B 22% 52 ) B Wt Eak =2 e Vol.22 No.2
200844 H CHINESE JOURNAL OF MATERIALS RESEARCH April200 8

s X {KiR G5 Ba0—-AL,O03-Si0 %
I AT A R0

FEE HAE Hek KAE HRE TR
(BB RHE R E IR SR TR K 410073)

B B UREERE TS REAE Ba Siimig BaO-AlaOs-SiO2(BAS) KM 3RS, BF5E T SRR
BaO-Al203-Si02 REMSHBFENT AT, 4550, BERRASLIEERER SR AR I3 . 78 BTSRRI i
A BT AR G AL RE, (2HE O U AR BRI T T ;. SRR AT 1% WIS ALRRR /D, B R 2 it H R B AT e i
IR HIRAL. 78 850 CHRIEETH 2 h, Win 1% HFhiy BAS RSB 52 bRk G, EMAR BAS Riufsk
B, SO BT R B AT . R IR, BRI B AN IR — BRI i S LT, B I
Mrdh; BTG, FRMIUT EREH <[ 80 B I IERNBR i ih, SR8 i .

K HARRIR PR, OB, U, SR B, SR

HSHES TG1T71 NEHS 1005-3093(2008)02-0175-07

Effects of celsian seeds on crystallization and phase
transformation in low—temperature processed
BaO—-Al,035-SiO, glass—ceramics

LU Yufeng DU Yongguo*™* XIAO Jiayu ZHANG Weijun ZHENG Xiaohui GUO Liang
(College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073)
* Supported by the National High Technology Research and Development Program of China,

No.2004A A32G090.
Manuscript received September 10, 2007; in revised form October 29, 2007.
** To whom correspondence should be addressed, Tel:(0731)4574791, E-mail: nudtdyg@126.com

ABSTRACT BaO-Al;03-SiO2(BAS) glass—ceramics with stoichiometric and off—stoichiometric celsian
composition were fabricated, doped with B5O3 for melting and sintering. The crystallization and phase
transformation characteristics of two groups of BAS glass—ceramics with and without celsian seeds were
investigated. The results show that the soften temperature of BAS glass—ceramics increases with increasing
the content of celsian seeds. The crystallization characteristic of hexacelsian in every sample is bulk
nucleation when the Avrami exponent is 2.94-3.48. The characteristic of monocelsian doped with seeds is
surface nucleation when Avrami exponent is 0.63-1.30, while it is bulk nucleation when Avrami exponent
is about 3.3 in the sample without nucleation agent. The crystallization and phase transformation among
two groups of BAS glass—ceramics doped with seeds can be accelerated greatly. Both the activation energy
in two groups of BAS glass—ceramics and the crystallization peak temperature in stoichiometric BAS glass—
ceramics get lower. Stoichiometric BAS glass—ceramics doped with 1% seeds sintered at 850 ‘C for 2 h is
completely transformed into monocelsian.

KEY WORDS inorganic non—metallic materials, glass—ceramics, celsian, seeds, crystallization, phase
transformation
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Table 1 Compositions of the glasses investigated

Composition/%

Sample
BaO AlxO3 SiO2 Co203 B20O3  Seed
S0 37 24 29 2 6 0
S1 37 24 29 2 6 1
S2 37 24 29 2 6 2
0S0 59 9 22 2 6 0
0OS1 59 9 22 2 6 1
0852 59 9 22 2 6 2
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Fig.3 Soften temperatures of glass powders
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Table 2 Characteristic parameters of glass powders

Sample T,/C o rH/nm
S0 898.2 26.7 58.9
S1 826.9 88.7 20.3
S2 861.5 91.8 19.8

OS0 815.0 65.8 18.9
0OS1 814.4 62.2 23.5
0852 819.6 64.2 19.3

Note: T}, crystallization peak temperature of glass pow-
ders; «, crystallinity of glass—ceramics sintered 10
minutes at Tp; 7y, grain size of H-BaAl2SizOg in

glass—ceramics sintered 10 min at T},



178 woB A

G 22%

Bl 5 A, SO BEEEMIT B —Ag 7S ALK A A,
FHAH DSC e LAy Al 2 7S 7 Bl A B AT i .
S1 il S2 BEEWIHT H i di A A 75 7 B A A Bl
K, FEIH DSC 2R _F Ay Beiig 2 75 7 B A1
FRMR A M R R 0. mAE R OS 4B RSN
BT H B S AR R 75 B A FIESS BaSiOs, FRHAH:
HUHRIGE SN U A7 F IE 23S BaSiOg A gl I S .
i FH SCHR [26] P T A B R R R A R 1
i B, {8 Scherrer 202U BRI 2 5 S8 1T 7S
T AR R RG] (3% 2). Z5R3R0: 78 S Bk
3 R N R A A B TS O UK A AT AT kL
Ak, UEAL, ST AT S2 BEREH BLRAE IR il Y 4 i BE A
R ROT I, OS 4 (0S80, OS1 1 0S2) &35 kb
SERE SIS S AR RGBT, AT BAS
RIR SR BT S ECTL, 5 A BEER FEAT S V(R TR IR
& 10 min £ 75T -

