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A shot method wherein a shot media based on zirconia 
composed of a sintered body of partially stabilized zir- 
conia, of which a substantial quantity of the shot media 
pass through a sieve of normal sizes with apertures of 
2.36 mm or less, of which the mean relative density 
against the theoretical density of zirconia is not less than 
95%, of which the mean grain size is not more than 1.0 
pm, and which has a mean Vickers hardness of not less 
than 1,000 kgf/rnrn2, is shot to a work surface. 

7 Claims, No Drawings 
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stant condition, due to shot powders worn by the shot 
SHOT METHOD or  shattered junk. 

It is an object of the present invention to solve the 
This invention relates to a shot method employed in above problems and to provide a shot media wherein 

shot peening, shot blasting and the like. 5 rust is not generated on the shot media per sc even when 
As an artificial shot media which is employed in shot it is employed in a wet form, the surface of  the work 

peening for preventing stress corrosion cracking of after the shot is more smooth than in glass beads, the 
steel, for providing wear resistance of a mirror finished specific gravity thereof is larger than that of zircon or 
surface of various metals or  alloy, for providing an alumina shot agent, the shot agent is hard to adhere to 
ornament effect to a surface of a work as a substitute of 10 the inside of a shot equipment by static electricity, the 
buffing and the like, and in shot blasting for removing shot media is excellent in the impact effect and the 
rust formed on a surface of a work, old pained film, removal effect in polishing, grinding and the like, no 
lining coat, sprayed coating, plated coat and the like, for inlaying phenomenon is caused on the work, the shot 
finishing such as removing slag after welding, deburring media is provided with a sufficient mechanical strength 
a resin product after forming and for providing random I S  and is not crushable, an after-treatment process of a 
asperity to a surface of a metal basis material before work such as acid pickling is not necessary since rust is 
various coatings and the like, random edged particles of not generated on the work, the shot media is provided 
fused alumina, silicon oxide, steel grit, cast iron grit and with high wear resistance, and the shot agent can main- 
the like or  spherical particles of steel shot, glass beads, tain Constant shot Parameters and treatment with re- 
alumina-ball and the like, are known. 20 spect to the work even when the shot agent is repeti- 

In recent years, a shot peening and the like employing tively utilized. 
a shot media having a small particle diameter of a mate- According to an aspect of thepresent invention, there 
rial other than metals such as glass, zircon and alumina, is provided a shot method wherein a shot media based 
is performed for providing wear resistance of a mirror On zirconia composed of a sinkred body of the partially 
finished surface of various alloys or for providing orna- 25 stabilized zirconia of which substantial total quantity is 
men[ effect of  a mirror finished surface as a substitute of under a sieve sizes of 2-36 mm, of 

buffing. which mean relative density is not less than 95%, of 

As characteristics of a shot media having a small which mean grain size is not more than 1.0 pm, and of 

paRicle diameter which is employed in shot peening or which mean Vickers hardness is not less than 1,000 

shot blasting, it is preferred that the media is provided 30 is shot a work. 

with a large specific gravity as in a shot media having a In this specification, the "mean grain size" with re- 

large panicle diameter, and a mechanical strength, spect to a sintered body, indicates a diameter of a circle 

and is hard to be shattered by the impact of shot. having an area the same with another area measured by 

In recent times a shot media having a particle size of 35 performing an image analysis on a size of each grain 

not more than 3 mm, or  not more than 0.3 mm in case of observed by a scanning electron microscope, when the 

especially high accuracy, is required to meet a require- shot media based on zirconia sample receives a thermal 

ment for higher performance with respect to complex- etching. 
"Vickers hardness" indicates a value measured by  it^ of the the work Or  the surface property such "Testing method for Vickers hardness number o f a  high as the smoothness,. the dimension accuracy, the reflec- 40 performance ceramics" prescribed by JIS R 1610. The 

tivity and the gloss of surface. testing method is as follows. A Vickers hardness tester 
Fused alumina or  silicon oxide are employed in shot or a micro Vickers hardness tester is employed. An 

blasting for removing rust or  burr, since they are excel- indentation is famed on a mirror-finished surface of a 
lent in the cutting performance compared with that of a sample employing a square-based pyramidal diamond 
metal shot media. However, especially silicon oxide is 45 indenter having included face angles of 136 degree, 
apt break since it is of a and reuse under an applied load whereby the fracture of sample is 
there of is difficult. When the surface of a work of stain- not caused. The value is calculated by the following 
less steel, aluminum alloy and the like is treated by steel equation from a sudace arcs of indentation 

or cast iron grit, the "inlaying phenomena" are obtained from the diagonal of indentation and the a p  
caused wherein the shot media is embedded into the 50 plied load. ~h~ applied load is selected from a range of 
surface or  pierces therein, and rust is generated at this 50 gf to lo  kgf in accordance with the size of sample, 
portion or  rust is generated on the media per sea and the loading time is determined to be ten seconds. 
Glass beads form a thin glossy mat-finished surface on 
the work and is excellent in the impact effect. However, Vickcrs hardness (Igf/mm2)= 1.8544 P/S 
the smaller the beads diameter, the more the beads are 5 5  
apt to be provided with static electricity, clnd the beads where P is the applied load (kg0 and S is the surface 
adhere to the inside of an equipment. Or, the shot media area of permanent indentation (mmz). 
per se is shattered by a single shot and can not be reused, "Compressive strength" of a spherical shot media is a 
since the mechanical strength thereof is small. value provided by the following method. 

