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900°C BL'Fs V205-B20s EEBRE/N T AT ERREXE; & V205 FEMES BRI
B, AT R R KB GEAL, B B20s AR, Sk TH 58—, KA TPRE(Tradition
Phenomenological Rate Equation) i ft ki A K ALH, 115015 & R Az K0TS B8 4 315.5kJ /mol,
kA K RIERX N G = Ko {/texp(—315.5 x 103/RT).
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ARSOR AR BLERT B TiO2, B A BR B 15 0 JFORL il 55 SKBR B .2, 2\ V205 Ml B2O3
FEfk M TR PR EE MR L, BF5E V2Os M BoOg FEUR AUHLER AR FE S ML LA K ffohs 2B 1 3 77 22 4
P, 1878 2 G182 BRI B M RS ORL AR 1 A S TR LR

2 g

K o Hr 2B R % (Zns (CO3)2-(OH)s) MR BLERT (TiO2; >99.0%; d ~30~80nm)
Ve JEORE, i ad S A0 [ A 58 4 1 45 B A 2k B L ZnTiOs. e el Ay IR R AL 22 it & 1L
BLLt, MAJo/K CEERMEE Bk Ao, MAT EABRBEYUVRE IR E 24h. @BHE 80°C #t T )5, 1E
750°C T 2h. R BBk 23 B 1.0wt% A[FIEC HL iy V205 Fll BoOs B & B AN57 (4 hnshl B
W 1) J5, BERE 12h B2 H8ET, A 2wt%PVA iEhz, TEME (120MPa) il %
$12mmx1.2mm B, RI5H45 4h i E.
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Table 1 Sintering temperature and co-doping concentration

Sample V203:B203(mol ratio) Doping concentration/wt% Sintering temperature/°C

3VB 3:1

VB 1 1.00 875~1000
VB3 1:3

VO 1:0

>k F fif 22 PHILIP 23 &) X’Pert MPD PRO B! X $if 2477 5§t 47 H14X (XRD) BF 52 58 45 FF & ()
AHZER; R H 4% JEOL 24 %] JSM-5800 454 i 8% (SEM) Hl GBS 47X (EDS) YR 4347 g
BHEOWIE S AL 43 43 A SR A H 48 HITACHI 2 7] () H-800 &L3% i B 8% (TEM) W %2 5k
(OB S ;s R Archimedes 5 P % 1) 44 B2 BE

3 HERFTiE

3.1 V05 1 B0 XEEREWH N

Bl 1 A FREE R E B 4% 3VB Ml VO XRD El i, FTRLEH, XF 3VB B4
ff, N7 AE ZnTiOg 7£ 900°C JF 4543 i, 930°C B A 4 i 52, 1 SCHR R E B0 & ZnO-TiO,
F U AR FA T 0 A 43 8 52 LT 945°C (L (1) ). XEF VO BZRAIRRE, N7 A4 A
SERT 950°C, X il 3VB B & B MR T A F MBI EREE, 5 VOBRML, B4
INT N7 ARG iR BT X)L
3.2 V,0;5 #1B;0; MEEEEZ N

Bl 2 A AR Vo05-BoOs 8 4% 1 8K R B M B i (R AR 5 FE A 4 R 5 R A5 IR B 0y b C &R
M. ATRAE H, M 900~950°C, il FE B R i R S 0 TR, HIEH F 28R O/NFEEL
AR, @QEFIA SRR Y FECEEBE . 900°C B4 B 2% 3VB W &R % N 4.95g/cm?,
K ER B R 95.7%, Ul BB % 3VB A 0K EK IR £ M % s 45 1R I & 900°C.,
3.3 V,0; 1 B,03 MEEEMARI R

