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ABSTRACT

To obtain a single phase of Ba;TiaQu al lower temperature Lhan previous other researches, We investigated
the effecl of Zr substuution [or predetermined portions of T 1 Ba;TwOw. In this study, the four compeunds(x=20,
0.028, 0.048, 0.068) of Bax(Tu_«Zr}(Chy were prepared by coprecipitation reaction of BaCl, TiCl: and ZrOCl
with {NHLCO, and NH.OH as the copreciptaling agents and pH regulators, w agqueous solution, Owing o 4.8
mol% addition, the single phase of Ba,T0s showing high Q was obtained at 1150C wiuch is lower by 250T
than the temprature m case of mechanical muxtures of BaCQy and Ti0.
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Fig. 1. BaTi0-TiO, equilibrium phase diagram. Com-
position is given in terms of the component
Ba® and Ti0,".
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Table 1. Starting Materials and Grade

F_Malerial Manufacture Co. Grade
BaCl;-2H,) | Yakuni Pure Chem. Co, Lid. | EP
TiCl, Merck Chem. Co., Lid. EP
ZrOCl  8H0 | Junser Chem, Co., Ltd. EFP
(NHCO;4 Yakurt Pure Chem. Co.,, Ltd. | EP
NH.OH Oriental Chem, Co., Ltd. EP

Table 2. Composition of Material

Samplel No, Composition (mole%)
BaO T10, 210,
1 18.2 51.8
2 18.2 79.0 2.3
3 18.2 770 4.8
4 18.2 75.0 68
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Fig. 2. DT-TG curves of BaCos-TiO{OH); powder pre-
pared by coprecipitation method.
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Fig. 3. X-ray diffraction patterns ol Ba;TisQu powder
prepared by coprecipitation {in air, 2 hr).
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Fig. 4. Reaction between TiO(OH);, Zr(OH), and BaCO,
precipitates.
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Fig. 5. Formation temperature change of BayTisOz ac-
cording to Zr(, addition.
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Fig. 6. Thermal expansion of Ba;TisOx and Bax{Tivm:
ZryoiOu.
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Table 3. Specific Heat of Bag(Ti_Zr)sCu

Temperature{U) 50 T 700 r 1100
Composition
Bas(TiyesaZinmatOue | 014065 0.18515 0.19127
Bauy(TigmeZrynedeOm | 0.14674 0.19128 | 0.20000
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Zr0,2] = Fako)
Alesx Aayalow 7paahs o 4= elt;]. [Zlo iy

s7haol) wEbd BayTi0m2) 447K

S =
ZL’Ogt B.’:‘lngt)O![) P‘.E )El]’t"] ”JP‘] ﬂ-sl]] ‘_11%' oxl ’)1:‘
ik

33 EM = =5

13507 o) 4] 2415k b A% srdabe) Ra,Ti
o] #4815 sample no.3 AL FIFEY] Y=
of 2 d@a AzE Fig el Jeliddn o Fw)
BarTiaDs 8] Z A2 1007 ¥E 500C 7=[& # 2l
Wolg AL she) 50T -H00C 7hale + e Hiztst
9s2 of = ooy 2 S B00T o)Fel M GRS
5L BT girh

13507 ol 4] &g Al#H-Se XRD 414 wld o=
vpehs Zr0.7t 48 mol% 3 6.8 mol% = 3h5l 4312
vz dAeze] &7 @aE Table 33 Table 19
zhal Jdebdigich XRD 2424 BaTwOupadat 2t
7r0,7} 4.8 mol% H12] 300C o 4}2) Wl phe
0.140155. BaTyDsabox o]F o)zl Zr(,7} 6.8 mold
Habye AlMRoh oh ZFEE ob ¢ oloh mdl o] 59
dHAE T 300C ol zZH- 1546533 1.80127:24] ALO,
b ANEet= ] igel =gl el die nlelmiRale|

A5l 4

A2 HAABmAY o)Ee] &ty AQEch
4. 5H &M
13307 oA &2AE 2 =4y AldEe XRD -9

a1

tlal 48] Ba,TiOwe BaTyleoz o)-F8 = 9y Zrk
7} 48 mol% 2! 68 mol% 223 A]3-8- Network Anal-
ol&ated 45 GHzol A H 431 f48 o Qs
Table 5ell vieliedct = sl Zr0,7t 48 mol% # 3
He Ba, Tyt whelate i Eafste A=ls] H%

A2 35, Qb 4600 B F-Qphe 20700e)ef kgt

oro jn.

yzer g

A 30 A 12 5(1993)

