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Abstract: In this study, the effects of shot peening (SP) on the Vickers hardness of ZrO, were studied. The
size of the shot balls were ©180 m and @300 um. The Vickers hardness was measured using an indentation
load of 98 N and 294 N. The Vickers hardness was evaluated using Weibull statistical analysis. The scale
parameters were significantly evident from the indentation load of 98 N and the shot ball of ¢180 um.
Generally, the shape parameters were also evident from the small short ball (180sp) . Thus, it is shown that
the introduction of a compressive residual stress by SP is an effective technique for increasing the mechanical
properties of ZrO,.
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Table 1 Batch composition and processing conditions Table 3 Condition for X-ray diffraction
Batch Conditions Characteristic X-ray CuK a
Speci. composition S Heat X-ray tube Cu
(Wt.%) Sintering - - -
: treatment Diffraction plane SizN4(323)
7 100 wt.% 710, 511073 Kg Diffraction angle [deg] 141.26
vz | 30 MPa — AT Tube voltage [kV] 40
90 Wt.% ’ 1173 K,
8 10 wt.% SiC 17123hrK’ 1hr in air Tube current [mA] 30
o .
zst | Tosmese | V| 07 K, ]
12w.% TiO, lhr in air Bt FAANN F, ZEt] 60x35%3 mme]
SAAE AT 2EIYSP) AlEHES A o
5] Q=13
Table 2 Shot peening conditions mFake] ARE-SHaA T
&EIY EW AE A9 &EIY G

Shot system Direct pressure system
ZrO, (1250 Hv)

® 180 gm, ¢ 300 um

Shot material

Shot diameter

Shot pressure 0.2 MPa

Projector distance 100 mm

Time 30 sec

Coverage 300 %
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ZrO, (TZ-3Y-E, Tosho Co. Ltd., Japan)2} ZrO,ol
g AFEAS Folshr] flstel Hddd 0.27 im
SiC(Wako Pure Chemical Industries, Ltd Japan)
ARESEAT TiO, 7l W= Zr0,0 54
37tat7] 98kl BHEA7d 0.3 m EE(CHHE
AFgER T B ol AZ 2 RS SN,
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Fig. 1 Comparison of Vickers hardness between
as-received specimen (Z, ZS and ZST) and
heat treatment specimen (Zh, ZSh and
ZSTh)
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Fig. 2 Weibull plot of Vickers hardness of as-received
specimen(Z, ZS, ZST) and heat treatment
specimen(Zh, ZSh, ZSTh) under indentation
load of 98 N
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Table 4 The estimated Weibull parameters of 3
kinds of specimen under 98 N

Parameter Shape Scale Mean/STD
Specimen parameter | parameter COV
1305/98.19
Z 19.9994 | 1332.99
0.075
1328/37.37
Zh 42.2839 | 1344.40
0.028
1321/32.47
ZS 48.7790 | 1335.54
0.025
1363/21.04
ZSh 79.2620 | 1371.89
0.015
1293/18.12
ZST 85.5526 | 1300.63
0.014
1376/24.36
ZSTh 69.1720 | 1386.97
0.018
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Fig. 3 Weibull plot of Vickers hardness according
to indentation load
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Table 5 The estimated Weibull parameters of Z
specimen by indentation load

Parameter Shape Scale Mean/STD
Specimen parameter | parameter CcoVv
7-98 19.9994 | 1332.99 13%% 9735-19
7-294 742877 | 1329.96 13%% 2138-58
7h-98 22839 | 134440 | PTOT
Zh-294 157.5700 | 120322 | 120870

Table 6 The estimated Weibull parameters of ZS
specimen by indentation load

Parameter  Shape Scale Mean/STD
Specimen parameter | parameter CcCoV
75-98 487790 | 133554 | 1% 1(/) 4
78-294 683922 | 132778 | 13718
75h-98 79.2620 | 1371.89 13?% 21 15-04
zsh294 | 1252040 | 129692 | 'ZPUI%O3

Table 7 The estimeted Weibull parameters of ZST
specimen by indentation load

Parametery  Shape Scale Mean/STD

Specimen parameter | parameter COov
1293/18.12

ZST-98 85.5526 1300.63 0.014
1258/20.02

ZST-294 76.3153 1267.26 0.016
ZSTh-98 69.1720 1386.97 1376/24.36

0.018
1350/13.85

ZSTh-294 117.6830 1356.64 0.010
o obAE e A olstel EHel P

AbshEo] of gFolet wdgiet

Table 5~7-> H|# 2 st% 98 NI 294 N st
oA z, ZS B ZST EA AFH 3 A A3
Aol vistel $43 sholi g4l shehvle]

