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Research Progress and Application Status of High Hardness
Transparent Glass-ceramics
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Abstract: Glass-ceramics consist of a certain content of crystalline phase in residual glass phase obtained from the glasses
through controlled heat treatment. It has a similar microstructure with ceramic materials of the same composition.
However, because glass-ceramics could have zero porosity and full density, they have superior properties than the
conventional ceramics. Most glasses are opaque after crystallization. By controlling the crystal size and content or adjusting
the refractive index of the precipitated crystals through composition design, glass-ceramics of some systems could have
translucency or even high transparency. Transparent glass-ceramics are widely used in military, industrial
production, biotechnology, daily life and other fields, because they have the advantages of both glass in molding and optical
properties and ceramics in mechanical properties and stability. Transparent mechanism, composition system and preparation
process of glass-ceramics are systematically introduced, while the research progress and application status of
Li,0-Al,05-S10,, MgO-Al,05-Si0,, Zn0-Al,03-Si0; and other transparent glass-ceramics are discussed in depth.
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Fig. 1 Possible light scattering sources of
transparent glass-ceramics
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Tab. 1 Hardness of the glass-ceramics before and after ion exchange
Glass-ceramic composition Main crvstal phase Molten salt used and Hardness/GPa Ref
system ystalp treatment system Before After i
ion-exchange ion-exchange
95 wt.%NaNO; +
Li,0-Al,05-Si0, LiAlSi4Oy 50 wt.%KNO;: 7.78 8.87 [12]
410°C/6 h
Li,0-Al,05-Si0, Li,S1,05 RbNO;: 470 °C/4 h 5.71 6.40 [16]
Li,0-AL,05-Si0, LiAlSi4O g NaNO;: 450 °C/6 h 6.87 7.45 [20]
Li,0-AL,05-Si0, B-Quartz solid solution KNO;: 420 °C/6 h 5.15 8.22 [21]
MgO-SiO,-Al,0;- Na,O NaAlSiO,4 KNO;: 450 °C/6 h 6.40 7.47 [22]
MgO-Si0,-Al,04 MgAlL,04 KNO;: 450 °C/6 h 7.78 8.56 [23]
Si0,-Al,03-B,05-Na,O NaAlSiO4 KNO;: 460 °C/4 h 5.95 7.52 [24]
ZnOQ-SiOZ—A1203 anTiO4/(1-ZIIQSiO4 KNO}Z 410°C/4 h 6.60 7.80 [14]
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Tab. 2 Common transparent glass-ceramic composition system and parameters

Hardness

Sys. /GPa

Main crystal phase agent

Nucleation

Grain

. Processing parameters
size/nm

9.30 23 Spodumene

P205

TiO,, ZrO,,

Sintering: 1570 °C/4 h—1590 °C/2 h
Heat treatment: 760 °C/2 h—860 °C/2 h

LAS 8.87 [12] Li,Si,05

P205, ZI'OZ

Heat treatment: 570 °C/4 h-725 °C/1.5 h
32.94 Chemical enhancement (NaNO; + KNOs3):
410 °C/6 h

10.90 1 B-Quartz solid solution

ZTOZ, SH02

Sintering: 1650 °C/3 h

43.00 Annealing: 700 °C/2 h

8.10 [27] a-Cordierite —

Sintering: 1580 °C/2 h
5-10 Annealing: 680 °C/2 h
Heat treatment: 820 °C/10 h—1030 °C/6 h

MAS

12.20 (28 a-Cordierite 710,

Sintering: 1590 °C/0.5 h—1628 °C/2 h

100-200 Annealing: 820 °C

9.30 MgAlLO,

TiOZ, Zr02

Sintering: 1600 °C/2 h

25.57£3.00 \ 1 nealing: 750 °C/2 h

8.10 4 Zn,TiO4/0-Zn,Si0,

ZAS

T102 N Zr02

Sintering: 1620 °C/3 h
Annealing: 650 °C/5 h
10.60 + 0.80 Heat treatment: 780 °C/10 h
Chemical enhancement: (NaNO3) 460 °C/4 h+
(KNO;) 460 °C/4 h

8.76 130 ZnAl,O, TiO,

Sintering: 1650 °C/4 h
Annealing: 500 °C/5 h
Heat treatment: 973 °C/2 h—1074 °C/3 h

20-30

NCS 7.40 BY NayCay(SigO1s) 710,

Sintering: 1550 °C/2.5h
5000-7000 Annealing: 550 °C/6 h
Heat treatment: 600-900 °C/10 h

9.20 3% AlgO3N, —

Sintering: 1520-1650 °C/2 h
Heat treatment: 1000 °C/4 h+1350 °C/8 h
Atmosphere: N,

<1000

ON 11.00 B3 Mullite —

Sintering: 1600 °C/2 h

Annealing: 900 °C/2 h

Heat treatment: 950 °C/4 h+1300 °C/6 h
Atmosphere: N,

5000

13.20 B34 Si;N4/Y,SiAIOsN —

Sintering: 1800 °C/2 h
5000 Annealing: 1000 °C/1 h
Atmosphere: N,

NMAS  7.78 MgAlO,

T102 N ZI'OZ

Sintering: 1550 °C/6 h

Annealing: 650 °C/2 h

Heat treatment: 650 °C/4 h—700 °C/2 h
Chemical enhancement (KNO3): 500 °C/8 h

50-70
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Fig. 3 Transmittance curves of transparent glass ceramics (a), (b) at different crystallization temperatures
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Fig. 4 Transmittance curves of MAS glass (A) and glass-ceramics (b—d) samples (2 mm in thickness).
(B, C) Representative TEM images "
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Fig. 5 Transmittance curves (a) and Vickers hardness curves (b) of the ZAS nano-spinel transparent glass-ceramics

after heat treatment at different conditions
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Fig. 6 High crystallinity sodium calcium silicate transparent glass-ceramics with different crystal shapes °': (a) transmittance
spectra, (b) sample diagrams with cubic crystals, (c) spherical crystals and (d), (¢) optical microscopy
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silicate glass ceramics two unit bridge crown
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