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The Study on the Strengthening of Li:0-AlLO;-5i0; Glass-Ceramics by Ion Exchange

Phil-Soon Chang and Won-Ho Kang
Dept. of Materials Science Engeering. Dankook University
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Abstract Strengthening of Li:0-AlLO:—SiO, glass—ceramics by ion exchange was investigated. Bending
strengths of the base glass before and after ion exchange were measured and effects of crystallization

on the strengths of ion-exchanged glass were also examined. Strength of the base glass increased up to
6 times by ion exchange of Li* with Na* under heat treatment at 450°C-3hr. Glass—ceramics showed an

increse in strengh as much as 10 times by Na*

ion exchanged at 450°C—1hr. However, and excessive

heat treatment at tempreature above 450°C and lhr, resulted in the reduction of bending strength due to

the surface compressive stress relaxation.
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Table 1. Composition of the base glasses.
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LIO Alea SIOZ MgO ZnO NagO TlOz ASzOg
(mole ratio) additives(wt% )
A 0.15 0.2 1
B 0.20 0.2 1 1.6 1.6 06 5 0.6
C b 0.25 0.2 1
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Fig. 1. Schematic diagram of ion exchange apparatus
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Fig. 2. The schedule of heat treatment temperature
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’_l‘_able 2. Tg, Mg, Thermal expansion coefficient of base glasses

Thermal Exp.
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Fig. 3. XRD Patterns of crystallized glass B at various
temperature
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Table 3. Crystallinity changes according to

composions
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Table 4. The heat treatmnt condition and thermal expansion of crystallized glass

Neucleation Crystallization Thermal exp. Coeff.
Sample i
Temperature Temperature (x10 'Cm/C, 20-300°C)
A 700°C 1100°C 10.9
B 660°C 1050°C 11.6
C 630°C 1000°C 235
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Fig. 4. Strength of glass B by exchanging Na* for Li*
at various heat—treatment for 3hr
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Fig. 5. Variation of strength at Na™ for Li* ion ex-
changing time at 450°C
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Fig. 8. Variation of strength at Na* for Li" ion ex-
changing time after crystallized glass at 450C

%238 FSpodumened o2 Holdtz] W
Ewe Lito]e] Na'ol@oz wdFHA
Ede] 2 &Y QA 2
9} Zro] crowingel] Y& #AEEHE HALE
o]n] 1417k o] Foll S kst Hio
o} Hzatx ZEe ghe] Welzle R
= lxich

HEEH

AR stgelol sdelA ol m& Azt
g 259 Hile W vFo W
obi7] $lal ¥ FAYE o83l H|F
Akt

Fig. 95 243471 Ax4& NaNO&%
A Aee W Azt wpd ulF e
35 vepdzlojct

ol wE HzLE Y A7t uht 2x7}
ZN 852 A gAlzte] HojAFF v]FE v
234 Fr7tete AFE B e o)A
Litol&xc} Aake] & Nao]e] A2 A&
g 242 08 AYdstA i ulFol
7= o2 Halrt

ol29 &FZOol

2Rel9 Na'o|2 AFZHo|

Fig. 10& B4 9 2l AlHE o]
Z#Fe| Naoj29 HFZe] EPMAZ £A
g 2golrh. 1417 o] m# Al 30ime
Nate]&o] 5= glon 3412 e T0m2
Na-o]2¢] HFHo e 2AE £5 ddS
] g 5A17ke]FelE AlE A it
gabo] o] F8x 9l&S WAL T+ Yt

Ir o
U

B
e
=

o wu ¥
e

rE of

L3 I3
5 2.4579
= 7

2.457 )

2.459

9/7“589
2.458 .

Time (min)
Temp (T)

Glass—~ceramic 30 0 180 300

Fig. 9. Variation of density at Na* for Li* ion exchang-
ing time and temperature after crystallized glass A

. ANt e R G ANA e 2 IHR
K ~.3 S6% am 1.2
F3==11 ch Si2= 5 ets
MEMTiR-1 L%,Um

l*}\L}i ( m
‘ L SRS W
< -3 732 mm 1.3 >
EE;]S!}; 3 ch 16= Y cts
S 0um

| | .
l
< -4 €20 mm .6 >
F3=511 ch B16= 83 cts|
MEM1:R-5 )
L : v ML” .
SRR P =

o I

-
< ~.3
!FS=5H ch Sté= 63 cts
[msm:a-e

Fig. 10. Na' ion penetration depth vs ion exchanging
time in Base glass B

ol e 7T mAE o] AHFZo]
= Y% Zo] IEsge drols Zudnlt
of7b A% slgded Hor & &S
Qg5 glen o & BES AL FU) UL
o A|ZAH A o] o] AFEUSHE S
71 dojvt FErt Astsle AL 2 AUA
o},



370 ARz A6A A435 (1996)

== 5hr
—— 3 hr
>
@
[ =
2
£ |
Al
o
Ti Na Si
’,'-.
al
M 12 B T4 5
eV

Fig. 11. EDS analysis of ion exchanged samples with
crystallized glass A

892602 15k

Photo 1. EDS line profile of Na' ion at 450°C with
crystallized glass Al

d@Y¥3sRe|e Na'oj2met

Fig. 112 AASH2E 450°CAA 342 5
AZE ol mEE Ewe EDSE AREEAY
adejct.

