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(1. ��'" +�)$"+-��� 130022; 2. .#�!�(,&*��%
100072)� �� 3Up��/�GFM<'%T;O; (Nd:YAG) �l��i4 300MPa F'�\
1700◦C |2/� 5h, 	�MK\ φ9mm×1mmNd:YAG sggU��� Nd:YAGsggU�Æ*6s�V�?3�T�*dz�7C�3UkH0e;^���Cs9�E Nd:YAG sggUk|2�+5RD6s�V�ok0��9��>#g�K\ φ9mm×1mmNd:YAG sggU�o0r6(�6s�Vi� 45%, o�Jy6(�i� 55%; _�$36(Aktm�6s�VtmÆ_���'��e� (D3S) ktm�6s�Vtm�e D3S i� 20µm =�
Nd:YAG sggU6s�V��a�;X�Æ_���Ida"���*�#baktm�6s�VxpÆ_���'��*�X&9ktm�6s�Vxp�C P 8�<'%T;O;ÆsggUÆkH0Æ|2�+�~=ZK�TQ174 ��-ob�A

1 �=(&U<P< (Nd:YAG) thhVE�pS2!Glb���%Z"L
q�G�q�L℄_�=nz� ��hW ��	�,C�1_�D6>�L��
9E
(tlhV�,oWy�Ajd$�7
�Q	F�_l8�1� [1,2,3]. o
� Nd:YAG thhV�ml����Z/�� [4] �!z - yz� [5] �~Æ�r� [6] �D|� [7,8] �q��0� [9,10] o
q��0�[E� Pechini � [11], F Pechini ℄ 1967 w
� SrTiO3 >M�4Vl��"_lWy1Jji +m,lpa�m
��4Vq��0���J(�&EU ℄7�>Sj�x`℄�Vfj�Æ6(L�0�RHGO Nd:YAG hV�m
mJ2F�D$�2I}3�,lD���
���FoAt\jl2I���℄2I�rSlS$�zxO2Il(�3p%��Y�ji�#�+�A_!��A�,�eJe$��BDo%� [12]. 	��`{��}iQ (+e{�Et4{�) 	2I}3�+G��4V�'w�P<℄��w���Fl^O2Il}3�,6S��O	S$�+ql�xhOmJ2�J����w�8jlS$�"G -��lZ1(�gF)el�D%�
�4mJ2t-$�2Il}3�,�dF�rJ$��#��E�A$o%Z+9sE+7R)�l}3!d
o�mJ2G�G(uRV℄E2�ur�jh� 2005–12–06, r9�?�jh�2006–03–02NU�g� }b..1hP�x: �n (205037)��OT� xQ. (1975– ), q�*D�&I9	 E-mail:zhanghuashan@sipo.gov.cnz�[�i� YRX	 E-mail: sch@cust.edu.cn
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 ^ 0 G 0 � 21 )���NJe2I/2oNa [13]. mJ2�hV�D-'BS6>�5
2I�Dj)8!l�D���A�hV2I/2<Z;!j)+1�1lL�

2 nÆ
2.1 Nd:YAG}fv7�+J Nd2O3(4N)�Y2O3(4N)�Al(NO3)3·9H2O(A.R) Ex`℄ (A.R) �fI�V ℄ (A.R)n�!� Nd2O3 E Y2O3, ~Æ}_/�l ℄�V�:�U}
 Al(NO3)3 E Y(NO3)3 !C
x`℄VD�z [x`℄]/[�O:�]=5:6 l�?}��V�:�U!�x`℄
v�O:�Ex`℄!C�+[H�rn�U~� pH �� 1.5∼2.0,pG��VTB|���+|� 0.5h, rn 0.5wt% l�;℄H*�`On�|� 1∼2h, ji�,thyz�	yz�+n��Æ6(Llq��0��R>p� 1∼3min, jiI,NX��m
vI,�m℄+p����P< 2h. v�A 1100◦C �P< 2h Ol�mp#�*�k5>V>S)��HS��)
��J+&�B�k 2∼5h, �kOl�m℄ 80◦C �r 10∼20h, � 800◦C 0� 2h,V�jJ 300MPa 5B5
G��� 13mm �M�+plhVZ��
`Op}3Ss�J 5◦C/min l7�[W7 i 1700◦C, &pW����j 5h, `O�+��8��
�O
Nd:YAG hV��4V728n'�B	 Nd:YAG hV��+T�k|�hV$7��^i 14 f�
�OL℄� φ9mm×1mm thl Nd:YAG hV�


u 1 K\ φ9mm×1mmNd:YAG sggUk6s�V��
Fig. 1 Optical transmittance of Nd:YAG ce-

ramics with 9mm in diameter and 1mm in

thickness

2.2 0\/�V^= Perkin-Elmer *W Lambda9 �z -�Lz7�F8DL℄� φ9mm×1mmNd:YAGthhV�l7tAW�	�A�zM℄�?�%Z+p7tAWl Nd:YAG thhV��4V^= FEI *W XL30ESEM �Æ4�U�+e{� (FEG-ESEM)3: Nd:YAGthhV$l)℄�4VÆ=/2hl^` SISC IASV8.0 ��w�P<&t	+p7tAW	Rl FEG-

ESEM +e{�z��+mJ2���l^O
Nd:YAG thhVl}3�,6S

3 RHLwa
3.1 G}J`>�w 1 � Nd:YAG thhV	Rl+p7tAW���%47)B�~� 0.25∼ 1.5µm.Yw 1 1J-O`�%47)Blun�7tAW�uun�{��FO�%47p Nd:YAG thhVs�+Q'>�7lb:��Y)4qG�7l)4#3 Rayleigh)4f<�)4�J� [14]: S = (128τ5d6/3λ4){[n2/n1)

2 − 1]/[(n2/n1)
2+2]}2, �Æ d �)4m��� λ �%47)B
Y*BÆ1-O`�%47)Blun�7tAWun�)4q1�7l)4b:`%47)Bl 4 X�G���OW Nd:YAG thhVpLz)�7tAW_℄1s7)�
 Nd:YAG thhV�p1s7)�7t7Wj� 45%, p�Lz7)�j� 55%, p1s7)�7tAW��H�O(:�li��K�+p Nd:YAG thhV
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6 � wP-�m�<'%T;O;sggU (Nd:YAG) kH09� 1413�l7tAW�#$ 1 C

3.2 4<l – MVk;W (FEG–ESEM) >�w 2 � Nd:YAG thhV�l$Je�ACZ8O�K}3�,l�Æ4 – U�+e{�z�


u 2 Nd:YAG sggU#b (a)∼(e) Id�Jb (f) ?3 - T�*dz�y�
Fig. 2 FEG-ESEM photographs of surfaces (a)–(e) and fracture surface (f) of Nd:YAG

transparent ceramicsYw 2 1-O�Ak|E�zM℄�?Ol Nd:YAG thhV$%Z+ml}3�,�Y�A�����4!G��A_/�H�R!)�,�(n��{Y℄Dy��4�,p{YyP���+~�����v��AL℄j� 5µm, �4L℄ < 1µm. +p7tAWlhV	R℄+pl}3�,�[p℄}3�,Æl�4p Nd:YAG thhVms	t47>6F Reyleigh )4�__uyqFthhVl7tAW
OW��Fj Nd:YAGthhVl7tAW� -yqthhVmsl�4W�WS Nd:YAG thhVl�mHG��P<�Z�G(Je}30�'K

3.3 �ESByq
>�
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 ^ 0 G 0 � 21 )�F�Du;! Nd:YAG thhVl}3�,6S�/�+pthhVp 1.064µm l7tAW��%$thhVl�Æ4 - U�+e{�z��4VmJ2f<`�����Dul^ Nd:YAG thhVl}3�,6S [15], #�A(��f� (D3S) �b�mbs�A�+�$b (SV) �b�mbsb#�A�+�$b (SVP) �(��Y': (λ), l^�?#$ 1 C
v$ 1 Æl}3�,6S�%E7tAW�p�+Z
����Du;!
Nd:YAG thhVl}3�,6SE7tAW�pl1�
sw 3∼6.. 1 Nd:YAG{dt5:�DQA2s�F{I_

