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V2O5-B2O3 ~p|L
N��^ww#/6E��8g
�	������ 
�������Æ
(�~����������} 710072)r l� F,>
�p4 m�pU \�'r+|:R�:C V2O5 2 B2O3 kk':Rg�pYx���' V2O5-B2O3 :Cr+|:RgkY�p�T�kYH\�mi#H\$P{���v�
=�	p*&C�V2O5-B2O3 :C3ymir+|:R�pYxU 1100◦C kW

900◦C $g�V2O5-B2O3 
4:C1v'1�m	rgYxh`�� V2O5 .$g
4:C��`�<�''>�\g{��/ B2O3 ℄y$H℄�{�f5	A�Y�4/ TPRE(Tradition

Phenomenological Rate Equation) A"{���H\�X-e{���LBMT 315.5kJ/mol,{���&Z�T� G = K0
7

√

texp(−315.5 × 103/RT ).� & ��r+|�kY�p� X �k���v�
vR�3��TM28 W\yH;�A

1 mh
20 �[ 90 R_%��G�V!
<�KW�R*q3.{sw�?�OC?3lC��s�K�}7q���iP�I%hf��z�E}7q�a��eqv^3+�4mlh�qZy�%"O�8L[qN7El6x�bAhuoZyh[
"0h��bw�x�*3J%^bq�O0�_�l!j1oQE_B_��(ht�,j(x��CU℄qlZ��;S (LTCCs) LqNh�G�a�*3Jhuo
(U 961 3 1064◦C, ���;S3+h�qZyQQ�6 1000◦C. )T�U(�0*�JLqN�ll;f℄qC��lZ�qCUIaR*v^;S��hf���S��s,};S�41"hR*vq�O��b.^z�qgWS�6 1100◦C �q�)T+_(��s=&�#h�\j�d [1,2], .D^^4a^
�2�n ZnTiO3 �E 945◦C %�
sU��n Zn2TiO4 3x9�n� Kim j [1,2] ��'E��Zhn
sE 900◦C �"}���
 945◦C 
Pm
s�P�q+�'#xhÆ

ZnTiO3

900◦C
−−−→ ZnTiO3+Zn2TiO4+TiO2

950◦C
−−−→ Zn2TiO4+TiO2 (1)2�n ZnTiO3 
s=�h��n Zn2TiO4 R*vq�ON9���
~?;ShR*vq�O [3∼5]. )T�U�i8*LqNlZ��)Df�4"0vq�O;S�!�js,};Sh�qZyll
 900◦C %h�J�BA
 2005–07–06, J	f��BA
2005–09–06 -a=
 
���℄�+�7[M~Fw (CX200408); )\npÆ�Fw (60501015)zt%+
 0rO (1975– ), K�+����
 E-mail: liuxc@126.com
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 � 21 ��\50J={s�� TiO2,d�7,}qU<+℄�s,};S�;z V2O5 3 B2O3ll;Sh�qZy��� V2O5 3 B2O3 lZhI��nj$I℄%Q|��Aw �>��n�Æ5;D|s,};S|��Ah-p'4�
2 Gi50
bQd�7,} (Zn5(CO3)2·(OH)6) 3J={s� (TiO2; >99.0%; d ≈30∼80nm)qU<+�G-�?a!n�q�q5?��5C ZnTiO3. j	lh<+�?�Y% U �%`&#P3udUv^�0���dGIj^AG 24h. �+E 80◦C 8�;�E
750◦C :� 2h. j:��
(^z 1.0wt% .IU h V2O5 3 B2O3 Æ5D^W (D^WU e' 1) ;�dGA+ 12h. �+}8��^z 2wt%PVA G���ÆC� (120MPa) ℄C
φ12mm×1.2mm >W�q;�q 4h CS�z 1 j�X��}o9"M�
C'T�

Table 1 Sintering temperature and co-doping concentration

Sample V2O3:B2O3(mol ratio) Doping concentration/wt% Sintering temperature/◦C

3VB 3:1

VB 1:1
1.00 875∼1000

VB3 1:3

V0 1:0501� PHILIP �( X’Pert MPD PRO � X �l��
b! (XRD) ���q�Yhnq��50t� JEOL �( JSM-5800 �}Bq~ (SEM) 3O\
b! (EDS) $6
b;ShR$�93C

