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The aim of the work was to obtain high-density optically transparent ceramic samples by sintering cubic modification Er,0; and
Yb,0; oxides micropowders at the pressure of 7 GPa and the heating current [power of 0.6-1.0 kW, which was demonstrated. Non-
monotonic dependence of the density on the heating current power has been established. The maximum density values of 9.2 glem’® (Er,03)
and 9.8 g/lem” (Yb,0;) were achieved at the power of 0.8 and 0.9 kW, respectively. During sintering, the cubic phase partially transforms
into the monoclinic phase, which is preserved in the obtained samples. The ceramics compaction process is accompanied by grain growth,
more intense in erbium oxide samples. At sintering Yb,03; micro-powder with particle size of 7.5-15 um with the lowest heating current
power value of 0.6 kW a microstructure similar to the nanocrystal}l]ine with the grain size of 90-200 nm, which contributes to highger trans-
parency in the infrared wavelength range. Er,0; samples have a discontinuous transmission spectrum, while Yb,O; samples — a continuous
one in the wavelength range of 400850 nm. The maximum transmission values for ceramic samples are 29% at a wavelength of 750 nm,
52% at 849 nm for Er,0; and 72% at 830 nm for Yb,0;.

Keywords: erbium oxide, ytterbium oxide, high pressure sintering, density, microstructure, phase composition, transparency

CTPYKTYPA U CBOMICTBA KEPAMUYECKHX MATEPUAJIOB HA OCHOBE
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Lenvio pabomvt 66110 noyuenuUe 6bICOKONIOMHBIX ONMUYECKU NPOSPAUHBIN KEPAMUUECKUX 00pA3Y06 CneKkanuemM MUKpOnRopouKos
oxcuoos Er,0; u Yb,0; kybuueckou moougpuxayuu npu oaenenuu 7 I'Tla u mownocmu moka naepesa 0,6—1,0 kBm, umo u 6w110 npodemon-
CMpUpoGaHo. Ycmanosnena HeMOHOMOHHAA 3a8UCUMOCTb NIOMHOCMU OM MOWHOCIU MOKA Hazpega. MakcumanbHble 3HaUeHUs NIOMHOCU
9,2 2/em’® (Ers03) u 9,8 2/em’ (Yb,03) 6biau docmuenymor npu mowgnocmu 0,8 u 0,9 kBm coomeemcmeenno. Tpu cnexanuu xybuueckas gasa
4ACMUYHO NePexooun 6 MOHOKIUHHYIO, KOMOPAs COXPAHAEMC 8 NONYYEeHHbIX 00PaA3Yax. Hpouec}c}bymomnenuﬂ KepamuKi Conposoicoaemcs
POCHOM 3epHa, 6oee UHMEHCUBHBIM 8 0OPa3Yax oKcuoa %)mw. Ipu cnexanuu muxponopowxa Yb,0; ¢ pasmepom wacmuy 7,5—15 mxm npu
camom Hu3KOM 3Havenuu mowHocmu moxa nazpesa 0,6 kBm gopmupyemesa mukpocmpykmypa, 6auskan k HaHo:g;ucma,muueckoﬁ, ¢ pasme-
pom 3epua 90-200 um, yumo cnocobecmayem bosiee 8bICOKOU NPO3PAYHOCHIU ouanasone onun eonn. Jlns obpasyos Er,0; xapakmepen
npepwisucmulil cnekmp nponyckanus, a ona Yb,0s nenpepuisnvlii ¢ ouanasone onun 6oan 400-850 nm. Maxkcumanwvuvle 3nauenus nponycka-
Husl Kepamuyeckux oopasyos cocmagaiom 29% npu onune sonmnwt 750 nm, 52% npu 849 um ona Er,0; u 72% npu 830 um ona Yb,0;.

