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A Study on the Effect of Residual Stress -
between’ Body and Glaze of Pottery on the Mechamcal Stxength
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Abstract In this study, the effect of vesidual stress on mechanical sirength was investigated with 1 kind of whiteware
body and 4 kinds of glazes which a6 produced in succeeding ceramic art place. Using, @g,pjjing methed, the body was
coated for different times in order t manipulate the coating thickness and smtereziﬁ the different temperatures
(1200°C, 1250°C, 1300°C, 1350°C) for two hours. The sintered bodies were characterizee by XRD, EPMA, FEM and
UTM in order to study the forming of reaction layer between body. and glazes, resam stresses and the effects of
residual stresses on mechanical strength of pottery. At 1300°C, we obtained maxisii ‘density and mechanical
strength. By the finite element roethod, the residual stresses in surface of body were zmﬁzmum in specific thickness of
glazes and the mechanical strength of body in that thickness of glazes showed maximum when the firing temperature

was settled.

M B

U £247) Agde F23 A Y25 AAAQ HE)
T3 A7 A% R 2 B dhis WE J)EE &7
83, ofe] 7h4 AlEY 2o 2 2 wg adE X5
2otz ol Ageict. Valo) Al ok By %-Agoa
=271 Abgdo] olRol A X% £AY) 98 A4 3
X QT BFHI 360 el T x5 oazn
o uls) FA AAY AHE AARY. T wjATZ A
o, 48 2 AZ FHY ML 57 22 o) A
T 227) AR thoba W wAb) AEL) e B s}
X2 Qsted THE A9e) STl BlsjA Ao E S3HA)
slojge}.

oleid AL 7 o, 7|29} AP S e
& Helbr) gaie Exbvlo) Y Agshe} AAS &
793 gt 7129 23] A2 ¢ AFE alumina
o) Wrheke) BAY) £ 9) Bxo) BHE o} A1TE
o) cf3t Zajrh FE Wg-Iolgent B AZ TH B

o A 9 €3 9 Bxete) dAd diye HAA
4 77 1 HAA edghel

gubRe 2 27 w‘%ﬂi} &A ol EAS = 22 49X
7 £ Aol ARe) S Y2 R BF A 9
EEckSY fobg 27 Al 2 $3¢ ) A8
£ AXAA P4 ojFell fofol 4E $H AHE U=
Zo) wighAsicn eix glet? AR fejet Aje
2 Apele] o5 $3 el Bl dolAd 2
#5 $H2 buckling 3} 22 AL #2¢ 5 ok ¢
A Sol BASE A%, 444 VY AEre} 2AE
® el FQol 7b7) ek o)’} F 2L Griffith 4}
(g; &) Vel 2] Rodx) vie} Zo) £Xp7) A5 g A4
7%= dqle) "Ack®

2 AFeldE 2 vt 2710 o sy ol
42224 94 Y e ELXNA AAF Q) A7 Y8
£ EAS 94 R 28 §54¢ Sz, 2R &
g} T S0 AR GE 93 5 VA AR §
A& Y 20 W o183 AR, ol AH £

~ 181 ~



182 FFAagHA A9A A25 (1999)

3 @He) urt 2Rl AAR BE vHE Jol
Y AF-E AWstack. S A 51 2y 2 A
A e e 9% F7HE Fohed TBE EA]e B
A2H AEE A3A sHch.

2 A E YUY

2 A7 4% FTASE Fig. 19 Yehd ups} oy
zA

Zt T A A AFA) e oS

Raw Materials

!

