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Light scattering sources [4]:
• 1: Grain boundary
• 2: residual pores
• 3: secondary phase(s)
• 4: double refraction
• 5: inclusions
• 6: surface roughness
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Ø Characteristic	of	the	TNB	glass

• Glass	composition

• DSC	curves

Ø Study	of	the	crystallization	by	X-ray	diffraction

Ø Characteristic	of	the	TNB	ceramic

• Optical	properties

• Microstructure	and	thermo-mechanical	properties
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Tellurite	glasses	vs	silica	glasses	[14]

• Higher	transparency

• Lower	melting	point	(800	-900°C)

• High	refractive	index	

• Good	non	linear	optical	properties

[14]	R.	A.	El-Mallawany,	in	Book	Tellurite	Glasses	Handbook:	Physical	Properties	and	Data,	ed.	by	Editor,	CRC	press,	City,	2011,	Chapter.

Tellurite
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75	TeO2 - 12.5	Nb2O5 - 12.5	Bi2O3

Non-linear	optical	
properties

Thermomechanical
properties

(Eliaison Nb-O-Te >	Eliaison Te-O-Te )

Homogeneous
nucleation lead	to	

crystallization in	volume

[14]	R.	A.	El-Mallawany,	in	Book	Tellurite	Glasses	Handbook:	Physical	Properties	and	Data,	ed.	by	Editor,	CRC	press,	City,	2011,	Chapter

Congruent	crystallization	with	a	cubic	symmetry

Tellurite	glasses	vs	silica	glasses	[14]

• Higher	transparency

• Lower	melting	point	(800	-900°C)

• High	refractive	index	

• Good	non	linear	optical	properties

Tellurite

Glass	system
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• Similar	DSC	curves	between	
powder	and	bulk	glass

• Stability	of	the	glass	≈	60°C

Homogeneous
crystallization
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T	<	400°C:	Glass

In-situ	X-ray	diffraction
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400°C:	Cubic	phase	Bi0,8Nb0,8Te2,4O8
(anti-glass	β-Bi2Te4O11)

T	<	400°C:	Glass

In-situ	X-ray	diffraction
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In-situ	X-ray	diffraction

480°C:	Transformation	into	another	
polymorph	of	Bi0,8Nb0,8Te2,4O8
(isostructural	to	SnTe3O8)
400°C:	Cubic	phase	Bi0,8Nb0,8Te2,4O8
(anti-glass	β-Bi2Te4O11)

T	<	400°C:	Glass
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Temperature	range	
400°C	<	T	< 520°C

In-situ	X-ray	diffraction

T	>	520°C:	Secondary phases	(BiNbTe2O8)

480°C:	Transformation	into	another	
polymorph	of	Bi0,8Nb0,8Te2,4O8
(isostructural	to	SnTe3O8)
400°C:	Cubic	phase	Bi0,8Nb0,8Te2,4O8
(anti-glass	β-Bi2Te4O11)

T	<	400°C:	Glass
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Anti-glass:
concept introduce by Trömel [15] in 1983
in tellurite-based glasses. Structure: a
cationic periodic order at long range
order and a disorder of the anions [16]

In-situ	X-ray	diffraction

Raman spectra of β-Bi2Te4O11 [17]

T	>	520°C:	Secondary phases	(BiNbTe2O8)

480°C:	Transformation	into	another	
polymorph	of	Bi0,8Nb0,8Te2,4O8
(isostructural	to	SnTe3O8)
400°C:	Cubic	phase	Bi0,8Nb0,8Te2,4O8
(anti-glass	β-Bi2Te4O11)

T	<	400°C:	Glass
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510°C	– 1h30

T < 510°C: light scattering (residual

glass and/or antiglass with a different n)

T > 510°C: translucent and opaque

ceramics (cubic phase decomposition

and cracks at grain boundaries)
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Parent	glass
Crystallization	
(510°C	– 1h30)

TRANSPARENT	
CERAMIC

§ High transparency up to 74%
(15 cm between ceramic and text)

§ Transparent in the MIR (3 - 5 μm)
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EDS	analysis
Congruent crystallization
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EBSD-SEM	map
(F.	Brisset,	ICMMO)

EDS	analysis
Congruent crystallization

Absence	of	porosity
No	residual	anti-glass	phase

Thin	grain	boundaries

20	µm

SEM	image
(Y.	Launay,	SPCTS)
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EDS	analysis
Congruent crystallization

Absence	of	porosity
No	residual	anti-glass	phase

Thin	grain	boundaries

TNB	glass TNB	ceramic
Young’s	modulus,	E

[GPa] 59.4 79.5

Thermal	conductivity
[W	m-1 K-1] 0.75 1.1

EBSD-SEM	map
(F.	Brisset,	ICMMO)

20	µm

SEM	image
(Y.	Launay,	SPCTS)
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Full	and	congruent	
crystallization

Parent	glass Ceramic

Intricate	shape	
(bulk,	fibers,	…)

Cost-effective	
process

High	refractive	index
good	thermo-

mechanical	properties
No	residual	porosity
no	contamination

Application:	infrared	lenses	for	thermal	
imaging	cameras

High	transparency
(up	to	5.5	μm)
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1482-1486

E-mail: morgane.dolhen@unilim.fr



15



15

amorphous

crystallized

Raman spectra of amorphous and crystallized phase
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Raman spectra of glass, anti-glass and ceramic
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Transmission Electron Microscopy

TEM	image	of	a	ceramic	(thermally	treated	at	510°C	– 1h30)
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Laser	
Emission	?
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