A shot 'media of zircon or alumina is excellent in the M) In case that the particle size (d infra) of the spherical 
impact effect compared with that of glass beads. How- shot media is larger than 0.2 mm, based on "Testing 
ever, the mechanical strength thereof is not so excellent method for compressive strength of high performance 
that the shot media can be repetitively used, since the ceramics" prescribed by JIS R 1608, the sample is set 
fracture toughness is low. Further, the specific gravity between steel blocks having a thickness of not less than 
thereof is small. Therefore, when the shot media diame- 65 10 mm which is heat-treated to Rockwell hardness of 
ter is small, the shot media adheres to the inside of an HRC 60f 3, of a testing machine for strength character- 
equipment by static electricity. Or, it is not possible to istic prescribed by JIS B 7733, the load is applied at the 
perform the shot with respect to a work under a con- crosshead speed of 0.5 mm/min, and the load is mea- 
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sured when the sample is fractured. In case that the necessary to make the surface of the work smooth by 
particle diameter (d infra) of the spherical shot media is performing an electrolytic polishing treatment after the 
not larger than 0.2 mrn, a compression test mode of the shot operation. In shot blasting, a number of a shot 
testing machine for strength characteristic adopting a media which is shot per unit time is reduced and it is not 
micro compression and measuring system of displace- 
ment, is employed, the load is applied on the sample 
fixed between the top pressure indenter and the bottom 
pressure plate by an electromagnetic force at a constant 
increase rate, and the load is measured when the sample 
is fractured. However, in case that the sample is not 
fractured even when the load is applied thereon up to 
500 gf, a load is measured when the sample deforms by 
10%. Further, the compressive strength is calculated by 
employing the following equation (Hiramateu, Oka and 
Kiyama "Journal of Mining and Metallurgical Insti- 
tute", 81.10.24 (1965)). 

Compressive strength (kgf/rnrn2)=2.8~/xd2 

where P is a measured value of the load (kgf) and d is a 
mean of a maximum size and a minimum size of a pro- 
jected section in view from above when the shot media 
based on zirconia sample is disposed on a horizontal 
plane (mm). 

"Diameter" of the spherical shot media indicates a 
height of the sample disposed on a zirconia plate in case 
of measuring the following impact strength. That is, the 
diameter indicates a distance between the zirconia plate 
and a plane, when the plane is lowered from above 
sample while maintaining a parallel state with a face of 
zirconia plate and the plane touches the sample. 

"Impact strength" is provided as follows. The spheri- 
cal shot media is placed on a zirconia plate having the 
Young's modulus of 2.1 X 1 0 j  kgf/mm2, a weight of 120 - g is dropped thereon, the drop height is elevated, the 
height whereby the shot media is fractured, is measured 
and the impact strength is provided by the following 
equation. 

Impact strength (lcgf/rnm2)=0.12 x h / V  

where h is the height (mm) whereby the shot media is 
fractured and V is a volume of a sphere having a diame- 
ter which is equal to a height of the shot media disposed 
on the zirconia plate, o r  a distance between the zirconia 
plate and the plane, when the plane is lowered from 
above the sample while maintaining the parallel state 
with the zirconia plate and the plane touches the sample 
( m m 3 ) .  . 

"Sphericity" of the spherical shot media is provided 
by the following equation. 

Sphericity = (4n X area of projected 
xcrion)/@eripheral ~ e n g t h ) ~ .  

A detailed explanation will be given of this invention 
as follows. 

(a) Size of shot media 
The size of the shot media based on zirconia should 

be defined by a condition wherein substantially a total 
quantity tbereof is under a sieve of nominal sizes of 
apertures of 2.36 mm, that is, a substantial total quantity 

5 possible to completely remove scale, the sprayed coat- 
ing or the like. On the other hand, the smaller the size of 
shot media, the more easily the shot media can meet the 
high degree of requiremint of recent years with respect 
to the complexity of the shape of the work or the sur- 

10 face condition such as the smoothness, the dimension 
accuracy, the reflectivity and the gloss of surface. How- 
ever, in shot blasting, when the shot media is too small, 
the classification of the rust or  the metal powder re- 
moved from the work by the shot operation and the 

I S  shot media, becomes difficult. It is more preferable that 
the size of shot media is in a range wherein a substantial 
total quantity of shot media is over a sieve of nominal 
sues of apertures of 0.02 rnm and under a sieve of nomi- 
nal sizes of apertures of 2 rnm. 

20 The effect of the shot operation which is given to the 
work, is governed by conditions of the shot rate, the 
shot distance, the shot angle and the like. Therefore, it 
is necessary to control the shot media size and the distri- 
bution of the shot media by a classifier or by a sieve, in 

25 consideration of a balance between the shape and mate- 
rial of the work and the above shot conditions. 

(b) Density 
The mean relative density against the theoretical 

30 density of the zirconia is not less than 95%. 
' 

When the mean relative density against the theoreti- 
cal density is smaller than 95%, the wear resistance and 
the mechanical strength are poor, the shot media is 
shattered when it is shot on the surface of the work, the 

35 shot media wears after the repetitive shot, and the worn 
and shattered shot media adheres to the inside of an 
equipment by static electricity in the shot operation. It 
is more preferable when the mean relative density 
against the theoretical density is not less than 97%. The 

40 density of a sintered body can be measured by "Testing 
method for specific gravity of artificial abrasives" pre- 
scribed by JIS R 6125. 