Ball Milling
24hr

y
Drying

v

Pressing

y

tst Firing

v

Dip Coating

v
2nd Firing
v

Characterization

[
A 2 7 v  J

UT™M EPMA XRD FEM

Fig. 1. Experimental procedures.
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Table 1. Chemical Composmon of Raw Materlals 7
Sample S0, ALO, Fe, Mgd CaO NaO KO 'T:@ - _,zg@ MnO: e loss_Total
Body 69.02 1950 031 016 0.17 1.74 2.26 'R 002,7 6.41 100
AZ-1 .5953° 1325 054" - 133 10.74 1.37 3.6 - 001 927 100
AZ-2 5850 1132 120 154 12.38 2.51 528 .- 001 7.24 100
AZ-3 62381 10.03 0.26 = 037 10.15 1.08 2.74 002 12.48 100
AZ-4 6699 9.30 01677 107 6.41 329 21 002 1065 100
Table 2. Thermal and Elastic Px ] Gf:Bfody and Glazes.
Sample ogtfidlent_Elastic Modulus 2‘::;‘;’}0,5 1 ‘Ifc‘g:‘; ) T,
(100«700 C} o e Y ] ‘
Body 6.472x10" /K 75.05 GPa 0.3 1.2~16W/m - K -
AZ-1 4523x107° /K 69.16 GPai™"? 0.24 108 W/m - K 743
AZ-2 4701x107* /K. 71.26 GPa'*'? 0.24 l,ﬁ’sﬁ'fﬁﬁm K 762C
. AZ-3 4859x107° /K 64.34 GPa'>"» 0.24 103 W/m - K 782°C
AZ-4 4.685x107° /K 62.62 GPa'™'? 0.24 103 W/m -K 736°C
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Fig. 2. The effects of firing temperature on bulk density and
apparent porosity.
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Fig. 3. The XRD patterns of body sintered i in different tempera-
tures. "

A2 Qe

Pz} e 2 EAL AHE o 1300CAA 223
£ Aol EA7] £X9) NFES 51 M ¥ UEE
dg 4 glen, *Xlg}wr-F 7o) w5 Folele] 2
TIAR BEE & F o2 BeiEic},

3.2 8 24 ol -—I§! "hr S iy

dipping method 2 X4 A)7he- 2a)#ie o $o %‘4
7 985 Fig. 60 veblieh. A4 Az 98 54 &
2] -7 Wizt BAS B 545 FA9) Aol Akl
A¥AeR wEskL ek ol T BAE YA
slip castingo}4] Bodx)& FAZA, A mechanisme
slip casting modelE H9E % gl RN R EEE
B %< 29 FAVL 343 FTREAG Aol A}siAS)
A #2357 b £9L AT F ek

A9k 5ok BF AFL Fig. 7ol bl 49
A 5A4¢ A A9 dxEq) 993 A &A= &
647 X107 /K, 4ok ok 4.52~4.86X 107K 9} 2+& }
Bhlick. olE frote] IhRel 29) WA v} e
AEEA fdolle &F 43, X 9 $Hol £
k' dai At fobell 35 Sl BT £A)



184 FFANETI A A9HA A2E (1999)

(c) 1300TC

(b) 1250C

5. 8pm

(d) 1350C

Fig. 4. The SEM images of fracture surface of body as function of firing temperatures.
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Fig. 5. The EMPA profiles of Ca** ion diffusion into body { The right sides are glazes).
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Fig. 6. The variation of glazes thickness as function of dipping
times.
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Fig. 7. Thermal expansion behavior of body and glazes.
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Table 3. The Maximum and Minimum of Residual Stress in Body and Glazes Calculated by FEM (unit; MPa)
Dipping Time 10s 155 20s
Sample
AZ-1 Maximum Tensile Stress 214 28.6 30.6
Maximum Compressive Stress 124 120 118
AZ-2 Maximum Tensile Stress 374 45.6 485
Maximum Compressive Stress 107 97.4 949
AZ-3 Maximum Tensile Stress 26.2 30.9 32.6
Maximum Compressive Stress 88.7 85.7 844
AZ-4 Maximum Tensile Stress 194 28.3 304
Maximum Compressive Stress 102 96.7 955
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Fig. 8. The distribution of residual stress in samples calculated
by FEM (a) represents 10sec dipping, (b) 15sec dipping and (c)
20sec dipping.
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Fig. 9. The residual stress developed in surface of body calculat-
ed by FEM.
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Fig. 10. The effect of firing temperature on fracture strength of
body when the dipping time was identical.
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Fig. 11. The fracture strength of body(sintered at 1300C) as
function of dipping time.
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