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Brief context of the study

Tellurite glasses
Advantages [:
- Relatively low melting point

- Good thermal stability

- Large transparency window (up to 5-6 um)

- High linear refractive indices

- Excellent 3"¥-order nonlinear optical properties

B B

BE

mechanisms, Progress in Mater. Sci., 125 (2022) 100890.

BE

45 (2001) 111-114.

Borotellurite glasses

Main application: Radiation shielding properties

Specificity:
Occurrence of liquid-liquid phase separation

that will lead to chemical demixtion O

Idea: use that chemical demixtion
to then “tailor” glass-ceramics

R. A. H. EI-Mallawany, Tellurite Glasses Handbook: Physical Properties and Data, CRC Press, 2012, Second Edition.
V. A. G.Rivera, D. Manzani “Technological Advances in Tellurite Glasses: Properties, Processing and Applications Springer Series in Materials Science, 2017, 254.
P. Patra, K. Annapurna, Transparent Tellurite Glass-Ceramics for photonics applications: A Comprehensive Review on crystalline phases and crystallization

Y. Dimitriev, E. Kashchieva, Immiscibility in the TeO»,-B,03 system, J. Mater. Sci., 10 (1975) 1419-1424.
E. Kashchieva, M. Pankova, Y. Dimitriev, Liquid Phase Separation in the Systems TeO»-B,0O3-M,03 (M>03 = Al,03, Ga,03, Sc,03, La,03, Bi,O3), Ceramics — Silikaty,
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Brief context of the study

TeO,-B,0; system TeO,-B,03-Bi,0; system

B,O;
’ 1573 3
1200 - — ! »
> - - ~ - 'f" T =
100 = 7 N / \
// \ 1373 »«1L
L if TWo \ STABLE LIQUID |
/ L1auIDns \ . /
3001 // \ x _‘}IMMISCIBILI‘WY GAP|
or i \\ % Liquips emixtion
= ' En T
e A 3 g 7 LIQUID2 ’T‘ T
¢ (o 2
500 ' # . one phase Q"l'@" a
\ > ~l i ‘-..... TeOp L glasses S
500+ | LL‘-J | ag o ’%? 4
', 5p< L) 9V
400} ' 973} - 2?372, o) e
| & 44,31..\%:;3. RSP oD
300~ |
TeO, + Ly
) 2 o —
200 |- . ) — . TeO, MO,
! S} Gy
;Y I 1 | 1 L | ! I 7731 L T 1 ' " e . . .
T, 0 2 30 40 30 60 70 & 9 B, 8,0, 20 40 80 80 Teo Immiscibility droplets and micro-aggregates in one-phase
Mole % B0, TeO, (mol %) z

glass with composition 70Te0,-20B,05-10Bi,05 (%mol) “

Y. Dimitriev, E. Kashchieva, Immiscibility in the TeO,-B,03 system, J. Mater. Sci., 10 (1975) 1419-1424.

H. Borger, W. Vogel, V. Kozhukharov, M. Marinov, Phase equilibrium, glass-forming, properties and structure of glasses in the TeO,-B,0O3 system, J. Mater. Sci., 19
(1984) 403-412.

[ E. Kashchieva, M. Pankova, Y. Dimitriev, Liquid Phase Separation in the Systems TeO,-B,05-M,05 (M,05 = Al,O5, Ga,03 Sc,04 La,05, Bi,O;), Ceramics — Silikaty,
45 (2001) 111-114.
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Overview of the conducted work & &
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Contents lists available at ScienceDirect

___ Composition A: 60Te0,-20B,05-20Bi,0,
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Composition A: 60Te0,-20B,05-20Bi,0,

Quenched sample
TEM/STEM

observations = Homogeneous glass

GC sample: 1h at T = 380°C

= Polycrystalline Bi,Te,0,, entities dispersed
in a homogeneous glass matrix

Specimen [ STEM DF )
JEOL-STEM 200KV x120% 1(
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Composition A: 60Te0,-20B,05-20Bi,04

TEM/STEM observations of GC samples (2h-12h at 380°C)
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Overview of the conducted work

Towards a composition poorer in TeO, and richer in Bi,O; and B,0; (larger Bi/Te ratio)
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Heat Flow (W/g)
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Composition B: 30TeO,-40B,05-30Bi,0;5 + 0.5Er,04

Initial DSC data
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Composition B: 30TeO,-40B,05-30Bi,0;5 + 0.5Er,04

Two step heat-treatment
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Composition B: 30Te0,-40B,0;-30Bi,05 + 0.5Er,04

XRD data observations
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Composition B: 30Te0,-40B,0;-30Bi,05 + 0.5Er,04

The chemical composition is 30Te0,-40B,0;-30Bi,0; + 1% mol. Er

= Theoretical Bi/Te ratio = 2
Glass-ceramic (nucleation + )

So, why the crystallization of the Bi,Te,0, phase, where Bi/Te ratio = 1 ? Polycrystalline entities dispersed
in a homogeneous amorphous matrix

TEM microscopy data

Nucleated glass = one phase homogeneous glass
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Composition B: 30Te0,-40B,0;-30Bi,05 + 0.5Er,04

. . . . ~wn  EELS data
Chemical analysis: STEM imaging/EDS

30Te0,-40B,0,-30Bi,0, + 1 mol.% in Er :

Peaks of the ionization
threshold for boron

? Bi/Te rati0=2 180 190 200 “ocv 220 230 240
B Te Bi
i E 1
: 5 52 83
: Contrastin
STEM mode

EDS Local point | Bi/ Te ratio Crystallization of the « Bi,Te,0; » phase

1 Polycrystal ~1.2 —> Boron oxide is expelled from polycrystals
3 Amorphous matrix ~1.7 — Clear evidence of a chemical demixtion
2-2’ Dark area ~2.5

* Boron oxide, very concentrated, induces a dark
contrast in STEM mode (average contrast B-Bi)

?é’ Nouvelle- ; [/ Université
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Composition B: 30Te0,-40B,0;-30Bi,05 + 0.5Er,04

STEM imaging

|t : - 1 200 nm ) B M

In respect with the initial Bi / Te ratio of 2

EDS Local point Bi/Te ratio
1 Polycrystal ~1.2
3 Amorphous matrix ~1.7
2-2’ Dark area ~2.5
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Vincent Sarou-Kanian
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Composition B: 30TeO,-40B,05-30Bi,0; + 0.5Er,04

No modification
of the relative amount of BO, / BO; units:

- with the nucleation step

- during the partial crystallization

= Apparently, only little modifications
of the borate-rich glassy network

U

Some aspects are still under investigation
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Overview of the conducted work
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Conclusions / Prospects within the TeO,-B,05-Bi,0; system

Bi,O,

There is a good flexibility

. . P 20
for « tailoring » GC materials

Need to deeply explore
the so-called « Two phase » area
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