As for the shape of the shot media, there are a grit of 
a random shape and a spherical shot. Since the shot is 

4s provided with a large effect of impinging the surface, 
strain is apt to be caused on the crystal particle by its 
reactive force when the work is a metal. The larger the 
sintered density of the shot media, the larger the degree 
of strain. The  sintered density of the shot, media based 

50 on zirconia is approximately 6, which is comparatively 
large compared with 2.5 of glass or 3.8 of alumina and 
is near to 7 of steel. Therefore, the degree of strain is 
magnified. Accordingly, it is neoess& to adjust the 
shape of the shot media, the shot pressure, the shot 

55 distance, the shot angle and the nozzle size, such that 
the work is provided with the "arc height value" suit- 
able for the material thereof, by employing an Almen 
strip and a gauge. 

(c) Mean grain size 
60 The mean-grain size of a zirconia of the shot media - - 

thereof should pass through the sieve of nominal-sizes df based On zircOnia be not more than Pm. 

apertures of 2-36 mm (for instance, a nominal of When the mean grain size of the zirconia based shot 
standard sieves of metal wire cloth of 2.36 prescribed by media c ~ ~ d s  1.0 pm, in case wherein the shot opera- 
JIS Z 8801). tion is performed in a state of high shot pressure, the 
ne larger the size of shot media, the higher the im- 65 tetragonal ZircoIlia is apt to transf0fITl illto the mono- 

pact effect. However, when the size of shot media is too clinic zirconia by the stress, which increases the con- 

large, in shot peening, the surface of the work becomes sumption of the shot media and deteriorates the surface 
rugged and strain is caused thereon. Therefore, i t  is  condition of the work, which is not preferable, It is 
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more preferable that the mean grain size is not more (6) component 
than 0.7 pm.  However, the lower limit of the mean Rare earth oxldes such as MgO, CaO, Y203, and 
grain size of  a normally provided sintered body based Ce02 are much employed as stabilizers for the sintered 
on zirconia is approximately 0.2 pm when the mean body based on z~rconia. In order that the tetragonal 
relative density against the theoretical denslty is not less 5 phase content in polycrystalline zirconia is not less than 
than 95%. 70 mol %, it is preferable that, for instance, in case of  

(d) Vickers hardness Yz03, the mole ratio of Y203/Zr02 is in a range from 
The mean Vickers hardness of the shot media based 1.5198.5 to 4.0/96.0. When the mole ratio is less than 

on zlrconia should be not less than 1,000 kgf/mm2, and 1.5/98.5, the monoclinic zirconia increases and the te- 
particularly preferable in a range of 1,100 to 1,500 10 tragonal zirconia decreases, and a high-strength shot 
kgf/mm2. media can not be provided by employing transforma- 

When the mean Vickers hardness is below 1,000 tion of  the tetragonal zirconia into the monoclinic zirco- 
kgf/mml, the working speed of the work is retarded nia. On the other hand, when the mole ratio exceeds 
and the consumption or  the size reduction ratio of the 4.0196.0, the tetragonal zirconia decreases and the cubic 
shot media becomes considerable, which is not prefera- 15 zirconia becomes the major component, and, therefore, 
ble. the grain size becomes large, the toughness is lowered 

Further, when the Vickers hardness exceeds 1,500 and the strength is bwered .  Further, other than Zr02  
kgf/mm2, the consumption o f  the work becomes large and Y203, Al203, Ti02, SiOz, MgO, Cao, a rare earth 
depending on the material of the work, which is not oxide and the like may be coexistent. Among these, the 
preferable. 20 substance whose melting point is low, as in Alz03, 

(e) Compressive strength Ti02, SiO2 and the like, lowers the sintering tempera- 
It is preferable that the compressive strength of the ture of zirconia due to its low melting point- Further, 

shot media based on Zirconia is not less than 40 MgO, Ca0, Ce02 Or the like dissolves into the zirconia 
kgf/mm2. crystal constituting a solid solution and lowers the sin- 

When the mean compressive strength is not less than 25 tering temperature, which is advantageous in manufac- 
40 kgf/rnm2, the wear and the turing the shot media. It  is preferable that these sub- 
strength of  the  shot media are high. The  shot media stances are employed in a range of  0.05 to 30 wt %, with 
based on zirconia is hard to crush when it is shot on the respect to a total of ZrO2 and Y203. When the content 
surface of the work, the shot media based on zirco- is larger than 30 wt %, the inherent property of zirconia 
nia is hard to wear even when it is shot repetitively. 30 is lowered in lowering of  the toughness, the shot 

(0 ~~~~~~~~~l phase in polycrystalline Zirco- media is shattered in the shot operation and the quantity 
nia of wear loss increases. 