KuoueBble ci10Ba: okcuz 9pOusi, OKCU UTTEpOHs, ClIeKaHHe O]l BLICOKMM JIaBI€HHEM, IIIOTHOCTb, MUKPOCTPYKTYpa, (ha30BbIi cOCTAaB, MPO3PAUHOCTH

Er,0; VA Yb,0; YUQORI BOSIMDAGI SINTERLANGAN OKSIDLAR
ASOSIDAGI KERAMIK MATERIALLARNING TUZILISHI VA
XUSUSIYATLARI
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Ushbu tadgiqotning magsadi 7 GPa bosim va 0,6-1,0 kVt isitish ogimida kubik Er,O; va Yb,0; oksidlarining mikrochanglarini
sinterlash orqali yugori zicflikdagi, optik shaffof kemmikg namunalarini isthb chigarish edi. Isitish ogimiga zichlikning monoton bo'lma-
gan bog'ligligi aniglandi. 9,2 g / sm’® (Er,03) va 9,8 g/ sm® (Yh,03) maksimal zichlik giymatlariga mos ravishda 0,8 va 0,9 kVt isitish ogim-
ida erishildi. Sinterlash jarayonida kub faza qisman monoklinik fazaga aylanadi, bu esa olingan namunalarda saqlanadi. Seramika zichlash
Jjarayoni donning o'sishi bilan birga keladi, bu erbium oksidi namunalarida kuchliroqdir. Yb,0; mikrochangini zarracha hajmi 7,5-15 mkm
bo'lgan 0,6 kVt eng past isitish ogimida sinterlashda nanokristalga yaqin mikro tuzilma hosil bo'ladi, don o'lchami 90-200 nm bo'lib, bu 1Q
to'lqin uzunligi diapazonida sha/_’?qﬂikni oshirishga yordam beradi. Er,0; namunalari uzluksiz uzatish spektri bilan tavsiflanadi, Yb,0; esa
400-850 nm io'lgin uzunligi oralig'ida uzluksiz spektrga ega. Keramika namunalarining maksimal o'tkazuvchanlik giymailari 750 nm to'lgin
uzunligida 29%, Er;O; uchun 849 nm da 52% va szgg uchun 830 nm da 72% ni tashkil qiladi.

Kalit so'zlar: erbiy oksidi, iterbiy oksidi, yuqori bosimli sinterlash, zichlik, mikro tuzilma, faza tarkibi, shaffoflik
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Introduction

In recent years there has been a significant
increase in the interest in producing optical ceram-
ics that is based on oxides of various elements in-
stead of the more expensive single crystals. Such
ceramics have a number of advantages: the cost
effectiveness of the production method, better me-
chanical properties, reduction of production time,
possibility to control the form and organization of
the large-scale production. Essential requirements
for obtaining optical ceramics are high density,
absence of the second phase at the boundaries of
the grains or pores, small size of grains as com-
pared to the visible light wavelength, and isotropic
crystal lattice. The main ways of manufacturing
such ceramics are hot pressing, hot isostatic press-
ing, vacuum sintering, spark plasma sintering, mi-
crowave sintering [1-4].

High pressure sintering method has a num-
ber of advantages over the other sintering meth-
ods. It does not require introduction of activating
additives, ensures a high degree of initial powder
compaction, requires less sintering time and pro-
vides for the formation of the nanocrystalline
structure of the material being sintered [5, 6].

At present the promising compounds for
production of optical ceramic materials for vari-
ous uses are refractory REE sesquioxides due to
their polymorphism and possibility of up to five
different types of crystal lattices [7—17]. The most
characteristic  types are A-hexagonal, B-
monoclinic and C-cubic lattice [18, 19]. Under the
normal conditions they usually have isotropic cu-
bic lattice. When heated, cubic modification turns
into monoclinic modification. There is evidence
of the phase transitions in such materials directly
under high pressure [20-25] and after the thermal
treatment at ultra-high pressures [26-28]. Never-
theless, there is practically no information on the
structure formation and properties of ceramics
based on these oxides sintered under high pres-
sure.

