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The purpose of this study is to perform the thermodynamic analysis of the reactions of

diopside phase (CaOMgO2SiO2) formation during the synthesis of ceramic pigments

based on the granulated blast-furnace slag. Thermodynamic analysis is of great practical

importance in studying solid-phase interactions, which are involved in the pigment

technology. At the same time, the scope of energy-intensive experimental studies of ceramic

pigments is significantly reduced. When performing thermodynamic calculations, we assessed

the fundamental possibility and direction of occurrence of chemical reactions by determining

the changes in the Gibbs energy. In order to verify the calculation data, the change in the

mineralogy of the diopside compositions was evaluated with the use of X-ray phase analysis

at different firing temperatures. It was found that the diopside phase in the

CaO–MgO–Al2O3–SiO2 system is formed in several stages. The merwinite

(3CaOMgO2SiO2) mineral is formed first. Further, merwinite, along with blast-furnace

slag minerals, is involved in the diopside formation. The formation of diopside is completed

at the temperature of 12000Ñ. The findings of the study will provide a reasonable approach

to the choice of compositions of ceramic pigments using complex raw materials, including

the wastes of various industries.
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Introduction

Ceramic pigments represent the most effective
components for coloring glass coatings and provide
a diversity of color palettes. Industrial pigments of
the given color are obtained predominantly by solid-
phase synthesis using the corresponding chemical
systems. Spinel-type ceramic pigments, characterized
by the cubic structure, have the most stable color
[1,2].

In order to obtain a wide range of stable ceramic
pigments characterized by low firing temperature, it
is expedient to use the crystal lattice of various
silicates. During the synthesis of such pigments, the
ions of transition elements and rare earth elements
are introduced in the silicate crystal lattice with the
formation of color-bearing phases in the reaction
products. In this case, the pigment color depends
on the chemical nature of the introduced

chromophore ion, its coordination environment, and
the level of symmetry of coordination polyhedral
[3–5].

Ceramic pigments with a wide range of colors
based on various mineral raw materials can be
synthesized using the crystal lattice of the chain
silicate, such as diopside (CaOMgO2SiO2). The
diopside structure determines the possibility of
processes of isomorphic substitution of Mg2+ ions
for Co2+, Ni2+ and Mn2+ ions; Si4+ ions for Ti4+, Fe3+

ions, and, particularly, for Al3+ ions [6].
The substitution of MgO for CoO within the

diopside structure causes the formation of
Ca(CoxMg1–x)Si2O6 substitution solid solution (where
x=0.05–0.80 mol) and change in the pigment color
from pink to purple. The color of these pigments is
determined by the presence of Co2+ ions in the
octahedral coordination [7]. The pigments ensure
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the blue color of glass coatings similar to that provided
by the industrial blue pigments. At the same time,
the content of ÑîO in the pigments of diopside
structure is 5 wt.% lower than in the traditional
cobalt-containing pigments.

Diopside pigments obtained by stepwise
introduction of nickel oxide (0.3–0.8 mol) instead
of MgO are acquired to the light green color of
varying intensity. The substitution of MgO by MnO
in diopside changes the color of the pigments from
pinkish grey to brown. Color-bearing phases of such
pigments, along with the diopside solid solution, are
also represented by various spinels and, in part, by
coloring oxides not undergoing a reaction.

Sedel’nikova and Pogrebenkov [8] studied the
ceramic pigments of diopside structure with the use
of the natural silicate raw materials, in particular,
wollastonite, talc and tremolite. The firing was carried
out in the temperature range of 1100–13000Ñ. With
the increase in the content of oxide-chromophores
from 0.1 to 1.0 mol in the pigment composition,
their color intensifies: it turns to lilac, to green and
to brown for cobalt-containing pigments, chromium-
containing pigments and iron-containing pigments,
respectively. When the considered chromophores are
introduced instead of magnesium oxide, cristobalite
and spinels (MgOFe2O3, MgOCr2O3) are also
identified in the phase composition of diopside
pigments. Cobalt oxide is not recorded at any
concentration under study. Chromium and iron
oxides are observed in the free form at the content
of 0.5 mol (about 28 wt.% in the batch) and above.

In order to expand the raw material base of
pigment technology and reduce the synthesis
temperature, it is advisable to use secondary raw
materials, including in the form of slags from various
metallurgical industries. The use of metallurgical slags
can significantly reduce the material and energy costs
for the production of ceramic pigments.