Table 1 Microstructure parameters and optical transmittance of Nd:YAG

transparent ceramics

Sample AA/% LP/µm−1 T/% SV/µm−1 SVP/µm−1 λ/µm D3S/µm

(a) 0.9848 0.4686 46.73 0.9373 0.9517 0.16457 6.3043

(b) 0.9696 0.4452 48.97 0.8904 0.9183 0.1365 6.5340

(c) 0.9777 0.3576 49.67 0.7151 0.7314 0.1247 8.2034

(d) 0.9838 0.3365 51.42 0.6730 0.6841 0.0964 8.7707

(e) 0.9868 0.3005 52.68 0.6011 0.6091 0.0874 9.8500

u 3 ��k'��e�^6s�Vk0�
Fig. 3 Relationship between the D3S of grains

and optical transmittance of Nd:YAG trans-

parent ceramics

u 4 ���*�#baD6s�Vk0�
Fig. 4 Relationship between SV of grains and

optical transmittance of Nd:YAG transparent

ceramicsY$ 1 Æl^�?1��?�l}3�,6S;%�~_�{Fh�+p?�7tAWO�;Nl��fO�OWZ �;!{#}3�,6S`7tAW�pl1���
hV}3�,Æ�A(��f�`$�Al�+����R�Al_!
Yw 3 1-Ò �(��f� (D3S)lu_�7tAW�uun�{FY℄�A(��f�k_��Ak_��Rl�Ap�Sok1�q1F7l�b:�j F7tAW
�A(��f�`7tAWH�,wu�E�uH�J� T=38.5075+2.3605D3S. Nd:YAG b�p 1.064µm)B	Rl<Z7tAWj� 84%, W>�A(��f�j� 19.2724µm.  � Akio Ikesue�=�?$h	℄ Nd:YAG thhV�<�fhV}3�,Æ�Al�+���� 20µm>�7tAW"^ib�<Z� [4]. 4VmJ2f<l^OlS�E�=�?�D��=�
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6 � wP-�m�<'%T;O;sggU (Nd:YAG) kH09� 1415FmJ2���?l��,
b�mb�Al�+�$bJeb#�Al�+$b1J$��Ap(�3pÆlgF)e
Yw 4 E 5 Æ1-O`�b�mb�Al�+�$b (SV) Eb#�Al�+�$b (SVP) un�7tAW���y �{$h�Alz)k�n��AlSk
��Apl�M`�un�Y�unF7l)4b:�yqF7tAW


u 5 a"���*�#baD6s�Vk0�
Fig. 5 Relationship between SVP of grains and

optical transmittance of Nd:YAG transparent ce-

ramics

u 6 ��'��*�X&9^6s�Vk0�
Fig. 6 Relationship between the λ of grains and

optical transmittance of Nd:YAG transparent ce-

ramics�Al(��+�Y': (λ), 	℄hV�<���6��d���TF��li���Ap(�3pÆl�H�e�m�F��Pl)4"R
Yw 6 1-O`��A(��+�Y':lun�7tAW�uyq�{Vh�A(��+�Y':k_���l)4gk
�)4"RAkÆ��Al�H�ek;�7tAWkq

4 Ra

1. 4Vq��0�HGO=(&U<P<hV�m�� 300MPa j5G(� 1700◦C }30� 5h 
�O Nd:YAG thhV�

2. L℄ φ9mm×1mm l Nd:YAG thhV�p1s7)�7tAWj� 44%, p�Lz7)�� 55%, ��`�%47)Blun�7tAWun

3. mJ2���?$h̀ ��A(��f�un�7tAWlun�f D3S j� 20µm>� Nd:YAG thhVl7tAW��b�<Z��`��AJeb#�A�+�$blun�7tAWyq�`��A(��Y':lun�7tAWyq
1Y��
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Stereology Study of the Neodymium Doped Yttrium Aluminum Garnet

(Nd:YAG) Transparent Ceramics

ZHANG Hua-Shan1, SU Chun-Hui1, HAN Hui2, SONG Qiong1, ZHANG Hong-Bo1

(1. School of Materials and Chemical Engineering, Changchun University of Science and Technology,

Changchun 130022, China; 2. Chinese North Vehicle Research Institute, Beijing 100072, China)

Abstract: The neodymium doped yttrium aluminum garnet (Nd:YAG) powders were synthe-

sized by the low temperature combustion and the transparent ceramic disks with 9mm in diameter

and 1mm in thickness were prepared by the vacuum sintering at 1700◦C for 5h after being 300MPa

model pressing. The transparent ceramics were characterized by optical transmittance, field emis-

sion gun-environment scanning microscope and the study were carried out on the qualitative rela-

tionship between the optical transmittance and microstructure parameters using stereology theory

and method. The results show that the optical transmittance of Nd:YAG transparent ceramics

with 9mm in diameter and 1mm in thickness is about 45% in visible region and 55% in infrared

region and increase with the incidence light wavelength increasing. The optical transmittance in-

creases with three dimensionally corresponding diameter (D3S ) of grain climbing and reaches the

theoretical value of single crystals when D3S is 20µm. The optical transmittance decreases with

the grain and single grain mean specific area enhancing and mean free distance of grains adding.

Key words neodymium doped yttrium aluminum garnet; transparent ceramics; stereology;

microstructure


