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Astract: The fractography was used to observe the stress profile on a single ion-exchanged glass. In
the processing, the temperature was varied during the ion exchange, and then the stress profile on the
single ion-exchanged glass was shifted from glass surface to slightly below the glass surface. The hackle
mark and mirror surface were varied according to process conditions, and the glass strength was increased
with increasing the number of hackle markers. In case of breaking the stress profile by using indenter,
the breaking property was similar to the annealed glass.

Keywords: ion exchange, chemical strengthening, fractography

LM & WHE2 o)FARORAN FHF -‘ﬂﬂ =Y 7

T gagezs, A= HeAFE 29714

fele A%, W74, #8945l vt 2 A& AA ARG Frst 54‘2111} Greent
camely)l ¥y} AAA T FHAY EA Tandon& o]Fo] &3 HE 7|RHo = 3 7pe=

F RS £ HE Al 4A FAHe A
w) 2ol ARg-el gAIZE At ol § g et
s17] st o] R stehE sl o2
wEYHo] AFE o st

1999\d 0l 20k A o] A&Z Q) P o= g H Al
2L 738 9l 0]F0]- 213 (double ion exchange
process)°] AAH R o, o] Wi oZ AZzH F
2)(ESP : Engineering’ of the Stress Profile)s= 3t
UZLHES F A AATI= AFH

ojl2u® yie g, AW 4F¥HSE B

=]

61

g olH o2 AMFO RN Felof by A
A 2 A AFE A AR, 22, o
A3 e 3 889 (KNOs+NaNOy & AL
3171 “HL""‘“ 340 g @S HoliL Ut

webA, & ApelX e FEE %013}7“ &t7] ¢
S HpH O 7 ol wFFH e = O].g\;\ou:]
BlE AL 3 4 & o] &3t ddol2ud
4 (single ion exchange process)2] &%, Al7Fe] W
stol] @& gHF o) W 8l Frote] RAE =
AVERaLA} BT



62 |3 # -

2, A3y

Aﬂi% o] 2 g ¥hH S Tl g
219 ZSAA4L LCDE 71 3f2l s} el
EH}\}OE Z}\]-sl,oﬂq. _9_51:1—1_'4‘— o]& _,'g_
& 71 st7] ol H & 400°CH] ks 1%35& ¥
AolA A E SHo] 4B FS Yel T, 4
Fol 3]st 600°Co] -2 A st Th. g 7]
Z9| o]Fo]| 22 Al A thE A, KNO,
1:/]_.0103 g 0]_9_6—],0;] o1u]-7<40] o]i—ril- igiq

=2 LS .

& 259X 0.5~4A17F A A El(step DL R
A S FAANIL, Y £F5FANN 22
e 24X 7F X (step DA DO ZHN THSY &

HHQ‘r %‘E?‘HHE o]z, o
7] 98 W71 E A A s 713 fEle ol
w3 27 UE FEslE A

x8x 1.1mme 7|2 At & Aukdo] &3}
= agol 98 2AE Fol7] Y3ted SiC AREA]
(#200—#800—#1200—#2000)$}F CeO, & A}
83t A A L v)A AvlE slHTh T3 Al
H Az FA oA FA s 7144 -5H S A A
7] fl3ke] £ 10°CY) *%Q—Ei 560°C7}A] 2
SAIA A %‘xmfﬁ 3, B3 3°CE H2717
Yztattt 33 F4E 24 T dojd fyjuH
S FEAn AL o] &3t FHHe Exjste T

iy ko

™ (mirror surface)¥ 2 € 2% AF=(hackle mark)S
BT 2N o] 23 FH AJHA A AFSHS
EA & #2595 o1, indenterE AHE-3le] o] ‘é"/‘
H ek shatd o2 Fhskd felol o &

7o 2 AW 2 9y FeY g %%3}91"4'.

Fig. 12 938 A &2 gad s #as Ao
2, f8) HAFRY g W 28 1Fo 45
o2 PAE NG g Aol A g L F 9
t}, Kerper? Scuderi’= H#H HE §2 & o] 43}
o WA 4&5¢E Fo] EAldte A%, 9
ﬂ A F7H % & (mist region), 2 E B FA}E S 9]

Aol A=, Q&0 2Hg-3h= A4, ol
AELY A o) 7t&dldtte AL =slg e

u:]4) B AHNHE o2 s EAo] B}
Fig. 1(a= 7| o218 ZZ A ~(double ion
exchange process)oll &J3l A ZH A|HE 38 F7}
T 24 ¥ AR frel e e s AR
AtzlelH, Fig. 1(b)ye & AolA =de dde]
2.8 (single ion exchange process)®l| ©J3) A=
H AJEe] s g AZg ARloltt

3 FAE 54 F Loz °ﬂ vt | v

Ij

R ERECELY e e
F3 9107, $¥Fo| e EANTHE YR E o]
FU AL L F Yk olsh e $HFe| EHL

oL 2 GAE LAY o]

fu
4
i
=
1t 4
HU
ﬁ

300um

—

Fig. 1. Optical micrographs of fracture surface of glasses in bending; @ is mirror surface, which is produced by
compression stress. @ is hackle region, which is produced by tensile stress. [a] double ion exchange process (stepl
500°C for 24h, step2 400°C for 0.5h) [b] single ion exchange process(stepl 500°C for 0.5h, step2 450°C for 24h)
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Fig. 3. Probability of failure versus strength for indented,
unindented and single ion-exchanged glass specimens.

iy

Fig. 2. Hackle size variation versus single ion-exchanged temperature; Arrow is hackle region, which is produced by
tensile stress. [a] Stepl 470°C for 1h, Step2 450°C for 24h, strength : 63kg/mm? [b) Step] S00°C for 1h, Step2
450°C for 24h, strength : 51 kgfmm? [c] Stepl 560°C for 1h, Step2 450°C for 24h, strength : 44kg/mm?
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Fig. 4. Fracture patterns of glass sheets by the influenced of residual stress. [a] ion-exchanged and unindented specimen
[b] annealed and unindented specimen [c] ion exchanged and indented (3 kg, diamond indenter) specimen
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