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In the manufacture of anticorrosive and protective-decorative coatings, 
Аluminophosphate-bonded coatings (APB), synthesized as a result of the interaction of 
aluminum hydroxide with orthophosphoric acid, are widely used. The resulting acidic 
aluminum phosphates have good astringent properties. Depending on the filler, 
aluminum phosphate compositions acquire certain properties. Thus, the use of a fine 
mixture of corundum and Muscovite gives the ligaments good electrical insulation 
properties, and the use of metal powders contributes to the production of conductive 
coatings. APB-based compositions containing zinc, barium and strontium chromates are 
used to protect the metal from corrosion. The pigments for such coatings are titanium 
oxide, corundum, and other powdery colored pigments that are highly stable when 
heated and do not react with acids. As a color filler, inorganic pigments based on complex 
oxides with the structure of spinel and heteropoly compounds (HPC) can be deposited on 
a mineral base, where transition metal cations are contained as chromophores. 



Spinel in nature is a rare mineral with a cubic structure and the General formula AB2X4, 
where a - Mg2+, Zn2+ , Fe2+ , Fe3+ , Ni2+ , Co2+ , etc., and B-Al3+ , Fe2+ , Fe3+ , Cr3+ , V3+ , Mn3+ , 
Ti4+ , etc. The x anion is usually O2- , but S2- , Se2- , and Te2- are possible (figure 1). 
Characteristic features of spinel are the octahedral appearance of crystals and high 
hardness. The use of this structural feature allowed us to create a variety of variously 
colored pigments and significantly expand the palette of stable heat-resistant ceramic 
paints. Spinel-based pigments are not affected by acids and alkalis and can be used in 
protective and decorative coatings for external and internal decoration of facades and 
buildings. They also have thermal stability, light resistance, moisture resistance, and the 
ability to intensively color glazes with a low concentration of pigment. In terms of toxicity, 
these materials do not cause any concerns and can be used for coloring plastic dishes or 
toys, as well as in cosmetics. 

Figure 1. The spinel structure (one unit cell). A2+ ions are 
located in the centers of tetrahedra 



Currently, various methods of producing 
spinels are used, one of which is the 
method of self-propagating high-
temperature synthesis (SHS). To obtain 
spinels by this method, a constant pressure 
setting was used. Synthesis was performed 
from a charge consisting of transition metal 
oxides (Co, Ni, Cr, Fe), aluminum oxide and 
aluminum powder of the ASD-4 brand at 
atmospheric pressure in the air in the 
mode of layer-by-layer combustion under 
natural filtration conditions.Gorenje For 
figure 2 presents the mode of layered 
Gorenje.Figure 3 shows a palette of spinel-
type pigments obtained in the Department 
of structural Macrokinetics of TSC SB RAS 
research center. 

Figure 2. Synthesis of spinel-type pigmentSHS 
method (layer-by-layer Gorenje mode) 

Figure 3. The pigments of the spinel type 



Transition metal-based colored heteropoly compounds (HPC) are used to produce 
inorganic pigments.Synthesized inorganic pigments contain as a chromophore 
molybdophosphate, molybdosilicic, wolframophosphoric and volframovich transition 
metals, and the substrate – dispersed silicates from different structural groups of silica 
oxide tetrahedra, in particular Marsala, talc, wollastonite, tremolite, diopside, kaolinite. 
The reaction of the formation of colored heteropoly compounds in all cases goes directly 
on the substrate. 
 
 
 

Figure 4. Structure of the anion [PMo12O40]3- , where a) - the Central tetrahedron of HO4 is surrounded by 12 MO6 
octahedrons assembled in four groups of M3O13; b) - the triplet of M3O13 connected to the Central tetrahedron of HO4 
by vertices; C) the octahedron of MO6. 
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The main attention in the synthesis of pigments should be paid to the acidity of solutions. 
This is due to the fact that the structure of heteromolecular very sensitive to pH. This is 
especially true for wolframite (СоSiW) and wolframophosphoric (СоРW) cobalt. 