The objective of study is to examine the
possibility of producing transparent ceramics
based on erbium and ytterbium oxides by high
pressure sintering and to study their microstructure
and properties.

Research methods
The starting materials were erbium and yt-
terbium oxide powders with a purity of 99.5 % and

99.92 % respectively. The powders were pre-
annealed in a SNOL 6.7/1300 muffle furnace at a
temperature of 1000 °C for 2 h. Samples with a di-
ameter of 6.3 mm and a height of 4.3 mm were
pressed in a steel mold at a pressure of 500 MPa.
Sintering of the samples was carried out at a pres-
sure of 7 GPa and a heating current of 0.6—1.0 kW
in a high-pressure apparatus for 30 s [29]. For this
aim, a DO137A pressing unit with a force of 5 MN,
equipped with a KS-5 automated sintering mode
control system, was used [30].

The density was determined by hydrostatic
weighing in CCly.

The crystal structure was investigated by X
-ray diffraction (XRD) measurements using DRON
-7 diffractometer.

Electron microscopic studies were carried
out using a scanning electron microscope S-4800
«Hitachi» (Japan).

The optical transmission spectra were
measured using an MDR-23U monochromator. A
R91100 photomultiplier (Hamamatsu, Japan) with
a spectral sensitivity range of 200—-850 nm was
used as a radiation detector. A 170-W tungsten in-
candescent lamp (KMC-17, Russia) served as a
light source. The signal from the photodetector was
fed to a preamplifier and then to a Unipan 232 B
narrowband amplifier. Electrical signals were rec-
orded at a frequency of ~20 Hz, followed by con-
version of the main and reference signals into DC
voltage using the phase detection method.

Results and Discussion

Fig. 1 shows the microphotographs of
Er,O; and Yb,0; initial powders with different
magnifications. Er,O; powder particles are a col-
lection of acute-angled blocks predominantly in the
form of parallelepipeds ranging from 920 nm to
1300 nm in size. Yb,O; powder particles have
spiky-lamellar shape with the size of plate of 7.5—
15 um and thickness of ~ 65-85 nm.

Figure 2 shows the dependence of the den-
sity of sintered erbium and ytterbium oxides sam-
ples on the heating current power. Electron micro-
graphs of sintered samples splits are shown in Fig-
ure 3 and Figure 4.

The change in density at the rise of the sin-
tering temperature of Er,O; and Yb,O; samples is
non-monotonic (Fig. 2). For Er,0;, the maximum
density value of 9.2 g/cm’ is reached at W = 0.8
kW, and that for Yb,05 of 9.8 g/cm3 —at W =20.9

4
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Figure 1. Microphotographs of Er,0; (a, b) and Yb,0; (c, d) initial powders with different magnifications
a —x5.000; b — x20.000; c— x1,000; d— x40.000.
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Figure 2. Dependence of the density of sintered Er,0; (a) u Yb,O; (b) samples on the heating current power.

kW due to the powder compaction, the initial cu- samples sintering leads to the intensive grain
bic phase conversion into the monoclinic phase, growth. At the heating current power of 0.6 kW,
and the recrystallization processes. The heating the grain size is 310-1740 nm (Fig. 3, a, b), and at
current power W increase during erbium oxide 0.8 kW and 1.0 kW its value reaches 10-54 pm

e e N L
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Figure 3. Microfractograms of Er,O; samples sintered at a heating current power of 0.6 kW (a, b);
0.8 kW (c, d); 1.0 kW (e, f) at different magnifications:
a, f—x2,000; b — x20,000; c, e — x500; d — x1,000.

(Fig. 3, ¢, d) and 20-72 pm (Fig. 3, e, f) respec-
tively.

The analysis of microphotographs of frac-
tures (Fig. 3 and Fig. 4) shows the intercrystallite
type of destruction of erbium and ytterbium oxides

samples that were sintered at low heating current
power (Fig. 3, c-f), and transcrystallite at high
heating current power values (Fig. 4, g, h).

