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Abstract. Cerium-doped gadolinium gallium aluminum-based garnet ceramics Gd;(Al,Ga,);0,:Ce (abbreviated as GAGG:
Ce) have the properties of high light output, short afterglow, fast attenuation, and high X-ray blocking ability, which make
them a research hot spot in recent years with a wide range of applications in the fields of medical imaging, high-energy ray
detection, and high-power LED lighting. The preparation of high-performance GAGG transparent ceramics relies on the
technology of preparing ultrafine, highly dispersed, non-agglomerated, and high sintering activity nanopowders. This paper
reviews the research progress made by domestic and foreign researchers in recent years on the synthesis of GAGG
nanopowders by the chemical co-precipitation method, analyzes the related mechanism of powder preparation by the
co-precipitation method and the main factors affecting the performance of the powder, and looks forward to the research
prospects and development direction of the preparation of high-performance gadolinium gallium aluminum-based garnet
powders by the chemical co-precipitation method.
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Fig.1 GAGG:xCe* fluorescent transparent ceramics: (a) images of a 445 nm blue LD with 2 W (left), blue LD and the GAGG:0.75%
Ce* transparent ceramic in operation to produce a prototype white laser (right), (b) electroluminescence spectrum of the white laser
diode, (c) color coordinates of the laser light with Ce** content of 0.75%, (d) Ce content of 0.75% and thickness of 0.85 mm GAGG:
xCe** image, (e) transmittance profiles of ceramic wafers with different Ce* concentrations, (f) transmittance profiles of GAGG ceramic

wafers with different thicknesses"
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Tab.1 Light output of GAGG:Ce*, xY* ceramics and
LYSO crystal®

Light output (ph/MeV)
55000+1 100
56 000+1 200

Samples
GAGG:Ce*
GAGG:Ce™, 0.3Y*
GAGG:Ce™, 0.6Y* 61 0001 200
GAGG:Ce™, 0.9Y* 58 000+1 200

LYSO 21 000+420

% 2 GAGG:Ce*, xY*(0~0.9)i% W Fid % . (a) GAGG:Ce*, xY**(0~0.9)Fi % F1 LYSO Fh A& Bk 'Cs B & 1 ik nh v G RE 18] | (b) i 1
e
Fig.2 GGAG:Ce*, xY*(0~0.9) transparent ceramics: (a) pulsed height spectra of GAGG:Ce™, xY*(0~0.9) ceramics and LYSO crystals
excited by "'Cs, (b) transmittance curves®™
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Fig.4 SEM images and particle size distribution curves of powders after calcination at 950 ‘C for 1.5 h: (a) NH;- H,O as precipitant,
(b) NH,HCO,; as precipitant, (c) a mixture of NH;+ H,O and NH,HCO; as precipitant, (d) particle size distributions of GAGG powders
using different precipitants?



+894 . FOUNDRY TECHNOLOGY

Vol.44 No.10
Oct. 2023

F 5 7E 950 'C T4 5E GAGG:Ce H AR M BB I : (a) 560 nm B T ##UZ 6%, (b) 450 nm P T # K565
Fig.5 Photoluminescence properties of some GAGG:Ce typical powders calcined at 950 ‘C: (a) excitation spectra taken for emission
560 nm, (b) emission spectra excited by light with A=450 nm!*!
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6 Al Zn % #E 1 GAGG:Ce #314 : (a) Xe 4TAL T GAGG:Ce MIGEURIEIGHE , (b) X HLMA T GAGG:Ce 148 T & 66
T, () 530 nm & IR OGS (d) Ce™ Be i BRIT /R B IE, (e) A& PEG Hi3RAR 1M SEM B4R, () & 1% i /- 80)PEG 1Y GAGG:
Ce 7 200 ‘CHI KA ) SEM [ {5
Fig.6 GAGG:Ce powders with different Zn contents: (a) photoluminescence spectrum of GAGG:Ce under Xe lamp excitation,

(b) radioluminescence spectrum of GAGG:Ce under X-ray excitation, (c) excitation spectrum of 530 nm emission, (d) schematic
diagram of the energy jump of Ce*, (¢) SEM image of the precursor without PEG, (f) SEM image of the precursor of GAGG:Ce
containing 1%(mass fraction) PEG at 200 ‘C*!

K7 850 CHREEI GAGG #3 AR (1 TEM R G M R« (a) SR I RR 75 i 1 34 370 3 122 1) 45, (b) SR FAL e A~ S 0 3 125 i 4 B0
Fig.7 TEM micrographs of the GAGG powders calcined at 850 ‘C: (a) prepared by ultrasound-assisted co-precipitation, (b) prepared
by conventional chemical co-precipitation®™”
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