Journal of the Korean Ceramic Society
Vol. 31, No.9, PP, 995~-1004, 1994

BaO-(Nd, Sm);0,-TiO, Al MEl2lAQ] Mzt & olo|3 20 FMSM

BT - YEE - TaE
ARt Fats T RE
(199031 89 179 %)

Phase Relation and Microwave Dielectric Properties
of BaO-(Nd, Sm),0;-TiQ; Ceramic System

Hee-Do Kim, Jin-Ho Kim and Sang-Hee Cho
Department of Inorganic Materials Engieering, Kyungpeok National University
{Received August 17, 1994)

8 o

BaO-(Nd,. .Sm,)0: nTilu(in=4, 5)4) Alejulse] Abaa| e} vlo|22s) fH540 Fef Zalelele) no] 59
AL D1 e AE X079 =AE A4 BaTieOe}t Ti0Or}h X=1.0% A$E= BaTiOnat SmeTi0q0] o] x4
g apgAe] elHa lelo] Folsbd FE olHFEE viehligd. 9, n=49 A1 4%
Iwmmmw TREA AL AARNeR THY AU oA TEr) dejmh o] 5 Awra e zAa

T Nd/Smu] g} Fagh -5 x A2 Ade]sle], 2 RAle] ZH2k 4Ba0-5(Nd,- S5m0, 18TiDxn=5) ¥ BaO-
Ny, Sm 304 4TiOHn =49 YT BR4L R $AHUh dhata) n=52 HE 4Ba0-5(Nd;_,Sm.0;- 18
Ti0,2} AL o] A4 Eo] 44k 4184 o) £ gl $13)8ke Ao Besgloh BaO- (Nd;-,Sm,).0,-5Ti0;
o] Sm & FAFo A AFAL) clelmR FARAH(~4GH2E 17} shesioivh Z X5} 0ell4] 072
F715re] we} 55k QT 2600 AT AT P2 A g FAFEE 254 712) 82604
G55 Z2]7 9lppm/T el Al —1%Hppm/CIE. dAfH o 2 74 syl

ABSTRACT

Phase relation and microwave dielectric praperties of the system BaO-(Nd,_.Sm.0:nTi0; (n=4,5) were
studied. With n=5 (1 : 1 5), BagTigOq, and TiQ: formed in case of X<07, and Ba;TiOwn and Sm,T1,0; formed
at X=1.0 as the second phases dispersed in fine-grained orthorhombic matrix phase. With n=4 {1:1: 4).
on the contrary, only fine grains of an ortho-rhombic phase were observed rrespective of Nd/Sm ratio. The
compositions of these iwo stable orthorombic phases having distinet lattice constants even with the same Nd/Sm
ratio were estimated as 4BaO-5(Nd,-,5m,).0;-18Ti0: and BaO-(Nd,_.Sm,)s(:-4Ti0: with n=5 and n=4 in
the system Bad-{Nd;-.Sm, 03 -nTi0; respectively. Consequently the compesition BaQ:(Nd; .Sm,).0;-5Ti0s
lies in the compatible triangle of 4BaQ-5(Nd;-.5m,).05-18Ti0s and the second phases mentioned above, The
microwave dielectric properties (~4 GHz) of BaO»(Nd;-,Sm.)»0+ 5Ti0: can be controlled effectively by adjusting
Sm content © with increasing X from 0 te 0.7, both dielectric ¢onstant and the temperaiure coefficient of resonamnt
frequency decreased monotonically from 82 to 65 and from 91 (ppm/T ) to —19 (ppm/C ), respectively, while
unloaded Q(Q};) remained constant at ahout 2,600.
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fig. 1. Partial subsolidus phase equilibria in ternary
systems Ba0-LnyQs-Ti0; (Ln=Nd, Sm) propo-
sed by {a) Kalar et al® (La=Nd), and (), (©)
Takahashi et al.”? ((b) Ln=Nd, (¢) Ln=8m), re-
spectively.
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Raw Materials BaCCa, Nd20a, SmyCa, TiOz
m Wet, Ball-Milling, 12h,
EEN 120C , 24h.

Heating rate : 300TC/h,
F00°C ~ 1100°C for 2h,
Wet, Bail-Milling, 24h.
120°C , 24h.

Agueous PYA{ID wi%) - Sw(%

60 mesh

Uniaxial-1.5 ton/cm?

Forming

300°C for 5h.

Heating rate: 300C/h.,
1310C ~ 1410 ¢ for 2h.