Bl 3 &y 900°C FE45 B 78 AN A VoO5-B2Os SRR FERY Y SEM B 1 (FE 5 22 R ), 18T v
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Jir B A 00 58 2R R O B ek BEAY DT RUAR. AT VaO5 SREZ MR A RE KR
mbL, BE VoOs S RFEMR, B0s SR, BAR-T&THST, ARFEHE, 225
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3 & -
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_ S a5} ) -
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o - —e—VB
90.0 c lT L T N v :::g:‘——A—ava u/.
875°C *++ st . T VO S ——— P
+ l ] * "" 1 + }‘_t ++ + 860 880 900 920 940 960 980 1000
20 3|0 4l0 5lO Gb 7‘0 80 Sintering temperature/'C
261 ) 2 R V205-Ba0s HA B IR HEH
B 1 ARFERREE RS 4h (14878 3VB M VO #y 8k 5 BE T W 4 AR 5 R A5 R Y SR R T R
BREEME i) XRD K% Fig. 2 Bulk density and shrinkage of zinc titanate
Fig. 1 XRD patterns of the zinc titanate ceramics ceramics with different. V2O5-B2O3 additives vs
with 3VB and VO additions sintered at different sintering temperatures

temperatures for 4h

B 3 900°C g4#74 1.00wt%(a) 3VB . (b)
VB . (c) VB3 SkERFFMI KR SEM R

Fig. 3 SEM micrographs of the zinc titanate
ceramics sintered at 900°C for 4h with (a)
3VB, (b) VB, (c¢) VB3 additive
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A B TR ST 40k



888 T HLFF kL 2 4R 21%

3.4 V,0; $1 B,0; B#EEMNEET RKEREHIE

RRVT VoO05-BaOs 8 FEKER B 1Y A e A2 AR B ML B, R 0743 S 6 BL 900 FI 930°C J 45
BIFEmEETT T EDS o #r, G5RWE 4. 5FIFK 2. 3. NE 4 FIR 2R BHPri BE C 2l
MBS RIAETIEW) TEH:': V B — M/ NEOR T (Spectrum 1), %550k H
In EREET TiWEE, WEERLR:
Zn:Ti~1.7:1, 3 T Zn.TiOy T2, SR
AN BAEE K KL (Spectrum 2) FIZR € /)N kL

F+ 2 900°C HRLEH 1.00wt% VB B SkER L
i) EDS E{L53#F
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

o , 1 Yes  11.2-31.916.1 4.8 36.0
B 4 900°C g5y 1.00wt%VB ?* Bk TR E
W ¥ty EDS [ 2 Yes 125293 237 | 345
Fig. 4 EDS analysis of zinc titanate ceramics 3 Yes /856 263 / 381

with 1.00wt% VB sintered at 900°C

* All results-are.in weight%

& 5.930°C J;’é EI’J 1. OOwt%VO %ﬂ%@%{:%%ﬂ’] EDS & 1%
Fig. 5 EDSanalysis of zinc titanate ceramics with 1.00wt% VO sintered at 930°C

& 3 930°C RLHY) 1.00wt% V0 BRURERFEER EDS ELSH
Table 3 EDS quantum analysis of zinc titanate ceramics with 1.00wt% V0

sintered at 930°C*

Spectrum In stats. O Ti \Y 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) Hr, ¥R K IV, FAL > Hr F X PR RS Y ZnTiOs. T B & &8P, A
REN EDS 73 bk o & H 2R AL E . WA B Hrd, 782V ER AL, AR ER A%, WE
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BV A B TSN MR WEHE TR, VoH=059A, Zn*T=0.74A, Ti*t=0.684,
V AR #ENE] ZnTiOs f 4 H EUAR Zn 5 / #1 Ti; A ZnO #l VoOs e RAHE, B H BEFEK
8R4 B AR A ZnsVoOs. V #E#E A F] ZnTiOs 48 B Ti J5, FIEMEHAE, 5
B TEAL B, AR N HATE 900°C Bk C 2 Ab F AR A, T G 4k BB 34 K F g 4%
g DA FAR 75 1] BE B AR AR R IR A e A8, Bl N M EBARIREE T (930°C) 3K 58 42 7 .

