PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 10.1.

SAT-ONLINE-P-2-CT(R)-05

STUDY OF DIOPSIDE CERAMIC PIGMENTS WITH
RARE EARTH ELEMENTS

Assoc. Prof. Tsvetan Dimitrov, PhD

Department of Chemistry, Food and Biotechnologies
University of Ruse “Angel Kanchev”, Branch Razgrad
E-mail: tz_dimitrow@abv.bg

Assoc. Prof. Rositsa Titorenkova, PhD
Institute of mineralogy and crystallography
Bulgarian Academy of Sciences

E-mail: rositsatitorenkova@imc.bas.bg

Abstract: Ceramics are synthesized via solid-state high temperature sintering at a temperature of 1000, 1100
and 1200°C in the system Ca0.xNd203.(1-x)MgO.2Si0-, where x = 0.1, 0.2, 0.3. The obtained ceramics were examined
by powder X-ray diffraction analysis, electron scanning microscopy, infrared and UV-Vis spectroscopy. It has been
found that under synthesis conditions a multiphase ceramics is obtained which contains in different ratio diopside,
cristobalite, tridymite and traces of wollastonite. The colour of the ceramic changes to blue-greenish when vanadium is
added to the system. The high concentration of vanadium leads to the formation of various polymorphic phases of SiO;
and inhibits the formation of diopside. The efect of vanadium concentration and sintering temperature on phase
composition and colour was studied.
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INTRODUCTION

Diopside (CaMgSi2Oe) is a widespread colorless mineral of pyroxene group with general
formula M2M1T206. The chain structure of pyroxene offers much flexibility in the incorporation
of various cations. Various ions can occupy different structural positions: in the M2 - Mg?*, Fe?*,
Ca?*, Li*, Na*, while in octahedral M1 position are AI**, Fe3*, Fe?*, Ti%*, Cr*, V3, and others. In
tetrahedral position (T) are Si and Al that form single chain parallel to c-axis. Incorporation of
various elements in the crystal structure can led to change in physic-chemical properties of diopside
and diopside-based ceramics. For example doping with transition d-elements was successfully
applied for synthesis of diopside-based ceramic pigments (Pishch 1., 1981), (Sedelnikova M. and V.
Pogrebenkov, 2006), (Pogrebenkov V., M. Sedelnikova and V. Vereshchagin, 1999). The color of
the natural and synthetic minerals is associated with the presence of transitional metals in the crystal
structure, which have unfilled electron orbital. REE doped materials due to their 4f transitions are
intensively studied in photonics and optoelectronic for various application - solar cells, fluorescent
bio-imaging, solid state lighting, lasers, etc. Recently, REE doped silicates were proposed as low-
toxic pigments possessing high reflectance in NIR spectral region (Jinga et al., 2018). The effect of
REE (La, Ce, Pr and Nd) doping on the diopside glass-ceramics was studied via first principal
investigation by Gao (Gao et al., 2019).

In natural diopside commonly contains low concentration of REE elements, most often
bellow detection limit of the analytical method.

The aim of this study was to synthesize ceramics on the basis of stoichiometric diopside in
the system CaO.Nd>03.MgO.2SiO> at four different temperatures of sintering and to probe the
ability to form Nd-doped diopside pigments in this system.

EXPERIMENTAL

Materials and method of synthesis

For the preparation of ceramic in the system CaO.Nd>03.MgO.2SiO,, the starting
compositions are determined from the basic mineral diopside following the expression
Ca0.xNd203.(1-x)Mg0.2SiO2, where x = 0.1 and 0.2. Ceramic was synthesized via solid-state high
temperature sintering at 900, 1000, 1100 and 1200°C.
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Starting materials used for the synthesis are CaCOs, Nd2O3, MgO and SiO..nH>O with
particle size in the range of 2-7um, which is much more reactive than conventionally used quartz
sand as a source of SiO,. Calculated quantities of materials for 100 g batch are weighed with a
precision, then mixed and dry homogenized in planetary mill Pulverizete-6 (Fritch). Synthesis was
carried out in a laboratory muffle furnace in porcelain crucibles with a heating rate of 300-400°C/h
in air with isothermal retention of 2 hour at the final temperature. The resulting powder mixtures
were sintered at 900, 1000, 1100 and 1200°C in order to obtain Nd-containing ceramics.

