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Metal-containing catalysts are traditionally pre-
pared from solutions of the corresponding metal salts
followed by their decomposition on a support and
reduction of the resulting oxides in a hydrogen atmo-
sphere upon heating. The presence of water and the
sequence of thermal processes acting on the starting
reactants differently affect the state and size of metal
particles in such catalysts, inevitably blocking a portion
of active catalytic centers.

In this work, a “dry” one-step method of preparing
copper-containing catalyst through the initiation of the
explosive decomposition of copper acetylide was inves-
tigated. Copper-containing catalysts are quite popular,
because they are inexpensive and active in a diversity of
chemical processes. They have found wide use in
industry and in fine chemical synthesis. Synthesis [1]
and oxidation [2] of methanol, NO removal [3], dehy-
drogenation of alcohols [4–7], and hydrogenation of
aldehydes [8] are far from being a full list of the pro-
cesses where copper is used as an active catalytic com-
ponent. However, the use of copper-containing cata-
lysts is often restrained, because they are readily deac-
tivated in high-temperature reactions as a result of the
agglomeration of low-melting copper particles. The
choice of a support is an important problem in catalyst
preparation. The carbon-based supports are quite prom-
ising. Contrary to the traditionally used silicon and alu-
minum oxides, carbon supports are stable in both acid
and alkaline media, which is quite essential for many
chemical processes.

There are several methods of coating carbon surface
with copper. In [8], copper was applied to the surfaces
of activated carbon, diamond, and graphite by wet
impregnation with a solution of copper nitrate followed
by drying, annealing, and reduction in a hydrogen flow.
In [9], impregnation with an ammonia solution of cop-
per hydrocarbonate was followed by the decomposition

in a vacuum at 503 K. The authors of [10] proposed the
method of copper precipitation from a solution of a
copper salt. All of these methods are based on the use
of aqueous solutions and, often, on a multistep scheme
of the thermal accompaniment of reduction reactions,
inevitably leading to the partial blocking of the active
catalytic centers.

The methods of preparing copper adsorption cata-
lysts by dry metal deposition on a support upon the
thermal decomposition of organometallic compounds
in a flow of a carrier gas are also known [11]. In this
work, vapor of copper acetylacetonate was carried by
the nitrogen flow to a column with activated carbon,
whereupon heated for a long time at a temperature
above 

 

300°ë

 

 to deposit metallic copper on carbon. This
method requires the use of a rather complex apparatus
and involves prolonged thermal treatment, which
diminishes the “degree of inhomogeneity” in the pro-
cess of catalyst preparation and leads to the loss of
some active centers.

By contrast, a fast one-step synthesis of catalysts
ensures high degree of inhomogeneity and, hence,
favors the retention of active centers.

Copper acetylide is an exothermic compound sta-
ble in the wet state. In the dry state, 

 

C

 

2

 

Cu

 

2

 

 is a weak
explosive. The explosive decomposition of copper
acetylide can be initiated by heating above 

 

~120°C

 

, by
impact, or by electric spark. The absence of gaseous
decomposition products causes a weak explosive
power of copper acetylide. When keeping due precau-
tions, 

 

C

 

2

 

Cu

 

2

 

 is a quite available chemical. The high
rate of product formation can guarantee the retention
of the defect zones and nonequilibrium phase states in
the products, which is essential for the manifestation
of catalytic properties. The formation of finely dis-
persed carbon upon acetylide decomposition can also
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affect the copper catalytic activity, because carbon is
an efficient support.

Of indubitable interest is the effect of the acetylide
explosive decomposition on the state and particle size
of the decomposition products and, therefore, on their
catalytic activity.

EXPERIMENTAL

Copper acetylide was prepared by bubbling acety-
lene through a solution of copper(I) ammonia complex
obtained by dissolving copper(I) chloride in a concen-
trated aqueous solution of ammonia. Copper(I) chlo-
ride was prepared by the procedure described in [12].
The explosive decomposition of room-temperature
dried copper acetylide was initiated by two methods:
(i) heating in a porcelain crucible in air and (ii) spark-
induced explosion of a sample evacuated to 5 Pa. Air
decomposition of acetylide was accompanied by a
shrill sound and slight scatter of the particles formed,
while the evacuated samples were decomposed almost
soundlessly. The decomposition products were a black-
colored powder mass.