B 5 fI% 3 ATAE H, 78 VO BaRIAFES, VER T RSN HFL, 17EK G R
WESFF AR E] V IWEE. FEREGERET, BT V205 B AMRIK (680°C), # V EEX &
PR Z WA, BT HE BB A . VORGSR, R R B SR A R KT
EEE VXRAAEKER, F4ETRERKER. 1 B0s MAE, — BT KR
PR B0 A AL, IR SR K.
3.5 V05 $1 B,O; X EE SR £ KR M

m VO S RWESGBMARET = EREKRKERL, ME BOs & &N, Bki# T
5—8. NBRESBIRIMNKRFERE SN E KW LA, RAITE T A KERIELL,
FHIE T kL A K A R Rk AR K T

X2 AR BE (875~930°C) Bedh & 900°C #edh, ASIA AR IR i ] 60 iR 22007 B8 . e B |

MR, R (2) R RACFE ER Gum), G5 R mFE 4/ 5 R,
G =D/VN (2)
&4 900°C R FHBHR ~F x5 AEEREREAHENTHBRRT
Table 4 Average grain sizes of the Table 5 Average grain sizes of the
ceramics sintered at 900°C ceramics sintered at different
for different time temperatures
Sintering time/h Int G/pm Sintering temperature/K 77'/107*K~! G/um
1 0 1.06 1148 8.71 0.60
2 0.69 1.16 1173 8.53 1.19
3 1.10 1.23 1203 8.31 3.63

Xt 4 M5 FEAEHITEIE 45 R B Tradition Phenomenological Rate Equation (TPRE)
BERL D01 sE L %N
G" — G = Ktexp(—Q/RT) (3)
K G, Go A% T(K) M&BE T HERE () B B] 4% 5 b B o 0 - 247 b RS K0 6 ok Rt
n Kk E KRR RG R T AR E B AR R, K B—HE, Q AR A KEIERE.
—MAF IR Go <</G, HUA
G" = Ktexp(—Q/RT) (4)
M B 4 R, BE 6 FRry InG-Int SERIL, KEHBE 1/n, P Af A
A R A KR n A T
ok AR IR R n HW R/ —ERE R T okt A K B i E LR, 7EXE n=7
KRBT & VA B AYBURLET HLAE M9 % 1 4L, 3 ot S0k BEL WL S ) ok 2k & 12 i
Zn®t AT sl i i FOBURFE STHL A R R AT O R A . BRI BE TR R /DN, R A
B EREYIEILEAREE AL, FH, o EAMEBEZL. EE b, H @) L4
B 5 PR, WA (G /) - 1/T R M, 45RmME 7R, mHEAE (-Q/R) RiE
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R KW A 315.5K0 /ol B, FTLATE L V2O5-By0; 545 187 SkERBE I W 9 2
Kk A -

G = Ko /texp(—315.5 x 103/RT) (5)
0.25 10
8 =
0.2} ol
0.15} ‘§4*
= o 2f
0.1} = o} 2
0.05T 21
. b
0 L N _6 L N
0 0.5 1 1.5 8.2 8.4 8.6 8.8
T TY10#K!

6 InG-Int % R4k 7 In(G"/t) — (1/)T) RA L&
Fig. 6 Plot of InG versus Int Fig. 7 Plot of In(G"/t) versus (1/T)
3 A Bt i, m Vo e, 72V

28] WAL SRR K, A B0 5,
- ] B VM B IEURL T L M 1 R A,
3. 3 o R LA DU ) R R A e,
S B Zn2+ T S R BURCAE §T HLad R
32 AT BUG R  $5 AT VO kA8 Zn2t
S 20} BT SR ATE, MBS E 1% 4 RS

18] BUR, B SR, 580 B T R

860 880 900 920 940 960 980 1000
Sintering temperature/'C

m, XA BT HE T4 TR B3, mH
B PR SR, Wb (R #E Zn®t A

Titt Bf L, DI 48 8 T ok AR 1 3 BE
B LATE V205-B203 BAEKR S D, FEE
ot f TiMY () B & P R AR
K, MM V205 {23 T X —it 2.

