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Two Approaches to Pore-free Optical Ceramics

Output power intensity (almost 0%)

Scattering centers in optical ceramics A scheme to obtain optical pore-free ceramics
[A.Ikesue, Nature Photonics, V.2, 2008, 721] [G.L.Messing, Science, V.322, 2008, 383]
Decreasing concentration of scattering Decreasing size of scattering centers below

centers — fine grained ceramics (1-100 ym) |critical limit — nanograined ceramics (<100nm)

Fine-grained RE,O, laser ceramics Nanograined Y,0; ceramics
[H.Yagi, LCS-2010] [l.-Wei Chen, Nature, V. 404, 2000, 168] 2




Applications of Optical Ceramics

Lamp Envelopes, Lenses,
Windows, etc.
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Formation of Optical Ceramics
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Fabrication of Pure and Doped Y,O5; Nanospheres

Homogenous chemical co-precipitation method. Starting reagents: Yttrium chloride of nitrate;
Precipitant: Urea; T=85-95 C
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Thermal Decomposition of Y(OH)CO,-nH,O Precursor
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Influence of Calcination Temperature
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XRD patterns of Y,0; nanopowders
calcined at 400 (1); 600 (2); 800 (3);
1000 (4) and 1200°C (5)
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Consolidation of Y,O; Nanopowders under HP
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Advantages of monosized Y,O, nanospheres: 120 e
*Phase stability of nanopowders; _ ¢ Monoclinic
*Possibility to adjust particle size, crystallite size and porosity; E -140-}
*Possibility to realize close-packed structures; %ﬂ }‘ ’
*Possibility to modify surface and pore subsystems; S .160- _
*Higher sintering activity of polycrystalline particles 3, /
scompared to single crystalline ones T 0.
Crossover at 7.0 nm

Characteristics of 125 nm monosized Y,0; nanospheres: ()
*Cubic Y,0O5 content - 100 %j; 2wl
*Average particle diameter - 125 nm; 0 10 2 3 40
«Standard deviation in particle size <10 %; Smrface Area (10 finod

*Specific surfa_lce area - 16 m2/g (5.1 m?/g for single-crystalline analogues); SEunr:czlcpg Oiefglsds;ﬁ?cfel t[hzi zggecglg_
*Average particle size - 37 nm; Phys.Chem.C 112 (2008) 932]
*Average pore size — 5-10 nm; d<7.0 nm — monoclinic phase
*Porosity — 10-20 % d27.0 nm — cubic phase 8



Transformation-assisted Consolidation of Nanopowders

Methods to produce yttria nanograined ceramics:

- Two step sintering

- Spark Plasma Sintering;

- Reversible phase transitions;
- Transformation assisted consolidation under high pressures (only TiO,, Al,O5)

No transparency or translucency achieved at this time
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C—B —reconstructive phase transition AV._,g=7 % (P=8.6-15 GPa)
AVg_ o=2 % (P=12.1-22.5 GPa)

B—A — martensitic phase transition



Transformation-assisted Consolidation of Nanopowders

Consolidation conditions: P=0.5-8 GPa; T=25-2000 °C; t=10-1000 s

10 Mmm

High pressure cell in compressed state (a
half of cross section)

1 — toroidal apparatus ; 2 — lithograph stone;
3 — container from lithograph stone; 4 -
boron nitride capsule; 5 — sample; 6 -
graphite heater; 7 —thermal isolation.

High pressure cell (picture from UNIPRESS)
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Phase Composition of Y,O; Nanoceramics
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Grain Size of Y,05; Nanoceramics
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Consolidation conditions: P=8 GPa; T=25-500 °C; t=30 s

50 50 50 -
P=7.7 GPa [ O
40 - 140 @ 401 "\ f=1
MO - L
30l Nanopowder | 305, E 30| \ Nanopowder
- 1 S = 0 I
S 2
O 120 S°
I i N
o
0F M— 10 5
I ? | 3 |
0 1 L 1 ) 1 A 1 . 1 L 1 0 0 . 1 R 1 . 1 . 1 . 1
0 100 200 _300 400 500 0 100 200 300 400 500
T, C Temperature (°C)
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It is possible to obtain nearly full-dense yttria nanoceramics with grain size 3 times
lower than that of starting nanopowders by transformation-assisted consolidation
under high pressures
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HR TEM of Y,0O; Nanopowders and Nanoceramics
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HR TEM micrographs of Y,0; nanopowders and nanograined ceramics consolidated at P=8 GPa and T=(0.1)T,, 13




Y,04 Nanograined Ceramics

Cubic (Y,0y) Cubic+Monoclinic (Y,0,) Monoclinic (Y,0,)

P=8 GPa, T=25°C

Appearance of Y,05; nanograined ceramics consolidated at P=8 GPa
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Translucent yttria nanograined ceramics is formed at the temperature of only 0.1T, 14



Optical Properties of Y,O, Nanoceramics
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Luminescence of Y,O5:Eu3* Nanoceramics
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VUV luminescence spectra of Y,05:Eu3* nanoceramics measured at 300 and 7 K

Luminescence of Y,05:Eu3* nanoceramics is presented by superposition of Eu3*
emission from cubic and monoclinic yttria. Wide luminescence band at 575-650 nm
Is attributed to luminescence from trivalent europium ions placed in perturbed

positions (near grain boundaries)
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Conclusions

*An approach to translucent Y,O; nanograined ceramics by transformation
assisted consolidation of isolated nanosphers has been proposed and
realized

*We have demonstrated composite translucent nanoceramics with
unprecedented low average grain size of 15 nm
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