It is preferable that the shot media based on  zirconia (h) Impact strength 

contains not less than 70 mole % of te-ragona] phase It is preferable that the mean strength of the 
content in polycrystalline zirconia. 35 shot media based on zirconia is not less than 7xD-0.95 

The sintered body based on zirconia having not less @ is the mean (mm) of the 
than 70 mole % of tetragonal phase content in polycrys- media). When the condition is satisfied, cracks of the 

talline zirconia is pafiicular]y provided with the tough- shot media decrease and the quantity wear loss de- 

ness and the strength. It is more preferable that the creases. When the impact strength is lower than this 

above condition is satisfied and the monoc]inic phase 40 citeria, the wear and the mechanical 

content in polycrystalline zirconia is less than 5 mole % strength are low, the shot media is apt to shatter when 

and the cubic phase content in polycrysta~~ine zirconia it is shot on the surface of the work and the shot media 
is less than 30 % among the zirconia crystal phase. is apt wear the shot operation. When the 

The respective crystal phase contents in the zirconia impact strength satisfies this value, the condition 
polycrystal is provided as follows. The section of the 45 wherein the above mean compressive strength is not 

sintered body is finished to a minor finished surface by less than kgf/mmZp is satisfied. 

a diamond wheel having the panicle diameter of 1 to 5 (i) Sphericity 

pm, the area intensities are provided by diffraction When the shot media is spherical, it is preferable that 

patterns of the respective crystal phases by the X-ray the mean 'phericity is less than 0e9' 

diffraction method of the surface and the results are put 50 there is restriction On lhe shape of the 

into the following equations. shot media of this invention, it is preferable that the 
shape is similar to a sphere, when the uniformity of the 

M(rnonoclintc zirconla mole quantity of shots and the uniformity of the motion of the 
%)=[U411Tj+lm(11 ~ ) l / ~ ~ ~ ( l ~ i ' j + ~ ~ ( ~ l ~ .  shot media are the problems. It  becomes easy to make 
) + 4 + ~ 1 1 1 ) 1 1 ~  100  55 constant the quantity of shots by rendering the mean 

sphericity to be not less than 0.9, which reduces the 
C(cubic zirconia mole 
%)=[L+ III)/{I~III)+IMII~)+Ic+<I~~)}~- roughness and the strain of the surface of the work, and 
x ~ ~ . m v b d u n ~  + i<rn)+ ~<cm~}l x 1 a the product can be provided with an excellent ornament 

effect. It  is not necessary that the shot media employed 
T(1ctragonal zlrconia mole %)= IOOX M X  C 60 in shot blasting is spherical in case that there is no re- 

quirement for the shot quantity. The shot media may be 
where the suffix m designates the monoclinic zirconia, provided with a grit-like form having a random and 

the suffix c, the cubic zirconia, the suffix t, the tetrago- edged shape as in the conventional shot media. 
nal zirconia and the suffix c + t, both of the cubic zirco- The invented shot media based on zirconia can be 
nia and the tetragonal zirconia; the inside of 0 desig- 65 manufactured as follows. T h e  zirconia based powders 
nates Miller index and I added with these suffixes desig- provided by the fusing method, the hydrolysis method, 
nate the area intensity in respective Miller index of the neutralization-coprecipitation method, the hydrol- 
respective crystal phase. ysis-neutralization method, the hydrothermal-oxidation 



method, the thermal decomposition method, the alkox- 
ide hydrolysis method and the like, are granulated by 
selecting a granulating method from the tumbling gran- 
ulating method, the extrusion granulating method, the 
compression granulating method, the agitation granula- 
tion method, the liquid phase granulating method and 
the like, in accordance with the panicle diameter, the 
panicle diameter distribution and the like which are 
required for the shot media. Or, the powders based o n  
zirconia are converted into a slurry and are granulated 
by a spray and drying method such as the spray granu- 
lating method and the like. The provided spherical 
green body is sintered at a temperature of 1,300' to 
1,600' C. 

Further, the compressive strength of the sintered 
body can further be promoted, when the shot media 
based on zirconia obtained by the primary sintering is 
treated by a hot isostatic press (HIP). Further, when the 
shape is spherical, it is possible to promote the compres- 
sive strength or  the impact strength of the sintered 
body, by polishing the surface by a barrel polishing and 
the like after sintering, such that defects or cracks the 
size of which exceeds 10 pm are not present on the 
surface or in the vicinity there of. 

As stated above, the invented shot media based on 
zirconia is excellent in the impact power, the polishing 
power and the grinding power, and yet the roughness 
and the strain of the surface of the work are small, and 
the shot media based on zirconia is excellent in the wear 
resistance, the mechanical strength, the hardness and 
the like. Therefore, the reclamation and the reuse 
thereof are easy. 

It is possible to perform the shot blasting treatment by 
using this shot media based on zirconia, as in removing 
the old sprayed coating of ceramic which is hard to 
remove without impairing the surface of the substrate 
and enhancing the strain, in the conventional technol- 
ogy, or as in surface preparation without generation of 
the rust. 

Further, it is possible to perform not only the surface 
treatment for providing the wear resistance on a mirror 
finished surface of alloy, and also the shot peening treat- 
ment with a purpose of the ornament effect of the mir- 
ror finished face of a product of stainless steel or  an 
aluminum alloy, or  the surface of resin, as a substitute of 
buffing. 

It is.possib1e to perform a refined treatment by using 
this shot media based on zirconia, which can meet se- 
vere requirements with respect to a complicated shape 
of the work or  an appearance-oriented surface property 
such as the accuracy in surface roughness, the dimen- 
sional accuracy, the reflectivity, the gloss and the like of 
a finished face. 

The invented shot media can be applied in the follow- 
ing fields. 

