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£ & 2 a7: 45Ba0—20B,0,—35Fe0y(wt%) o} 24} f2lel SWAAZA TiO, £E Zr0.E Hrished Z2te) 2
233} kinetic parameter®} 2 HAME ZA}sbgdct.

AHAAAZA TiO, & A7Hg 244, barium borate(BaB,0,)7} FA A elelen, ZrO,5 H7IgF Ao 4= barium fer-
rite(BaFe,;0,,)7} 23 =%t} TiO. 5 Iwt% H7Hg Aol tisle) BA4dstellga)el A54E 22t 235.45kJ/mol, 2155 6.89
x10""S7'0)glen}, Avrami AFE 1< n< 224 I Ao B bt 3, Zr0, wt% 7t ZA A=, 848

A A9} NE4== 21zt 173.86kJ/mol, 2.65x 10"S 'o]gdom, Avrami A5 2 < n< 324 opabakel A AIA-L- Jehfgic).

Abstract In this study, kinetic parameter of crystallization and crystal phase about 45BaO-20B.,0;— 35Fe.Qx{wt%)
glass doping TiO. or ZrQ, as nucleating agent were examined respectively.

Barium borate(BaB,0;) was the main crystal phase in the composition doped TiO. as a nucleating agent and
barium ferrite(BaFe;.0,s) was crystallized in the composition doped ZrO. In the composition of TiO, 9wt%
addition, activation energy and frequency were 235.45k]/mol and 6.89x 10''S"', respectively and Avrami exponent
was 1< n<2 and it appeared 1 direction growth. In the composition of ZrO, 9wt% addition, activation energy
and frequency was 173.86k]/mol and 2.65x 10"‘S™', respectively and Avrami exponent was 2<n< 3, and it ap-

peared 2 direction growth.
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Fig. 1. Phase diagram of BaO-B,0s-Fe,0; system

A : Glass-ceramics with abrasion durability
B : Magnetic recording media
C : 45Ba0—20B,0;— 35Fe,0; composition

Table 1.(a) Chemical composition of base glass(wt%).

Composition BaO | B.O, Fe.0s
Weight percent(wt%) 45 20 35

Table 1.(b) Chemical composition of nucleating agent
(wt%).

Sample No. | BNO | BT3 | BT6 | BT9 | BZ3 | BZ6 | BZ9
Nucleating TiO, ZrO,
agent 0 3 6 9 3 6 9
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Fig. 2. XRD patterns of samples heated at 700°C for 3hrs.

700°C oA 3A)2HE<t GAEF 72 ZAe gk SEMA}

Z1& Fig. 3o febi e}, Fig. 304 Heo|ko], YA A

£ At 2 APl v wEZA AYPgE 5T 5
9}914. =3 TiO, 9wt% H7} A4 2A-& needled
N2 AAs7l 24 APFFE & § AAL ZrO, Iwt%
A7t 24N AL plateyel2 A ZAAst 2A4 28
T g ANk

w2t z} BaB,0.4r 2 BaFe ;0,042 A& 3 kinetic
parameter& T-3}7] 1% A Ao 2 TiO, Iwt% 9}
Zr0, 9wt % H7 A2 2AE& ddstsich

X3} kinetic parameter

A&E v]E22 A5 dubdql v]52E4d o
g £24%E 3, 5, 10, 15, 20C/mine. & W3A1A 7}
A DTAE 4% T,(#<daaLe=)9 T,(CEdg=4
2% )& Augis-Bennett Go} Agt 476l tigisle
A3} oA} 25 % Avrami 24§ A

o] ul, 843} oi#)e} FF Y Avrami A& iz}
o] 274 &5tz )zl =] 250~350umE dH3}A
3o A3kt

34-M (nucleation)

ANZzE F25E LHdte] 2UE AYE, 229 A5
tfsled DTA(Rigaku co., TAS 100)E 10°C/ming] &2
422 SA3dd). o9 FAE Fig. 49 Jeluisich