The expediency of using open-hearth slags in
the production of spinel pigments is shown in the
literature [9]. Open-hearth slags feature high content
of ferric oxide (up to 30 wt.%). The additional
introduction of chromium and nickel oxides (jointly
and separately) allows obtaining the pigments with a
wide range of brown colors. The use of ZrO2SiO2 as
an opacifying component and the additional
introduction of CoO provide the grey color of
pigments [10]. For spinel pigments of the blue-green
series, granulated blast-furnace slag [11] and slag of
the alumino-thermic production of ferrotitanium [12]
were used as the main raw materials. Cobalt and
chromium oxides were used as the coloring
components. When the metallurgical slags are used,

the firing temperature of spinel pigments is reduced
to 1150–12500Ñ.

The granulated blast-furnace slag has found an
effective application in the preparation of pigments
of the orthosilicate structure (tin sphene). The
developed chromium-containing pigments have a
stable pink color [13].

Calcium oxide, magnesium oxide and silicon
dioxide are the basic components of blast-furnace
slag. In view of the above, it is expedient to use blast
furnace slag as the main component in the production
of ceramic pigments with a diopside structure.

To date, the waste from alumina production,
nepheline sludge, is known as the only material used
for production of diopside pigments among the
secondary materials [14]. CaO and SiO2 are its main
components at a molar ratio of 2:1 and total content
of 85–88 wt.%. When nepheline sludge is used,
wollastonite, akermanite, and coloring oxides are
identified in the phase composition of pigments,
along with diopside. This fact indicates the
complexity and gradation of processes of diopside
phase formation in pigments.

The multistage nature of the diopside phase
formation is also evidenced by X-ray phase studies
of ceramic pigments obtained based on natural
wollastonite. In the first stage, forsterite and a small
amount of magnesium metasilicate are formed, and
then diopside appears.

The processes occurring during the synthesis
of ceramic pigments can be studied quite effectively
using the modern physicochemical methods of
analysis. However, these studies are possible only
under the condition of obtaining specific practical
results in the form of a finished product. On the
other hand, thermodynamic analysis is a rather
fruitful method of preliminary assessment of the
probable conditions and sequence of the chemical
and physical-chemical processes. It is of high
practical significance in the study of solid-phase
interactions typical of the pigment technology and
in explaining their various features.

The purpose of this study is to perform the
thermodynamic analysis of the reactions of diopside
phase formation during the synthesis of ceramic
pigments based on the granulated blast-furnace slag.
The study provides a reasonable approach to the
choice of compositions of ceramic pigments using
complex raw materials, including secondary ones.

Experimental

Thermodynamic calculations were performed
to identify the sequence of chemical reactions in
the CaO–MgO–Al2O3–SiO2 system using the
granulated blast-furnace slag as a basic component.
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The mineralogy of diopside compositions after
firing was evaluated using X-ray phase analysis (XPA)
on the diffractometer Philips APD-15 in the Cu-K

radiation.
Granulated blast-furnace slag produced by

«ArcelorMittal Kryvyi Rih», Avdiivka quartz sand
(Ukraine) and chemically pure magnesium oxide
(MgO content 98.0 wt.%) were used as the raw
materials to obtain diopside compositions. Diopside
compositions were prepared by joint wet grinding of
the initial raw materials. The firing was carried out
in the temperature range of 800–12000Ñ.

Results and discussion

To obtain the diopside compositions, we
consider the granulated blast-furnace slag as a basic
component; it is characterized by a high content of
calcium oxide, magnesium oxide, aluminum oxide
and silicon dioxide (about 97 wt.% in total). Blast-
furnace slag is characterized by low iron oxides
content (up to 0.5 wt.%), which is of great importance
in the synthesis of ceramic pigments of high color
purity. The products of crystallization of the
granulated blast-furnace slag are the solid solution
(melilite) between akermanite (2CaOMgO2SiO2)
and gehlenite (2CaOAl2O3SiO2), as well as calcium
meta- and orthosilicates [13]. In addition, calcite
(ÑaCO3) is formed during the storage of solid slag
wastes in dumps. X-ray phase analysis and differential
thermal studies confirm the presence of the above-
mentioned crystalline phase in the blast-furnace slag.