Fig. 2. Flow chart of experimental procedure.
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Fig. 3. XRD patterns of the system BaO-(Nd,_,Smy):0s
-5Ti0; (X=0.7) calcined at (a) 1150T, (b) 1100
T, {c) 1000 and (d) 900C for 2 h, respecti-
vely.
®: Ba-Nd-5m-Ti-Q orthorhombic phase, & (Nd;—,
Sm, ), Ti:07, O BaTiQg, <1 TiQ; (rutile), ¥ Smo
05, v: NdyOs, O: untdentified phase.
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Fig. 5. SEM photographs of BaO-(Nd;-.Sm,J,05-5TiO,
sintered at 1350C for 2 h. (a) X=10, (h) X=0.3,

{c) X=07, {(d) X=1.0 Letters A, B and C in
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Fig. 7. Powder XRD patterns of BaO:(Nd;-.5m,%0;-5
TiQ: (a) X=0, b} X=0.3, (¢} X=07 and (d}
X=1.0, sintered at 1350°C for 2 h.
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Fig. 8. SEM photographs of BaO-{Nd,_,5m.},04-4TiQ, sintered at 1390T for 2 h.
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Fig. 9. Powder XRD patterns of BaO-(Nd;-.Sm.)s0s
4Ti0, with (@) X=0, {(b) X=0.3, {¢) X=0.7 and

{a) x=0, (h) x=04, () x=10
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(d) X=10, sintered at 1390T for 2 h.

®: Ba0-(Nd,_,5m,);0:-4Ti0,

~1000-

o} 7% duEe Waleyd z2he
ITWO,
Sy ——— 2Sm) +307 -+ V W
3} o] FHE ] oheke) Abg-ge] MAHEDE o] 7]}

ple|lzat FooA g 3000 HELEL Qs 4
a5 oglon], o2t s 2EH o 2o} FleAde]
F Sm2| Baz} LIOH——] A3}e] ASd= Tiv P2 7}
s sbel 25 AsEATT] NSHA o Feg oA
o Qe ARE 5 grl AnEeR o F AR
1:126:45 =249 42 B35 8 hadafer E4%
bsgel 2 Aem e ol daE BeAe

= Aoz
Lo=Nd, Sme] Ao 22k o2 oo

=3

Bal+ Nded + 5T102 — 02{4BHO . 5Nd203 r ].STlOg)
+0.1Ba; 1500 +0.5Ti0; {2}

BaO+ Smys -+ 5Ti0; — §.15(4Bag ;5m,0;- 18Ti0,)

+ O.zBalenOgu 0.2551112T1207 (3)

E 35_ Fol 249 An=NdelA 10114 2499 Apt
o] ZjR Ao 7 EalEte] TiOpE o]ababe R vheld
%) Takahashi ¢ Z3& 1 Hglel 2] Ba, Ty
2l PAg dulelz] Eehed e 37 °J34—4 A=
Hgg A2l wbse] HEAl] 27 =3 J]"‘FE.-ltJr
Fig 83} 9ol Z+7} 1390C 2 ll 72?7' BaQ: (Nd, -,
Smyp(h-4Ti0, ZA0<KLNS 42EAY w729

29 XRD 2)9%49] 9318 hephleh A 249 e

o
ZL

AR



BaO-(Nd, Sm);04TiO,#|

22.38

22.34

T S T T T U B |

22.30
12.20

12.18

12.16

/

12.14 ]
3.85

Lattice Parameter { & )

TT T T T T T T [ PP [T T 7 1T [ T T T 17

3.83

T

3.81

1 | { H
0.4 0.6 08 1.0
X
Fig. 10. Changes in laftice parameters as, by and ¢ of
ortharhombic phases formed in the systems
BaQ- (Nd,—.Sm .03 nTi0: with Nd/Sm ratio.
A B®n=5and A Z QO n=4

=L
a
o
a2l

»a Fd99 F42 b 2—-3um AF9 =7 3te)
Fasgden 11105 2042} i o)A b &hql
=7 gokck XRD 83 mal Ak ghalselae
vleldlmd oz gk b wjzske 5] Takahashi 578 2
a8} @ siAlEted 10104 FA48 2Als Nd/Smule 3t
Aol Apkgel Ddabs FAE o 5 el
Fig, 100 zH2} 1350C % 1390C 2 2412 244101
158} 11104 242 BaG-(Nd, .Sm, )04 T, 275
o Zalshe ApEAel Anbles AUsAY 23s
vhebgich. % Aol 4 Ln=Ndal 2%
11158 #% a,=22350[A7, b,=12195[ 4], c,=3540
[Aleg aralsfela: wmEl 7|22 BaNd,Ti,0uJCPDS
NO 33-166y2] 223 2o el dx]alg o 1
1749 7% a,=22350(&], b,=12.201[A], c,=3 846
FAleg 1:1:59 2Aske 4e]sied ot Takshash
B8 101049 23 & dAsge o4 ws
o4 Sme] Agere] Frlstel o}2) a, b, o EF A
A St kg vehge] o Smity] e)a
ShA(L00 A)e] Nd™e) 2730104 Rymet 2 7o) 7]
AR e wREh B F A 2T age
Nd/Sm®] 7} F4d% A Todalg o} b2l gy 101
48] azlel & <k llﬂr. mbak 101052 11104
@490l Aol A4EE kel BaO  LnO, © Ti0: S

