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Abstract  
Molybdates Zn1-xCoxMoO4 (0≤ x ≤0.3) were elaborated by the Sol-Gel method with pH=3.The results obtained 
by DRX show a single-phase domain starting from 500°C for x ≤ 0.3 isostructural to ZnMoO4.The powder of 
Zn0.7Co0.3MoO4 treated at 500°C and 700°C is formed by nano-sized primary crystallites of size between 80 and 
160 nm. The colorimetric parameters (L a* b*) of powders obtained at 700°C present a degree of high bluing. 
 
Keywords: Molybdate, Sol–gel, Nanometric, Chromophore, Morphology, Pigment. 
 
Introduction 

The molybdates of divalent elements AMoO4, exhibits numerous structural varieties and especially, 
polymorphisms with phase transition [1, 2]. These compounds train a big family of oxides being the object of 
search both in the field of the applied sciences and that of the fundamental sciences. The intrinsically 
luminescent colorless molybdates, MgMoO4, ZnMoO4 and PbMoO4

 [3, 4], are doped with rare earth in order to 
obtain phosphors [5-7]. Molybdates AMoO4 with A=Ni2 +, Co2 +, Fe2+, Mn2 +, are very studied as catalysts for 
oxidation of organic compounds [8,9]. Recent studies show that, in tungsten doped copper molybdate CuMo1-

xWxO4, the temperature of the structural transition α     γ is dependent upon the tungsten content [10,11]. These 
two polymorphs have different colors, respectively green and brown-red. It is thus possible to envisage the use 
of this pigment as marker of temperature. 
The objective of our work, is to elaborate Zn1-xCoxMoO4 pigments. The element cobalt appears to us to be a 
very promising chromophore for the synthesis of new pigments. The element cobalt appears to us to be a very 
promising chromophore for the synthesis of new pigments. Indeed, this element is responsible for different tints 
following the environment which it occupies. In tetrahedral site, it is at the origin of the blue color [11, 12]. In 
octahedral regular site, it is responsible for a pink colorb [12,13], while a purple tint seems to be obtained when 
the octahedral site is deformed [10].  
The literature also mentions the possibility of the cobalt to take a trigonal bipyramidal based coordination. In 
molybdate ZnMoO4, the Zn2+ ions are located both in octahedral and in triangular bipyramidals sites [14]. The 
presence of cobalt in these sites would induce distinguishable colors resulting of the transitions between cobalt 
d-levels. 
Several synthesis methods have been developed to obtain the zinc molybdate, such as the solid method 
involving solid state reactions between copper and molybdenum oxides. Powders obtained by this method are 
generally constituted of large-sized particles with low specific surface [15]. The Co-precipitation method has the 
disadvantage of adsorption at the surface of the particles of foreign ions difficult to remove [16]. To elaborate 
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our samples of Zn1-xCoxMoO4 (x ≤ 0.3), we opted for the polymerizable complex method, that we have already 
used to prepare the cobalt molybdate [17]. 
 
2. Materials and Methods 

Commercial reagents used for the synthesis of our compounds are: ammonium heptamolybdate (NH4) 6Mo7O24, 
4H2O (Acros, 99%), metal nitrates ((Zn, Co) (NO3)2, 6H2O) (Aldrich, 98%), citric acid (Acros, 98%) and 
ammonia (NH4OH 28% pure, density = 0.91).The aqueous solutions of metals salt0.2M and ammonium 
hyptamolybdate 0.2M are mixed in stoichiometric proportions. The citric acid is then introduced so that the 
molar report A/M is equal 3 and the pH is fixed to 3. The precursors are obtained after evaporation and drying at 
120 ° C for 12 h. These precursors are pre-calcined at 300 °C for 12 hours under air. The black powders 
obtained were treated at temperature ranging from 500 to 800 °C. The various steps of this synthesis are given 
in the Figure 1. 
The obtained powders were characterized by thermal analysis ATD-ATG (SETARAM TG-DTA 92), by X-rays 
diffraction (Brucker AXS D4λCu Kα = 1.5418 Å), by scanning (JEOL-JSM6400) and transmission (JEOL 
2010) electronics microscopies. The colorimetric parameters (L a * b *) were measured in the system CIE Lab 
by means of a colorimeter CR-400 / 410. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flowchart of the synthesis of Zn1-xCoxMoO4 0≤ x ≤0.3 by the polymerizable complex method 
 