The ult imate goal of thermodynamic
calculations is to find the change in the Gibbs energy

 0

TG  of the reaction. The fundamental possibility
and probable direction of occurrence of any
physicochemical process is determined by the
magnitude and sign of change in the Gibbs energy.
The reaction is fundamentally possible if 

0

TG 0  .
Among various processes occurring in the system,
the process accompanied by the highest decrease in
the Gibbs energy change is the most favourable from
the thermodynamic point of view.

There are no thermodynamic constants for
blast-furnace slag minerals in the glassy state in the
literature, so we used the thermodynamic data for
crystalline compounds. A slight difference between
the thermodynamic constants for various silicates in
the crystalline and glassy states does not cause any
noticeable distortion of the final result. When
performing thermodynamic calculations, we took into
account the polymorphic transformations of
-quartz-tridymite and -Ñà2SiO4’-Ñà2SiO4.

X-ray phase analysis of heat-treated blast-
furnace slag showed no direct interaction between
its minerals [13]. Therefore, we did not consider

these reactions in our thermodynamic calculations.
At the same time, we considered the molar ratio of
the main crystalline phases in the heat-treated blast-
furnace slag. Thus, individual slag minerals could
simultaneously act as the basic substances in several
solid-phase reactions. Charge-adjusting components
(MgO and SiO2) could also be involved in several
reactions.

Thermodynamic calculations for slag-conta-
ining compositions of the CaO–MgO–Al2O3–SiO2

system were performed for the chemical reactions
in the temperature range of 1073–1473 Ê.

The reactions characterized by the highest
decrease in the values of 

0

TG  of all reactions under
study are listed below:

2MgO+SiO22MgO SiO2; (1)

2CaOMgO2SiO2+MgO+2SiO2

2(CaO MgO 2SiO2); (2)

2CaOMgO2SiO2+MgO+2CaOSiO2

3CaO MgO 2SiO2+CaO MgO SiO2; (3)

2(2CaOMgO2SiO2)+2MgOSiO2+3SiO2

4(CaO MgO 2SiO2); (4)

2CaOSiO2+MgO+SiO2

2CaO MgO 2SiO2; (5)

2CaOSiO2+MgO+CaOSiO2

3CaO MgO 2SiO2; (6)

2CaOSiO2+2MgO+3SiO2

2(CaO MgO 2SiO2); (7)

2CaOSiO2+2MgOSiO2+2SiO2

2(CaO MgO 2SiO2); (8)

2CaOSiO2+2MgO+SiO2

2(CaO MgO SiO2); (9)

CaOSiO2+MgO+SiO2

CaO MgO 2SiO2; (10)

2CaOAl2O3SiO2+MgO+2SiO2

CaO Al2O32SiO2+CaO MgO SiO2; (11)

2CaOAl2O3SiO2+MgO+3SiO2

CaO Al2O32SiO2+CaO MgO 2SiO2; (12)

2(2CaOAl2O3SiO2)+MgO+4SiO2

2(CaOAl2O32SiO2)+2CaOMgO2SiO2; (13)
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2CaOAl2O3SiO2+2MgO+SiO2

2[CaO MgO 2((Si0.5,Al0.5)O 1.75)]; (14)

CaCO3+2CaOMgO2SiO2

3CaO MgO 2SiO2+CO2; (15)

CaCO3+MgO+2CaOSiO2+SiO2

3CaO MgO 2SiO2+CO2; (16)

CaCO3+MgO+2(CaOSiO2)
3CaO MgO 2SiO2+CO2; (17)

3CaCO3+MgO+2SiO2

3CaO MgO 2SiO2+3CO2; (18)

CaCO3+MgO+2SiO2

CaO MgO 2SiO2+CO2; (19)

2CaCO3+MgO+2SiO2

2CaO MgO 2SiO2+2CO2; (20)

CaCO3+MgO+SiO2

CaO MgO SiO2+CO2; (21)

3CaOMgO2SiO2+2MgO+4SiO2

3(CaO MgO 2SiO2). (22)

Thermodynamic constants of the substances
involved in the above reactions are presented in
Table 1 [15]. Table 2 includes the results of
thermodynamic calculations for reactions (1)–(22).

