1, a catalyst (CAT. 8)

was obtained having the following composition:

CuTi0.36 Co00.17 KO0.08 Fe0.028

EXAMPLE 9

Catalyst Cu/Ti, CAT. 1 in Example 1, was used for
the synthesis of mixtures of higher alcohols operating
under the following experimental conditions:

-continued
N—propyl alcohol (C3) 8.47% wt
Secondary butyl alcohol (Cyg) 6.23% wt
Alcohols Cs-Cyg 52.61

This shows that with a catalyst Cu/Ti/Cr/K an alco- .
hol mixture is obtained which characteristically consists
of about 50% in weight alcohols C) to C4 and 50% in

EXAMPLE 10
Catalyst Cu/Ti/Cr/K from Example 2 (CAT. 2) was

Secondary butyl alcohol (Cyg)
Alcohols Cs-Cyg

10 weight alcohols Cs to Cyp.
pressure = 60 Kg/cm? EXAMPLE 11
temperature = 340° C.
space velocity (VS) = 4000 H—1 Catalyst Cu/Ti/Cr/K as in Example 3 was used for
volume of catalyst = 6 ce the synthesis of higher alcohols mixtures, operating
size = 0.75-1 mm 15 . . s
under the following experimental conditions:
Composition of the feed gas was:
pressure = 60 Kg/cm?
temperature = 340° C.
% CO 19.16 20 space velocity (VS) = 4000 H—!
% CO3 9.38 o volume of catalyst = 6cc
% Ha 62.48 o size = 0.75-1 mm
% N 8.98
) . . Composition of the feed gas was:
A mixture of alcohols was obtained (with an extrapo- 35 P &
lated productivity equal to about 110 Kg/m3cat/h)
which under gas-chromatographic analysis showed the % CO 19.3
following composition (percentage in weight): % CO2 . 82
% Ha 68.0
30 % Ny 45
Methyl alcohol (Cy) 28.4% wt
Ethyl alcohol (Cp) 38.6% wt . . .
Isopropy! alcohol (C3) 3_3%‘: wt The gas-chromatographic analysis of the mixture so
Normal probpyl ;11:1011;1 %?(3:)) 18'2;/:;“" obtained (with a productivity of about 120 Kg/m3
Secondary butyl alcohol (C4 1.65% wt
Alcohols Co-Cro 9.00% wt s ‘cat./h) showed the following composition:
This shows that alcohols Cq to C4 are definitely pre- Methyl alcohol (Cy) 22% in weight
ponderant, alcohols either Cs or above Cs being slightly Ethyl alcohol (Cp) 20% in weight
less than 10%. Isopropyl alcohol (C3) 5% in weight
40 Propyl alcohol (C3) 13% in weight

22% in weight
18% in weight

used for the synthesis of higher alcohols mixtures, oper-
ating under the followmg experimental conditions (the
same, in effect, as in Example 6):

pressure = 60 Kg/cm?

temperature = 340° C.

space velocity (VS) = 4000 H-!

volume of catalyst = 6cc 50
size = 0.75-1 mm

Composition of the feed gas was now as follows:

EXAMPLE 12

Catalyst Cu/Ti/Mn/K (CAT. 5) as in Example 5 was
used, under the same operating conditions and with a
feed gas stream as in Example 7. The chromatographic
analysis of the product obtained (with a yield of about
110 Kg/m3 cat./h) showed the following composition
(weight percentages):

Methyl alcohol (Cy)

10% wt

55 Ethyl alcohol (Cp) 4.3% wt

% CO 17.01 Isopropyl alcohol (C3) 8.2% wt

% CO; 5.89 Normal propyl alcohol (C3) 9.5% wt

% H, . 71.39 Secondary butyl alcohol (Ca) 12% wt

% N 5.71 Alcohols C5-Cip 55% wt
60

A mixture of alcohols was obtained (with an extrapo-
lated productivity of about 140 Kg/m3 cat/h) which
under gas-chromatographic analysis showed the fol-
lowing composition (percentage in weight):

Methyl alcohol (Cy) 14.19% wt
Ethyl alcohol (Cp) 6.61% wt
11.87% wt

Isopropyl alcohol (C3)

65

EXAMPLES 13-15

Catalysts Cu/Ti/Cr/Co/K of Example 6 (CAT. 6)
and of Example 7 (CAT. 7) and catalyst Cu/Ti/Fe/-
Co/K (CAT. 8) of Example 8 were used under the same
operating conditions and with the same feed gas stream
of Example 7.

The composition of the products obtained was:
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CAT. 6 CAT.7 CAT. 8
Cy 36% by weight 33% by weight  32% by weight
Ca 30% by weight  32% by weight  31% by weight
C3 (Total) 21% by weight 22% by weight  22% by weight
Cs4 8.5% by weight 8% by weight 10% by weight
Cs-Cio 3.5 by weight 4% by weight 4% by weight
I claim:

1. A catalyst for the preparation of alcohol mixtures
rich in alcohols higher than methanol from a synthesis
gas containing Ha, CO, and CO», consisting essentially
of an oxidized alloy of metals according to the formula

CuTigMpA,

wherein Cu is copper, Ti is titanium, M is at least one
metal selected from the group consisting of chro-
mium, manganese, cobalt, molybdenum, rhodium,
platinum, and iron, and A is an alkali metal or an
alkaline earth metal; :

wherein a is 0.1 to 0.5; b is 0.01 to 0.18; and c is 0.01
to 0.18; and a, b, and ¢ represent the molecular
proportions of Ti, M, and A, respectively, to Cy;
and

wherein each of the metals is present in the catalyst in
the form of an oxide.
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2. The catalyst of claim 1, wherein A is potassium,
lithium, magnesium, or calcium.

3. The catalyst of claim 1, wherein M is chromium or
manganese and A is potassium or calcium.

4. A process for the production of the catalyst of
claim 1 comprising

(a) admixing copper, titanium, an oxide, hydrate or a

salt of the metal A, an oxide, hydrate or an acid salt
of the metal M, and graphite powder;

(b) grinding the admixed metals and graphite to a fine

powder in an inert, ambiant atmosphere;

(c) compressing the fine powder into pellets;

(d) heat treating the pellets at least once in argon at a

temperature between 700° C. and 1100° C.; and

(e) oxidizing the heat-treated pellets with argon and

oxygen at a temperature between about 350° C. to
about 500° C.

5. The process of claim 4, wherein the metals A and
M are admixed in the form of their carbonates in step
(). .

6. The process of claim 4, wherein the metal M is
chromium or manganese.

7. The process of claim 4, wherein the fine powder
obtained in step (b) has a particle size of from 325 to 400
mesh.

8. The process of claim 4, wherein the metal A is

added in the form of a salt of an acid of the metal M.
* * * * &




