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Abstract: The glass-forming, the crystallization process and microwave dielectric properties of MgO-

Al2O3-SiO2-TiO2 system glasses adding CeO2 were investigated by means of DTA, XRD, SEM. Results

show that spontaneous crystallization of the MgO-Al2O3-SiO2-TiO2 system glasses is obviously prevented

with the increass of CeO2 content. After heat treatment (nucleation at 770◦C for 4h and cryatal growth

at 1200◦C for 1.5h) the crystallized volume fraction of rutile and cordierite decrease and that of perrierite

increases. The glass-ceramics obtained by crystallization of the glasses have dielectric constant of 7.5–10.5,

and microwave loss less than 5.5×10−4.
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MgO-Al2O3-SiO2 \03iG9�Y �}\*{q�� �}��A�ik`}'��%�� ;�}`��'�>v�r\� �_?�_LC:Y�O)}MT [1∼3]. 'X��>v}'�-
n� (<6×10−4), rV\9'�P� � (5.0∼5.5)[2],~�r3r��z`}MT��Y});C)+��r MgO-Al2O3-SiO2 qJ\03i��DZKe

TiO2 KCY��;�>vr�0v}'�P��r��*� TiO2 ^o}y��3i}n0I�T""yn�hT�9YB� CeO2 �.E�8f�%Wi
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36 g � < t � � 22 A}dv/,_x!e}F�1xÆ�T\0�3�0C	1x�i1x7�)v�kDksT6**+rT4��~�a�3i�a�
�_ 1520◦C,�
 3h. �a`}3i;tr>�nW��,e
700◦C Q�~��
 1h s*~[T�zwd	3i�
2.2 K|ArJ\/nQ�V Netzsch STA449C �\/n>Fz�9A!4_ α-Al2O3, 3i43�0Z 200 �k�|
"�_ 10◦C/min, &��/
�_ 1250◦C.\*{Q�V Netzsch DIL402C �\*{/n>Fz�|
"�_ 5◦C/min,43\k_ φ6mm×25mm.�T MDI/JADE5 � X u�-u> (CuKα) F�43} X u�-u6�//n\d`s}43�}0�%W�3i}/��
�T_� JEOL D �t} JEM-2000X �Lu� y\5XMH��"�

#_ 20kV. y\#H�
vV_�� D JSM-

6700F�L$ui��5XMH�bT8o}%6>
(EDS) F�43\NW/�0F�}433'N�bT 4%} HF%6��+��6d`�T HB8757D�(oY�/n>� GB9633-88 (��<	 (h(��G IEC556 (�) P�}��=&XF�43}'�P�i'�-
�43_ φ1.66mm×22mm}�f��F�0�_ 10GHz, ����_ TM010.

3 WPTte_rqJ); CeO2 r3i�})TiP���ur MgO-Al2O3-SiO2-TiO2 qJ�=K��"!}%/�DZKe9G�"�} CeO2, );93i�W��'i�%��>%Wi3ia�LU�+
1. 3i} DTA /n�O 1(�Æ 1 � 2 � 3 �43�`n03i).< 1 }
�jBIR=`�Bm^

Table 1 Composition and glass-formating instance of series glasses

Sample MgO Al2O3 SiO2 TiO2 CeO2
Glass-formating

number /mol /mol /mol /mol /mol

1 5 6 14 6 – Bulk crystallization (white)

2 5 6 14 6 0.5 Bulk crystallization (white)

3 5 6 14 6 1.0 Crystallization (white)

4 5 6 14 6 1.5 Uniform glass (yellow-brown)

5 5 6 14 6 2.0 Uniform glass (brown)

6 5 6 14 6 2.5 Uniform dark (dark brown)

7 5 6 14 6 3.0 Uniform dark (dark brown)