2

pC a b T c T ,


      

kJ/molК Compound State * 
–

0

298,15H ,  

kJ/mol 

– 0

298,15G ,  

kJ/mol 

0

298,15
S ,  

kJ/molК 
a b103 c10–5 

Temperature range,

К 

2CaOAl2O3SiO2 cr. 4007.85 3809.12 209.78 266.81 33.49 –63.29 298–1600 

2CaOMgO2SiO2 cr. 3877.14 3679.79 209.20 251.54 47.72 –47.72 298–1700 

-CaOSiO2 cr. 1628.73 1544.68 86.23 108.21 16.49 –23.65 298–1700 

-2CaOSiO2 cr. 2316.68 2200.02 120.79 133.37 51.57 –19.42 298–1120 

'-2CaOSiO2 cr. 2308.58 2194.00 127.67 134.62 46.13 0 970–1710 

CaOAl2O32SiO2 cr. 4243.41 4017.77 199.28 269.66 57.35 –70.70 298–1600 

CaOMgO2SiO2 cr. 3202.68 3028.53 142.92 221.31 32.82 –65.89 298–1600 

CaOMgOSiO2 cr. 2263.04 2145.45 108.78 144.52 38.53 –28.49 298–1600 

3CaOMgO2SiO2 cr. 4567.42 4340.20 253.13 305.45 50.06 –60.44 298–1600 

2MgOSiO2 cr. 2171.91 2052.93 95.19 149.90 27.38 –35.66 298–1800 

-quartz cr. 911.50 857.08 41.86 60.32 8.13 0 848–2000 

-tridymite cr. 905.98 852.19 43.53 57.10 11.05 0 390–2000 

СaCO3 (calcite) cr. 1206.83 1128.35 91.71 104.52 21.92 –25.94 298–1200 

CO2 gas. 393.51 394.37 213.66 44.14 9.04 –8.54 298–2500 

 

Table  1

Initial thermodynamic constants of individual compounds [15]

Note: * – cr. – crystalline; gas. – gaseous.

Reaction 0

TG  values (kJ/mol) at different 

temperatures 
Reaction 

number 
1073 K 1173 K 1273 K 1373 K 1473 K 

1 –53.32 –57.33 –57.10 –56.93 –56.83 

2 –58.40 –62.80 –58.72 –54.76 –50.91 

3 –43.23 –38.33 –38.10 –37.89 –37.70 

4 –63.47 –68.27 –60.35 –52.59 –44.98 

5 –65.10 –64.60 –64.38 –64.11 –63.78 

6 –42.53 –38.55 –39.15 –39.69 –40.16 

7 –123.49 –127.40 –123.10 –118.87 –114.68 

8 –70.17 –70.08 –66.01 –61.94 –57.85 

9 –94.76 –93.37 –92.44 –91.63 –90.94 

10 –43.33 –46.00 –44.43 –42.93 –41.50 

11 –54.32 –61.28 –59.86 –58.68 –57.76 

12 –68.69 –78.30 –75.20 –72.31 –69.63 

13 –78.98 –93.80 –91.66 –89.84 –88.34 

14 –175.40 –171.25 –163.12 –155.28 –147.74 

15 –49.52 –64.63 – – – 

16 –114.61 –129.24 – – – 

17 –77.78 –93.83 – – – 

18 –221.95 –275.21 – – – 

19 –115.41 –136.69 – – – 

20 –172.43 –210.57 – – – 

21 –101.05 –119.67 – – – 

22 –124.30 –134.85 –128.39 –122.12 –116.02 

 

Table  2

Summary of calculated values of 0

TG  for
reactions (1)–(22)

The calculations of 
0

TG  of the chemical
reactions showed (Table 2) that merwinite mineral
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(3CaOMgO2SiO2) was the most preferred product
of the interaction of the blast-furnace slag minerals
with silicon dioxide and magnesium oxide at the
first stage. The merwinite formation following
reaction 18 is characterized by the highest negative
values of . Subsequently, reactions of the diopside
phase formation are likely to occur. In this case,
diopside is formed in several stages. In the
temperature range under study, the highest negative
values of the Gibbs energy (–175.4…–147.74 kJ/mol)
were stated for the reaction of diopside formation
from gehlenite (reaction (14)). Apparently, the
isomorphic substitution of Si4+ ions for tetrahedrally
coordinated Al3+ ions may occur in the diopside
structure. Subsequently, the formation of diopside
with the involvement of shennonite (-2CaOSiO2),
blast-furnace slag mineral (reaction (7)), and
previously formed merwinite (reaction (22)) is
possible. Considering the close values of  for reactions
(7) and (22), their occurrence is equally probable.
Close values of  for the reaction of formation of
magnesium orthosilicate 2MgOSiO2 (reaction (1))
and the reaction of diopside formation with
akermanite mineral (reaction (2)) in the temperature
range of 1073–1473 Ê should also be noted. This
fact indicates the energetic equiprobability of
reactions (1) and (2). In the formation of magnesium
orthosilicate, its interaction with akermanite and
silicon dioxide following reaction (4) is energetically
favorable. After that, pseudo-wollastonite mineral
(-CaOSiO2) can be involved in the formation of
diopside (reaction (10)).