Automobile components and engine parts of a variety 
of vehicles such as front axle beam, wheel cap, leaf 
spring, crank shaft, piston ring, rocker a m ,  cam shaft, 
gear whekl pans, cylinder, steering knuckle, spiral 
spring, connecting rod and the like; metal parts for 
aircraft and its engine parts such as turbine blade of a jet 
engine; ships equipment and its engine parts such as 
screw and the like, reactors in chemical and petrochem- 
ical plants; the equipment associated machine as in 
pressing; machine tool such as index head, center, chuck 
and the like; armamentarium such as scalpel, pincette, 
injection needle and the like; artificial aggregate such as 
stem; dental instrument such as teeth, fang;, whish are 

8 
the targets of shot peening with a purpose of prolonging 
the fracture limit due to fatigue, stress corrosion or  
intergranular corrosion of metal such as various stain- 
less steels and their faces of weld. 

Household or business kitchen utensils such as dinner 
set, spoon, fork, knife, pan, iron pot, frying pan and the 
like; industrial or general cutlery such as stainless knife, 
cutter, hitting cutlery and the like; house equipment 
such as system kitchen, scullery, kitchen utensil, labato- 
ry-dressing table; house material such as lumber room, 
garage, gate, and fence; indoor and outdoor ornaments 
such as decoration plate, wall decorations and door 
plate; electric appliances such as television set, video- 
cassette recorder, electric refrigerator, washing ma- 
chine and dryer; office automation equipment such as 
word processor and personal computer; heating and 
cooling equipment such as air conditioner and stove; 
smoking parts such as cigarette lighter and ashtray; 
optical instrument such as camera and microscope; life 
and leisure equipment such as golf equipment, camping 
outfit, bicycle, motor cycle, automobile, yacht, motor 
boat, and suit case; jewel such as wrist watch, gold and 
silver plate, ring, necklace, champion cup, shield, medal 
and badge; promotion of merchandise value or design 
by forming a mat finished surface on surfaces of metal, 
resin, glass, wood, stone, ceramics and the like, as in the 
inner face of a food of lighting fixture and labor saving 
in the mat finished surface forming and in an after treat- 
ment process; deburring o r  surface cleaning of a variety 
of machine working parts and metal, resin, ferrite, ce- 
ramics product or  the like which is formed by extrusion 
molding, slip casting, injection molding or the like; 
surface roughening for adhering adhesives, paints, glaze 
and a thermal spray material or for promoting their 
adhesion effects; removing of contamination on a 
soldered face, a hardening coat after electrical-dis- 
charge machining, steel after quencheg, weld bun,  
rust, old spray deposit, plated coat, painted film, enamel 
and the like; internal cleaning of an internal pressure 
vessel such as various cylinders; and polishing, grinding 
or blast cleaning before repair of various dies and die 
parts, automobile parts, various vehicle parts or ma- 
chine parts. 

EXAMPLES 

A specific explanation will be given to the present 
invention by Examples and Comparative Examples as 
follows. 

This invention is not restricted by these Examples. 

EXAMPLES 1 to 6 ,  COMPARATIVE EXAMPLES 
1 to 4 

Powders based on zirconia having the property 
shown in Table 1 were provided by the hydrolysis 
method from a raw material of zirconium oxychloride 
solution having the concentration of 50 0, which were 
added with yttria so that the converted mole ratio of 
Zr02/Y203 became as shown in Table 1. The powders 
were ground by dry-grinding, nuclear particles for 
granulation having the size of approximate 0.1 mm were 
provided by an agitation granulator, the nuclear parti- 
cles for granulation were grown further by the agitation 
granulator, the particle size distribution of the grown 
granule having a size including approximately sintering 
shrinkage was controlled by a sieve of nominal sizes of 
apertures of 2.83 to 0.020 mm thereby providing a 
formed spherical green body, and a sintered body based 
on zirconia was provided by sintering under the condi- 
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tions shown in Table 2. In Examples 3 and 4 and Com- 
parative Example 4, the HIP  treatment was performed 
for one hour under a pressure of 150 MPa at a tempcra- 
ture of 1,500' C. The sintered body provided as above 
was screened by a sieve of nominal sizes of apertures of 
2.36 rnm and the over-sieve portion was removed and 
was provided for the shot peening and shot blasting 
tests. 

EXAMPLES 7 to 9, COMPARATIVE EXAMPLE 5 

The powders based on zirconia provided by adding 
high purity alumina powders (Sumitomo Chemical Co., 
Ltd. AKP-30) h'aving the mean particle diameter of  0.3 
to 0.5 pm to the powders based on zirconia obtained by 
Example 1 o r  the like, at the weight % shown in Table 
1, which were ground and mixed by wet-grinding em- 
ploying a vibrating ball mill, dried and ground by dry- 
grinding. A sintered body based on zirconia was pro- 
vided under the same condition shown in Example 1 or  
the like, other than the above condition. In Examples 8 
and 9, the H I P  treatment was performed under the same 
condition as in Example 3 and the like. The products 
were provided for the shot peening and the shot blast- 
ing tests. 

EXAMPLE 10 

As granulation, nuclear particles for granulation hav- 
ing a size of approximately 0.1 mm provided by an 
agitation granulator were grown by a marumerizer, and 
the particle size distribution of the granules having a 
size including approximately sintering shrinkage was 
controlled by a sieve of nominal sizes of apertures of 
2.83 to 0.020 rnm thereby obtaining formed spherical 
green bodies. Other than that, the test was performed 
under the condition shown in Examples 1 to 6 and Com- 
parative Examples 1 to 4. 