3. Results and discussion 

3. 1. Structural characterization 

The thermally decomposion from precursor Zn0.7Co0.3MoO4 obtained by the drying the gel at 120 ° C was 
followed by thermal analysis (TGA/DTA). The measures were carried out under air flux at a temperature rate of 
2.5°C min-1. Figure 2 shows the typical thermal behavior of the precursor gel. The whole mass loss is about 
69%. 
The thermogram obtained can be divided into two parts: 
- The first weight loss about, 11.5 %, occurring in the range from room temperature to 130°C, is characterized 
by an endothermic phenomenon. It is attributed to the dehydration of surface water 
- The second weight loss about 57.5 % occurs in the range from 300°C to 450°C. It is characterized by two 
exothermic peaks, one at 424 °C, attributed to the combustion of organic matter and the other at 460 °C 
attributed to the combustion of the residual carbon and crystallization of molybdate. Beyond 500°C no loss of 
mass is observed what indicates that the decomposition is finished. 
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Figure 2: TGA–DTA curves of the Zn0.7Co0.3MoO4 precursor 

 
X-ray diffraction patterns of powders treated at 500 °C for 2 hours are shown in Figure 3a. These diagrams 
show for x < 0.35 a mono-phased powder, isostructural with ZnMoO4 (ASTM: 01-070-5387).  
For x=0.35, we note the appearance of an additional phase isostructural with ß-CoMoO4 (ASTM 00-021-
0868).The Figure 3b shows the XRD patterns of Zn0.7Co0.3MoO4 treated at temperatures above 500 ° C. These 
diagram shows that this composition is stable above 500°C. 
 

  
Figure 3a: XRD patterns of Zn1-xCoxMoO4       Figure 3b: XRD patterns of Zn0.7Co0.3MoO4 

      (x ≤ 0.35) treated at500°C                     treated at different temperatures 
 
In the rest of the characterization, we considered only the Zn0.7Co0.3MoO4 compound. 
 
3.2. Infrared spectroscopy analysis (FTIR) 

The FT-IR spectrum of Zn0.7Co0.3MoO4 precursor powder treated at 500°C during 2 hours Figure 4 show the 
presence of the characteristic bands of Mo-O (749 - 948 cm-1) [18,19] the characteristic strips of vibration of the 
connection Zn-O (617-692 cm-1) [20], as well as that of Co-Mo observed at 435 cm-1 [21]. These results confirm 
that the cobalt is successfully incorporated in to the ZnMoO4 crystal structure.  
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Figure 4: FT-IR spectra of Zn0.7Co0.3MoO4 precursor powders treated at 500°C 

 
 3.3. Microstructural characterization 

The Zn0.7Co0.3MoO4 powders obtained by calcination for 2h of precursor at 500 , 700 and 800 °C, were 
examined by scanning (SEM) and transmission (TEM) electron microscopy. The SEM micrographs (Figure 5) 
show that the powders obtained at 500 and 700°C are formed of agglomerates which size increases with 
increasing temperature. Examination of the surface of these agglomerates by transmission electron microscopy 
TEM (Figure 6) shows that these latter are formed of more or less spherical particles of sizes between 80 and 
160 nm. These agglomerates become more compact at 800 °C, which shows a certain degree of sintering of the 
powders at this temperature. According to these results, we note that the best morphology of Zn0.7Co0.3MoO4 is 
obtained by treatment at 500°C for 2 hours. 
 
 
 
 
 
 
 
 
 

Figure 5: SEM micrograph of Zn0.7Co0.3MoO4 treated at 500° C (a) / 700°C (b) and 800°C (c). 
 

 

 

 

 

 

 

 

 

Figure 6: TEM Micrographs of Zn0.7Co0.3MoO4 treated at 500 ° C (a) / 700 ° C (b) and 800 ° C (c). 
 

3.4. Characterization of the color of Zn0.7Co0.3MoO4 powders prepared at 500°C 

The variation of the colorimetric parameters (L a* b*) of Zn0.7Co0.3MoO4 according to the calcination 
temperature is given in the Figure 7.The evolution of the component (-b*) which characterizes the blue color 
presents a maximum at 700°C. The component (-b*) coupled with a relatively low value of the red component 
(a*) would translate the quality of Zn0.7Co0.3MoO4 with the aim of an application as blue pigment in the ceramic 
tint. 
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Figure 7: Evolution of the colorimetric parameters of Zn0.7Co0.3MoO4 with the temperature. 

 
Conclusion 

During this work, we have been able to develop molybdates Zn1-xCoxMoO4 (0 ≤ x ≤ 0.3) by sol-gel method at 
500°C during 2 hours. The Zn0.7Co0.3MoO4 powders obtained at 500 and at 700°C are formed by grains of size 
between 80 and 160 nm. The colorimetric parameters (L, a*, b*) of this composition shows a high degree of 
bluing at 700 °C. Polymerizable complex method appears as a simple and reproducible method for preparing 
Zn1-xCoxMoO4 based pigments suitable for the coloring of tiles. 
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