Therefore, the results of thermodynamic
calculations indicate a high probability of the diopside
formation in the CaO–MgO–Al2O3–SiO2 system. It
allows us to state that it is the diopside phase, which
is the final product of the reactions of silicate
formation in the pigment mixtures obtained based
on the granulated blast-furnace slag. The only
difference is in the occurrence of processes of
isomorphic substitution in the diopside structure of
a part of Mg2+ ions for coloring ions (Co2+, Ni2+ and
Mn2+), which have close ionic radii.

To confirm the data of thermodynamic
calculations, we have made a composition based on
blast-furnace slag. The resulting process of formation
of the diopside phase can presumably be presented
as follows:

0.205Ñà2ÌgSi2O7+0.118Ñà2Àl2SiO7+

+0.492-ÑàSiO3+0.059-Ñà2SiO4+

+0.126CaCO3+1.177ÌgO+1.45SiO2=
=1.382[ÑàÌg(Si0.915,Al0.085)2O5.91)]+0.126CO2. (23)

The composition obtained by reaction (23) was
fired in the temperature range of 800–12000Ñ,
followed by X-ray phase analysis of the resulting
products (Figure).

X-ray phase studies confirmed the results of
thermodynamic calculations. It is recorded that
merwinite is formed first. This mineral is found
already after firing at 8000Ñ by the characteristic
lines on the diffraction pattern (d1010=4.70; 2.66;
2.44; and 1.89 m). With an increase in the firing
temperature, previously formed merwinite, along with
blast-furnace slag minerals, participates in the
formation of diopside. The diopside phase in
sufficient quantities is registered on X-ray patterns
starting from the temperature of 10000Ñ (d1010=3.21;
2.99; 2.50; and 2.12 m). Formation of diopside is
completed at the temperature of 12000Ñ. It is
evidenced by the absence of lines from the initial
and intermediate compounds on the diffraction
pattern (Figure).

Conclusions

The thermodynamic analysis of the reactions
of formation of the diopside phase in the
CaO–MgO–Al2O3–SiO2 system was carried out using
blast-furnace slag as the initial component. It was
established that diopside mineral was the final product
of silicate formation reactions in the considered
system. The diopside phase is formed in several stages.
The merwinite formed first. Subsequently, merwinite,
along with blast-furnace slag minerals, participates
in the formation of diopside. X-ray phase studies
confirmed the sequence of chemical reactions
established by thermodynamic calculations. The
formation of diopside is completed at the temperature
of 12000Ñ. A similar sequence of solid-phase
interactions will likely be observed in the direct
synthesis of diopside ceramic pigments. The only
difference is the occurrence of processes of
isomorphic substitution in the diopside structure of
a part of Mg2+ ions for coloring ions with the close
ionic radii.

REFERENCES

1. Chavarriaga E.A., Jaramillo L.J., Restrepo O.J. Ceramic

pigments with spinel structure obtained by low temperature

methods // Characterization of Minerals, Metals, and Materials.

– 2012. – Hoboken, NJ, USA: John Wiley & Sons, Inc. – P.155-

162.

2. Belyi Y.I., Zaichuk A.V. Ceramic pigments for producing

black glazes // Glass Ceram. – 2005. – Vol.62. – P.290-292.

3. Ali A.A., Ahmed I.S. Sol-gel auto-combustion fabrication

and optical properties of cobalt orthosilicate: utilization as coloring



51

Thermodynamic analysis of the reactions of diopside phase formation during synthesis of ceramic pigments
from granulated blast-furnace slag

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 5, pp. 46-53

Diffraction patterns of diopside composition fired in the temperature range of 800–12000Ñ



52

O.V. Zaichuk, O.À. Amelina, Yu.S. Hordieiev, L.L. Rudnieva

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 5, pp. 46-53

agent in polymer and ceramic // Mater. Chem. Phys. – 2019. –

Vol.238. – Art. No. 121888.