EXAMPLES 1 l to 13, COMPARATIVE EXAMPLE 
6 

As granuIed powder for sintering, granules which 
were granuled and dried by a spray dryer from a slurry 
based on zirconia converted from the powders based on 
zirconia obtained by Example 1 and the like, were em- 
ployed. In Example 13, the granules were sintered 
under the same conditions as in Example 3 or the like 
and the HIP treatment was performed. Other than that, 
the test was performed under the same condition as in 
Examples 1 to 6 and Comparative Examples 1 to 4. 

EXAMPLES 14 and 15 

As granuled powder for sintering, granules which 
were granuled and dried by a spray dryer from a slurry 
based, on zirconia converted from the powders based on 
zirconia including alumina which was obtained under 
the same condition as in Example 7 or the like, were 
employed. In Example 15, bubbles in the slurry were 
removed by an antiforming agent, and the slurry was 
supplied for granulation and drying. Other than that, 
the test WAS performed under the same condition as in 
Examples 1 to 6 and Comparative Examples 1 to 4. 

EXAMPLES 16 to 22, COMPARATIVE 
EXAMPLES 7 to 12 

The  powders based on zirconia provided by Example 
1 or the like were added with other components shown 
in Table 1 by the weight 5% shown therein, which were 
ground by wet-grinding for 8 hours by an attrition mill, 
and dried thereby providing powders based on zirconia, 

10 
Nuclear particles for granulation having a size of ap- 
proximately 0.1 mm were provided by an  agitation 
granulator, which were further grown to spherical 
green body having a size including approximately sin- 
tcring shrinkage by a tumbling granulator, and sintered 
under the conditions shown in Table 2 thereby provid- 
ing sintered body based on zirconia. The sintered body 
based on zirconia is provided witK gloss on its surface 
by barrel polishing and is finished until large defects 
were not found on its surface by observing an optical 
microscope having magnification of 50, thereby making 
a shot agent. The provided shot agent was provided for 
the measurement of the impact strength and the shot 
peening and the shot blasting tests. 

COMPARATIVE EXAMPLES 13 and 14 

The  shot peening and the shot blasting tests were' 
performed with respect to a spherical body of sintered 
alumina (Naigai Ceramics Co., Ltd., aluminite "A" ball; 
density s f  sintered body: 3.8 g/cm3; mean particle diam- 
eter: 1.9 mm) (Comparalive Example 13) and glass 
beads (Union Co., Ltd. UB-810L; mean particle diame- 
ter; 145 pm) (Comparative Example 14). 

In the former case, there were destructed spherical 
body of sintered alumina by performing repetitive shot 
operation, and it was observed that the density of the 
sintered body is low. However, the deformation depth 
of the surface of the work is small and the surface 
roughness was large. In the latter case, the beads were 
destructed by a single shot operation to a .  degree 
whereby the beads could not repetitively utilized. 

The  property of zirconia powders for making shot 
media in the above respective examples is shown in 
Table 1, the sintering condition, Table 2, the property of 
the shot media, in Tables 3 and 4, and the results of the 
shot peening and the shot blasting tests employing the 
shot media, in Table 5. 

The particle diameter distribution of the shot 'media 
(sintered bodies under a sieve of nominal sizes of aper- 
tures of 2.36 mm) was measured by laminating sieves of 
nominal sizes of apertures of 2.36, 2.00, 1.70, 1.40, 1.18, 
1.00,0.850,0.710,0.600,0.500,0.425,0.355,0.300,0.250, 
0.212, 0.200, 0.180, 0.150, 0.125, 0.100, 0.090, 0.075, 
0.063, 0.053, 0.045, 0.038, 0.025 and 0.020 (unit: mm) in 
an order from the smallest nominal sizes of apertures 
successively on a saucer, and by shaking them by a 
ro-tap shaker for 5 minutes. Among the sieves contain- 
ing the screened samples, the nominal sizes of apertures 
of a sieve on top of the uppermost sieve were deter- 
mined ' s  an upper limit of the particle diameter distribu- 
tion, and those of the lowermost sieve was determined 
to be the lower limit of the particle diameter distribu- 
tion. 

The shot peening test was performed by employing a 
pneumatic nozzle type SI use of compressed air having 
the gauge pressure of 4 kgf/cm2, and the treatment was 
performed repetitively for 3 times wherein the shot time 
in a single treatment was 120 minutes, with the work of 
stainless steel (type 316) having the thickness of 5 mm. 
The size reduction ratio was calculated as follows. A 
sieve of nominal sizes of apertures of 0.020 mm was 
laminated on the saucer, and a sieve of nominal sizes of 
apertures corresponding to approximately 4 of a mean 
value of the upper limit and lower limit of the particle 
diameter distribution of shot media before the shot op- 
eration, on which 100 g of shot media after the shot 
operation was supplied, and which was screened by 
vibrating it for 5 minutes by the ro-tap shaker, the 
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screened weight was put into the following equation 
and the size reduction rate was calculated thereby. TABLE 2 

Particle diameter 

Size reduction ratio (wt %)= {~ / (100-  B)) x 100 Sintering HIP ' distribution of 
temperature Sintering treat- shot media 

5 ( C .  time (hr) ment sample (mm) 
where A is a quantity of sample in the sieve of nominal Example 
sizes of apertures of  0.020 mm (g) and B, the quantity of 1 1450 2 No 0.425-0.600 
sample in the saucer (g). 2 1400 2 Yes 0.425-0.600 

Further, the depth of the surface deformation and the 
surface roughness (Ra: mean roughness of center line) 10 
after shot-peening the surface of the work, were mea- 
sured. 

