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([he catalytic ac~ivities of pure CuO and of CuO samples containing different concentrations of
Al3+ ions have been determined using the heterogeneous catalytic decomposition of H202• The activity
has been correlated with various physicochemical properties. Experimental evidence shows that Al3 + is
responsible for lowering the charge carrier concentration (positive holes) which affects the capability of
the surface for oxygen adsorption. This has a decisive role in the decomposition reaction. A suitable
mechanism has been proposed to explain the observed results. ~

Catalysts containing copper have generated con-
siderable interest'< because of their general per-
formance as oxidation catalysts, e.g. in the synthe-
sis of glyoxal from glycol:', as promoters for the
redox behavior of supported transition metal ox-
ide catalysts (e.g. in the reduction of NiA1203)4
and as principal components of many of the base
metal formulations for automobile exhaust emis-
sion control''. Various studies have also been con-
ducted for the elucidation of the role of copper in
the catalytic reactions such as in partial and ster-
oselective hydrogenation of alkenes" and hydrogen
transfer in aldehyde to ketones over hydroxyapa-
tites 7•

The heterogenous decomposition of hydrogen
peroxide catalyzed by copper and nickel ferrites
has been investigated and the data have been dis-
cussed in terms of the redox behaviour of the base
metal ions". Also, addition of CU(Il) to Mn02 ca-
talyst enhances the H202 decomposition reaction
owing to the increased capacity of manganese
cations for electron exchange process".

Presently we have studied the structural pro-
perties of CuO containing different amounts of
A13+ ions in the form of Al203 employing DTA
and IR techniques, and the catalytic activity of the
samples towards H202 decomposition. The results
have been correlated with the non-stoichiometry
of different samples and electrical conductivity
measurements.

Materials and Methods
All reagents used were of AR grade. Doped

and mixed catalysts were prepared by the impreg-
nation method. Solutions containing calculated
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amounts of AI(N03h' 9H20 in doubly distilled
water were mixed with basic copper carbonate in
different ratios ranging from 0.5 up to 50 mol %
with continuous stirring and heated over a water-
bath till a homogeneous mixture was formed on
complete dryness. The resulting samples were cal-
cined in a muffle furnace in a system of dry air
from 200 to 700°C for 3 hr.

Differential thermal analyses (DTA) of pure ba-
sic copper carbonate and the mixed oxides were
studied employing an automatic recording thermo-
balance, type Li 160 KS (West Germany) at a
heating rate of 5°C/min.

The IR spectra were recorded in KBr matrix in
the range of 1700-200 cm "! on a Perkin-Elmer
599 B infrared spectrophotometer.

Electrical conductivity was measured by adopt-
ing the method previously discussed!". The sample
temperature was controlled using Gallen-Kamp
temperature controller. The voltage was obtained
via a 240 A Keithley power supply and the cur-
rent was measured with a 410 A picoammeter.
Variation of a values with the experimental condi-
tions was recorded using a Linseis LS4 recorder.

Catalytic activity and non-stoichiometry of the
different catalysts were measured using hetero-
geneous catalytic decomposition of H202 and
N2H4 in aqueous media. The evolved volume of
either O2 or N2 gas liberated at atmospheric pres-
sure was measured using the gasometric tech-
nique".

Results and Discussion
(a) DTA and IR analysis of pure and mixed basic
copper carbonates
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The differential thermal analysis curves for pure
basic copper carbonate and of mixed samples con-
taining AI3+ ions are presented in Fig. 1. In
thermogram (a) an endothermic peak is located at
282°C, which corresponds to the thermal decom-
position of the carbonate to copper oxide. The
small endothermic peak located at 672°C is due to
the transformation of some CuO to Cu20 with
creation of oxygen anion vacancies.

The DTA curves of host carbonate containing
1,5,10, and 50 rnl % A}3+ ions are also shown in
Fig. 1. It is clear that addition of A13+ ions en-
hances the thermolysis process. The existence of a
small endothermic peak at around no°c is attri-
buted to the spinel formation of CuAl204 (ref. 12).