X-ray diffraction analysis of the copper acetylide
decomposition products (Cu + C system) was carried
out on a DRON-3M diffractometer with step-by-step
scanning (scan step 0.05

 

°

 

–0.1

 

°

 

, scan time 3–10 s).
Electron microscopic study of the Cu + C system was
performed with a Cam Scan Series 2 scanning micro-
scope. The specific surface of the Cu + C system was
determined chromatographically from low-tempera-
ture nitrogen adsorption/desorption on a GKh-1 gaso-
meter.

Catalytic activity of the thermal decomposition
products of copper acetylide was examined using the

pulse microcatalytic method [13]. A batch of the cata-
lyst (~50 mg) was placed between two fiberglass layers
inside a reactor representing a quartz tube of length
15 cm and diameter 0.5 cm. The reactor was placed in
a metallic jacket with holes for the injection of inert gas
and substrate (propanol-2). The jacketed reactor was
screwed on the inlet in a chromatography column. On
the outside, the jacket was heated with a furnace, whose
temperature was controlled by a TRM-10 temperature
gauge and maintained with an accuracy of 1 K. The
temperature of the catalytic reactor was varied in the
range 

 

60–350°ë

 

.
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Fig. 1.

 

 Temperature dependence of the composition of reac-
tion mixture ((

 

1

 

) alcohol, (

 

2

 

) acetone, (

 

3

 

) propylene) in the
reaction of propanol-2 on catalyst 

 

Ä

 

 (product of copper
acetylide explosion through heating in air).
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Fig. 2.

 

 X-ray diffraction pattern of catalyst 

 

Ä

 

.
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Chromatographic analysis was performed on a
Chrom-5 chromatograph with a flame ionization detec-
tor. The areas of chromatographic peaks were measured
using a C 1-100 integrator. The reactant (5 ml of pro-
panol-2 vapor) was injected into the reactor using syringe.
The velocity of nitrogen carrier gas was 30 ml/min at
room temperature. Glass column (1.3 m in length and
0.5 cm in diameter) filled with fluorinated carbon [14]
was used.

RESULTS AND DISCUSSION

The dependence of the composition of reaction mix-
ture on temperature in the reaction of propanol-2 on
catalyst 

 

Ä

 

 (product of copper acetylide explosion
through heating in a porcelain crucible in air) is demon-
strated in Fig. 1. The detectable alcohol conversion
starts at 

 

~180°ë

 

, and it achieves 40% at 

 

~230°C

 

. The
dehydrogenation reaction affording acetone and the
dehydration reaction affording ethylene proceed simul-
taneously with a small difference in their rates.

The X-ray diffraction pattern of catalyst 

 

Ä

 

 (Fig. 2)
exhibits characteristic copper peaks, very small cop-
per(I) and copper(II) oxide peaks, and a diffuse region
characteristic of the carbon amorphous phase. One can
clearly see spherical copper particles on the electron
micrograph of catalyst 

 

Ä

 

 (Fig. 3). The carbon particles
have a well-defined porous structure. The specific sur-
face of catalyst 

 

Ä

 

 is ~50 m

 

2

 

/g.
In Fig. 4, the temperature dependence of the compo-

sition of reaction mixture is shown for propanol-2 con-
version on catalyst 

 

B

 

 (product of spark-induced explo-
sion of copper acetylide evacuated to 5 Pa). The follow-
ing distinctions from the reaction with catalyst 

 

Ä

 

 are
seen: (i) a low temperature reaction threshold 

 

(~50°ë);

 

(ii) a high catalyst activity (~85% conversion of alco-
hol); and (iii) a high selectivity (the alcohol dehydra-
tion channel is absent in the temperature range 

 

60–
210°ë

 

).
No spherical copper particles are seen in the elec-

tron micrograph of catalyst 

 

Ç

 

 (Fig. 5), while a finely
structured porous mass of the components formed upon
copper acetylide decomposition is clearly seen.

The X-ray pattern of catalyst 

 

Ç

 

 is virtually not dif-
ferent from 

 

Ä

 

. The specific surface of 

 

Ç

 

 is ~130 m

 

2

 

/g.
Thus, a copper-containing Cu + C product obtained

upon the dry one-step synthesis through the spark-
induced explosive decomposition of copper acetylide
showed high catalyst activity below 60

 

°

 

C and dis-
played a high selectivity in propanol-2 conversion to
acetone over the temperature range from 60 to 

 

200°ë

 

.
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