/�50t� HITACHI �(h H-800 �K�q~ (TEM) $8<+hR$�9�50 Archimedes �6%;ShAK?y�
3 (��P:
3.1 V2O5 � B2O3 �O�_)��n`M 1 U.I�qZyh;D 3VB 3 V0 ��h XRD M\��%�I�|6 3VB ;D�Y�2�n ZnTiO3 E 900◦C ��
s�930◦C 
n
sPC��\j�d [3∼6] Q ZnO-TiO2e�;nM'E [7,8], 2�n
sPC6 945◦C(e (1) �). |6 V0 ;Dh���2�n
sPC6 950◦C, P'E 3VB Æ5;Dll(2�n
shPCZy�8 V0 ;Dn ��2w(2�n
shZyia�
3.2 V2O5 � B2O3 �O�<��n`M 2 U.I V2O5-B2O3 ;Dhs,};ShAK?y3�268�qZyh$?#ekl��%�I�V 900∼950◦C, ��?yQ�26R�hl�^<)f��Æ�w?yx9�hIi��M,n
s�,bZSA�)� 900◦C �qh;D 3VB;S?yU 4.95g/cm3,U�8?yh 95.7%, 'E;D 3VB 4zjs,};S�qZylX 900◦C.

3.3 V2O5 � B2O3 �O�ZSyu�n`M 3 U 900◦C �q;D.I V2O5-B2O3 s,};Sh SEM NW (�Y}r�Æ), Ma
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4 ℄ /qN�i� V2O5-B2O3 :Cr+|:Rgmi#P{���v�
 8873Iih�~&EkaUr�Æ
IihBKn��e V2O5 /%m}h�Ya4(?^|��0 V2O5 /%ll� B2O3 /%I^�
�FYg6
B�V|t�9��}DOk

L 1 -HYxg�p 4h g:C 3VB 2 V0 gr+|:Rg XRD L[
Fig. 1 XRD patterns of the zinc titanate ceramics

with 3VB and V0 additions sintered at different

temperatures for 4h

L 2 -H V2O5-B2O3 
4:Cgr+|:R>xP�157�pYxg"djk
Fig. 2 Bulk density and shrinkage of zinc titanate

ceramics with different V2O5-B2O3 additives vs

sintering temperatures

L 3 900◦C �p:C 1.00wt%(a) 3VB � (b)

VB � (c) VB3 r+|:Rg SEM MV
Fig. 3 SEM micrographs of the zinc titanate

ceramics sintered at 900◦C for 4h with (a)

3VB, (b) VB, (c) VB3 additivek�'E�q-Ea�OIi(�n�)T V2O5 Wy;S�q3|�(?A^�� B2O34g6|�
Bf?�



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

888 _ H 1 ) 
 � 21 �
3.4 V2O5 � B2O3 �qO��_xx$
UD)!4U8< V2O5-B2O3 ;Ds,}hnj$3l�I��^;
(	l 900 3 930◦C �qh�Yy�( EDS 
b�q+eM 4 � 5 3' 2 � 3. VM 4 3' 2('�a3Iih C �2q~��hK9it+_h) ��I� V IiE�b�~w
�a (Spectrum 1), �
�a

L 4 900◦C �pg 1.00wt%VB :Cr+|:Rg EDS L[
Fig. 4 EDS analysis of zinc titanate ceramics

with 1.00wt% VB sintered at 900◦C

Zn h/%?�6 Ti h/%�#OH� UÆ
Zn:Ti≈1.7:1, oz6 Zn2TiO4 h
m��E.Nh6~m^|� (Spectrum 2) 36~w|�z 2 900◦C C'
 1.00wt%VB }o{KbM�
 EDS 9��Y ∗

Table 2 EDS quantum analysis of zinc

titanate ceramics with 1.00wt% VB

sintered at 900◦C∗

Spectrum In stats. C O Ti V Zn

1 Yes 11.2 31.9 16.1 4.8 36.0

2 Yes 12.5 29.3 23.7 / 34.5

3 Yes / 35.6 26.3 / 38.1

∗ All results are in weight%

L 5 930◦C �pg 1.00wt%V0 :Cr+|:Rg EDS L[
Fig. 5 EDS analysis of zinc titanate ceramics with 1.00wt% V0 sintered at 930◦Cz 3 930◦C C'
 1.00wt%V0 }o{KbM�
 EDS 9��Y ∗

Table 3 EDS quantum analysis of zinc titanate ceramics with 1.00wt% V0

sintered at 930◦C∗

Spectrum In stats. O Ti V Zn

1 Yes 37.7 20.5 / 41.8

2 Yes 45.9 18.2 2.0 34.0

∗ All results are in weight%

(Spectrum 3)a�
V�i V, %?
b'EP#b|�
U ZnTiO3. 26 Bh/%m��.OV EDS 
b�os^�AX[�V%�
bR�E V �OSK�2�npF��
s�'
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4 ℄ /qN�i� V2O5-B2O3 :Cr+|:Rgmi#P{���v�
 889E V 4g6Wy2�nh
s� m��mh��� V5+=0.59Å, Zn2+=0.74Å, Ti4+=0.68Å,