N 1 px1g32| DTA P�
Fig. 1 DTA curves of the glasses

Heating rate of 10◦C/min

N 2 A1 
�1g�m_|/=| XRD N5
Fig. 2 XRD pattern of the crystallization in A1

original glass
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1 7 ��+�~� CeO2 �
�R2pI[/1g|�&h&
�$O� 37i0f{`Æ!VWF�p7�Æ CeO2 {KTs�\ 6mol TiO2 { MgO-Al2O3-SiO2 0fp`ÆZSXY�
l^lm{|�j.<� XRD w�g.<^(o~g��1#${~jj (M 2).M�7E{`ÆC���f%yuBj�7l.{P<;s�(� CeO2 I
g�Æm{wÆ�l.KTyu�wz$�a 3 0f!yWqml.� 4 � 5 �
6 � 7 $UBIAyuBjeÆ{0f����I
 CeO2 IA�goH0feÆ�wÆ�0f{*j( CeO2 �Æm{wÆU<"{j��%^w"lj�M 1 { DTA O� (4 aS) BIALGu0fp 800∼850◦C 'Z^z�<Al.+Z1�(� CeO2 �Æm{wÆ�g+Z1{b���{?��7�� CeO2 {Æ
��p0f{l.G
���F^� Ce4+ \��6^ 0.103nm, E��6^ 0.1646nm, ��[ Ti4+ \��6 0.068nm6l��u�>�(a�?�.A CeO2 7#,
0fX�� �b[X�Mr�$g�q Ce–

O �{�>� (795±13)kJ/mol,  Ti–O �{�>
(661.9±15.5)kJ/mol[10] 6?�s0f� Ce4+ \�jp��<*�2}^ Ti4+ \���0\��;Y(o~.<{l^��8B|p0f���{<*�}�<�I
{H\�P>��i �0f!FM[+��:?0f{eÆ��.A 4d21{ DTAO�l(o~.<l.1x�
}�&V CeO2 {Æ
��p MgO-Al2O3-SiO2-CeO2-TiO2 oHZ.0f{l.#e�q CeO2 "7�0fX���<�(� CeO2 {�Æm{,<:wÆ�9oH0f{l.G
y�}wl{�s CeO2 {�Æm �Æ��M 1 � 1∼3 d21l.+Z1 �Q�X�K����F^8$.�(o~g��1#${~jj?1l^�B℄0f��9.�\m?ll�q�U) 1 I�i 4�q.&8{oH?VR�Bj{0f��iIZO�lyIAFu�p 950◦C 'Z�(� CeO2 m{wÆ�W<l.1��^z�.B>�7��wl�&8!V)��gb�s^z{l.1�L�Q15R�{l^�(^ Ce pgoHZ.0f�jp{�6�
�Q15R{l^m#V(� CeO2 �Æm{wÆ wÆ�M 3�9ow0f1X 770/4heub℄Aq�op 1200◦C/1.5h .ub℄21{ XRD M4�21�B!.�{��l^m��R �7E21�

�E.�{�+s1>�{*%DÆ�M 4�(o~��+s1 [110], Q15R��+s1 [313] g
α- ,C~��+s1 [100] ��>�( CeO2 �Æm{wÆ{%uKT (U[ 4  �9��M��Ww^). IAF^�(� CeO2 \m{wÆ�(o~

N 3 8F1g322 770◦C/4h fvh
1200◦C/1.5h /v[
^r| XRD N5
Fig. 3 XRD patterns of the glasses after heat

treatment at 770◦C for 4h and 1200◦C for 1.5h

N 4 m_/��,t2?�) CeO2 ℄n|&v
Fig. 4 Diffraction peak values of main crystals

changed with CeO2 content

Heated at 770◦C for 4h and 1200◦C for 1.5hg,C~{��\m�W.�q�q�l���{��\m.�W�w{:%�̂ gE��Q15R�{��\m7�wÆ�gS�Z.0f�B.�$U�a 1 �W CeO2,  �W^zQ15R� 40f�W(o~^zAS�81{��U(o~�,C~gQ15RfA�.�$U�.�W81�{^z�8� Ce �6AQ15R{�
)z^
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38 g � < t � � 22 AW�(� CeO2 m{wÆ�0f�(o~g,C~�{+s>�������<*��U[ Ce4+ \�jp��^ Ti4+ \���0\��;Y(o~.<{l^�{<*��U[�f�.�Q15R{��w� sU(o~g,C~{��\m��I:{�M 5 �9ow0f1X 770◦C/4h eub℄Aq�op 1200◦C/1.5h .ub℄21{h�	4}-�M 5 � 1 ��W�Æ CeO2 {21{wZ!F�g�� XRD w�21�
\W(o~g,C~l�.��U[.d4Æ�f%aR	�7�WUÆwZ!F�.�{?<$U�q�i.<{�	�}-�'Q^W{S�^VIAF^�*j�w{�C�{.�^,C~� �j{Gd�.d^(o~��g�(o~��WQlU^N�{��!F�sÆ
qm{ CeO2 Aq�XRD w�g�0f�?1WQ15R{l^�g�0f�^z{mÆ{�jGd�{.<^l^{Q15R��i 2 u 7(4 aS), wZ!F{%uMÆ�Gd�{Q15R{�maWa��E�(o~�g,C~�{mhWhq�q���<l��%u�%
{�%u{3�.7l�

pwZ!F�� 4 {!F�w^8121{7E� XRD �Du 4 �6�U,C~�$U�.\Wqm{Q15Rg��1#$�wZ!F7^gVR�4�}-l{�<�Ul-{��,C~�FU�p,C~��Æ{-Re�{�S�.<mI#^��1#$�� gp���{�j?S�{Gd�.<L9^Q15R��9ow0f1X 770◦C/4h eub℄Aq�op
1200◦C/1.5h .ub℄21{Z4%	�#{D�!V�) 2gM 6�7. F^ 1�20fp`ÆZSXY�=>yl.�f%yuP<;s�Fgf%D�	�#���.
� 3 � 4 � 5 � 6 � 7 iA21{Z4%	�#,�pD��i%	N�g%	+a{%uWF�ap21
4 AS�21 3 � 5 � 6 � 7 {%	N�g%	+a��W�w{%u - %	N�p 10±0.5��4< 2 �j 3∼7 }
x[=`XF�h

Table 2 εr and tgδ of the glass ceramics of

samples 3–7

No. 3 4 5 6 7

εr 10.11 7.31 9.97 9.96 10.50

tgδ × 10−3 5.28 3.10 4.76 4.66 4.77

N 5 32 1∼7 px[/1g2 770◦C/4h h 1200◦C/1.5h [
^r|x["G~.
Fig. 5 SEM photographs of the glass-ceramics of the samples 1–7

heated at 770◦C for 4h and 1200◦C for 1.5h
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1 7 ��+�~� CeO2 �
�R2pI[/1g|�&h&
�$O� 39�� %	+ap 4.5×10−4
∼ 5.5 × 10−4 ��4��%	�#{!V��� CeO2 �Æm{wÆ.�W�;s{%	�#Ky�w{N��&V(� CeO2 �Æm{wÆ�;s{.�$U#yp%u�
Q15R7�w�� (o~g,C~{m7��q�q�iD�!VWF�pg7n{iboH����F!#j(R{!V�;s{%	�#.�W(� CeO2 �Æm{wÆ �w:%�

N 6 pI[/1g[5&
O�) CeO2 |℄n|&v
Fig. 6 Changes of εr of the glass ceramics with

CeO2 content

N 7 px[/1g[5&
,b) CeO2 |℄n|&v
Fig. 7 Changes of tgδ of the glass ceramics with

CeO2 contenti�7IAF^�pgoH�� CeO2 {(R
�RWDÆ;s{l.�eÆ;s{0f5�� TiO2pgoH�{b$�yA:?�i :?;s{%	N�� CeO2 &V7FU;s{�.��<�q�8�Æm{�q�;s{%	�#.�W�

w{N��{S�U[21 4 0f�6U�%	N���%	+a{,C~$U�.��7\W?%	N�{(o~��.A2{%	N�g%	+a�m��
4 We

1. CeO2 ?W��w{DÆ MgO-Al2O3-SiO2-

TiO2 oH0f-Nl.G
{(R�(� CeO2 �Æm{wÆ�0f{℄�l.b�7�:?�0fl.KTyu�wz$�IyueÆBj{0f�
2. (� CeO2 �Æm{wÆ�;s�^zQ15R��.B8\m��wÆ�E�(o~g,C~���\m{�q�
3. CeO2 I
�;s{Z4%	�#�W�w{N��s CeO2 {�Æm^ 1.5mol ��yu{Z.0f�6�U,C~�$U�.\Wqm{Q15Rg��1#$�7\(o~���℄z�
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