55 50 555 8 ] et Vol. 50, No.8

2022 £ 8 H

(L7 D ¢

JOURNAL OF THE CHINESE CERAMIC SOCIETY August, 2022

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20220191

g oa i

B 1 - S M T ST P

TAUT, T, BEE, & W, 1 W, HRE
(b E TR R B S A IR AL L5 100024)

B OE: BB TANOTER SR T RN MR R RGN AT, ORI R . BT A
BFe LB, BB TAC BN, ROLHE TcHot, Sy ScH BOR E 8 ) A S M ARG 3 (R T
T ESHRFI R ST R, SIS TAC B LT, AR T AR, S B T S i R
ok, $RHH T RO AESPIEAR, ORI b AR B R T RN S R R IR T I P b B
SRR . JET DAL 3 AN TR T BBES T A gy S ST

E$%?¥

-.-.E:'.. d-&

. - K

KBEIR: PO, BT RWIERT RIBERE; WS
PESES: TQI7I MEARARD: A MBS : 0454-5648(2022)08-2257-13
4%t hRETiE] : 2022-07-01

Research Progress on Glass Ion-exchanged Technology

WANG Yanhang, LI Xianzi, YANG Penghui, HAN Tao, HE Kun, ZU Chengkui
(Building Material Industrial Key Laboratory for Special Glass Preparation and Processing, China Building Materials Academy,
Beijing 100024, China)

Abstract: Glass ion exchange method is still widely used in emerging fields such as information display, aerospace, high-speed
railway and optical communication, and its corresponding research is in the ascendant. Previous research work on the ion exchange
mainly focuses on the mechanism of glass ion exchange to find new ion exchange pairs, which provides a theoretical support to
realize higher mechanical and optical properties of glass, the optimization of ion exchange process parameters and the use of modern
means such as auxiliary electric field to realize independent control of ion exchange and improve ion exchange rate. Different
performance evaluation indexes are proposed for different application scenarios of ion exchange. The performance indexes of ion
exchange reinforced glass mainly include surface compressive stress and layer of depth, while the performance index of waveguide
glass is mainly refractive index gradient. This review summarized recent research progress on glass ion exchange based on the aspects above.
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Table 1 Ion exchange constants of different glasses

]

Exchange pair Mole fraction x/% Temperature/ C K n
Na™—Li" 11.4Li,0-16.5A1,05-71.5Si0, 400 0.28 1.9
Ag—Li" 11.4Li,0-16.5A1,05-71.5Si0, 300 3.17 22
K'—Na" 16.3Na,0-13.2A1,05-3.81Ti0,-71.5Si0, 500 0.94 1.2
K*—Na" Code 7740 465 1.2

Na'™—Li" 5.86Li,0—11.5A1,05-3.78Ti0,—4.09MgO—-74.7Si0, 400 0.27 3.2
Na'—Li" 5.86Li,0—11.5A1,05-3.78Ti0,—4.09MgO—74.7SiO, (cryst) 400 2x107 or 2x107° 0.6 or 4.0
Ag'—Na" 11.4N2a,0-5.82A1,03-18.7B,03-64.1Si0, 300 14 1.4
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Table 2 Transformation temperatures and self-diffusion coefficients of alkali ions at 500 ‘C""*l

Self-diffusion coefficient/(cm*s™")

Sample Transformation temperature 7/ 'C
Dna Dy Dcs

Na,0-6Si0, 470 2.78x107 1.18x107° 2.02x1078
K,0-6Si0, 495 1.01x107° 3.1x107 5.34x107!
Cs,0-6Si0, 571 5.22x107" 3.68x107" 3.13x107"°
0.5Na,00.5K,0-6Si0, 467 4.40x10”° 2.3x107 6.29x107"2
0.5K,0-0.5Cs,0-6Si0, 500 2.72x1071° 8.05x107"° 1.72x107'°
0.5Cs,0°0.5N2a,0-6Si0, 485 2.49x107"° 1.13x1071° 4.77x107"2
1/3N2a,0-1/3K,0°1/3Cs,0-6Si0, 472 6.35x107"° 3.79x107" 2.67x107"
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Tons Radius/nm Polarisability/(x10* cm®) Glass Melt Temperature/'C An

TI" 0.149 5.20 Boro-silicate TINO3;+KNO3+NaNO; 530 0.001-0.100
K" 0.133 1.33 Soda-lime KNO3 365 0.008
Ag" 0.126 2.40 Alumino-silicate AgNO3 225-270 0.130
Rb" 0.149 1.98 Soda-lime RbNO3 520 0.015
Cs" 0.165 3.34 Soda-lime CsNO; 520 0.030
Cu’ 0.096 1.73 Soda-lime or BK7 CuSO4+Na;SO, 580 0.010
Na' 0.095 0.43
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15 197 557 11
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Sample Mass fractionx10°/% Other I/C
No. Sodium  Calcium  Magnesium elements "
N10 1039 5 330
N16 1654 5 324
N25 2431 5 Li 322
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Table 7 Hardness (H) and indentation modulus (M) for raw
glass subjected to Na'/K" and Cs'/Na* EF-IE™!

Nanoindentation Micro indentation

Glass

H/GPa M/GPa  H/GPa  M/GPa
Raw glass 5.240.2 58.0+£5.3  5.8+0.2  61.9+4.2
Na'/K" ion-exchanged 5.1£0.5 57.144.7  6.040.1  62.1+4.6
Na'/Cs" ion-exchanged ~ 4.0+0.3 43.1+£3.6 53405 58.6+1.7
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