
Synthesis, phase composition and microstructure of colored ceramic materials 

based on diopside 

  
Lуubеn Lаkov*, Bojidar Jivov, Mihaela Aleksandrova, Stancho Yordanov, Krasimira Toncheva 

 

Bulgarian Academy of Sciences, Institute of Metal Science, Equipment and Technologies with Hydro and Aerodynamics Centre 

“Acad. A. Balevski”, 67 Shipchenski prohod st., 1574 Sofia, Bulgaria,  

e-mail: krasiton4@abv.bg 

 
 

Abstract: Experimental ceramic samples were obtained in which the presence of CaMgSi2O6 (predominant phase), MgCr2O4, CaAl2Si2O8 

and quartz was detected by X-ray diffraction analysis. During the microscopic examination of the prepared sections, two mineral phases 

were established: main - clinopyroxene and secondary - green spinel. The presence of prismatic-granular and skeletal structure was found. 

In the formed dominant diopside phase the presence of numerous inclusions of magnesium-chromium spinel with green color (sizes up to 

0,05 mm) was observed evenly distributed in the sections determining the characteristic green color of the samples.  
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1. Introduction 

In the production of building materials and other ceramic 

products in the silicate industry are applicable various technological 

methods for obtaining products with various decorative and color 

characteristics [1-6]. Widely used are various glaze coatings 

(colored, colorless, transparent, opaque, matte, glossy, etc.), which 

are inorganic mainly silicate glass coatings (with a multi-component 

composition) obtained after heat treatment [5]. The presence of a 

glaze layer provides protection of products from the effects of 

certain environmental factors and increases the performance and 

aesthetic performance of the product. Some types of glaze coatings 

are traditionally used in combination with underglaze and overglaze 

decoration.  

Another technological approach to decorating ceramic products 

is the application of angoba coatings obtained from white-fired 

plastic refractory clays and other raw materials [3-5]. Different 

colored angobas are made from naturally colored clays or on the 

basis of white clays and the introduction of appropriate dyes. The 

angoba coatings are characterized by a number of advantages: 

application of available natural raw materials, significant coverage, 

one-time heat treatment, porous structure of the obtained coatings, 

etc.  

The introduction of suitable colorants in the molding 

compounds, engobe and glaze compositions and the application of 

opaque glazes allow the preparation of a wide range of aesthetic 

products [4-7]. Inorganic pigments of natural origin, industrial 

waste materials or synthetic products are in use. Different colorants 

are used in production conditions: metal oxides, silicates (mullite, 

garnet, villemite, zircon), sulfides, spinel, chromates and many 

others components [5, 6]. Due to their stability in heat treatment and 

the action of silicate melts, pigments can be classified as stable and 

unstable [5]. There are pigments which, under conditions of heat 

treatment at temperatures above 1300oC, retain their coloring 

ability, while others change their color characteristics or lose their 

coloring action.  

A number of research teams are exploring the possibility of 

developing alternative ceramic pigments with appropriate properties 

[8-23]. Due to the relatively high cost of some standard colorants, 

studies on the production of pigments from industrial waste 

products are particularly promising. 

 In the present work the experimental laboratory results of the 

synthesized color ceramic samples with predominant diopside 

content are presented. The analysis of the experimental results 

provides an opportunity to make adequate adjustments to the 

technological methodology used to obtain a product. The developed 

compositions and technological regime allow the production of 

waterproof, non-flammable products, with a long service life, 

resistant to cyclical seasonal changes and long-lasting aesthetic 

color characteristics. The studied materials are considered as 

potentially applicable for the production of materials suitable for the 

construction of flooring and decorative cladding of buildings.  

 

2. Experimental procedures 
 

Standard equipment was used in the preparation of the 

experimental samples: scales Sartorius A210 P-0 D1, porcelain mill 

(working volume 50 l) equipped with grinding bodies, set of sieves, 

press Alfred J. Amsles & Co. At the developed different 

compositions  the  quantities  of  the  introduced  raw  materials 

vary (wt.%): kaolin 40-50, magnesite 20-30, calcite 15-25, quartz 

sand 10-15 and Cr2O3 1-10. The weighed raw materials are 

subjected to co-grinding in a laboratory ball mill. Experimental 

samples were prepared from the compositions using a metal matrix. 

After drying (for 24 hours at 80°C), the samples were subjected to a 

final heat treatment at 1150±5°C and a thermal retention of 30 

minutes. The thermal treatment of the compositions was carried out 

in a programmable furnace Netzsch with the presence of a 

programmer, providing the possibility to control the rate of increase 

and decrease of the temperature values and the time of the 

isothermal delays. From the obtained test specimens, section were 

prepared, subjected to microscopic observation using a Stemi 2000-

C binocular microscope and an Amplival Pol D polarizing 

microscope with a ProgRes CT3 Jenoptic camera mounted. During 

the microscopic examination, a series of microphotographs of the 

observed preparations were prepared. X-ray phase analysis of the 

experimental samples was performed using an automatic powder X-

ray diffractometer Bruker D8 Advance with Cu Kα radiation. 