Under the action of Oh-groups in solution is the formation of lacunar forms of 
heteropolysaccharide related to the violation of the integrity of octahedral molecular 
МО6–groups and substitution peripheral octahedral coordinated cations CO2+ , which 
imparts a pink color pigments. At the same time, cobalt tungstates are formed, where the 
cobalt has a tetrahedral environment and a bluish-blue color, which together gives a lilac 
color. The more cobalt tungstate is formed,the more blue the pigment becomes. 
 

Figure 5. Influence of the pH of the medium on the chromaticity of the pigment (marshalite+CW) during its 
synthesis. 

a b c 



  The most pure tones obtained on the basis of molybdophosphate transition metal salts. 
Depending on the transition element cation used and the pH of the medium, pigments of 
a wide color range can be obtained. Figure 6 shows examples of pigments synthesized 
from transition metal heteropolysols (cobalt, chromium, manganese, iron, and copper). 

Pigments are characterized by high 
light resistance, which allows them to 
be used as pigments of finishing 
materials. Moreover, the color is 
preserved even under high-
temperature processing. The use of 
pigments is preferable in a 
composition with ligaments that 
provide an acidic environment. 
Аluminophosphate-bonded coatings 
(APB) is well suited for protective and 
decorative coatings with pigments 
containing heteropoly compounds. 

Figure 6. The pigments are based on transition metals heteromolecules 



Using the synthesized above-listed pigments, strong protective and decorative coatings 
with the use of AFBC were obtained. The optimal amount of pigment introduced into the 
Аluminophosphate-bonded coatings was 10÷15 wt. % with a small amount of boric acid 
added to slow down the crystallization rate for the technologically necessary time. 
Ready-to-use paint was applied to the surface and dried. As a result of the interaction, 
reactions occur for the formation of aluminum phosphates, for example: 
 

AI(OH)3+H3PO4=AIRO4+3H2O 
 

To create a solid ceramic coating, the surface of the product with dried applied paint was 
subjected to heat treatment (~300 °C) for 1÷2 minutes. This temperature treatment 
provides water resistance to coatings. 



Figure 7 shows x-ray images of coatings based on APB: a) with an aluminum-cobalt 
pigment of the ZnO-MgO-CoO-Al2O3 system, b) with an inorganic pigment based on 
cobalt-molybdenum phosphate and marshalite, 

where 1 is SiO2 marshalite,2-
Al(PO3)3, 3-Al(H2PO4)3,4-

AlPO4,5-Al3(OH)3(PO4)2·H2O. 

where 1 is CoAl2O4, 2 is 
AlPO4(hexagonal), and 3 is 
AlPO4 (orthorhombic). 

The resulting coating is a mixture of 
aluminum phosphates AlPO4 hexagonal and 
orthorhombic singonia and spinel 
CoAl2O4.The ceramic coating is resistant to 
high temperatures. 

Along with marshalite, there are phases AlPO4, 
Al(PO3)3 and Al(H2PO4)3. In small quantities, the 
phase Al3(OH)3(PO4)2·H2O is detected. In the 
range of angles ~2θ=15÷30°, a halo is observed, 
which indicates an amorphous component of the 
coating. 

Figure 7-а Figure 7-b 



Along with the X-ray diffraction pattern , an IR spectroscopic study was performed on the Nicolet 5700 
IR Fourier spectrometer. For coatings with the addition of spinel pigment, it showed that in the range 
of 1400-900 cm-1, absorption bands characteristic of the anions PO4 3- (932.2 cm-1), HPO4 2- (980.4 cm-

1) and H2PO4 - (1095.7 cm-1) are shown. Vibrations of bonds of tetrahedrically coordinated cobalt 
[CoO4] at 687.5 cm-1 and octahedrically coordinated aluminum [AlO6] at 552.3 cm-1 in alumocobalt 
spinel are overlapped by lines of aluminum phosphates. 

