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Introduction
The heat treatment of many materials is the soft force of 
fundamental changes in various properties of these materials. 
However, the heat treatment has significant effects on the 
structural properties of the material and therefore on all the 
properties related, for example electrical, morphological, 
surface, catalytic, magnetic properties and so on [1]. In 
addition, the heat treatment brought about structure and/
or phase transformation with subsequent changes in both the 
physical and chemical characteristics of the materials. These 
effects of heat treatment were observed in the different methods 
for preparation of materials [2]. The practical example of heat 
treatment is illustrated in the ceramic method of preparation of 
materials [3]. Thus, the heat treatment is the starting point for 
the new era depending upon formation of new materials having 
high environmental and economic importance [3-6]. 

The heat treatment of copper-manganese oxides led to formation 
of hopcalites as new and promising materials for different 
applications [3]. These materials were used during World War 
I as effective oxidizers for CO above 200ºC [7]. Generally, 
hopcalites have been known to be effective ambient temperature 
catalysts for the oxidation of carbon monoxide, ozone, nitrogen 
oxides and volatile organic compounds for almost hundred 
years by now [8,9]. Indeed, the catalytic activity of hopcalite 
based materials depends upon the flexible valence in Cu1+/2+ 
and Mn3+/4+. However, hopcalites had aroused widespread 
attention in the field of solar energy conversion because of their 
potentially favorable optical properties, negative temperature 
coefficient (NTC) resistance and thermal stability [10,11]. 

However, hopcalite materials have applications in modern 
microelectronics such as temperature and heating sensors, 
fire detectors, power-sensing terminations, temperature-
compensating attenuators etc. [12,13]. Due to the importance 
of the materials based on manganese, we had different studies 
to reach the composition of the manganites in general and 
the hopcalites in particular [3]. In this paper, we will address 
the preparation of hopcalites from the study of the effect of 
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heat treatment on solid-solid interaction between copper and 
manganese oxides. 

Experimental
Equimolar ratio of CuO and Mn2O3 was prepared by 
impregnating a known weight of finely powdered manganese 
carbonate with calculated amount of copper chloride dissolved 
in the least amount of distilled water enough to make a paste. 
This paste was dried at 100°C until constant weight and was 
then subjected to heat treatment in air at 400, 600 and 1000°C 
for 4 hours. The chemicals employed were of analytical grade 
and supplied by BDH Company. A general flowchart of the 
synthesis process is shown in Figure 1.

An X-ray measurement of various mixed solids was carried out 
using a BRUKER D8 advance diffractometer (Germany). The 
patterns were run with Cu Kα radiation at 40 kV and 40 mA with 
scanning speed in 2θ of 2°min-1. 

The crystallite size of single and mixed oxides present in 
the investigated solids was based on X-ray diffraction line 
broadening and calculated by using Scherrer equation [14].
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Figure 1. Process flowchart for manufacturing the as prepared samples.
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Scanning electron microscopy (SEM) was recorded on SEM-
JEOL JAX-840A electron microanalyzer (Japan). The samples 
were dispersed in ethanol and then treated ultrasonically in 
order disperse individual particles over a gold grids.

The textural properties, namely specific surface are, SBET: 
total pore volume, Vp and mean pore radius, ȓ of mixed 
solids calcined at 1000°C was determined from N2- adsorption 
isotherms at -196°C using a Quantachrome NOVA automated 
gas sorption system. Before carrying out the measurements, 
each sample was degassed under a reduced pressure of 1.33 
mPa at 150°C for 2 hours.

Results and Discussion
The X-ray diffractograms for Cu-Mn mixed oxides sample calcined 
at 400, 600 and 1000°C for 4 hours are given in Figure 2.