£gdolA 1412 HAlel= Nadf e
1.28wt% ol e.vd 3A|7b A 2] Alell+= 6.71wt%,
5A17F 2 g Alell = 1241wt%7hA] Nag} ool
FdHEe AE 25 dgew ZHe oj&w
g Azt Frtel gt Frlste A
gL B gl Photo. 18 EDS line®A gk
Foll A= o] A Fole A YL Ao

ebyteh

in2

@ E

Li.O-ALO,SIO A AAsgele] 3hatdz}
sto g AFE Fd o e HES
AL F Uk

1) Li,OgteF Z7lell upel "eo]H(Tg), ¥
H(Mg), AAsIEEE Holzon wfele
AR FAFLE F7s o

2) ZHE Na'o]2n@AZe o 2uz}
£ 450C-3hrell A vtebyton] mgjrch 3
I 6] AEFHE I 5 Ao

3) BHeE Naol2n®fy ZAAYIHAAE
e FEe F7vskA etk

4) feld AA3} dHelF Nato|2meh4]
ZeE ZA Zdstgdew 450C-1hrell 4 =
fFeioh A3 10wMe = FHARE B
EIEe =

= U

re

1. R. F. Bartholomew, H. M Garfinkel, in
“Glass Science and Technology” (D.R.
Uhlmann, N.J.Kreidl) Vol. 5(1980), 217~
270, Academic Press.

2. MLE. Nordberg, E.L. Mochel, H M.Garfinkel
and J.S. Olcotti J., Am Ceram, Soc 47
(1964), 215-219 10. G. Karreman, G.
Eisenman : Bull. Math Biophy., 24(1962)
p 413427

3. S.M.Ohleberg, P.W.Strickler, “Determina-
tion of Percent crystallinity of a Partly
devitrifice glass by X-ray diffraction”].
Am, Ceram, Soc 45, 170-171(1962)

4. Yong—Wan Park, Jung-Fun Kim, Seog-



=1

10.
11.

. D.A.Duke,

2 4

o

Joo Yon and Jung-Hee Cho “Studies on
transparatly Crystalized Glass on Li;O-Al
05-Si0. composition” J. Kor. Ceram. Soc.
26(3) 315-322 (1989)

. P.W.McMillian “Glass—ceramics” Academ-

ic press, 19-23, 245-266, New York, 1979

. Y.W.Park, CK.Lee, Y.S.Ko, and J.E.Kim,

“Studies on the crystallizing Glass on Low
Li.O Glass” J. Kor, Ceram, Soc 13(1) 30—
34(1976)

. Y.W.Park, E.T.Kang, CS.Park and MD.

Chem “Studies on the Glaze for high ex-
pansion glass ceramics” J.Kor. Ceram, Soc
17(4) 213-216(1980)

J.E.Megles,
and M.F.Bopp
glass—ceramics by application of compres-

JR, T.FMac
Dowell, “Strengthening
sive glazes” Technical staffs division, Corn-
ing Glass Works, corning, New York

14830 p98-102(1968)

. G.Partridge, “Nucleation and Crystalliza-

tion Phenomena in Low expansion Li,0O-Al
L0=Si0, Glass ceramics” Glass technology,
23(3) 133-138(1982)

ZaH TRy R 7 471479(1991)
Q.Q Chen, P.L.Gai, G.W.Groves, “Micro-
structure and grain growth in Li:0O-AlLO,—
SiO, glass ceramics” J. Mat. Sci. 17, 2671~

+7 W 3 LASA AAsfele] Szt #g A7

12.

13.

14.

16.

17.

18.
19.

371

2676(1982)

W. Ostertag, G.R.Fischer, and J.P Wil-
liams, “Thermal Expansion of Synthetic £
Spodumene and A-Spodumene-Silicate
Solid Solutions” J.Am.Ceram.Soc., 51(11)
651-654(1968)

J.T.Jones and MF. Berard “Ceramics in-
dustrial processing and testing” The lowa
state university press, 147-152(1972)

H Ohta, “The strengthening of Mixed
Alkali Glass by Ion Exchange” Glass tech.
16(1), 25-29(1975)

. A.K Varshneya : “Influence of strain En-

ergy of Kinetics of Ion Exchange in glass”
J.Am.Ceram. 58(34) 106-109
(1975)

S.S.Kistler, “Stress in glass produced by

Soc.,

nonuniform exchange of monovalent ions”
J.Am.Ceram, Soc., 45(2) 59-68(1962)

B.R Karstetter and R.O.Voss “Chemical
Strengthening of Glass—ceramics in the
system Li,O-ALO,~S10,” Tech staffs Divi-
sion, Corning. New York(1967)

FLusrs AL 20 p451497(1984)
A. Ismail A, Abdel-Latif and Delbert E.
day “Internal Friction of ion exchanged Li,
0-ALO2Si0, Glass” J.Am, Ceram, Soc
55 p279-284(1972)