Ozawa ¥ 1270 38T S5 W AL R 50 306 425 1717 9%
SR H AN FRAS S AR T B A T RIS L RE E,
WG T FEALE R B R AN T AR AR 22 I,
F R RAGE O 5T AR EE 5 FHRS R
KFEENT T o (DIREE T, SR 5 R I S5 Ah 2
¥E Ozawa HFE 27

AF
RG(z)

TH A BT S R s AL RE (18] 6), Ho B
N EEINPGER, A SRR T, R A& AR
WL« Ot ROV E R G(x) IR
BB SRR 25 RR W, R R R
H, 78 S 4HEK OS ABEEkY s I Fhds A B TR
HrdbiE AR, I ELARTE S Pl 10 1% i B iR/ MA.

56 FHY B B 49 AN [ T T 4 ) A [ A i 08
BE, B X /T, VEEIR B/ “ AL G5
FIEZ (B 7). i E AR H S B AT
ELEE B, RN Augis 245K

2.5 RI?
“ar B @

HEE Avrami $8%0 n(3 3), Hr AT J DSC
I T 25, B S1 BEEEMIAN, KBk
BB Avrami $5%0R 2.94-3.48, FILH BT 5
Hbk. XK/ EREE A5 BAS R BEBRY K R
BZ, MyREA (Dso ~3 pm) f45R. HIE 5 Af K,
S1 BEESHAE DSC A fh g (EIR LR IR 10 min B B
DA AN AT . R, ST BEEEHY Avrami 15
¥k 2.03, T RERER BT H 8975 7 UK A R AT i,

Ing = In(

E
—5.3308 — 1.0516 = 3
) )

n

® Hexagonal-BaAl,Si,0g: 77-0185

v Orthorhombic-BaSiO,: 70-2112

® A Monoclinic-BaAl,Si,Og: 38-1450
OS2

Bl 5 HBEEHE DSC AT IEE R E AR 10 min f
XRD ¥

Fig.5 XRD patterns of glass powders sintered 10
min at the crystallization peak temperatures
of DSC graphs

500

—o— S0

A —=—  S1
S 4501 . 52
. —— 0S0
2 400

3 350

(0]

c

@ 300}

c -

B 250 |

2

£ 200}

150

0.0 0.2 0.4 0.6 0.8 1.0
Crystallinity / %

Bl 6 Sy i bag

Fig.6 Activation energy as the function of crys-

tallinity
3.5 _
e} o KA o S0
= S1
: [} S2|
3.0+ o () A O8O
) ®  0OS1
< A 082
€
v 2.5
B o) B
z |
20}
2 . ek
1 'l 1 | RS
0.00084 0.00087 0.00090 0.00093

7K'
P

B 7 #3EkY In(s) BE T, IAEKXR
Fig.7 Plot of In(3) versus T;l of glass powders



2 7 I B R IR B 4% BaO-AlaO3-SiO2 R BB T & 5 ma 179

%3 FHREAY 10 C/min B BRI T & 3 112 R

Table 3 Crystallization characters of glass powders using heating rate of 10 ‘C /min

Sample T, /K T,/K T./K AT /K E/(kJ /mol) n E/RT. E/RT,
S0 1171.3 1157.7 1192.2 19.3 373.01 3.39 37.6 38.8
S1 1100 1064.4 1137.2 44.2 280.88 2.03 29.7 31.7
S2 1134.6 1119.2 1165.1 28.3 291.29 3.25 30.1 31.3

0S80 1088.2 1070.7 1109.7 21.4 305.61 2.94 33.1 34.3
0s1 1087.6 1068.6 1114.3 26.4 267.54 3.48 28.9 30.1
082 1092.7 1074.5 1119.2 28.1 277.21 3.19 29.8 31.0

Note: T, crystallization onset temperature of glass powders; T¢: crystallization end temperature of glass powders;

E/RTe, E/RTy: minimum, maximum value of E/RT in the experimental range.
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Mass fraction of seeds 0 1 2

Group S 3.31 0.63 0.86
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