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ABSTRACT 

The results obtained reveal that pure CuO-A120, solids, containing 16.3 wt.% copper 
oxide and preheated in air at 500 o C, are amorphous and change to crystalline phases on 
doping with Li,O (0.3-3.57 wt.% Li,O). The diffraction lines of the CuO phase are only 
detected in the XRD patterns of the doped solids precalcined at 500°C. The degree of 
crystallinity of this phase increases on increasing the amount of Li,O added. Solid-solid 
interaction between pure or doped alumina and CuO occurs at 800 o C to yield a massive 
CuAl,O, phase with moderate crystallinity, whereas the excess alumina remains as an 
amorphous phase. However, in the doped solids increasing amounts of unreacted crystalline 
CuO phase are found in the patterns, indicating that the doping process opposes the 
solid-solid interaction between CuO and Al,O,. These results can be attributed to the 
production of lithium aluminate and to the formation of an Li,O-CuO solid solution. The 
aluminate compound produced covers the surfaces of the Al,O, grains and hinders the 
thermal diffusion of Cu2+ ions into the Al,O, matrix. The portion of the CuO phase that 
dissolves Li,O cannot contribute easily to the interaction with Al,O, to give copper 
aluminate. Copper oxide stimulates the crystallization of alumina into a-Al,O, (corundum) 
at temperatures starting from 900 o C, whereas lithium oxide doping hinders this crystalliza- 
tion process to an extent proportional to the amount of dopant oxide added. The addition of 
3.57 wt.% Li,O is sufficient to suppress completely the crystallization of a-Al,O, or any 
other crystalline form of the doped alumina even when firing at 1000 o C. 

INTRODUCTION 

The catalytic activities of transition metal oxides are significantly in- 
creased by loading on an alumina support [l-lo]. This increase is attributed 
to an effective increase in the degree of dispersion of the loaded oxides. 
However, chemical interactions between these oxides and Al,O, take place 
at temperatures starting from 500 o C [ll-161. It has been reported that two 
types of reactions may occur concurrently, according to the nature of the 
transition metal oxide and to the conditions of preparation: one leads to the 
formation of a “surface” metal aluminate spine1 and the other to the 
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segregation of a stable metal oxide [ll-161. The addition of small amounts 
of certain foreign cations such as Li+, Na+, Zn2”, Ca2+, Sr2+, Ga3+ and 
Ge4+ to the aluminas has been found to influence the chemical interactions 
between the loaded oxides and their support [17-211. This influence may be 
accompanied by significant changes in the catalytic activities of the doped 
supported catalysts [5,7,16]. 

The effect of Na,O doping of CuO-Al,O, solids on the chemical interac- 
tions between their constituents was the object of a recent investigation [22]. 
Na,O doping inhibits the solid-solid interactions between CuO and Al,O, 
which yield CuAl,O, at temperatures between 800 and 1000 o C and also 
suppresses the c~st~i~tion of clt-alumina. 

This work was conducted to study the effect of lithium oxide doping of an 
Al,O, support on the solid-solid interactions between CuO and Al,O,. The 
techniques employed were differential thermal analysis (DTA} and X-ray 
diffraction (XRD). 

The aluminium hydroxide was of analytical grade and was supplied by 
the Prolabo company. A given mass of a finely powdered Al(OH), sample 
was impregnated with a solution cont~ing different proportions of lithium 
nitrate. This was then dried at 110°C and calcined in air at 500°C for 6 h. 
The amounts of lithium, expressed as Li,O, were 0.30, 0.89, 1.79 and 3.57 
wt.%_ The lit~um-modified Al,O, specimens were then treated with a 
solution containing a known amount of Cu(NO,), * 3H,O, dried at 110 *C 
and heated in air at temperatures in the range 500-1000° C. The time of 
heating was fixed at 6 h. The amount of copper, expressed as CuO, was fixed 
at 16.3 wt.%. 