Figure 2 indicates to the effects of heat treatment on the 
crystallinity, crystallite size and phase transformation of mixture 
containing copper and manganese oxides. Inspection of Figure 
2 revealed that: (i) the heat treatment of copper-manganese 
mixed solid at 400°C for 4 hours resulted in formation 
composite containing CuO and MnO2 with crystallite sizes of 
38 and 36 nm, respectively. This indicates that this temperature 
is not sufficient to achieve the reaction between Cu and Mn 
oxides yielding new compound. (ii) The increase in the heat 
treatment up to 600°C for 4hours led to formation of mixture 
of CuO and Mn2O3 crystallites with subsequent increase in the 
crystallite size of CuO up to 48 nm. In other words, the increase 
in the calcination temperature from 400 to 600°C for 4 hours 
brought about grain growth in the crystallite of CuO and phase 

transformation for MnO2 to Mn2O3 without formation of any new 
compound. The author suggested that the increase in the height 
of peaks related to CuO can be indicator for the grain growth 
and elevated crystallinity of its particles. (iii) The calcination 
of the as synthesized sample at 1000°C for 4 h led to formation 
of both cubic spinel CuMn2O4 and Mn3O4 phases. Indeed, the 
spinel compounds are of great economic importance because of 
their widespread industrial and environmental applications [15]. 

Finally, the soft technology for heat treatment of Cu-Mn-O 
at 1000°C led to formation of new compound (CuMn2O4 and 
Mn3O4) with spinel structure [15]. The proposed mechanism 
of formation of CuMn2O4 is according to the following 
stoichiometric reaction:

CuO + Mn2O3 → CuMn2O4 (2) 

The suggested mechanism of formation of Mn3O4, is according 
to the following non- stoichiometric reaction [15]:

2CuO + 3Mn2O3 → 2Mn3O4 + Cu2O + O2 (3) 

Cu2O + 0.5O2 → 2CuO (4)

Here is question, Is the presence of Mn3O4 due to high 
temperature or for another reason? The author believes that in 
addition to the thermal effect, there is another reason depending 
upon the dissolution of copper oxide in manganese oxide and/
or CuMn2O4, which may lead to increase the formation of 
Mn3O4. This finding is based on the lack of copper oxide at high 
temperatures (1000°C). Several authors reported that Cu+ can 
be formed during the sintering process of Cu- containing spinel 
materials [16-18]. However, any oxidation of Cu+ to Cu2+ on 
cooling in air does not cause an incorporation of the residual 

Figure 2. XRD pattern for the as prepared sample calcined at different temperatures.

Figure 3. SEM of copper- manganese mixed oxides calcined at 1000°C for 4 h.
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CuO into the spinel phase. The residual copper oxide can be 
present as the amorphous phase and/or dissolve in the crystal 
lattice of CuMn2O4 and Mn3O4. In addition the ionic radius for 
copper oxide is similar or smaller than that of manganese oxide 
leading to probability of incorporation of copper ions in the 
crystal lattice of manganese compounds [19]. Consequently, 
the author suggests that the most amount of the residual copper 
oxide is dissolved in the crystal lattice of Mn3O4 favoring its 
crystallinity. 

The particles of Cu-Mn mixed oxides calcined at 400, 600 and 
1000°C were agglomerates with crystallite size smaller than 100 
nm in diameter. Figure 3 displays SEM micrograph for Cu-Mn 
mixed oxides calcined at 1000°C. Figure 3 shows the presence of 
the particles in Cu-Mn-O solid comprising coarse and excellent 
sizes in nature. The particles are normally least agglomerated, 
highly porous, high surface area and uniformly distributed [20]. In 
addition, the surface area, total pore volume and mean pore radius 
of the as prepared sample calcined at 1000°C were 66.6 m2/g, 0.018 
cc/g and 1.1 nm, respectively in Figure 3.

Conclusion
Spinel materials based on CuMn2O4 and/or Mn3O4 were prepared 
by ceramic method via heating copper chloride with manganese 
carbonate at 1000°C for 4 hours. The results revealed that the 
heat treatment at 400°C led to formation of mixture of CuO and 
Mn2O3 which undergoes phase transformation with subsequent 
formation of Mn2O3 by increasing the calcination temperature to 
600°C. Indeed, the heat treatment of Cu-Mn mixed oxide resulted 
in a progress change in the crystallinity and crystallite size of 
the as prepared crystalline phases. The heat treatment brought 
about CuO, MnO2, Mn2O3, Mn3O4 and CuMn2O4 with crystallite 
sizes 38-48, 36, 94, 65 and 40, respectively. This treatment led 
to formation of nano sized solids with homogeneous and porous 
particles. This confirms by determining the surface area for the 
sample calcined at 1000°C which has surface area equal 70 m2/g. 
Finally, the author emphasizes the importance of Cu-Mn mixed 
oxides calcined at 1000°C in most industrial and environmental 
applications.