 

3. Results and Discussion 
 

In laboratory conditions, a series of monolithic ceramic samples 

with green color was prepared using the described technological 

methodology. 

The presence of a predominant crystalline phase CaMgSi2O6 

was found in the obtained experimental samples by the performed 

X-ray diffraction analysis. At the same time, the presence of 

MgCr2O4, CaAl2Si2O8 and quartz were proved in the compositions. 

During the binocular microscope (Fig. 1-2) observation of the 

prepared experimental sections, a well-defined uniform granularity 

of the structure and the presence of multiple pores with sizes up to 

0,5 mm were established. 

Only two mineral phases were found by a polarizing 

microscope (Fig. 3-9) - the main one: clinopyroxene (diopside type 

according to X-ray diffraction data) and secondary - green spinel. 

The morphology with predominant short prismatic habit and the 

presence of a uniform prismatic-granular structure was established 

in the experimental samples. Most of the grains are characterized by 

skeletal growth, and by applying a higher magnification, the 

presence of fine skeletal structures (micron-sized) is observed, 

probably a consequence of the second generation of mineral 

formation. In the studied sections, droplet-shaped inclusions from 

the amorphous phase with the presence of separate needle diopside 

crystals are rarely registered (Fig. 5). 
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Fig. 1. General appearance of the sample: clinopyroxene aggregate with 

prismatic-granular uniformly granular structure (crossed nicols, marker 5 

mm). 

  

  
 

Fig. 2. General appearance of the sample (the above photos at 

parallel nicols, marker 5 mm, white and yellow spots - pores).  

 

A specific feature of the obtained samples is the presence in the 

formed dominant diopside phase of numerous included spinel 

(MgCr2O4) with green colour, dimensions that vary up to 0,05 mm 

and shape typical for octahedral symmetry (Fig. 8-9). Their 

distribution in the sections is relatively even and determines the 

characteristic green color of the ceramic samples. 

The traces of anorthite detected by X-ray diffraction analysis 

are probably localized in the areas between the skeletal crystals and 

are too insignificant for microscopic diagnosis with the equipment 

used in the present study. The presence of quartz was not observed 

during the microscopic examination of the prepared sections. 

 

  
 

Fig. 3. Diopside aggregate with prismatic-granular structure and skeletal 

growth at many of the individuals (crossed nicols, marker 0,5 mm). 

 

  
 
Fig. 4. The above photos at parallel nicols, marker 0,5 mm. 

 

  
a b 

Fig. 5. Drop-shaped vitreous inclusion with needle diopside: a) crossed 
nicols, marker 0,5 mm; b) parallel nicols, marker 0,5 mm. 

  
 

Fig. 6. Octahedral green spinel crystals with max dimensions 0,05 mm 

(parallel nicols, marker 0,2 mm). 

 

  
 

Fig. 7. Octahedral green spinel crystals with max dimensions 0,05 mm 

(parallel nicols, marker 0,2 mm). 

 

  
 
Fig. 8. Diopsides with numerous spinel inclusions and micron-sized skeletal 

structure (crossed nicols, marker 0,2 mm). 

 

  
 

Fig. 9. Diopsides with numerous spinel inclusions and micron-sized skeletal 
structure (the above photos at parallel nicols, marker 0,2 mm). 

 

4. Conclusions 

Diopside CaMgSi2O6 (dominant phase), magnesium-chromium 

spinel MgCr2O4, anorthite CaAl2Si2O8 and quartz were detected by 

X-ray diffraction analysis.  

During the microscopic analysis, two mineral phases were 

recorded: main - clinopyroxene (according to X-ray data) and 

secondary - green spinel. Morphology with a predominantly short 

prismatic habitus and an uniformly prismatic-granular structure was 

found. Skeletal growth was found in most of the grains as well a 

fine skeletal structures with micron sizes. Drop-shaped inclusions of 

the vitreous phase with the presence of individual needle diopside 

crystals are rare. In the predominant diopside phase, numerous 

inclusions of magnesium-chromium spinel with green color, sizes 

up to 0,05 mm and shape characteristic of octahedral symmetry 

have been registered. The found inclusions are relatively evenly 

distributed in the experimental sections and their presence 

determines the green color of the samples. 

The traces of anorthite (registered by X-ray diffraction analysis) 

are probably localized in the areas between the individual skeletal 

crystals and due to their insignificant presence are inaccessible for 

microscopic diagnosis with the equipment used. Quartz was not 

observed in the examined sections. 
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