@S vpebdnl T3 Table 5~79] AHEE A <
gk W, 59 2 ®"sAFCov)E A v
ER At

Fig. 4(a)~(c)T= &Y 3t%F 98 N Z 294 Noil A



Z1717}F th& Shotoll £18+e] Peeningdt 710, H§ Aletu] o] WAL giQlstgol we ofols $A--- 991

—e— L98
gpjj—*— Z-294
-~ 55— Z180sp-98
70||—=— Z180sp-294
60| —¢— Z300sp-98
s0||—e— Z300sp-204

Probability (%)

10+

L L
1200 1300
Vickers hardness (Hv)

(a) Z specimen

—c— E8-98
[|—e— zs-204

80 /| —=— Z5180sp-98
T0r | —m— ZS5180sp-204
[ |—e— zs3o00sp-98
[ || —#— Zs300sp-204

1350 1400 1450 1500 1550
Vickers hardness (Hv)

(b) ZS specimen

1L L L
1200 1250 1300

29

S0+

o -1 @
So o
T

- |—&— ZST300sp-98
[ |—®— LST300sp-254
40+

How m
S o =]
T

Probability (%)

1200 1250 1300 1350 1400 1450

Vickers hardness (Hv)

(c¢) ZST specimen

Fig. 4 Weibull plot of Vickers hardness according
to indentation load
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Table 8 Weibull parameters of Z specimens

Parameter|  Shape Scale Mean/STD
Specimen parameter | parameter COoV

7-98 199994 | 133299 | PO
7-294 742877 | 132996 | 1203
Z180sp-98 86.1561 | 1456.83 14‘(‘% 2115-20
Z1805p-294 | 60.4441 | 1370.82 13%?(/) 223)-60
7300sp-98 | 74.6613 | 1314.99 13%% 2116-30
Z300p294 | 321173 | 133844 | 13 g(/) ‘;%46

Table 9 Weibull parameters of ZS specimens

arameter Shape Scale Mean/STD

Specimen parameter | parameter Ccov
1321/32.47

ZS-98 48.7790 1335.54 0.025
1317/23.18

7S-294 68.3922 1327.78 0.018
1465/28.63

ZS180sp-98 63.2353 1477.35 0.020
1404/14.61

ZS180sp-294 114.6060 1410.36 0.010
7ZS300sp-98 58.8670 1464.94 1452/29.98

0.021
ZS300sp-294 83.2629 1377.94 13%9(/)21(;'02

Table 10 Weibull parameters of ZST specimens

Parameter Shape Scale Mean/STD
Specimen parameter | parameter (6(0)Y
1293/18.12
ZST-98 85.5526 | 1300.63 | “yoi
1258/20.02
ZST-294 | 763153 | 126726 | y0
ZSTIS0sp98 | 63.1000 | 141285 | 1401/26.15
0.019
ZSTI80sp-294 | 859629 | 137878 | 12701870
0.015
ZST300sp-294 | 1024820 | 1368.06 | P01

227} ZHA JEREAI R, 2-294 2 Z2300sp-294 A
HAARTE £ 8EF FXE YERATH
(b) ZS180sp-98 AP A ZS300sp-98 Al FAH
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Fig. 5 Weibull plot of Vickers hardness according
to shot ball sizes
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Table 11 The Estimated Weibull parameters of Z
specimens by shot ball size

Parameter | Shape Scale Mean/STD

Speci. parameter | parameter COvV
1305/98.19

Z-98 19.9994 1332.99 0075
1448/21.20

Z180sp-98 86.1561 1456.83 0015
1306/21.30

Z300sp-98 74.6613 1314.99 0016

Table 12 The Estimated Weibull parameters of ZS
specimens by shot ball size

Parameter Shape Scale Mean/STD

Speci. parameter | parameter COovV
1321/32.47

7S-98 48.7790 1335.54 0.025
1465/28.63

ZS180sp-98 63.2353 1477.35 0.020
7S300sp-98 | 58.8670 | 1464.94 14%262291-98

Table 13 The Estimated Weibull parameters of ZST
specimens by shot ball size

Parameter Shape Scale Mean/STD
Speci. parameter | parameter COoV
1293/18.12
7ST-98 85.5526 | 1300.63 Y
ZST180sp-98 | 63.1090 | 1412.85 | 1401/26.15
0.019
ZST300sp-98 | 814170 | 1407.34 | 1398/20.37
0.015
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