Table 5. Dieleciric Propennies of Baud(Th «ZsQOu

Composiiion FiGHD) | K Q ' F-Q
Bay(TiyweZroas)aOu 45 35 | 4600 ) 20700
B'ﬂg(Tln lpJng.'n nms}uo:z{] 4.5 34 4200 18566

ralabsl BaTiOet] EHale Zr0.7) 5.8 mol% 2=hH
28] fHSe 34, Qe 4200 ¥ F-Qk 189000},
4 4 £

3 o]zéﬂ]o]l ZIO,G’ 217]1‘—,']
1_';.10‘_/ij Ba:quOmH] }H

(13 Ti0, Al Aats Zr0,9] oko] Zrighd wel
BasleOnd el 482t Ao Agres Gelidd o

el 1gl}t
(2) L8 mol%e] ZrQy7| = 4l=l
1350 714] w2 2 ee] A A whelg
#9d  slgeh
(3) 28 mel% ] Zr,7} =
18 Ba-;Ti]OmB] 5 Ak <
S 11B0T §E) el B

72 11507 of 4] B
-':l Ba;Th.Om ]

#hg] 7% 1150C S8 BaTiOy
FTh MGU% 6.8 mol% = 3
aTi,Ognkel 4 el

(4\ Tred Aol Ba,TiOyol FAlsks Ame] 43
G 100~ 5007 ol 4] 0.58x 10 "/C °l W vrerdi ek
wEk e EA7ke L5 GHzol 4 FAETRE 35, Q
g2 4600, Q-Fgle 2070025 microsfell 212] FF1 4
BE ESTER dimelh

zAle) B
o] i IQQZL-i‘x: =
Je) SHa) S AT
Salgl giuleh ole] AWabE

281 gk sta sl gl ot o]
% AlHe] elafed

mguc,

REFERENCLES

1 T. Negas. G. Yeager, S Bell and R Amren.
iry and Properties of Temperature Compensated Mic-
rowave Delecities,” NIST Speaal Publication, 804, 21-
34 (1991),

. HM. (Bryan and J. Thomson, “Ba.TwQy Phase
Equilbria,” j Am Cewm Sor, 66(1), 66-63 (1983)
3. T Negas, RS Roth, HS. Parker and D Minor, "Sub-
sohdus Phase Relation i the BaTi0-Ti0), Syslem,”

7 Solid State Chem, W(3), 297-307 (1974).

“Chemis-

Lo

= 1027~



8.

o]t - o] -

. KW. Kerby and B.A. Wechsler, “Phase Relation m

the Barium Titanite-Titanium Oxide System,” J Am.
Ceram. Soc, 74(8), 1841-47 (1991}

. G.H. Jonker, “Keramishe Materialen Voor de Electro-

technick,” Chem. Weekblad, 49(49), 923-36 (1953).

. HM. O’Brvan and J Thomson, A New BaO-Ti0, Co-

mpond with Temperature-Stable High Permitivity and
Low Microwave Loss,” J Am Ceram Soc, 51(10), 450-
453 (1974},

JK. Plourde, D.F. Linn, HM. O'Bryan and J. Tham-
son, “Ba;TiQxn as Microwave Dhelectric Resonator,”
J Am. Ceram. Soc, 58(9-10), 450-453 (1975).
Naumann, ], Plotner, W. and Stellenberger, K., “Die-
lektrische Figenschaften Von Zusammensetzungen im
System BaQ-Ti0p" Hermsdorfer Technische Mtteifu-
ngen, Heft 30, 547-950 (1970}

. Deepak Singh, DK Chatteriee and E Bhagiratha Rao,

“A Stabilised X-band MIC Gunn Oscillator using a

ola 4 - B8

140.

11

12,

13.

14.

-1028-

Dielectric Resonator.” INT. [ Electvonies, 51(3), 263-
268 (1986).

S Nomura, K. Tomaya, K. Kaneta, “Effect of Mn Do-
ping on the Dielectric Properties of BasTisOwn Cera-
mics al Microwave Frequency,” Japawmese [ Appl. Phy-
sics, 22(7), 1125-1128 (1983).

G.B. Morgan and G.Q. Ohe, “MIC Impait Diode Oscil-
lator Stabilised by Temperature Compensated Dielec-
tric Resonater” Electoniics Letiers 22nd January, 17(2),
72-74 (1981).

G.H. Jonker and W. Kwestroo, “The Ternary System
Ba0-Ti0:-800, and BaOQ-Ti0w-Zr(h,™ J Am. Ceram
Soc, 410103, 390-394 (1958).

Terviche Kuho et al, "Bl 4 = LRE )7 LED
EHEEHE," T2 E8HE, 70(6), 847-853 (1967).

Michelle M. Hedges, “The Ba{Ti, Zr)Qs-(Zr, Ti)O;
Field in the Phase System BaO-TiOs-ZrO." [ Am
Ceram Soc, 74(9), 2318-2320 (1991).

ERSEER



