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1 PbO wtn)
Tab.1 The basic compositions of Lead-rich sealing glass ceramics
No. ZrSiO, AlLO, ZnO PbO Pb,0, B,O; H;BO, SiO,
1122 - 2.0 10.0 75.0 - 10.0 - 3.0
2122 4.8 1.4 11.4 71.3 - 8.4 - 2.6
303 - 3.85~8.93 - - 56.52~76.92 - 15.38~26.79  3.85~4.76
[3]
. . 8
13 PbO/Pby0, . .
1000 ppm™ 0.1 wt.% NN
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a. T p 23 2007 3
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[7] a
p R,O ROVI,
[15-17 ppo 27t
[5,10,12, 28- 36]
PbO—B,0; °
R,0—PbO—B,0:—Si0,[R =Li, Na K), F—AL,O; — [5.32-34] VO \Vi0s PO;
PbO—B,05—Si0,, Z10—PbO—B,0,—Si0,, RO—PbO — 313738 Zn0- 500
B.0,— SiOx(R = Ca, Ba, Sr) 231821 zno-  ~P0s [39-41]
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Tab.2 The basic composition of SiO,-rich sealing glass ceramics (wt.%)
Li0O NaO KO CaO SO BaO MgO ALO, SiO, SO, a (x 10°9°C,25~300 °C)  T(C)
1.2 7.4 5.0 1.9 2.9 8.7 1.3 34 68 0.1 9.25 675
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3 SD, Ba0-Ca0-AL0;-SD, w th
Tab.3 The basic composition and o of SiO.—rich sealing glass ceramics in the BaO-CaO-Al,0;-SiO, system (wt.%)

o Bl

No. BaO Ca0O ALO, Sio, , Oth,er a 1o log(P ) T Density
ingredients RT*~T, ©) (g/cm?)
BCASI1 35.0 15.0 0 44.0 6.0 9.2 6.87 665 3.33
BCAS2 50.0 7.8 4.8 28.1 9.3 11.2 6.75 623 3.82
BCAS3 52.9 8.8 5.1 253 7.9 11.6 6.45 611 3.86
BCAS4 55.6 9.2 5.5 25.3 44 11.9 6.38 609 3.89
BCASS 57.4 8.8 54 22.1 6.3 12.4 5.25 608 3.93
*RT °C
4 SD, Li0-Zn0-SD, w th
Tab.4 The basic composition of SiO,—rich sealing glass ceramics in the Li,O-ZnO-SiO, system(wt.%)
No. Li,0 Na,O MgO Sb,0; ZnO SiO, B,0Os P,0s
1 9 5 3 0.3 24.1 54.2 5 24
211 9 5 3 0.4 21 58.2 1 2.4
[O] ALO; [AlO,] [PO,] 4 1
L4445) o RO P=0
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p o a .
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Tab.5 The basic composition of V;0s-rich sealing glass ceramics (wt.%)
No. Sb,0; AlO; ZnO V,0s B,0O; P,0Os B - eucryptite a (x 10°C, RT~350C Tf(C)
1 10.0 - - 58.0 0.5 31.5 20.0 7.0 362
2 6.0 2.0 1.0 60 1.0 30 28.0 7.2 365
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6 Sn0  Sn0-Zn0-P,05 wt%
Tab.6 The basic composition of SnO-rich sealing glass ceramics in the SnO-ZnO-P;0s system (wt.%)
No. SnO Al O, ZnO P,0s SiO, a (x 10%°C RT~2507C) T, C T, C
187 53 - 5 35 7 12.1 - 287.3
2181 48.7 1 18.3 32 - 10.1 339.5 319.0
- - - - - 8203 - - -
30 48.7 1 18.3 29 3 9.54 354.7 329.8
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7 B0, wth
Tab.7 The basic composition of leadless Bi,Os-rich sealing glass ceramics (wt.%)
No. Na0O CeO, ALO; ZnO Bi,O; B0,  SiO, a (x 10%C RT~250C) T:(C) T, (C)
1163 - 0.4 - 13.9 79.8 5.9 - 7.0 - 350
2171 5 4.61 0.4 5.8 83 10.4 8 9.8 400 335
- CaO - - - - - - - - -
3@ 3.5 - 4.0 54 73.0 9.5 4.6 9.0 473 432
- - MgO - - - H,BO, - - - -
41681 2 1.5 - 2.5 73 15 7 8.8 485 450
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Fig.2 Lead-free sealing glass ceramic samples with high «,

low T, and high p, prepared by the author’s research group
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Fig.3 XRD patterns of Bi,Os-rich glass and glass ceramics

prepared by the author’s research group
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Lead-Free Sealing Glass Ceramics with High Thermal Expansion
Coefficient, Low Softening Temperature and High Electrical
Resistivity: An Overview

DU Zhenbo GAO Shengxia ZENG Renjie
(College of Materials, Xiamen University, Xiamen Fujian 361005, China)

Abstract

The research and development profiles and prospects of lead —free sealing glass ceramics with a high thermal
expansion coefficient (o), low softening temperature (T;) and high electrical resistivity (p) have been reviewed. The possibility
of replacing PbO with some oxides (In,Os;, SnO, TI,O; or Bi,O;), the metal elements of which are near Pb or in its diagonal
positions in the periodic table, or of replacing lead—rich system by either common glass forming oxides (e.g. SiO,, B,O; or
P,Os) or conditional glass forming oxides (e.g. V,Os or TeO,), has been intensively discussed, respectively. The ingredients,
preparation techniques and properties of the Bi,Os—rich system have been fully discussed. It has been concluded that a high
a, low T;, and high p could be obtained in a lead-rich system which had been, already, forbidden to be used in domestic
appliance by law for its harm to the environment. The lead—free system rich in SiO,, P,Os or B,O; could not, unfortunately,
obtain the required properties at the same time; rich in other common glass forming oxides may be unsuitable for domestic
appliance application due to its high cost (e.g. GeO,), toxicity (e.g. As;Os), or being difficult for preparation (Sb,Os). The lead-
free system rich in conditional glass forming oxides may be not suitable for domestic appliance application due to its toxicity
(e.g. V:0s), or high cost (the oxides of Te, Mo or Se); the glass containing Al,O; may be unsuitable for preparing a sealing
glass ceramic due to its low o and high T; and the glass containing TiO, may be unsuitable for preparing a sealing glass
ceramic due to its low o and easy crystallization. The lead—free system rich in In,Os, SnO or TI,O; may be restricted either
due to their toxicity (e.g. T1,Os), high cost (e.g. In,Os) or the difficulty in preparation (SnO); whereas Bi,Os;-rich system could
meet all the requirements as mentioned above, and, therefore, have a bright prospect to be used in for domestic appliance.

Key words melting point; bismuth trioxide; solder; metal; heater
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