References
1.	 Deraz NA. The formation and physicochemical 

characterization of Al2O3-doped manganese ferrites. 
Thermochim Acta. 2003;401(2):175-85. 

2.	 Deraz NM. Effects of heat treatment on physicochemical 
properties of cerium based nickel system. J Anal Appl 
Pyrolysis. 2012;95:56-60. 

3.	 Deraz NM, Abd-Elkader OH. Synthesis and characterization 
of nano-crystalline bixbyite-hopcalite solids. Int J 
Electrochem Sci. 2013;8:10112-120. 

4.	 Deraz NM, Hessien MM. Structural and magnetic properties 
of pure and doped nanocrystalline cadmium ferrite. J Alloys 
Compd. 2009;475:832-39. 

5.	 Deraz NM. Surface and catalytic properties of Co3O4 
-doped CuO/Al2O3 catalysts. Colloids Surf A Physicochem 
Eng Asp. 2002;207:197-206. 

6.	 Deraz NM. The art in the solid-solid reactions for industrial 

applications. J Metall Sci. 2007;1(2):1-2. 

7.	 Lamb AB, Scalione CC, Edgar G. The preferential catalytic 
combustion of carbon monoxide in hydrogen. J Amer Chem 
Soc. 1922;44(4):738-57.

8.	 Lamb AB, Bray WC, Frazer JC. The removal of carbon 
monoxide from air. J Ind Eng Chem. 1920;12(3):213-21. 

9.	 Aldridge JK. Heterogeneous CuMn2O4, Pt, Pd and SnO2 
catalysts for ambient temperature oxidation of carbon 
monoxide. Cardiff University: United Kingdom. 2011. 

10.	 Amri A, Jiang ZT, Pryor T, et al. Developments in the 
synthesis of flat plate solar selective absorber materials 
via sol-gel methods: A review. Renew Suste Energ Rev. 
2014;36:316-28. 

11.	 Vakiv M, Shpotyuk O, Mrooz O, et al. Controlled thermistor 
effect in the system CuxNi1-x-yCo2yMn2-yO4. J Europ 
Ceram Soc. 2001;21:1783-85.  

12.	 Bau HH, Zhong J. Thick film thermistors printed on low 
temperature co-fired ceramic tapes. Amer Ceram Soc Bull. 
2001;80(10):39-42.

13.	 Feingold AH, Wahlers RL, Amstutz P, et al. New microwave 
applications for thick-film thermistors. Microwave J. 
2000;43(1):90.

14.	 Cullity BD. Elements of X-ray Diffraction, Addison-
Weseley. 1978.

15.	 Deraz NM, Abd-Elkader OH. Effects of precursor on 
preparation and properties of nano-crystalline hopcalite 
particles. Asian J Chem. 2014;26(7):2133.

16.	 Blasse G. Ferromagnetism and ferrimagnetism of oxygen 
spinels containing tetravalent manganese. J  Phys Chem 
Solids. 1966;27(2):383-389.

17.	 Buhl R. Manganites spinelles purs d'elements de transition 
preparations et structures cristallographiques. J Phys Chem 
Solids. 1969;30(4):805-812.

18.	 Robbrecht GG, Henriet-Iserentant CM. On the lattice parameters 
and the tetragonal distortion of the copper and cadmium 
manganite systems. Phys Stat Sol. 1970;41(1):43-46.

19.	 Greenwood NN. Ionic crystal lattice defects and non-
stoichiometry. Butterworths, London. 1968.

20.	 Dey S, Dhal GC, Mohan D, et al. Effect of Preparation 
Conditions on the Catalytic Activity of CuMnOx 
Catalysts for CO Oxidation. Bull Chem Reac Eng Catal. 
2017;12(3):437-451.

*Correspondence to:
Nasrallah M Deraz
Physical Chemistry Department
Laboratory of Surface Chemistry and Catalysis
National Research Centre
Cairo
Egypt
Tel: +201284425222, +201115996267
E-mail: nmderaz@yahoo.com