Techniques 

Differential thermal analysis of various solids was performed using a 
Netzsch-Gertitebau simultaneous thermal analysis apparatus (STA 409, 
type 6.223). The rate of heating was maintained at 10°C min-1. A 50 mg 
sample of each solid specimen was employed in each case. 

X-ray investigation of the calcined solids was carried out using a Philips 
diffractometer (type PW 1390). The patterns were obtained with 
~ckel-f~tered copper radiation (X = 1.5405 A) at 36 kV and 16 mA with a 
scanmng speed of 1” in 28 min- *. 
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RESULTS AND DISCUSSION 

Thermal behaviour of pure and doped mixed solids 

Figure 1 shows the DTA curves of pure and doped solids. These solids 
exhibit three endothermic peaks. The first two are sharp and strong with 
maxima at 250 and 300” C. The third peak is weak and broad with a 
maximum at about 650” C. An additional exothermic peak at 975 O C is 
observed in the DTA curve of the pure mixed solid specimen. The peaks at 
250 and 300 O C indicate the thermal decomposition of copper nitrate and 
aluminium hydroxide respectively. The peak at 650°C may correspond to 
solid-solid interaction between the copper and aluminium oxides produced. 
The exothermic peak at 975 O C may correspond to a phase transformation 
process. The identification of these thermal processes was carried out using 
XRD measurements (see below). 

X-ray diffraction of the thermal products of pure and doped CuO-Al,O, solids 

It has been reported previously [22] that Al(OH), preheated in air at 
500-700 O C is an amorphous solid and changes to a mixture of crystalline 
K-, 19- and a-Al,O, phases on heating at 1100°C. The complete transforma- 
tion into cw-alumina requires prolonged heating at > 1200 O C [23]. 

Fig. 1. DTA curves of pure and doped CuO-Al,O, solids. 
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Fig. 2. X-ray diffractograms of pure and doped CuO-Al,O, solids. 

Figure 2 shows X-ray diffractograms of pure and doped aluminas impreg- 
nated with copper nitrate and calcined at 500°C. It can be seen from this 
figure that the pure mixed solid sample is amorphous in nature. The 
diffraction lines of the CuO phase can be seen in the patterns of the doped 
solids. The degree of crystallinity of the detected CuO phase increases as a 
function of the amount of Li,O added. The observed effect of Li,O is 
similar to that reported for Na,O [22]. However, lithium oxide doping is 
more efficient in increasing the crystallinity of the CuO phase. These 
findings can be attributed to the location of the alkali metal ions in the 
tetrahedral and octahedral sites of the Al,O, surface, thus effectively de- 
creasing the monolayer dispersion capacity (MLDC) of the Al,O, support 
for the CuO phase [24]. The MLDC of a support is defined as its capacity to 
keep the loaded phase in an amorphous state. This is probably due to the 
formation of a two-dimensional metal-support compound or to the existence 
of the loaded phase as cations spread on the support surface [24-271. This 
capacity is generally expressed as the weight per cent of the loaded oxide per 
100 m2 of the support. The lithium ions of the dopant agent progressively 
occupy Al,O, sites, thus suppressing the formation of a two-dimensional 
CuO-Al,O, compound or opposing the presence of Cu2+ on the surface of 
the alumina support. The effect of foreign cations in modifying the disper- 
sion capacity of the Al,O, support towards loaded copper oxide or any 
other oxide has not yet been investigated to our knowledge. 
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Fig. 3. XRD patterns of pure and doped solids precalcined at 800 * C: 1, CuAl,O, phase; 2, 
CuO phase. 