*® 6 HiEZnTiOz ¥E. ZnTiOsHERK VO BRARFMEN MBI (8.2GHz)

Table 6 Dielectric properties of single-phase ZnTiO3; ceramics, Zn.TiO4 ceramics and
ZnTiO3 ceramics with VO additive (8.2GHz)

8 V205-B20s B4 i 4 WL RS 1
4 5% A it 2%
Fig. 8 Dielectric constant of samples with dif-

ferent V-B additives vs sintering temperatures

Composition Sintering temp./°C  Density/g-cm™? Er Q x f/CGHz  7¢/(ppm-°C™1)

ZnTiO3[5] 920 4.39 19 33000 -95
ZnyTiO4[5] 1100 5.00 15 2200 —28
ZnTiO3+V0 900 4.97 21.3 8061 /

3.6 V.05 $1 B,O3 XfPg&E /8 14 8B 19 52 1y
Kl 8 K V205-BoOg B i B4 HUH %0 (IMHz) 5B E R R ML, 7 AE HXAH B2Os
BB FER, I HEECE 930°C X8 B KME, 1 VO B, HIFE 950°C S i KMEH, X2ER
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NETE A ESE T 930°C, 44 & BFER AR &R, M5 HRTE 950°C.

6 ZHAM ZnTiOs PR, ZnoTiO4 Mg ¥ KB 7% VO SRR % B B 1Y Sl i S P RE. " IA
A, X T EAM ZnTiOs Mgk, VO BRKMFE RN N RHEEA I, HE Q x f 40
NEEBZ, BT 2R, S AR 22 89 ZnoTiOs AL K AN S5 ¢ BUAR BT 5 08
% 7 A 2 i A R R BB P Y R

4 4

L. V205-B203 H 5 B 7K SRR FE M KR 45 i B N 1100°C FEZ 900°C LA, 900°C B4k
(8% 3VB B % i AR X 2 BE ik 95.7%.

2. &% 3VB SRR LR K\ 900°C JF iR R Az NI A 20 i, 930°C M i sE i, & B 7%

BEAR T 7S 5 A 40 e ) SESCIRLBE . 48 /1N T 75 AH 4 e 0 1L BE IXC ]

3.V EEM Vo05-BoO0s HABARIAFET H IR K KMk, B BOs & LAY
m, FERKMERLEER, BAETH/NIS,; RE SRS, KE A V05 Ml B2Os =4
WAH, T &Y, R, Vi#EAF ZnTiOs 8 5]k i g A, 30 % 15 LB 3
K, R#ETARFTHT M, WIELT B4

4. V505-B20s B 48K R B kL A K AL 7T LA TPRE BLADREE B, 1 545 ok 4 K %
TERE N 315.5kJ /mol, HEwmEKEERX N =K {/texp(—315.5 x 103/RT).

5. V205-BoO3 8 4 8K B2 % 1 At LY RBAH XT F 5840 ZnTiOs P& A I FFE, 900°C B4
) VO 1B 2= i B S A AR RE N e, = 21.3,Q x f=8061GHz.
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Phase Transition and Grain Growth Kinetics of V,05; and B;O3; 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 V205-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 V20Os5-
B20O3 addition. The temperature of complete phase transition from hexagonal ZnTiO3 phase to
cubic ZnsTiOy is lowered from 945 to 930°C for V2O5-B203 co-doped samples. Exaggerated grain
growth found is in V-rich region in high-V content samples and disappeared with B2Og content
increasing, at the same time, the grains become uniform. V505-B90O3 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 V405-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 = Ko{/texp(—315.5 x 103/RT). The

@ value decreases for VO-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



