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(1. iZ_eh`[Ybfg^
\Xid�`[ 200050; 2. iZ_ehg^ah�W℄ 100049)Q N	 / Lu(NO3)3 1 NH4HCO3 aJ$�*=6fxp�"\��uMa 40nm Z Lu2O3�L�/��L1%+Z Al2O3 �CeO2 4u�LaJ$�*=��z9�1�o 1760◦C `��e 10h, p�?TBZ Ce:LuAG FF��TBFFU�[#|_LZT*0a 56%, X Æ}HvwZvÆ#_a Ce3+ ZI
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1 OL�/�-� (Lu3Al5O12, Y8b LuAG) |C�~nMf� (�~nt�	Xv Ia3d), ;m� (6.73g/cm3, "Ih PET 	A>)% Bi4Ge3O12(BGO) [ 94%), |b� (2010◦C)[1], G��O0��V3b��O℄x�<hj[$�2m;�O�")v?�[�7Er)%�
ErNV
![rX�� (�~ Ce3+) �bI�R�")v	�[�:�7M (1Z�XbJ?O)[2,3]; H[� Tm3+ C Yb3+:LuAG C℄>F7K�~;$�Cs�m�+I [4∼7].Ih� LuAG E[SnMP2+> Czochralski y�3�
~y[q��2
S���9���rX��[/S�R�4K�q�sj�4K�3N=L[Sn�6H��xq�|C?��O[ LuAG EnM[pS�2+;|Cw%[34��b)v�Y�~)�>GG[�0�2q���O5�%o[ LuAG EGGrnM�_|CwN[pS34��gP+>7gyq����[ Lu2O3 J:�M���>',[ Al2O3 �CeO2 5v�bK%�q� Ce:LuAG UCGG�EH
UCGG[w$�O�
2 >M0 Lu2O3J� (99.99%)2?OE[R HNO3 bK%�VqRmb 0.15mol·L−1 [ Lu(NO3)3}'�w:�_Vq0[Rmb 2mol·L−1 [ NH4HCO3 }'0 3mL·min−1 [:mx^_VW(fx$pb�[ Lu(NO3)3 }'s�}'	t[ pH j�qV 8.0 
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NH4NO3 2rG[ NH4HCO3, w:T>k4.Dls 3 I�At7gms[4��0�k7gmV�X+;s0��w[Yz�ls:[7gmV 120◦C [5�s�X 12h. �X:[7gm> Al2O3 � �?��� Al2O3 
Æs�oF'��.sV$R[fmx�� 2h,YWA�[ Lu2O3 �M�0p 800◦C �� 2h :BY[ Lu2O3 �MM',[ Al2O3 2 CeO2 �MbK%��\;�T!� (Lu2.985Ce0.015Al5O12) 8!�V�w!�b 0.5wt% [g'<.� (TEOS) b�f|R�>�E[ ZrO2 mVk4.DsmE 6h. mE:[�Mp�X�+��	:V�Ds��9 φ20mm [L{
WM�w:T_
WMV 200MPa [��xjÆ�℄s��WM�f+>�Fe�a	.�a	m > 5 × 10−3Pa. �f:[GGMTV	esF 1450◦C �f
20h jÆZAC��AtV�f+;s8�["	d2D�+>{� Rigaku �8[ D/Max-2500V � X �~ �,q��:[�M2�f:[GGM[m�jÆ�n�+>{� JEOL �8[ JEM-2100F �U�et2 JSM-6700F �1w��>et -Aq��MMK%�M[
72n�N��+>
E:Xy,j�fGGM[;m�+>{� JEOL �8[ JXA-8100 �e�Eb -U$GG#[y��:�=[z^f���>
AV�[O`tS�nq�)%[nhMn�9��+>{� Hitachi �8[ U-2800 ��$$mT,)�f#[ ( =U$� 1.2mm 8) [i~U+1q~�+>	-'<��xA�Q��[ X �~Iw$`,,j Ce: LuAG UCGG[w�$`�
3 -&(B5W 1 b Lu2O3 [ys7gmM$Rfm��:�M[ X �~ �W`�U>D<kÆb7gR��9[a�7gm"kj
[�V 600◦C �� 2h :�kj
[hsM~;bE[ Lu2O3 ��>���fm[��� Lu2O3 [ ���VW��imZV�5CK���fm2�3�f�X� Lu2O3 [fn��[\e���3N�u|Z
�

V 1 grLL#Qel�� 2h 9�LZ XRDV_
Fig. 1 XRD patterns of the precursor and

powders calcined at different temperatures for

2h

W 2 ��#',[27gyq�[
Lu2O3 �M[z^
7�AW�h�',[
Lu2O3 �MNr9)Z�f��=L
N�NP�^:�>_#[�M�>�K%���.�s>D<kÆb7gRw	C�:[�M�=w&CYz�T=L
��$W 50nm, sj
7bm
���
��#-q�UCGG�+>��{:yq�UCGG���fM[n;;;mi(*�FK%�M[��M
7�6H��g+>7g:[ Lu2O3 �MbK%�W 3 ��#+>[', Al2O3 �M[ SEM 
7��0��� Al2O3 �M[℄��vb 200nm, ���0���bm
�#-�bq�UCGG[>�K%�W 4 bp 1760◦C �f 10h a	�f:��V 1450◦C 	es�f 20h jÆZAC�[
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5 a �>��\	��z9xp� Ce:LuAG TBFF 1163

Ce:LuAG GG�fM[ XRD �nf)��0����fMbS)[ LuAG ��8C
B[�n��H�fM[�q;mV 99.8% 0	�

V 2 Lu2O3 �LZ�6
Fig. 2 Morphologies of Lu2O3 powders

(a) SEM photograph of commercial Lu2O3 powders; (b) TEM photograph of Lu2O3 powders prepared by the

precipitation method and sintered at 800◦C for 3h

V 3 %+ Al2O3 �LZ SEM �6
Fig. 3 SEM photograph of commercial Al2O3

powders

V 4 Ce:LuAG FFZ XRD V_
Fig. 4 XRD pattern of Ce:LuAG ceramic sin-

tered in vacuum at 1760◦C for 10h and an-

nealed in air at 1450◦C for 20hW 5 b Ce:LuAG GG[�m\Z�)#8mb 1.2mm, �f:[)#UCm��)#:=[�Glo�\�#[:=2��|C?�[U$��W 6 ��#U$GG#[V 1400◦C �f 1h y��:[�=
7��0��#[|C�R[z^f��℄�n�=Lb 4µm 
D�,[�<��Wnh	A��
�[au�n����qnh2n��# EDS 9��n�f)\� 1.� 1 149�*=<1.��!
Table 1 Compositions of inner grain and fuscous grain boundary

Component/wt% At inner grain At fuscous grain boundary Theoretic component of LuAG

Al2O3 27.59 90.45 29.93

Lu2O3 72.41 9.55 70.07
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��[	:)&��# Lu3Al5O12 [�3�9��0���n�M'2��nhC[;�9�C
N[.5�n�M'[;��9H Lu3Al5O12 [�3;��9E��R� Lu2O3 
CX��snh��{#� Al2O3 9�[mr�nh	au�mr[�{�qUCGG[U+1"$�[�
V 5 2<T#Z Ce:LuAG FFZ�l[Y
(1.2mm 7)

Fig. 5 Appearance of a polished Ce:LuAG

ceramic disk (1.2mm in thickness)

V 6 TB Ce:LuAG FFo 1400◦C x�� 1h 9Z�<�6
Fig. 6 Surface morphology of the transparent

Ce:LuAG ceramic after thermal etching at 1400◦C

for 1hW 7 ��# Ce:LuAG UCGGV 200∼1100nm !3}`M[i~U+1q~�
s�
450nm 
D[
p*O"AF Ce3+ [ 4f ECW 5d IwC[e�PfAVn[ [8]. �0���GGrnM[U+1">���!3[ZNsx^ZV[�V 600nm C[U+1b
56%, U��!3ZVW 1000nm ���:[U+1&ZVW 73%. _"AGG[z^f�AW9[�2Sn���GG|C�b
S[z^f��A#n�[�<�.e
�nh�au�℄�U$~P+GG��GGM[e
�nh�au�℄k�09b��$~[s
�`^GG[U+1�
s�0^e
[<�	bzz�_".CN!^e
2Sr[^PGG$O�$~N!U+[��K6��v=L[��s
q$~[��;m$R�6H$i"e
[0!��w%["��s
[=L2�%qGG[U$�CCz[<���{$��K��U��s
[=L2��$!3CFR)0!O��0 Mie ��by�Ue
℄��s
[=LH��$!3E��℄����	N�U+1	^�U��s
[=Lb��$!3[ 1/3 0x��b Rayleigh ���e
=LO���0O
���$[��yO��U+1yO� [9]. �)!sGGrnMV$R!3}`M[U$�O.5��>	.$[��K�jÆg$�AFUCrnM��s
[=LCz�F��$[!3 [10], $~U+�w� Rayleigh ���6s�U+1>�!3[ZNsN}	��e
�nh�au�℄qGGrnMU+1[<���0P+0x[��jÆj�[>. [11]:

I/I0 = (1 − R)2exp(−µx) (1)
s� I0 2 I ��"��$~2U+$~[im� R "{�1� µ "1Zt0�"A)%s[e
�nh2au�℄8d[� x ")%[8m�qF��[Sn)%� µ k9b*�6H�)%[�3U+1�
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5 a �>��\	��z9xp� Ce:LuAG TBFF 1165

I/I0 = (1 − R)2 (2)

R = (nLuAG − nair)
2/(nLuAG + nair)

2 (3)qF LuAGMt�nLuAG2 nair��P� LuAG2	e[℄�1�V�\$!o�nLuAG=1.84[1],

nair=1, 6H�i9�0Y�� LuAG Mt[�3U+1b 83.3%. sV�)!��s�V�\$!o[U+1$W 60%, b�3U+1[ 72%, ,[<C 30% ��h#�_'���y"AF	.[z^f�sKV[nh�0Me
A8d[�6H�:�yÆ�GG[z^f���Anh��l!`^e
[.!2=L��~�`^>�K%[℄��m�?;GG[�f�2�id�f|R[v�2>!℄�0K�GG[U+1�

V 7 Ce:LuAG FFZT*0p} (1.2mm)

Fig. 7 Optical transmission spectrum of

Ce:LuAG ceramic (1.2mm)

V 8 Ce:LuAG TBFFU X Æ}HvwZvÆ#_
Fig. 8 Emission spectrum of transparent Ce:

LuAG ceramics excited by X-ray

Ce: LuAG UCGGV X �~Iwx[w�$`~W 8 A��
w�$`�.)�
470∼650nm [4
[w�O�
w�$`> Gaussian P3�0�gb �q~�
s
do��V 517 2 552nm, 5C
w�$`|C3�f��" Ce3+ [
�w�$`�_�3�f�"AF Ce3+ [ 4f EC- LuAG nM1[<���'b 2F5/2 2 2F7/2  �OCA8d[� Ce:LuAG [w�$`2R�Sn (512 2 547nm) [�� [2], |C40[)n��l"3�[s
doC
�[6+�_"AF ^$R[z^f�AW9[�Tk3"Sn<"GG�
w�$`[dokV Si $euK"[�A�q~}`M (500∼900nm), ")v4C:>hr[�7)%�
4 -5

1. 0 Lu(NO3)3 2 NH4HCO3 bK%�+>7gyq�# Lu2O3 [kj
hsM�
hsMV 800◦C x�� 3h, YW#℄��vb 40nm 
D[ Lu2O3 �M�
2. +>�q[ Lu2O3 �M0M',[ Al2O3 2 CeO2 �MbK%�NV 0.5wt%[ TEOSb�f|R�+>��{:y�a	�fq�#rn Ce:LuAG UCGG�
3. Aq�[UCGG (1.2mm 8) V 1000nm C[U+1MW 73%, TAF�fMMKV
![��s
 (nh�2e
), �Yn!3}`M[U+1
^�V 600nm ClC 56%,CQj)&K��
4. Ce: LuAG UCGGV X �~Iwx[w�$`b)� 470∼650nm [4
[w�
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Fabrication of Transparent Ce: LuAG Ceramics by a Solid-state

Reaction Method

LI Hui-Li1,2, LIU Xue-Jian1, HUANG Li-Ping1

(1. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China; 2. Graduate

University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Lu2O3 powders with an average particle size of about 40nm were produced by a

precipitation methed using Lu (NO3)3 and NH4HCO3 as starting materials. The precipitation

precursor is amorphous and transforms into pure Lu2O3 phase by calcining at 600◦C for 2h. The

resultant Lu2O3, Al2O3 and CeO2 powders were mixed by ball milling, and then sintered into a

fully transparent Ce:LuAG ceramic body by vacuum sintering at 1760◦C for 10h and annealed at

1450◦C for 20h. The resultant transparent ceramic has a uniform microstructure with an average

grain size of about 4µm. The polished Ce:LuAG ceramic disk with 1.2mm thickness is highly

transparent. The transmittance in the visible region reaches 56%, which is 72% of the theoretical

value. The emission spectrum at 470∼650nm with the double peak structure (517nm and 552nm)

excited by X-ray is the characteristic spectrum of Ce3+ due to the 5d-4f transition, is consistent

with that of LuAG:Ce single crystals, well coupled with the silicon photodiodes and satisfies the

property requirements of a scintillator. Ce:LuAG transparent ceramics is a promising scintillating

material.

Key words LuAG; transparent ceramics; solid-state reaction; emission spectrum