4. Synthesis of Cr-doped celsian green pigments and their

application / Chung H.-S., Kim Y.-J., Choi S.-N., Lee B.-H. //

J. Korean Ceram. Soc. – 2010. – Vol.47. – No. 5. – P.450-456.

5. El Hadri M., Ahamdane H., El Idrissi Raghni M.A. Sol

gel synthesis of forsterite, M-doped forsterite (M = Ni, Co) solid

solutions and their use as ceramic pigments // J. Eur. Ceram.

Soc. – 2015. – Vol.35. – No. 2. – P.765-777.

6. Dimitrov T., Kozhukharov S., Velinov N. Synthesis of

pigments of Fe2O3SiO2 system, with Ca, Mg, or Co oxide

additions // Bol. Soc. Esp. Ceram. V. – 2017. – Vol.56. – No. 2.

– P.55-63.

7. Colour of Ca(CoxMg1–x)Si2O6 pyroxenes and their

technological behaviour as ceramic colorants / Gori C., Mantovani

L., Tribaudino M., Dondi M. // Ceram. Int. – 2018. – Vol.44.

– No. 11. – P.12745-12753.

8. Sedel’nikova M.B., Pogrebenkov V.M. The effect of

mineralizing additives on synthesis of ceramic pigments based on

natural wollastonite // Glass Ceram. – 2006. – Vol.63. – P.22-

25.

9. Zaichuk A.V., Belyi Ya.I. Brown ceramic pigments based

on open-hearth slag // Russ. J. Appl. Chem. – 2012. – Vol.85. –

No. 10. – P.1531-1535.

10. Zaichuk A.V., Belyi Y.I. Improvement of the

compositions and properties of gray ceramic pigments // Glass

Ceram. – 2013. – Vol.70. – P.229-233.

11. Zaichuk A.V., Amelina A.A. Blue-green ceramic pigments

in the system CaO–MgO–Al2O3–SiO2–CoO–Cr2O3 based on

granulated blast-furnace slag // Voprosy Khimii i Khimicheskoi

Tekhnologii. – 2018. – No. 6. – P.120-124.

12. Zaichuk A.V, Amelina A.A. Blue-green spinel-type

ceramic pigments prepared from the slag of aluminothermal

production of ferrotitanium // Voprosy Khimii i Khimicheskoi

Tekhnologii. – 2019. – No. 4. – P.46-54.

13. Zaichuk À.V., Amelina À.A., Sukhyy K.M. Study of

ceramic pigments with tin sphene structure in the system

CaO–MgO–Al2O3–SiO2–SnO2–Cr2O3 // Pigm. Resin Technol.

– 2020. – Vol.49. – No. 2. – P.89-95.

14. Sedel’nikova M.B., Pogrebenkov V.M. Production of

ceramic pigments with wollastonite and diopside structures using

nepheline sludge // Glass Ceram. – 2007. – Vol.64. – P.363-

365.

15. Binnewies M., Milke E. Thermochemical data of

elements and compounds. – Weinheim: Wiley-VCH Verlag

GmbH, 2002. – 928 p.

Received 02.05.2022

ÒÅÐÌÎÄÈÍÀÌ²×ÍÈÉ ÀÍÀË²Ç ÐÅÀÊÖ²É
ÔÎÐÌÓÂÀÍÍß ÔÀÇÈ Ä²ÎÏÑÈÄÓ ÏÐÈ ÑÈÍÒÅÇ²
ÊÅÐÀÌ²×ÍÈÕ Ï²ÃÌÅÍÒ²Â Ç ÃÐÀÍÓËÜÎÂÀÍÎÃÎ
ÄÎÌÅÍÍÎÃÎ ØËÀÊÓ

