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Recent Progress on Preparation of Transparent Ceramics via Glass Crystallization

ZHENG Guojun, XIAO Wenge, QIU Jianrong
(College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: With the substantial development of photoelectric technologies, some transparent materials with the better performances as
information transmission media are required. Transparent polycrystalline ceramics are widely used as missile fairings, lamp envelopes
of high-pressure sodium lamps, transparent armors, gain medium for lasers, and laser-driven white lightings due to their excellent
mechanical, thermal, optical and electrical properties. Various sintering technologies are employed to prepare transparency ceramics,
such as high-vacuum sintering, hot-pressing sintering, hot isostatic pressing sintering and spark plasma sintering. However, their
complex preparation process and the resultant high cost greatly restrict their actual applications. The full crystallization of the mother
glass induced by heat-treating at crystallization temperatures was proposed to obtain transparent ceramics, which had attracted much
attention due to its relatively simple, time-saving, and low-cost. This review summarized recent progress and potential applications on
transparent ceramics prepared by a glass-crystallization method.
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Fig. 3 (a) Drawing of the aerodynamic levitator coupled to laser heating system. (b) Schematic diagram of glass preparation
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Fig. 4 (a) Transmission spectrum of BNT transparent ceramic. The inset show the photograph of the sample. (b) The photograph
shows the nanoceramics fiber pumped with 532 nm laser™. (c) Optical microscopy image of the dual-phase ceramic
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construction of blue laser driven white light device. (i) The photograph of the constructed laser driven white light taken under

its operation!®!



51 ESE oM

EE 25 B A LTE R &% W RO RT T .+ 2483 -

1.a grain boundary; 2. residual pores; 3.secondary phase; 4.double refraction;

S.inclusions; 6. surface roughness in ceramics prohibits applications in
optics.
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Fig. 6 Transparent polycrystalline ceramics prepared by glass crystallization: (a) from left to right, BaAl,O; parent glass with a
thickness of about 1.5 mm, a-polymorph and f-polymorph transparent ceramics, respectively. (b—e) Bright and dark field
transmission electron microscopy images of a-polymorph and f-polymorph respectively showing the larger crystal size for
the S-polymorph, the thin grain boundaries and no porosity for both polymorphs. (f) Transmission spectra of the glass and
transparent ceramics. (g) UV-excited fluorescence spectra recorded on a 0.5% Eu®‘-doped f-BaAl,0; samplel*”
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Fig. 7 (a) Sr;Al,O¢ transparent polycrystalline ceramic with a thickness of 1.5 mm and a transmittance of 87.4%; (b) The emission

(Aex = 272 and 393 nm) spectra of the 5% Eu’**-doped Sr;ALL,Og sample. The inset shows a picture of the Eu:Sr;Al,Og sample
recorded under UV excitation™; (c¢) Photograph and X-Ray diffraction patterns of the SrREGa;0; polished glass and
polycrystalline ceramic materials (RE = Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Y); (d) TEM micrograph of the StGdGa;0-,
transparent ceramic showing a wide grain size distribution and the absence of residual glass or porosity; (¢) CIE diagram

where the different SrtGdGa;0,:Tb*", Eu®" trials are presented under 273 nm excitation
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Fig. 8

(a) TEM and optical microscope images of polycrystalline grossular samples synthesized at 15 GPa and different

temperatures (1 200-1 600 °C); (b) Transmittance of light through the polycrystalline grossular samples with a thickness of
1.0 mm, synthesized at 15 GPa and at 1 2001 600 ‘C; (c—f) The sample synthesized at 1 500 ‘C and 1200 C consists of

nano-crystalline grains that are tightly contacted with each other with virtually no pores or openings

[74]
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Fig. 9 (a) Transmission spectra in UV—VIS-NIR and MIR region of the YAG-Al,O; ceramic measured through a 1.5 mm thick

sample. (b) Photoluminescence excitation and emission spectra of the Ce**-doped YAG—ALO; ceramic. (c) Photograph of the
YAG-ALO; ceramic-based WLED under a driving current of 60 mAP®. (d) The YAG-AIL,O5 glass and transparent ceramics
doped with various luminescent ions®™. (e) The emission spectra of YAG-ALO;:Cr’" ceramics annealed at different
temperatures. The inset is their photographs under white light (left) and 420 nm light (right)®'. (f) The transmission spectra
of YCAS:Cr’" glass and ceramics (0.4 mm) annealed at different temperatures. The illustration and photograph of the

as-prepared NIR pc-LED device by combining translucent ceramics with a 450 nm LED chip
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Fig. 10 (a) Photograph of Sryix»AlxSiy O (0<X<:0.4) transparent polycrystalline ceramics and transmission spectrum measured
on a Sry;Aly;Si;g0g (X =0.2) composition sample (1.5 mm thickness). (b—¢) The SEM, STEM-HAADEF, and XRD
measurement of Sr; ;Al,,Si; 3Oy transparent ceramic sample showing no porosity, thin grain boundaries, full dense structure,

and a crystal size of about 5-20 pm™”!
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