The shot blasting test was performed employing an 
examination piece which was provided by plasma- 
spraying powders of partially stabilized zirconia l 5  
(TOSOH CORPORATION TZ-3Y: Y 2 0 3 :  3 mol 9%) 
on a blast-treated carbon steel (SS4150 mm X 50 mm X 5 
mm) until the film thickness was 200 pm. The  shot 
blasting test was performed by shot-blasting the shot 2o 
media bases on zirconia to the examination piece from a 
nozzle having the bore of 6 mm by compressed air 
having the gauge pressure of 5 kgf/crn2 under the con- 
dition of the shot distance of 30 cm and the shot angle of 
60'. the grinding condition of the sprayed face of the 25 
examination piece was observed and the size reduction 
ratio of the shot media was provided similar to the shot 
peening test. 

TABLE 1 
BET 

Mean specific 
Other component panicle surface 

Z r 0 2 n 2 0 3  Weight diameter uu 
mole ratio Component % (pm) (m2/g) 

Example 

I 97.1R.9 - - 1 .O 6.0 
2 97.1LZ.9 - - 1 .O 6.0 
3 97.0/3.0 - - 0.6 12.3 
4 97.0/3.0. - - 0.7 7.2 
5 97.0/3.0 - 0.7 7.2 
6 97.0/3.0 - - 0.7 7.1 
7 97.1/2.9 A1203 1.0 1 .O 6.2 
8 97.1/2.9 A1203 2.0 1 .O 6.4 
9 97.1R.9 A1203 20 0.7 10.1 

10 97.0/3.0 - - 0.7 7.1 
I 1  97.1fl.9 - - 0.7 15.0 
12 97.0/3.0 - - 0.7 15.2 
1 3 '  97.0/3.0 - - 0.7 15.2 
14 97.1Ll.9 A1203 20 0.7 10.1 
15 97.1R.9 A1203 20 0.7 10.1 
16 98.4/1.6 MgO 5.0 0.9 6.5 
17 97.8fl.2 - - 0.9 6.5 
18 97.8/2.2 Ce02 2.0 0.9 6- 5 
19 97.3R.7 - - 0.9 6.5 
20 97.3n.7 A1203 1.0 0.9 6.5 
2 1 97.3/2.7 A1203 10 0.9 6.5 
22 96.5/3.5 A1203 0.4 0.9 6.5 

Compara- 
tive 

Example 
1 97.1f2.9 - - 0.4 15.5 
2 t 97.1R.9 - - 2.5 3.0 
3 97.0/3.0 - - 0.7 7.2 
4 97. tR .9  - - 0.4 15.5 
5 96.9/2.9 A1203 20 0.7 10. I 
6 1 00/0 - - 0.7 16.0 

. 7 97.3/2.7 A1203 35 0.9 6.5 
a 97.3/2.7 - - 0.9 6.5 
9 97.3n.7 - - 0.9 6.5 

10 97.3R.7 CaO 5.0 ' 0.9 6.5 
1 I 95.0/5.0 - - 0.9 6.5 
12 98.8/2.2 MgO 6.0 0.9 6.5 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 

Compara- 
tive 

No 
Y a  
No 
No 
No 
Y a  
Yes 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Example 
I 1400 2 No 1.7G2.36 
2 1600 2 NO 1.70-2.36 
3 1250 2 No 1.70-2.36 
4 1400 2 Yes 0.425-0.600 
5 1600 2 No 0.850-1.18 
6 1400 2 No 0.025-0.075 
7 1450 3 No 0.125-0.200 
8 1600 3 No 0.125-0.200 
9 1250 3 No 0.125-0.200 

10 1550 3 No 0.125-0.200 
11 . 1550 3 NO 0.125-0.200 
12 1 500 3 No 0.125-0.200 
13 - - No 1.000-2.36 
14 - - No 0.125-0.180 

I 

TABLE 3 
Relative Content of 
density Theoretical tetragonal 

of sintered 
densit{ 

phase 
body (%) (g/crn ) Sphericity (mole %) 

Example 
1 99.3 6.10 0.97 95 
2 99.3 6.10 0.97 . 95 
3 99.7 6.10 0.96 96 
4 99.0 6.10 0.97 96 
5 98.4 6.10 0.93 95 
6 98.9 6.10 0.93 96 
7 99.0 6.07 0.98 96 
8 99.0 6.04 0.98 97 
9 98.4 5.5 1 0.93 96 

10 99.0 6.10 0.97 96 
11 98.8 6.10 0.87 95 
12 98.5 6 . 1 0 .  0.95 96 
13 99.3 6.10 0.96 95 
14 95.5 5.5 I 0.97 95 
15 98.2 5.5 1 0.97 96 
16 96.0 5.97 0.97 85 
17 98.0 6.10 . 0.97 96 
1 a 99.0 6.12 0.96 100 
19 98.0 6.10 0.97 95 
20 99.0 6.07 0.97 96 
21 . 97.0 5.79 0.96 93 
22 97.0 6.09 0.97 87 