Fig. 4o A TiO,7} 9wt % 2 Z£7}5l% 4] Wk peak® I
2ZE 02 685C7HA ZUIstdct. 6wi% HrE A A
A F7H et wtde|, ZrO7)F $7Hgel ojet
el peak& A H o 2 A 2Z 0 2 o]F3lHc). o] ZRF
A GAZA TiO, H7}A)9F ZrO, 371 2] AAs} Age o



538 gqgstsx A7H A6x (1997)

(a) TiOs ZrO2 Owt% (b) TiOz 3wtd%
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(g) ZrOs Ywt%
Fig. 3. SEM photographs of samples according to nucleating agents heated at 700°C for 3hrs.
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Fig. 4. Variation of crystallization peak temperature accord-
ing to nucleating agents
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Fig. 5. Variation of crystallization peak temperature depend-
ing on heating rate(8)
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Fig. 7. XRD patterns of BT9 heated at various crystal
growth temperatures
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Fig. 8. XRD patterns of BZ9 heated at various crystal growth
temperatures
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Table 2. Activation energy and frequency of sam-
ples calculated by Augis-Bennett method.

Activation Energy
samples (kJ/mol) Frequency(KO)
BNO 195 1.99x 10"
BT9 235.45 6.89 x 10"
BZ9 173.86 2.65x 10"
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Fig. 9. SEM photographs of BTY heated at various temperatures.
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Fig. 10. SEM photographs of BZ9 heated at various temperatures.

Table 3. Avrami exponent and crystal shape and di-
rection.

Avrami exponent Crystal shape
samples (n) (Growth direction)
BNO 1.162 1 Direction (needles)
BTS 1.305 1 Direction (needles)
BZ9 2.019 2 Direction (plates)

Fig. 99} 102 AAAR 254 SEM AlAlelt}. Fig. 9
ol = needle Hejo] ZAe] LAs™, 690TCM 713
AUstA A g7be] dofiks Ao 2 FA= Y} Fig. 10
28] 660°ColAYE 24 el BaFe 0071 &5 2
e, 720CoANME AAH g plate Hefo] AAo] o
A o B el

Fig. 113} 12= BT93 BZ9¢) gt 2712 24 wigkd
2] 34 peak?] intensity & vieldc), Fig. 114 = B E
27 wjFFHS o] 690°Coll A9 intensity7} 7} 2 &
ehle glem, F2A ei3He (113)w3Fe g el
t}. Fig. 1204 660CN 49 #A peak2 intensity7}
7H Ee gg vebliz gleow, 47 wigkde (114)

(d) 720C

whekolgich. whetx XRDe} SEM 9] A7 2 %€ BT99 2
HAXAEEE 690°C, BZ99 AAAPALEE 660°C7} 7}
A AR 22 el

ol ZHIANA & g UFel, Ul DTAZR FI
Avramix]4=¢} vjasle] B9, BT A= AvramiX|$7}
1.3052 4} HAo| needledqefo]gl, BZ9o 4= Avrami
2474 2.01924 Aol BAYE Heplls A& 73
Ho2 o & dler, Fig. 99 10& F3te BEH
SEMZFZ A o]F DTAZANE Z39¢ 5 =T 3y
3 & 5 Aok

4.8 B2

40Ba0—25B,0;— 35Fe;0,(wi% ) & A YA
2} TiO.9} ZrO,% 3, 6, 9wt % 2 WskA)# HAr}sted AR
8} Kinetic parameter® 978 27 ooz e A2e
2 5 gtk

1) AYFAZA TiOE 7 Ag, FERAAYZ A
barium borate(BaB,0,)7} QA= o, Zr0,2 A7 T
73%-, barium ferrite(BaFe,;0,5) 7} A= st #Y¥ A A
F AhA 4E A, T o] EAS Uehigeh



A A4 d-7 A5 BaO-BOs-Fe0uA frelol Al Y AAZE AASt oA 4%

200 | (113)
| —e— {300)
—4— (223}
o 1604
o
Q
=
b
< .
L 1204 \-
RS
0
(2]
[
a \
80

40 T 7 T T T T T T
630 660 690 720 750

Temperature(°C)

Fig. 11. Effects of temperatures on intensity of crystal direc-
tion for BTO.
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Fig. 12 Effects of temperatures on intensity of crystal direc-
tion for BZ9.
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