Figure 8. IR spectra of protective 
and decorative coatings, where 1 is 
pigment based on spinel СоAl2O4, 2 
is APB + pigment (after drying), 3 is 
APB + pigment (after heat 
treatment at 300 °C), 4 is APB + 
pigment (after heat treatment at 
1000 °C). 



The formation of a copper salt is marked by fluctuations in the bonds V (si-O) at 805.3 cm-1, ~630 cm-1 
and V(Cu-Cl) at 697.6 cm-1 and 406.1 cm-1 (curve 2), and cobalt salts - V(Co-O) at 669.5 cm-1 and V(Co-
Cl) at 429.9 cm-1 (curve 4). The deformation oscillation δ (OH) of crystallization water in heteropoly 
compounds in both cases is observed at 1594, 0 cm-1 

For the coating with the addition of 
HPC-along with the absorption bands 
characteristic of wollastonite (curve 1) 
and marshalite (curve 3), there are 
oscillation frequencies of phosphate 
anions. In addition, there are 
absorption bands characteristic for the 
structure of Keggin in heteromolecular 
pigments. Fluctuations in the bonds of 
V (Mo-O-mo), V (- O -) in MO6 appear 
at 849.6 cm-1, 737.4 in the pigment on 
wollastonite and at ~870 cm-1, 733.1 in 
the pigment on marshalite, respectively. 

Figure 9. IR spectra of protective-decorative coatings, where 1 is wollastonite, 2 is 
aluminophosphate-bonded CuPMo pigment based on wollastonite, 3 is 
marshalite, 4 is aluminophosphate-bonded CuPMo pigment based on marshalite 



The ceramic coating is 
resistant to high 
temperatures. Figure 8 
shows a complex thermal 
analysis of a coating 
consisting of an 
alumophosphate-bond and 
an inorganic pigment based 
on CoAl2O4. As can be seen 
from the figure, the loss of 
adsorbed and crystallized 
water occurs in several 
stages with maxima at 
66.9°C,.176, 0°C and 
231.0°C. 

In the range of 500-550°With a maximum at 538.2°C, there is a slight mass loss associated 
with the polymerization of phosphates and the formation of THE p2o7 2-anion. The 
coating is stable and at a temperature of 1000 ℃. 

Figure 10. Thermal analysis of a coating consisting of an 
alumophosphate-bond and an inorganic pigment based on CoAl2O4. 



Complex thermal analysis of 
the coating consisting of an 
alumophosphate bond and 
an inorganic pigment based 
on cobalt and marshalite Moi 
showed that the loss of 
adsorbed and crystallized 
water occurs in several 
stages with maxima at 111.1 
°C, 168.6 °C and slightly at 
~225°C and ~260 °C. 

In the range of 566.5-568.8 °C, there is a phase transition in marshalite: α-quartz→β-quartz. 
The coating is stable up to 900 °C. The mass loss observed at temperatures above 950 °C is 
associated with partial destruction of cobalt molybdenum phosphate. 

Figure 11. Thermal analysis of a 
coating consisting of an 
alumophosphate bond and an 
inorganic pigment based on cobalt 
and marshalite molybdenum 
phosphate. 



Examples of  protective and decorative coatings  

Optical studies (Axiovert 200M) have shown that after heat treatment at 300 °C, the color 
coating has a uniform structure, does not contain cracks and can be used for finishing 
metal, concrete and brick surfaces. 

Figure 13. General view (a) and surface microstructure (b, c) coloured decorative 
and protective ceramic coatings on metal-based alumophosphate-bond and 
inorganic pigments from heteropoly compounds , precipitated minerals 
(wollastonite, marsalit), where a is the appearance of the coating, b - 
microstructure of the coating (pigment of Sirmo/ wollastonite) in the 
microstructure of the coating (pigment CoPMo/ Marsala ). 

Figure 12. Microstructure of the 
surface of color protective and 
decorative ceramic coatings on 
bricks based on an 
alumophosphate-bond and an 
inorganic pigment based on 
CoAl2O4. 

a b c 


