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ABSTRACT

The effects of TiO, in the glasses on the shrinkage and dielectric properties of BNT-glass composites have been investigated.
Without TiO, addition, BNT-glass composite showed two humps in the shrinkage curve, which are related with crystallization of
BaTi(BOs), and Bi Ti;O;,. However, the increase of TiO, addition resulted in the decrease of 2nd hump in the shrinkage. The
increased dielectric constant with TiO, addition might be due to the reduced crystallization of BisTizO,. A dielectric constant of 52,
a quality factor of 5088 GHz, and a temperature coefficient of resonant frequency of —0.16 ppm/°C were obtained for a specimen
containing TiO,-added glasses, without sacrificing the benefits of high . and low TCF of BNT ceramics.
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B A ARE fEe 229E 2 BaCO;, B0,
Si0,, KyCO;, TiO5(>99%, Kojundo Chemical Laboratory
Co. Ltd., Japan)E AM&-8tAL, 44 Azt 282X
BNTAZA H|Z3 =& 2% EXS BAs] F7] 98
BaO tj4lel| Bi,0y7F 4% X|3d A2 ZH(MBRT-90, Fuji
Titanium Industry Co. Ltd., Japan)S A}8-3}%3 Th(Table 1).
Ao AL faEle] 71ERAOE 30Ba0-40B,05-20K,0-
10Si0,Al(mol%)E A& 3te Ti0,Z BaOw|®] 0~1.0 WHF

Table 1. Composition and Properties of MBRT-90 Commercial
Ceramic Powder from Fuji Titanium Industry Co. Ltd.

Chemical formula BaTlO3 +Nd2(TiO3)3 + Blz(TlO3)3

BaTiO, 25 W%

Ndy(TiOs)s 50 wt¥%

Ingredients Biy(TiO3); 15 wt%
MnO,, ALOs, SiO, Max. | wt%
H,0 Max. 0.2 wt%

Microwave & 90

characteristics Qxf, (GHz) 6140
@ 20°C) g (ppm/°C)+20~+80°C 6.2

Table 2. Chemical Compositions of Glasses Used in This
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H, AlZ2so) B} ojd Suf = planetary millS
o] g-at] 124]7F Bt Ealste] Hr 7ol 0.8 um7t H
= 4EB2we Az 4] Az 12120 wi%)et
BNT A2H2(80 wi%) oehe fvie} 2o} B-&
7 Egtale] 2447k Fob Bst
A3 Azste EFE FEE 4 2 =
10mm, 7 5mm% 4= 71 A¥s 5, CIPE
200 MPas T AES stkth oAl FHlE A9
5°C/min®] £L&E = 800°C, 850°C, 900°C, 950°CH|A]
A7 &t 22

o} 2 7]l f) 2x(Archimedes)H & ol-gste] AZAY o
T2 el mATtR BAE fE 22" AHE Sic
Avix] 2 ¢Awldk thy 3 um Tho|opRE Ho|AEER 7
A AvlElal FE-SEM(JSM-6700F, JEOL, Japan)& ©]4-3}
o AAsIAT. E4 EAS A8 Yt ARk dE
4] Z=|(Differential Thermal Analysis, Q600, TA, USA),
dilatometer(L76, Linseis, Germany)E A}&3le] 10°C/min
o] e £ YriFelA 1000°C7HA] S4 3t X-
A 3" 247)(D/max-2500/PC, Rigaku, Japan)E ©]-8-3}
o] 20=10~70° F+7FlA 4°ming] £E=2 31 HEHE F
Eivi=3

2A4AY 155 FHEAE network analyzer(8720ES,
Agilent, USA)Z ©|&-3to] S48, 34+ Hakki-

Expezz:llsition (mol%) TiO,/BaO Coleman'e] 3% %27 ) (post resonator method)ﬁ%,
: . 2 ZA AFQxHS £ A4(Tehe 35 33171 (transmi-
BaO B0, S0, KO TiO, (Glass code) , . o =
ssion cavity method)2. 2 Z4 313t}
30.0 40.0 10.0 20.0 0.0 0.0 (00T)
283 377 94 18.9 5.7 0.2 (027) 3 AT Y 20|
26.8 35.7 8.9 17.9 10.7 0.4 (047)
254 33.9 8.5 16.9 153 0.6 (06T) 31,922 AM HE U S8 =4
242 323 8.1 16.1 19.4 0.8 (08T) Table 39 Z} Sa)%A e &2 @O]@(Tg)ﬂ' AR T
23.1 30.8 7.7 15.4 23.1 1.0 (10T) (T,), SATYE & x| wt el ol ok, T, TiO,
Table 3. DTA Analysis Results
Item T T T, Activation
Heating rate(°C/min) ¢ P energy
Glass code - 3 5 10 15 20 (Kcal/mole)
00T 558 725 732 735 749 760 926 107
02T 552 691 713 722 742 752 913 63
04T 550 690 698 706 727 747 923 62
06T 548 686 700 718 734 753 948 57
08T 551 684 692 719 738 745 954 55
10T 552 696 705 719 728 735 968 94
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Fig. 1. X-ray diffraction patterns of glasses heat-treated at
750°C for 2 h with respect to TiO, addition.
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Fig. 2. Microwave dielectric properties of bulk glasses with
respect to TiO, addition.
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Fig. 3. Shrinkage curves of the BNT-glass composites under a
heating rate of 10°C/min.
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Fig. 4. T, and T, from DTA results in the mixture powder
(20 wt% glass and 80 wt% ceramic) and the glass.
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Fig. 6. XRD pattern of BNT 00T composites sintered at
various temperatures for 2 h.
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Fig. 5. XRD pattern of BNT 00T and 08T composites sintered
at (a) 700°C and (b) 800°C for 5 min.
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Fig. 7. XRD pattern of BNT_08T composites sintered at
various temperatures for 2 h.
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Fig. 8. Variations of bulk densities of BNT-glass composites
sintered at 900°C for 2 h.

Fig. 9. Back scattered images of samples sintered at 900°C for
2 h: (a) BNT_00T, (b) BNT_04T, and (c) BNT 08T (A:
Bi4Ti3012, B: BaTi(BO3)2, C: Ba2T181208)
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Fig. 10. Microwave dielectric properties of glass-ceramic
composites sintered at 900°C for 2 h.
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