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Effects of doping La,O; on crystallization and mechanical properties
of lithium disilicate glass-ceramics
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Abstract: The SiO,-Li,0-K,0-B,0; glasses doping La,0; were prepared by traditional melting quenching method, using
P,05 and ZrO, as complex nucleating agent and Sb,O; as clarifying agent. The effects of La,O; content on the
crystallization behavior, the crystalline phase and the mechanical properties of the glass-ceramics were investigated by
using of DSC, XRD, SEM and mechanical property tester. The results show that, the change of La,0; content mainly
influences the exothermic peak temperature rather than the second exothermic peak temperature. When La,O; content is
lower than 0.40% (mole fraction), the doping content of La,O; does not change the main crystal phase type in the
glass-ceramics. However, when the La,O; content increases to 0.80%, the La,O; directly involves in the lattice
construction of LaPO, micro-crystals. At the same time, La,0O; doping increases the precipitation temperature of Li,Si,Os
phase. When the La,O5 content is 0.40%, the glass-ceramics has the highest bending strength and elastic modulus, which
are 328 MPa and 143 GPa, respectively. When La,0; content is lower than 0.40% and higher than 1.20%, the fracture
toughness of the glass-ceramics changes slightly with increasing La,O; content. However, when La,O; content is
0.40%—1.20%, the fracture toughness increases obviously with increasing La,O; content, the biggest fracture toughness
of the glass-ceramics reaches up to 3.34 MPa-m'.
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1
(1 Table 1 Compositions of precursor glasses
Sample Mole fraction/%
No.  B,0, Si0O, P,0s K,O Li,O ZrO, LayOs
CLAUSBRUCH ' APEL D 0 233 6550 1.16 1.80 27.31 1.90 0.00
HOLAND ™ ZHENG 0B P,0s ZrO, 1 232 6524 1.16 179 2720 1.89 0.40
2 231 6498 1.16 1.78 27.09 1.88 0.80
3 230 6472 1.15 1.78 2698 188 1.19
4 229 6447 115 1.77 2688 187 1.58
1
200 g
[7-10] 0.2
mm 500 mL
3  /min 1500 3h
[11-14] 500
710, ZrO, 0.5h
210, 4, (DSC)
710,
La,05 74 pum NETZSCH
(. MgO-ALOs- SiO,-TiO,) STA 449C
(3] ZrO, 10  /min
1 000
Si0,-Li,0-K,0-B,0;
P,0s  ZtO, Sb,0; 1.3
La,0, DSC
525 650
5 /min
14 X (XRD)
1 50 um
Rigaku D/max
2550 PC X X
11 Cu 10°~80°
Si0,-B,05-Li,0-K,0 8 (°)/min
P,0s Sb,0; La,0s5
SiO, 15 (SEM)
710, La,0; . 5% HF
5N B,0; P,Os K:O Li,O Jmin
‘ KYKY-2800
H;BO; (NH,),HPO, K,CO; Li,COs
Si0, Li,O 2.40:1 La,0;
( ) 0 0.40% 0.80% 1.19% 1.58% 16
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4 mm>=<4 mm><30mm 25 mm La,O4
2 0 3
Kic 3 4
25 mm>=2 mm><4 mm 0.2 La,04
mm 2 mm 3 0.80% La,O3
La,0; 0.80% La,0;
5 La¥* La¥*
La,0;
21 Lay0;
DSC 1 1
(6y) 500
La,04 (3-6] La,04
01 2 (
) 3 4 La,0; 2 DsC
Table 2  Characteristic temperatures of glasses samples
analyzed by DSC
2 La,0s 0 Glass . First exothermic Second
1.58% 637.9 Sample transformation peak, exothermic peak,
732.1 94.2 779.0 No- temperatue, 2 0,
798.7 19.7 0 4;8.1 637.9 779.0
1 493.2 658.4 778.4
2 498.1 699.1 789.0
W 3 504.8 729.6 796.6
Z M 4 503.9 732.1 798.7
Sample 2
, [Sample % 22 LaOs
§ DSC
-j:: Sample 0 3
. . ' . . 3
400 500 600 700 800 900 1000 Table 3 Heat treatment schedule of glasses samples
Temperature/C Sample Nucleation Crystallization
1 DSC
Fig.1 DSC curve of glasses samples studied 02 525 . 1h 650, 1h+780 ,2h
3-4 525 ,1h 730 ,1h+800 ,2h
La,04
La,O;3 3
La’ XRD 2 2
3
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Fig.2 XRD patterns of glass-ceramics samples 0—4
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Fig.3 Mechanical properties of glass-ceramics samples: (a)
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SEM
Fig.4 SEM images of glass-ceramics:
(a) Sample 0; (b) Sample 1; (¢) Sample 2;
(d) Sample 3; (¢) Sample 4
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