V �%yz
 ZnTiO3 |�al_ Zn E / 3 Ti; V ZnO 3 V2O5 �;enM�#OOElZh��!n�,�C Zn3V2O8. V Eyz
 ZnTiO3 |�al_ Ti ;�+_|�J$�bZ|�C?OI^���2�nE 900◦C �"}K6�℄k6�)TC?OI^�^*q�V�℄k6sO%ml℄sk6j$�Z�2�nEmlZyh (930◦C) �Pm
s�VM 5 3' 3 �%�I�E V0 ;D��a� V �K6^|�h|tK��E^|�hL0):4
6
 V hXE�E�q-Ea�26 V2O5 uo7l (680◦C), E V �Oi�=�m}�n�Wy(^eS
�hvs��|3Bb-E��feS|��A*y^6?�� V ih|��A*y�)T=�((?^|��� B2O3 ^z;���rJEs,};Sh|tK�&℄|�hA^�
3.5 V2O5 � B2O3 �O�07F��n`� V2O5 /%hÆ5;D��a=�(?A^|��0l B2O3 /%I^�
�g6
B�Z�Un�Æ5;D|s,};S|��Ah-p'4�̂ ;g�(|��A'[��Y.(|��AV%3|��AMCO�|}.IZy (875∼930◦C) �qQ 900◦C �q�.I�Z
ah��}�G�T%Q�Æ;���� (2) Y.|�Z
T� G(µm)[9], q+x' 4 3 5 3��

G = D/
√

N (2)z 4 900◦C C'Ik
�1.5��
Table 4 Average grain sizes of the

ceramics sintered at 900◦C

for different time

Sintering time/h lnt G/µm

1 0 1.06

2 0.69 1.16

3 1.10 1.23

z 5 {QT�C'Ik
�1.5��
Table 5 Average grain sizes of the

ceramics sintered at different

temperatures

Sintering temperature/K T−1/10−4K−1 G/µm

1148 8.71 0.60

1173 8.53 1.19

1203 8.31 3.63|' 43 5a%�y�P5�q+'E Tradition Phenomenological Rate Equation (TPRE)F� [10,11] p�0���UÆ
Gn − Gn

0 = Ktexp(−Q/RT ) (3)�aÆ G, G0 U} T (K)Zyh�C t(h) 
a�ZK�;hZ
|�FYQH�|�FY�
n U|��AV%�R, T _'`A?%3�|Zy�K ��?%�Q U|��AMCO���
�h G0 << G, �4Æ

Gn = Ktexp(−Q/RT ) (4)�0��K�' 4 h%��fM 6 3�h lnG-lnt #ekl�ef^{6 1/n, V��%Y.I|��AV% n U 7.|��AV% n Uh^w�sEy��.(|��A-EahL^I��EP� n=7�.(�/ V 3 B h
�rJE;Sh|tK�G-
�o_I�&℄|��A [12], �
Zn2+ 3 Ti4+ �G-|t
�ErJ-Eay��|L^h [13]. �CZya�w��C-EahL^I�T<.0Zy$?�)T� n U.0Zy$?�ETGJ��0 (4) ��K�' 5 ah%���f ln(Gn/t) − 1/T #ekl�q+xM 7 3��2^{6 (−Q/R) ef
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 � 21 �|��AMCOU 315.5kJ/mol. )T��%g� V2O5-B2O3 Æ5;Ds,};Sh|��A'[�UÆ
G = K0

7

√

texp(−315.5× 103/RT ) (5)

L 6 lnG-lnt "djk
Fig. 6 Plot of lnG versus lnt

L 7 ln(Gn/t) − (1/T ) "djk
Fig. 7 Plot of ln(Gn/t) versus (1/T )

L 8 V2O5-B2O3 :C�Xgup>$7Yxg"djk
Fig. 8 Dielectric constant of samples with dif-

ferent V-B additives vs sintering temperatures

%�
b'E�� V/%��a�E V�OK=�|�(?�A�^z B2O3 ;��/ V 3 B h
�rJE;Sh|tK�G-
�o_I�&℄|�(?�A�I
 Zn2+ 3 Ti4+ G-|t
�ErJ-Eay��|L^�>(26 V5+ ��8 Zn2+3 Ti4+ ��nz��O85;��.j_l_ �Z�|�J$�bZ��m�XI^�P4g6��mq�G;h w��b��m�XSyhI^�!jWy Zn2+ 3
Ti4+ h�|�V�?�(|��A*y�3%E V2O5-B2O3 ;Ds,}a�f��
Zn2+ 3 Ti4+ h�|�℄l^ah|��A�� V2O5 Wy(P�-E�z 6 �℄ ZnTiO3 M�� Zn2TiO4 M�" V0 }o{KbM�
*Æd> (8.2GHz)