Î.Â. Çàé÷óê, Î.À. Àìåë³íà, Þ.Ñ. Ãîðäººâ, Ë.Ë. Ðóäíºâà

Ìåòîþ äàíîãî äîñë³äæåííÿ º ïðîâåäåííÿ òåðìîäèíà-
ì³÷íîãî àíàë³çó ðåàêö³é óòâîðåííÿ ä³îïñèäîâî¿ ôàçè
(CaOMgO2SiO2) ïðè ñèíòåç³ êåðàì³÷íèõ ï³ãìåíò³â íà îñ-
íîâ³ ãðàíóëüîâàíîãî äîìåííîãî øëàêó. Òåðìîäèíàì³÷íèé
àíàë³ç ìàº âåëèêå ïðàêòè÷íå çíà÷åííÿ ïðè âèâ÷åíí³ òâåðäî-
ôàçíèõ ðåàêö³é, ÿê³ õàðàêòåðí³ äëÿ ï³ãìåíòíî¿ òåõíîëîã³¿.
Ïðè öüîìó çíà÷íî ñêîðî÷óþòüñÿ îáñÿã åíåðãîºìíèõ åêñïå-
ðèìåíòàëüíèõ äîñë³äæåíü êåðàì³÷íèõ ï³ãìåíò³â. Ïðè âèêî-
íàíí³ òåðìîäèíàì³÷íèõ ðîçðàõóíê³â îö³íþâàëè ïðèíöèïîâó
ìîæëèâ³ñòü ³ íàïðÿìîê ïðîò³êàííÿ õ³ì³÷íèõ ðåàêö³é øëÿ-
õîì îá÷èñëåííÿ çì³íè åíåðã³¿ Ã³ááñà. Äëÿ ïåðåâ³ðêè ðîçðà-
õóíêîâèõ äàíèõ ³ç çàñòîñóâàííÿì ðåíòãåíîôàçîâîãî àíàë³çó
îö³íþâàëè çì³íó ì³íåðàëîã³÷íîãî ñêëàäó ä³îïñèäîâèõ êîì-
ïîçèö³é â çàëåæíîñò³ â³ä òåìïåðàòóðè âèïàëó. Âñòàíîâëåíî,
ùî ä³îïñèäîâà ôàçà â ñèñòåì³ CaO–MgO–Al2O3–SiO2 ôîð-
ìóºòüñÿ â äåê³ëüêà ñòàä³é. Ïåðøèì óòâîðþºòüñÿ ì³íåðàë
ìåðâ³í³ò (3CaOMgO2SiO2). Â ïîäàëüøîìó, ìåðâ³í³ò ïîðÿä
ç ì³íåðàëàìè äîìåííîãî øëàêó áåðå ó÷àñòü â óòâîðåíí³ ä³îï-
ñèäó. Óòâîðåííÿ ä³îïñèäó çàâåðøóºòüñÿ ïðè òåìïåðàòóð³
12000Ñ. Âèêîðèñòàííÿ îòðèìàíèõ ðåçóëüòàò³â äîçâîëèòü îá-
´ðóíòîâàíî ï³äõîäèòè äî âèáîðó ñêëàä³â êåðàì³÷íèõ ï³ãìåíò³â
ç âèêîðèñòàííÿì êîìïëåêñíî¿ ñèðîâèíè, ó òîìó ÷èñë³ ³
â³äõîä³â ð³çíèõ âèðîáíèöòâ.

Êëþ÷îâ³ ñëîâà: êåðàì³÷í³ ï³ãìåíòè, äîìåííèé øëàê,
òåðìîäèíàì³÷íèé àíàë³ç, ðåíòãåíîôàçîâèé àíàë³ç,
ì³íåðàëîã³÷íèé ñêëàä, ä³îïñèä.

THERMODYNAMIC ANALYSIS OF THE REACTIONS OF
DIOPSIDE PHASE FORMATION DURING SYNTHESIS
OF CERAMIC PIGMENTS FROM GRANULATED
BLAST-FURNACE SLAG

O.V. Zaichuk *, O.À. Amelina, Yu.S. Hordieiev, L.L. Rudnieva

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: zaychuk_av@ukr.net

The purpose of this study is to perform the thermodynamic
analysis of the reactions of diopside phase (CaOMgO2SiO2)
formation during the synthesis of ceramic pigments based on the
granulated blast-furnace slag. Thermodynamic analysis is of great
practical importance in studying solid-phase interactions, which
are involved in the pigment technology. At the same time, the
scope of energy-intensive experimental studies of ceramic pigments
is significantly reduced. When performing thermodynamic
calculations, we assessed the fundamental possibility and direction
of occurrence of chemical reactions by determining the changes
in the Gibbs energy. In order to verify the calculation data, the
change in the mineralogy of the diopside compositions was
evaluated with the use of X-ray phase analysis at different firing
temperatures. It was found that the diopside phase in the
CaO–MgO–Al2O3–SiO2 system is formed in several stages. The
merwinite (3CaOMgO2SiO2) mineral is formed first. Further,
merwinite, along with blast-furnace slag minerals, is involved in
the diopside formation. The formation of diopside is completed
at the temperature of 12000Ñ. The findings of the study will provide
a reasonable approach to the choice of compositions of ceramic
pigments using complex raw materials, including the wastes of
various industries.
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