Figures 5a and 5b shows diffractograms of
initial powders and sintered Er,O; and Yb,0; sam-

=
1.00um

di 0
1.00um
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Figure 4. Microfractograms of Yb,O; samples sintered at a heating current power of 0.6 kW (a, b); 0.7 kW (c, d); 0.8 kW (e, f); 1.0 kW (g, h)
at magnification: a —x20,000; b, d, f — x40,000; ¢, e, — x10,000; g — x500; h — x1,000.

ples. These data prove that initial erbium and yt-
terbium oxide powders are single-phase and con-
tain only cubic modification. During high-
pressure sintering, a part of cubic modification is

converted into monoclinic one, which is preserved
in obtained samples. In addition, sintered yttrium
oxide samples contain a small amount of Yb;O4
and YbO oxides (Fig. 5, b).
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Figure 5. XRD patterns of initial powders

and sintered Er,0; (a) and Yb,0; (b).

CHEMISTRY AND
XUMUA U X1UMI

4'2025 K. I M Y O

va kimyo texn

CHEMICAL ENGINEERING
NYECKAS TEXHOJIOT' s



MATERIALS SCIENCE AND ENGINEERING
MATEPWMANOBELEHWUE N TEXHO/IOTUA
MATERIALSHUNOSLIK VA TEXNOLOGIYAI

The transmission spectra in the wavelength
range of 400-850 nm are shown in the Fig. 6. You
can see that Er,O; has a discontinuous transmis-
sion spectrum and Yb,O; — a continuous transmis-
sion spectrum. The highest transmittance values
are in the red and infrared regions of the spectrum
for the samples with the lowest heating current

power of 0.6 kW. This is due to low grain size
(Fig. 3, a, b and Fig. 4, a, b) and lower content of
monoclinic phase oxide (Fig. 5). For EnO; sam-
ples, transmission is 29 % and 52 % at the wave-
length of 750 nm and 849 nm (Fig. 6, a). Yb0;
samples have a higher transparency in the infrared
range — 72 % at 830 nm (Fig. 6, b).

80
— 0,6 kW (b)
0,7 kW
2 001 —pgkw
>
g ——0,9kW
= 1,0 kW
£ 40-
g
F

400 500 600 700 800
Wavelengt, nm

Figure 6. The transmission spectra of sintered Er,0; (a) and Yb,O; (b).
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Conclusion

The possibility of obtaining high-density
optically transparent ceramic samples by sin-
tering cubic modification Er,O3 and Yb,0; ox-
ides micro-powders at the pressure of 7 GPa
and the heating current power of 1.0 kW in a
high-pressure apparatus was shown.

Non-monotonic dependence of density
on the heating current power has been estab-
lished. The maximum density values of 9.2 g/
cm’ (Er,0O3) and 9.8 g/crn3 (Yb,0;3) were
achieved at 0.8 and 0.9 kW, respectively. It is
shown that at sintering partial polymorphic
transformation occurs by the cubic modifica-
tion of initial powder oxide into monoclinic.
The sintering process is accompanied by grain
growth, which is more intense in the erbium
oxide samples.

It has been found that the type of de-
struction of sintered oxide samples with the
sintering temperature increase changes from
intercrystallite to transcrystallite. It has been
established that at sintering Yb,O3; micropow-
der with particle size of 7.5-15 pm at low
temperature, dense microstructure similar to
nanocrystalline, with grain size of 90-200 nm,
which facilitates higher transparency in the

infrared wavelength range. Er,O; has a discon-
tinuous transmission spectrum, and Yb,O; has
a continuous transmission spectrum. The maxi-
mum transmission values for ceramic samples
are 29% at a wavelength of 750 nm, 52% at
849 nm for Er,O; and 72% at 830 nm for
Yb203.
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