l 7‘11 l*L- 1

B

A3 A 95(1994)

bl o] gk Wl elelzEs G54

= BaD NdiOy ATy
3Ba0) 9TI02

-

s B0 MU 4TID:

Ba0 Mdals 5T0: —'- - o

4B 5Nd: 0y 19Ti0;

Ti: ANz 00 ST

(b) Bal—5m;03—Ti0,

<— M0 Sm0 3
260 $T:
Bad SmpCa 4Ti0;

4Bad 55m: 0y 13TI0z

L0t HaD SmGs 3T

Ti0z Sn0s 2Ti0:

Fig. 11, Parlia! subsoldus phase equilibria in the sys-
lem BaO-LnzOs-TiQy ((a) Ln=Nd, {b) Lo=5m}
satisfymg the phase relations of the present
study. Dotled lines and hatched lLines imply

phase incompatibility and salid solution, res-
pectively,

P B 29 AMEE o aakel gl Xkl

|Eahelehs X3 4.0 29 Aaol Sl o) AR5

e el WelAer sl agtel Xel ool @A

@ WAPE Ve GeE & ¢ Aok A
1:

LM

L
1

-{.. ot i lﬁ e,

ok
=72 BaQ  LnyOy : TiO-;E] H"H]E’]' 1:5¢ 75“‘51]}‘]
P AR 101500 A2 SU
Pislel old GUNEE 4 @) @ 2ol Aga

BaO-Ln.O,(Ln=Nd, Sm)-Ti0, 345 mEE 4445 5]
4] Ba0+ L0y 4Ti0y 2} 4BaQ-5Ln.0; « 18Ti0,7} 2}z}
Az ‘%l' e g g 1“5]-— ed T—.:—EL“’]' '1':11“]' o

42
TH= %"e‘?ﬁ"-«{ S o] E é% 4”13}"i
2 Al Aol dale s 2ep walel odqtel A2 glejel
T Ho R AlsECd]

Fig 11ell #7]28] <1 7d=lel 232 &2 BaO-LnOy

3 11104~59 whE £ K P
9% 2 AR dehisich L= Nd(@)) A%
Ti0, 8 BaNd, TL,0p 2317 o9&
FEElE Z3, ¥ B BaTisOwe] 422 BagTi

ALQ] =Y ‘3]*“’

-1001-



A% Y45 - 24

90 4
C = |
85 N = | mmEE Ba(Ndg_gSm.)aTisDu
- & EE88 Ba(NdygSm)iTiO:
5 8of 5 3
c r < |
8 C tE - u n
o 7or = o n
T L = % "
2 s [
a2 70k 2F
fa] r o
C 3888 Ba(Ndp_gSm.oTi0s, - B
- G -
85 : W Bﬂ(Nd(1_,)Smx)2ﬁ5014 TO:
- ] B
C 1 1 1 I 1 2 1 L I L i 1 [ 1 1 1
8096 027 04 05 165602z 04 06
X X
Fig. 12. Changes in dielectric constant at 4 GHz of the  Fig. 13. Changes in unloaded Q) at 4 GHz of the
system BaO-(Nd, ,Sm,):0;-nTi0; with Nd/Sm system BaQ«(Nd;-.5m,)205-nTi0; with Nd/Sm
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Table 1. Temperature Coefficients [ppm/C ] of Linear Expansion (a1) Resonant Frequency (T'C;y and TCp,) and
Dielectric Constant (TCe) of BaO-(Nd,_.Sm,):0:-T10. Ceramics

BaO-(Nd, -.5m,,04-5Ti0: Ba(-{Nd, -.Sm.}20,-4Ti0,

X TC, o TCe TC TG el TCe
4.0 91.2 12.7 —157 85.9 97.9 14.6 —166.6
0.3 17.2 141 —6.2 24 204 15.6 —96
0.5 10.1 165 10.8 —51 34.3 14.2 —40.1
0.7 —1849 13.9 65.5 —334 18,6 154 —6.4
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