The IR spectrum of the products obtained by
heating basic copper carbonate at 200°C indicates
that the basic copper carbonate is partially decom-
posed. The IR spectra of the products obtained on
increasing calcination temperature exhibit bands at
520 and 580 em - 1which may be attributed to the
different tetrahedrally and octahedrally coordinat-
ed Cu2 + ions with lattice oxygen 13 (Fig. 2). The
band located at 1100 em - 1 corresponds to the O2
species which is in accord with data obtained us-
ing XPS analysis".
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Fig. I-DTA curves of parent basic copper carbonate \A) and
that containing 1,5, 10 and 50 mol % Aj3+ (B-E) r

The IR spectra of basic copper carbonate con-
taining different concentrations of Al203 and cal-
cined at 500°C did not show any change in the lo-
cation of the vibrational bands of the coordinated
Cu2 + ions with its lattice oxygen for samples con-
taining 5 to 10 mol % AI3+ ions. When 50 mol %
Al3+ ions were admixed, the intense bands disap-
peared and instead a broad band appeared at
around 500 em - I. This feature is attributed to oc-
cupation of interstitial spaces in the host lattice by
AP + ions instead of replacement of Cu(ll) to form
a solid solution. It also appears that calcination at
500°C does not lead to spinel formation.

(b) Electrical conductivity measurements
Variation of log 0 against Iff for the parent

basic copper carbonate and the mixed samples,
shown in Fig. 3, indicates a decrease in 0 in the
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Fig. 2-JR spectra of products obtained by isothermal decom-
position of the basic copper carbonate in air at various tem-
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Fig. 3- Electrical conductivity variations versus Irr plots. of
pure basic copper carbonate (A) and the samples contaimng

0.5, I and 5 mol % AJ3+ ions (B-D)
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initial stage of decomposition followed by an in-
crease in the inversion temperature, when the ma-
terial was fully decomposed to the oxide lattice
structure. It is well known that decomposition of
solids is an endothermic process. Hence increasing
temperature causes rupturing of lattice bonds
thereby consuming some more of energy. Thus the
charge carriers will not have enough energy to be
more mobile up to the inversion temperature at
around 282°C. Addition of AI3+ions to the host
solid influences the variation of (J value and the
trend is similar to that shown by pure basic cop-
per carbonate, but slightly higher conductivity va-
lues as compared to that of the pure salt.

The resistivities for samples containing 0.0,0.5,
1.0, 5.0, 10.0 and 50.0 mol % AI3+ and calcined
at 500°C are 18.0, 31.0, 5.6, 2·.2, 1.5 and
1.7 x 10-8 ohm cm? respectively. This data show
that AJ3+ ions when diffuse in the matrix of CuO
cause eventually a reduction in the resistivity. This
can be attributed to a reduction of charge carrier
concentration. Since the electrical conductivity of
CuO is entirely due to positive holes associated
with negative defects (cation vacancies) the ~e-
chanism outlined in Eq. (1) can be proposed to in-
terpret such a phenomenon
21el+ Al203 = 2AIICuj + Cu20 + O2 ••• (1)
This mechanism is responsible for lowering the
charge carrier concentration. In order to provide
support to this idea activation energy (Ea) of
charge carriers in samples containing 0.0, 0.5, 1.0,
5.0, 10.0 and 50.0 mol % AI3+ (calcined at
500°C) were measured and the values are 0.16,
0.19, 0.24, 0.28, 0.35 and 0.55 kcallmol respect-
ively.

The E values show a fermi potential of higher
a . .

activation energy when AJ3+ ions concentration IS

increased. This is in agreement with the mechan-
ism given above (see Eq. 1).