The resulting powders were examined by powder X-ray diffraction (XRD) analysis, infrared
spectroscopy (FT-IR) and the color was determined spectrophotometrically.

The phase composition was determined using X-ray diffractometer Empyrean, Malvern
Panalytical operating at 40 kV and 30 mA with CuKa radiation.

FT-infrared spectra were collected using Tensor 37 spectrometer (Bruker) with 4 cm™
resolution after averaging 128 scans on standard KBr pallets in the spectral region 400-4000 cm™ at
room temperature.

The colour of the resulting powders is determined by Lovibont Tintometer RT 100 Color and
presented in the CIELab colour space.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) analysis

X-ray diffraction patterns of the synthesized powder samples are shown on Fig. 1a, and Fig.
1b. The powder XRD data revealed that the presence of the rare earth element neodymium in the
initial system with diopside composition completely changes the phase composition.

The identified mineral phases are presented quantitatively in Table 1.
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Fig. 1. XRD powder diffraction patterns of samples doped with 0.1 (a) and 0.2 (b) Nd
sintered at 900, 1000 , 1100 and 1200 °C. O-oxyapatite Ca2Nds(SiO4)sO2; D — diopside; M-
merwinite; W —wollastonite; A- dkermanite; P- periclase; *- Nd2O3

Table 1 Phase composition of samples doped with Nd sintered at 900, 1000, 1100,1200 °C.

Ca0.0.1Nd205.0.9Mg0.2Si0O>

Caszs(SiO4)602 Ca3|\/|g(SiO4)z CaMg(SiC)a)z Nd203 CaSiO3 CazMgSizo7 MgO SiO;

T, °C Apatite-type Merwinite Diopside Wollasto- Akermanite
nite 2M/
900 58% 23% - 10% 2-3% - 7% -
1000 73% 16% - 6% <1% - 5% -
1100 48% - 32% 1% <1% 17% 1% -
1200 36% - 38% 1% 8% 15% - <1%
Ca0.0.2Nd»03.0.8Mg0.2Si0,

900 63% 17% - 16% 2% - 3% -
1000 71% 16% - 10% <1% - 3% -
1100 63% - 20% 2% <1% 14% 1% -
1200 52% - 22% 1% 8% 15% - <1%
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As can be seen from Table 1 and Figure 1, the predominant phase that is formed is the rare
carth silicate with apatite-type of crystal structure CaoNdg(SiO4)sO2 - Nd oxyapatite (dicalcium
octaneodymium hexa orthosilicate dioxide). Nd silicate predominates in almost all studied samples,
obviously inhibiting the formation of diopside. At low temperature it forms together with
merwinite, while at 1100°C diopside begins to form. Only at low concentrations of neodymium
(Nd 0.1) and at high temperatures (1200°C) diopside is formed in a competitive amount with
CazNdg(Si04)s02. Together with diopside at 1100 and 1200°C &kermanite and wollastonite are
formed. The excess of neodymium is separated in all samples as Nd,Os phase, the amount of which
decreases with increasing temperature. It can be assumed that the addition of neodymium in the
system does not favor the formation of diopside based ceramics.

Infrared spectra (FT-IR)

The infrared spectra of studied poly-phased ceramics reveal broad and overlapping bands in
the range of Si-O bond vibrations, as all established silicate phases have the most intense absorption
in the range of 800-1100 cm™ (Chukanov, 2014 ). The intensive absorption peaks at 920 and 530
cm are probably due to CazNds(SiO4)sO2, according to (5 Ning et al. 2019). At 1100 and 1200°C,
the increase of the absorption at 1072, 970 and 880 cm™ is probably due to the formation of
diopside (Omori, 1971).