Table 6 Dielectric properties of single-phase ZnTiO3 ceramics, Zn2TiO4 ceramics and

ZnTiO3 ceramics with V0 additive (8.2GHz)

Composition Sintering temp./◦C Density/g·cm−3 εr Q × f/GHz τf/(ppm·
◦C−1)

ZnTiO3[5] 920 4.39 19 33000 –55

Zn2TiO4[5] 1100 5.00 15 2200 –28

ZnTiO3+V0 900 4.97 21.3 8061 /

3.6 V2O5 � B2O3 �O�,�e?�n`M 8U V2O5-B2O3 ;D�Yhvq?% (1MHz)8Zyh#ekl��%�I|4 B2O3;Dh�Y�vq?%E 930◦C [
p^U�� V0 �Y�nE 950◦C lfp^U�P�)
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4 ℄ /qN�i� V2O5-B2O3 :Cr+|:Rgmi#P{���v�
 891UaOn
sPC6 930◦C, x9�/%I
[
p^��;O�E 950◦C.' 6 �`n ZnTiO3 ;S� Zn2TiO4 ;SQ;D V0 s,};ShR*vq�O��%�I�n|6`n ZnTiO3 ;S� V0 ;Ds,};Shvq?%43I^�a� Q × f nhlm}�Va�
b�R�R*vq�O79h Zn2TiO4 n%Q.j_l_3bZh|�J$�R*vq�Ohlhf�<)�
4 (:

1. V2O5-B2O3 Æ5;Djs,};S�qZyV 1100◦C lX 900◦C %h� 900◦C �qh;D 3VB ;Shn|?y[ 95.7%.

2. ;D 3VB s,};SV 900◦C ����2�n
s� 930◦C n
sPC�Æ5;Dll(2�n
shPCZy�2w(2�n
shZyia�
3. � V /%h V2O5-B2O3 Æ5;D��aIi(?A^h|��0 B2O3 /%hI^�(?A^h|�u
�|�g6fw
B��q-Ea�luoh V2O5 3 B2O3 =��n�Wy(;S�q�I
� V yz
 ZnTiO3 |�a+_|�J$�bZ|�C?OI^�Wy(2�n
s��C?(�q�
4. V2O5-B2O3 ;Ds,}|��AI℄�%0 TPRE F��B#�Y.f|��AMCOU 315.5kJ/mol, ^|��A'[�UÆ G = K0

7

√

texp(−315.5 × 103/RT ).

5. V2O5-B2O3 ;Ds,}hvq�On|6`n ZnTiO3 ;S43hl� 900◦C �qh V0 ;D�YhR*vq�OU εr = 21.3, Q × f=8061GHz.|2V[
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Phase Transition and Grain Growth Kinetics of V2O5 and B2O3 Doped

Zinc Titanate Ceramics

LIU Xiang-Chun, ZHAO Li-Li, GAO Feng, YAN Xiao-Bin, TIAN Chang-Sheng

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Zinc titanate ceramics were prepared by the conventional mixed-oxide method com-

bined with a chemical processing. The effects of V2O5-B2O3 additives on the low-temperature

sintering behavior and phase structures of zinc titanate ceramics were investigated; and phase

transition mechanism and grain growth kinetics were discussed. The results show that the densifi-

cation temperature of zinc titanate ceramics can be reduced from 1100 to below 900◦C by V2O5-

B2O3 addition. The temperature of complete phase transition from hexagonal ZnTiO3 phase to

cubic Zn2TiO4 is lowered from 945 to 930◦C for V2O5-B2O3 co-doped samples. Exaggerated grain

growth found is in V-rich region in high-V content samples and disappeared with B2O3 content

increasing, at the same time, the grains become uniform. V2O5-B2O3 additive increases the dif-

fusion rate of structure unit and accelerates grains growth. The Tradition Phenomenological Rate

Equation (TPRE) model is well fit for characterizing the grain growth kinetics of V2O5-B2O3 co-

doped zinc titanate ceramics. According to TPRE, the grain growth activation energy calculated

is 315.5kJ/mol, the grain growth expression is shown as G = K0
7

√

texp(−315.5× 103/RT ). The

Q value decreases for V0-doped zinc metatitanate-based ceramics in microwave region as com-

pared to single-phase hexagonal ZnTiO3 ceramics. The value of dielectric constant depends on the

amount of rutile phase from the decomposition of hexagonal ZnTiO3 phase and the bulk density

of ceramics.

Key words zinc titanate; low-temperature sintering; XRD; kinetics