(c) Non-stoichiometry and catalytic activity mea-
surements

Measurement of the amount of surface excess
oxygen can manifest the non-stoichiometry of the
lattice structure of either pure CuO or of CuO
containing AI3+ ions. The results are given in
Tables 1 and 2.

Results presented in Table 1 show an increase
in the amount of surface excess oxygen up to
400°C. Non-stoichiometry is related directly to O2
chemisorption via creation of more acidic surface
according to the mechanism (see Eq. 2)
O =0- + lei· ... (2)2 2 ads

(where lei is a defect electron). Therefore, activa-
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Table I-Variation of amount of surface excess oxygen with
calcination temperature of pure CuO catalysts

Calcination Surface excess Calcination Surface excess
temp oxygen temp oxygen
(0e) (meq/g. cat) 102 (0e) (meq/g. cat) 102

200 5.0 500 6.2
300 7.5 600 1.8
400 8.6 700 0.35

Table 2- Variation of surface excess oxygen with mol % of
Al3+ ions (samples were calcined at 500°C for 3 hr in air)

Al3+ concen- Surface excess Al3+ concen- Surface excess
tration oxygen tration oxygen
(mol%) (meq/g. cat) 102 (mol%) 102 (meq/g cat)

Pure 6.2 5.0 1.6

0.5 2.4 10.0 1.35
1.0 2.0 50.0 1.10

tion of CuO at 400°C seems to have more non-
stoichiometry. The noticeable decrease after
400°C is caused by lattice shrinkage. The-remark-
able increase beyond 600°C is mainly attributed to
the phase transition to Cu20, resulting in higher
chemisorption of O2 by the mechanism represent-
ed by Eq. (3)
O2 +Cu" =Cu2+ +02" ads ••• (3)

Addition of Al3+ ions to CuO calcined at
500°C for 3 hr shows a monotonic decrease in the
amount of surface excess oxygen with increase in
Al3+ ion concentration. Resistivities of such sam-
ples show the same effect, i.e. a relation parallel to
their conductance and the measured amount of
excess surface oxygen where AI3+ ions can inters-
titially substitute or form CuAl204 spinel struc-
ture. This leads to strengthening the oxygen bond
and eventually leads to lower reactivity as detected
by Barker et at",

The reactivities of the catalysts under investig-
ations were measured using H202 decomposition
reaction. The kinetic runs were carried out at
30°C. The plot of log V02 against time for the var-
ious catalysts is linear indicating a first order reac-
tion in the region of time of about 30 min. The
determined specific rate constants have been plot-
ted as a function of catalyst calcination tempera-
ture, either for pure CuO or catalysts containing
A13+ ions in different concentrations (see Fig. 4).
The plots in Fig. 4 show a maximum in (k) around
calcination temperature of 400°C, followed by
decrease at higher temperatures up to 700°C. For
CuO containing AP + ions, a similar trend is ob-
served, but the magnitude of k values decreases
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Fig. 4-Specific rate constants for H202 decomposition
against catalyst calcination temperature for pure CUO and
CuO mixed with 0.5, 1, 5, 10 and 50mol % Al3+ (1-6) re-

spectively [Experiments were conducted at 30·C]
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Fig. 5-Specific rate constants (kJ for H202 decomposition
over different catalysts against the amount of excess surface
oxygen [Catalysts used were (a) thermal products of basic cop-
per carbonate, and (b) CuO containing different concentr-

ations of Al3+ and calcined at 500·C for 3 hr in air]

with increase of AP + ion concentration. The plots
of surface excess oxygen concentration against the
k values (Fig. 5) are linear. However, the results
confirm that the surface adsorbed oxygen either in
the form of O2 or 02 - has a decisive role in the
decomposition reaction. Consequently, the decom-
position steps shown in Scheme 1 may be suggest-
ed.

Oa~s+H202-+0H- +OH' +0
OH' + H202 -+H20 + HO;
HO~ + H202 -+H20 + O2 + OH·

Scheme 1
where OH· and H02 are free radicals.
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