An increase in the preheating temperature of the pure and doped 
CuO-Al,O, solids above 500 o C can lead to solid-solid interaction between 
the different constituents of these solids. Figure 3 shows X-ray diffracto- 
grams of pure and doped solid samples precalcined at 800” C. This figure 
shows that the pure CuO-Al,O, solid consists entirely of the moderately 
crystalline CuAl,O, phase, whereas the excess alumina in this sample exists 
as an amorphous phase. This clearly indicates that CuO, in the pure mixed 
solid specimen, interacts completely with its alumina support to yield the 
copper aluminate compound. It can also be seen from Fig. 3 that the 
diffraction lines of the CuO and CuAl,O, phases are detected in the 
patterns of the doped solids and the intensities of the lines of the CuO phase 
increase as a function of the amount of Li,O present. It can thus be 
concluded that Liz0 doping of the alumina support hinders its ~terac~on 
with copper oxide. These results can be attributed to the formation of an 
Li,O-CuO solid solution 128,291 and lithium aluminate [30]. Indeed it has 
been reported that lithium oxide interacts with Al,O, at about 600 O C to 
give LiAl,O, [30]. This compound covers the surfaces of the Al,O, grains 
and thus hinders the thermal diffusion of Cu*+ ions into the A1203 matrix. 
Copper oxide can dissolve Li,O and this process is normally accompanied 
by an increase in the oxidation state of the doped CuO solid. The dissolution 
of Li,O in the CuO lattice can be simplified by adopting Kriiger’s notions 
[31] as follows 

Li,O + +0,(g) + Li’(Cu2+) + 2( +) 
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Fig. 4. XRD patterns of pure and doped solids preheated at 900 o C: 1, CuAl 204 phase; 2, 
c~-Al,O, (corundum) phase. 

Lif(Cu2+) represents a lithium ion located in the position of the host cation 
of the CuO solid and (+) is a created positive charge responsible for the 
increase in the oxidation state of the doped copper oxide. It is known that 
the formation of CuAl,O, spine1 occurs between CuO in the divalent state 
and Al,O, in the trivalent state. Therefore the increase in the oxidation state 
of copper oxide due to doping can lead to the formation of copper ions 
which are not capable of interacting with Al,O, to yield CuAl,O,. The 
lithium aluminate produced which covers the surfaces of the Al,O, grains 
and the Li,O-CuO solid solution formed act as energy barriers for the 
formation of copper aluminate. The barrier created by lithium aluminate 
(LiAl,O,) may be overcome by heating the doped solids at temperatures 
above 800 o C. At these temperatures the copper ions Cu2+ can more easily 
diffuse through the lithium aluminate to reach Al,O, and interact with it. 

Figure 4 shows the X-ray diffractograms of pure and doped solids 
precalcined in air at 900 o C. It can be seen from this figure that the pure 
solid specimen and those doped with 0.30 or 0.89 wt.% Li,O consist of 
well-crystallized CuAl,O, and cu-alumina (corundum). The other doped 
solid specimens consist of well-crystallized copper aluminate only. The 
relative intensities of the diffraction lines of cr-ahunina in the doped solids 
decrease on increasing the amount of Li,O added (cf. Fig. 4). These results 
clearly indicate that lithium oxide doping leads to a decrease in the crystalli- 
zation process of cr-Al,O, at 900 o C to an extent proportional to the amount 
of dopant agent present. The role of Li,O doping in suppressing the 
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at 1000°C: 1, CuAl,O, phase; 2, Fig. 5. XRD patterns of pure and doped solids prefired 
cw-Al,O, (corundum) phase. 

formation of a-alumina at 900” C is similar to that observed for Na,O 
doping [22]. This behaviour can be attributed to the coating of the doped 
aluminas with LiAl,O, which hinders the transformation of the free alumina 
phase (not contributing to the formation of lithium aluminate) into a-Al,O, 
or any other crystalline form. The fact that very well-crystallized cr-alumina 
is formed in the pure mixed solid sample preheated at 900” C clearly 
indicates the role of CuO in promoting or catalysing the crystallization 
process of the a-Al,O, phase. cr-Alumina is normally formed by heating the 
unloaded pure Al *03 sample at temperatures greater than 1000 o C [23]. An 
increase in the precalcination temperature of various doped CuO-Al,O, 
solids above 900 o C may result in the crystallization of the a-alumina phase. 