Color Measurement

Color is one of the most important indicators of the pigment quality. The color of the initial
Nd203 used as a source for Nd in the system is pale grey-bluish. The color of the synthesized poly-
phased ceramics is pale violet. The results obtained for color coordinates are shown in Table 2.
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Fig. 2. FT-IR spectra of Nd-doped ceramics sintered at 900, 1000 , 1100 and 1200 °C:
a) Ca0.0.1Nd203.0.9Mg0.2Si0z; b) Ca0.0.2Nd203.0.8Mg0.2SiO;

Table 2. Results obtained for colour coordinates of the pigments

No Composition e L* ar b”
: 900°C 05.3 16 43
: 1000°C | 4, 05 47
. Ca0.0,1Nd;03.0,9Mg0.2Si0; 1100°C | gq 0.4 55
- 1200C | gq 13 7,10
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i 900°C 943 15 45
5 1000°C | g4, 08 4.9
: Ca0.0,2Nd203.0,8Mg0.2Si0; 1100C | oo, 05 54
. 1200C | g4 12 7.4

A slight decrease of L* parameter is observed with increase of temperature and change of
phase composition. This may be an indirect indication that color saturation is associated with
diopside formation. The values of (-b*) is greatest in samples heated at 1200°C where the amount of
diopside is highest.

CONCLUSIONS

Ceramics in the system CaO.Nd>03.MgO.2SiO> were synthesized via solid-state high
temperature sintering at 900, 1000, 1100 and 1200°C. The phase composition and its change
depending on the sintering temperature are determined. It was found that in all studied samples a
multiphase ceramics is formed as the predominant phase is Ca2Nds(SiO4)eO2 - Nd silicate with
apatite-type of crystal structure. Diopside did not begin to form until 1100 and 1200°C. It can be
summarized that the addition of neodymium to the initial system with a stoichiometric composition
of diopside does not favor the formation of diopside-based ceramics.

Acknowledgements: The financial support of this work by the Bulgarian Ministry of
Education and Science, National Research Fund under the contract number KP-06-H47/10 - 2020 is
gratefully acknowledged.

REFERENCES

Pishch 1., (1981), Synthesis diopside-containing pigments, Glass and Ceramics, 3, 143-145

Sedelnikova M. and V. Pogrebenkov, (2006), Production of ceramic pigments with diopside
and anorthite structure using the gel method, Glass and Ceramics, 7/8, 271-273

Pogrebenkov V., M. Sedelnikova and V. Vereshchagin, (1999), Ceramic pigments with
diopside and anorthite structures based on wollastonite, Glass and Ceramics, 1/2, 55-57

Jie Jinga, Yanshuang Zhanga, Jiaxiang Sunc, Xingiao Zhaod, Dezhi Gaoa, Yujun Zhanga,
(2018), A comparative study on different RE-doped (RE=Pr, Nd, Sm) SrCuSi4010 blue pigments
with high near-infrared reflectance, Dyes and Pigments, 150, 2018, 9-15.

Gao et al., First principles investigation of the effects of Re(La,Ce,PrandNd) doping on the
diopside phase of glass—ceramics, Journal of Non-Crystalline Solids, Volume 526, 15 December
2019, 119701

Lafuente, B., Downs, R., Yang, H., Stone, N. (2015) The power of databases: the RRUFF
project. In: Hightlights in Mineralogical Crystallography, T. Armbruster and R Danisi, eds. Berlin,
Germany, W. De Gruyter, pp 1-30.

Chukanov, N. Infrared spectra of mineral species, 2014, Springer, 1726 pp.
https://doi.org/10.1007/978-94-007-7128-4

Ning Liu, Lefu Mei, Libing Liao, Jie Fu & DanYang (2019) High Thermal Stability Apatite
Phosphors Ca;Lag(Si04)sO2:Dy3+/ Sm3+ for White Light Emission: Synthesis, Structure,
Luminescence Properties and Energy Transfer 9:15509 | https://doi.org/10.1038/s41598-019-
519151

Omori, K., Analysis of the infrared absorption spectrum of diopside, 1971, The American
Mineralogist,56,9-10,1607-1616.

-43 -



https://www.sciencedirect.com/science/journal/01437208/150/supp/C
https://www.sciencedirect.com/science/journal/00223093
https://doi.org/10.1038/s41598-019-519151
https://doi.org/10.1038/s41598-019-519151

