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Oxyfluoride glass ceramics
Composites – fluoride crystals dispersed in glass 
matrix 
• Low phonon energy of fluoride crystals + 
mechanical and chemical properties of oxide glass

• Bulk crystallization ‐ no agglomeration of crystals 
• Can be transparent
• Dopants (rare earth) mostly incorporate in 
crystallites

Raw 
materials

• SiO2 – Al2O3 – Na2CO3 
NaF – YF3 – ErF3

Melting

• 1500°C for 30 
min

Casting

• In stainless steel 
moulds

Crystallization

• Isothermal 
annealing    
500‐700°C
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Upconversion luminescence

• Emitted photons have higher energy than 
those used for the excitation

• Highest efficiency observed in materials 
doped with trivalent rare earth ions

• In Er3+ doped materials – NIR (1550, 980 or
800 nm) to visible and UV

Er3+ doped glass ceramics

En
er
gy
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NaYF4
NaF‐YF3

CUBIC
• Can be grown

from melt
• Lower

upconversion 
efficiency than β

α‐
N
aY
F 4

β‐
N
aY
F 4

HEXAGONAL
• The most 

efficient host for 
upconversion

• Single crystals
cannot be grown
from melt
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Crystallization
18Na2O‐7NaF‐(8‐x)YF3‐xErF3‐6Al2O3‐58SiO2 x=0.1‐3 (mol%)
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Microstructure

600⁰C 2h β‐NaYF4

SEM

TEM
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ErF3 concentration
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Cross‐relaxation
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Microcrystalline β‐NaYF4:Er3+
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Rare earth distribution
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Conclusions
• New transparent erbium doped oxyfluoride glass
ceramics containing hexagonal NaYF4 nanocrystals
has been prepared.

• The enhancement of the upconversion efficiency of
glass ceramics is explained by the incorporation of
Er3+ into low‐phonon β‐NaYF4 crystalline phase.

• The Er3+ content in nanocrystals was estimated by
comparing red/green luminescence intensity in
glass ceramics with polycrystalline β‐NaYF4: Er3+ to
be more than 60%
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Conclusions
• New transparent erbium doped oxyfluoride glass
ceramics containing hexagonal NaYF4 nanocrystals
has been prepared.

• The enhancement of the upconversion efficiency of
glass ceramics is explained by the incorporation of
Er3+ into low‐phonon β‐NaYF4 crystalline phase.

• The Er3+ content in nanocrystals was estimated by
comparing red/green luminescence intensity in
glass ceramics with polycrystalline β‐NaYF4: Er3+ to
be more than 60%

Transparent oxyfluoride glass ceramics 
as 

a scintillator material?
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Thank you for your attention!
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