Journal of the Korean Ceramic Society
Vol. 51, No. 5, pp. 487~491, 2014.

http://dx.doi.org/10.4191/kcers.2014.51.5.487

Mechanical Properties of Porcelain with Thermally and Chemically
Induced Residual Stress on Glaze

Dong-Hwan Kim***, Jee-Hun Maeng*, Yoon Soo Han*, Hyung-Tae Kim%*,
Sung-Churl Choei**, and Hyeong-Jun Kim*
*Korea Institute of Ceramics Engineering & Technology, Icheon-si 467-843, Korea
**Devision of Materials Science and Engineering, Hanyang University, Seoul 133-791, Korea
(Received May 7, 2014; Revised July 4, 2014; Accepted July 21, 2014)

=] = = = (=) = ~ O
L, sty Zsiof ol &HR3S30| M E RefES 7

EX70e 7IAH 24

ZSghoes - WXF* - SR - AR - AME - JYFE

*HA| 2] 7159 Ao A2 e Al

SR L ERNES ELE

0149 59 7Y " ; 20149 79 49 FA ;20149 79 21 AE)

ABSTRACT

In this study, we measured the thermally and chemically induced residual stresses on glaze using the photoelastic method. Porcelain
with thermally induced residual stress showed compressive stress of 49 MPa for thermal expansion mismatch and a locally fluctuated
stress field over the glaze layer due to compensation of compressive stresses around pores. In the case of chemically strengthened
porcelain, the compressive stress on the glaze was 151 MPa which was around 3 times higher than the stress on thermally strengthened
glaze. The trend of fracture strength of thermally and chemically strengthened porcelains was coincident with that of the residual stress

of porcelains.
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Table 1. Whiteware-glaze Composition (wt%)
8102 A1203 F6203 CaO MgO Kzo Nazo T102 P205 BaO
Body 71.60 18.90 0.36 0.31 0.19 1.75 1.16 0.03 0.03 -
Glaze 70.09 10.68 0.18 8.92 1.75 2.26 2.86 0.03 - 3.21
Table 2. Thermal Properties of Body and Glaze Table 3. The Result of Stress Optic Coefficient Using the Stress
Sample CTE (25-700°C) T Optic Coefficient Measuring System
g
Body 7.8088 x 10°/K . Stress optic Stress optic coefficient
6 o coefficient after ion exchange
Glaze 5.8084 x 10 /K 696°C (nm/cm)(keflom?) (nm/cm)(keflom?)
1 3.5816 3.4873
5] Astel froke Restatel frokel FRYASe 2 3.4669 34175
AUghe 7 F, o2 olgs) NFA Yt AFIY B 3 34342 3.6820
2 24390 287 =372 g].tﬂ—7]—§].;qg]§ 3 & 4 3.5123 3.6713
okZ o] AFLHEE 7|AIA 7Frote] Ao tis) 5 3.6191 3.8149
ATskA Tt Average 3.5228 3.6146
2. ME wH
Aolth z+758 =4 A8E AH|E HanKookLabA}

Aol ALgE AlHE MALA(AZLHEE, 1S, Korea)s
5x5x50mm’ o2 T2 sle] 900°Ce|lA] B9 3°CE
127 & FoReld=A, ste {9, Korea)s Al
sled 1250°CoA B 3°CE 2344 51e] AYAIF L. o]
3 3}adstel] 93 a2 #FE]) Yske] 400°ClA
KNO;(Daejung, 99%, Korea) S804 6 Al7HsQF s}
43t A& 3Tk Table 12 Ao ARSH WAph

A9} F-9F2] ICP £H o2 de A4S e Aoz,

AHE fore AQzE G AelAolEA fele
°‘z°lEP

YeErEE S48 a9 fote AW 5L
Table 20 ERA 2100, freleh 2Ae] AAFAL ol
E % 2x10‘6f’c AEglom, fropo] 2ANG S
AAF 4 BTk

Ao BREAE 24 delod 2H 2 s 7
3lE AJES 5x5x02mm’E 7FEE T dHe lum 3
PYeoe ¥R L AT Fokel FEAYASFE =
get7] kel frof Era‘—g— 1600°Col A 2 A7 8§35t
T 5o B AFsEI 700°Co A 20 minsot &
28] stk 6% 6 % 20 mm3 7F8E ¥ 1pm PPLEL
2 19 7H-g skt

FATE T3 AFSES oo 22 AN
o]-&3te] A 7Fst skl

6=C-c-1

714 s F88 Holo & YEhs FEA, o
A7tE @588, C= AlEY FedAS, 2 AlHe

S le e k8l )

©] HKL-HPASM-S200 Edo]Qlth ko] JedA =
27 45 WS olgste 7 st wE 7|evE
olgate] ZAatgom ) oju) ALEH BEAAF Z4
71+ HanKookLabA}l2] HKL-02-SOCS(Korea) =92, 0.1
~1.7 MPa &t5& 718t FedAITE SHT + A

T= = T
=2 JotH Aottt =x17]9 33 I EE wEsAsAd
71(R&B, RB 302ML, Korea)Z =7 3tR o™ FoFo] &

ol fok) 4] A= YElERE] (Netzsch,
Dilatometer 402C, Germany)E ©]-&3le] 43t} 518t
&8l T olewdt Zol= FARIARANZ (Jeol, SEM-6701F,

Japan)S ©]&-3}4] EDS linescanol] ]38t AEEH S 53|
TsHATH
. A nE

Table 32 FEAAIT SA 710 oaf S8E fofel &
Jéﬂ]—’?olt}. 523 nm 3A SAE e {oFe
Ha e ASE 3.5228mm/em)/(kgflem?)ATH ©] FHe
INADA7} A&3F 204 3] {29 ¢ J@O 2 2.63
(nm/cm)/(kgf/em’) BT} =Fo]7} Q1SS 2ld 4 it}
FH2ol| AnfEE Hol AL v Ath-UFH|=

AgAES 9 #h((el, Z¥ 2™ 3.02(nm/cm)/
(kgfem?)) B th=s =2 7He Uehfgoen,? d2owe A
ZAIEA FEloll ek Smedskjaers 2] A-ollA] dojzl
T fAre g JehAEE! SmedskjaersS &zt
E_ﬁ__g] ﬁl-v';’ko] 57}61—0]] u;}a]. JJ—FA—/H 7:]]_,47} 1/‘—0}.;(]_‘:_ Al
Fgelstdnh. 2 Al fofe] BeA s e
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Fig. 1. The residual stress on glaze.
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Fig. 2. The residual stress on glaze after ion exchange.
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Fig. 3. The alkali element gradient of chemically strengthened
glaze using the EDS Line scan.
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Fig. 4. The result of 3-point bending strength.
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