Figure 5 shows the X-ray diffractograms of pure and doped solids 
precalcined in air at 1000 o C. It can be observed from Fig. 5 that the pure 
CuO-Al,O, sample (1000 o C) consists of a mixture of very well-crystallized 
copper aluminate and a-Al,O, (corundum). This finding clearly indicates 
the role of the CuO phase (16.3 wt.%) in promoting the crystallization of 
Al,O, into a-alumina at 1000” C. It can also be seen from Fig. 5 that the 
addition of a small amount of Li,O (0.30 wt.%) to the alumina support 
specimen results in a very significant decrease in the relative intensities of all 
the diffraction lines of both the a-Al,O, and CuAl,O, phases. The increase 
in the amount of dopant oxide added in the range 0.30-1.79 wt.% Li,O 
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Fig. 6. Effect of Li,O content on the peak height of the diffraction lines of a-AllO, 
produced at 1000 o C. 

leads to a progressive decrease in the relative intensities of the diffraction 
lines of the a-Al 203 phase produced. The effect of Li 2O doping of Al 203 on 
its crystallization to a-alumina is better indicated by Fig. 6 which shows the 
peak heights of the main lines of lOO%, 90%, 80%, 75% and 50% of 
a-alumina. This figure shows that the presence of 3.57 wt.% Li,O results in 
the complete disappearance of all the diffraction lines of the a-A120, phase. 
In other words, the catalysing effect of CuO in the crystallization of 
a-alumina at 1000°C is counteracted by doping with 3.57 wt.% Li,O. 
Similar results have been reported in Na,O doping of CuO-AI,O, solids 
[22]. However, the effect of Li,O is more pronounced than that of Na,O. 
The observed inhibiting effect of Li,O on the crystallization of a-Al,O, can 
be attributed to the formation of LiAI,O, which takes place at about 600 o C 
and which covers the surfaces of the Al,O, grains thus preventing the 
crystallization process even when heating at 1000 o C. It is worth mentioning 
here that the doped alumina support in the CuO-Al,O, solid precalcined at 
elevated temperature (1000°C) remains as an amorphous phase. This phe- 
nomenon is very desirable in the field of catalysis, because the catalytic 
activity of amorphous alumina is much better than that of a-A1,03 [24]; in 
addition, the dispersion power of the amorphous alumina support is much 
greater than that of the crystalline form (dispersion is the capability of the 



119 

Al,O, support to increase the surface concentration of the loaded oxide 
which acts as a catalyst [32]. 

CONCLUSIONS 

The main conclusions that can be derived from the experimental results 
are as follows. 

(1) Lithium oxide doping of CuO-Al,O, solids at 500 o C results in the 
location of the Li+ ions in the octahedral and tetrahedral sites of the Al,O, 
support. This process enhances the crystallization of the CuO phase and is 
normally accompanied by a significant decrease in the dispersion capacity of 
Al,O, for CuO. 

(2) Li,O doping at 800” C inhibits the solid-solid interactions between 
CuO and Al,O, which yield CuAl 2O4 due to the formation of LiAl,O, and 
an Li,O-CuO solid solution. 

(3) Copper oxide (16.3 wt.%) loaded on an alumina support enhances its 
crystallization into a-Al,O, (corundum) at 900-lOOO”C, whereas Li,O 
treatment inhibits this process to an extent proportional to the amount of 
lithium oxide added. The addition of 1.79 wt.% Li,O is sufficient to prevent 
the formation of a-Al,O, at 900°C whereas at 1000°C the amount 
required is increased to 3.57 wt.%. In other words, the addition of 3.57 wt.% 
Li,O leads to the formation of an amorphous alumina even when heating at 
1000 O c. 
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