Comparative 
Example 

1 96.7 6.10 0.83 95 
2 94.3 6.10 0.97 95 
3 88.5 6.10 0.95 95 



TABLE 3-continued 
Relative Content of 
density Theore~ical tetragonal 

of  sintered density vhase 
MY (9%) (p/cm3) Sphericity (;ole %) 

4 96.7 6.10 0.83 96 
5 94.3 5.51 0.97 96 
6 76.6 5.90 0.93 0 
7 96.0 5.14 0.96 96 
8 97.0 6.10 0.97 90 
9 92.0 6.10 0.94 9 2 

10 96.0 5.96 0.97 96 
1 I 99.0 6.0 1 0.95 60 
12 . 97.0 5.95 0.97 50 
13 95.5 3.98 0.9 1 - 
14 99.0 2.45 0.97 - 

TABLE 4 

TABLE 5-continued 
Peening test Blasting test 

Surface Surface State of  
defor- rough- Size examt- Size 
matton ness reduction nation reduction 

--- (mrn) (pm) ratio (%) piece *) ratio-(%) 

9 0.20 2.5 2.5 0 1.1 

ttve 
Mean Example 

Compressive Vickers grain I 0.30 8.2 4.5 
2 

X 
0.20 

3.0 
strength hardness size Impact 6.2 7.0 

3 
X 

0.24 
4.5 

(kgf/rnm2) (kgf/rnm2) (pm) ~ t r e n ~ t h f l D " ~ . ~ ~  20 4.5 8.5 A 
4 

5.5 
0.30 7.8 3.8 X I I 

Mean 
Compressive Vickers grain 

2 
. . 

0.20 
-.- 

strength hardness size Impact 6.2 7.0 
3 

X 
0.24 

4.5 
(kgf/rnm2) (kgf/rnm2) (pm) ~ t r e n ~ t h f l D " ~ . ~ ~  20 4.5 8.5 A 

4 
5.5 

0.30 7.8 3.8 X I I 
Example 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
2 1 
22 

Cornpara- 
tive 

Example 
1 
2 
3 
4 
5 
6 

1225 
1320 
1250 
1295 
1256 
1221 
1353 
1355 
1256 
1282 
1200 
1200 
1220 
1120 
1180 
1 150 
1250 
1200 
1300 
1330 
1420 
1280 

1145 
1012 
950 

1145 
1212 

Unmeas- 
urable 
ISSO 
1220 
1 I50 
1 100 
1 loo 
1050 
1554 - 

TABLE 5 
Peening test Blasting test 

Surface Surface State of 
defor- rough- Size e x m i -  Size ' mation ness reduction nation reduction 
(mm) (pm) ratio (%) piece *) ratio (%) 

Example 
1 0. !3 1.6 3.5 0 2.0 
2 0.15 1.6 2.0 0 0.8 
3 0.24 3.8 3.5 A 2.1 
4 0.25 4.5 2.2 A 1.3 
5 0.27 4.8 3.5 A 1.8 
6 0.18 2.5 3.4 2.0 
7 0.12 1.8 
8 0.18 2.3 2.5 1 .O 

8 
.-. . 

0.12 0.8 
9 

7.5 
0.12 0.8 18.0 

10 
15.4 

0.10 0.8 
I I 

10.3 
0.10 0.8 

12 
12.2 

0.08 0.6 10.8 
13 

9.5 
0.08 4.2 32.5 

14 
26.4 

0.12 1.9 95.0 0 90.0 
*) S u l e  o f  examination piece 
0 Sprayed coating w h  removed and the surface of eurnirution pi- remains 

30 unchanged. . 
A: S p n y e d  coating was removed m d  the surface o f  examination piece is a little 
~ g g e d .  
X: S p n y e d  carting was removed m d  the surfa& o f  examination piece is rugged. 

What is claimed is: 
35 1. A method of treating hard surfaces by impact 

which comprises impacting them with zirconia-based 
shot media composed of a sintered body of partially 
stabilized zirconia containing not less than 70 mol % 
tetragonal zirconia in which the substantial total quan- 
tity of shot media is trader a sieve size of 2.36 mm aper- 

40 tures, said sintered body having a theoretical density of 
not less than 5.5 g/cm3, a mean relative density against 
the theoretical density of not less than 95%, a mean 
grain size of not'more than 1.0 pm, and a mean Vickers 
hardness of not less than 1,000 kgf/mm2. 

2. The method according to claim 1, wherein the 
45 sintered body of partially stabilized zirconia is spherical, 

of which mean compressive strength is not less than 40 
kgf/mm2, and of which mean sphericity is not less than 
0.9. 

3. The method according to claim 1, 'wherein a sub- 
50 stantial total q b t i t y  of the sintered body of partially 

stabilized zirconia is over a sieve of normal sizes of 
apertures of 0.02 rnm and under a sieve of normal sizes 
of apertures of 2 mm. 

4.' The method according to claim 1, wherein the 
mean relative density against the theoretical density of 
the sintered body of partially stabilized zirconia is not 
less than 97%. 

5. The method according to claim 1, wherein the 
sintered body of partially stabilized zirconia is com- 
posed of ZrO2 and Y 2 0 3  and the mole ratio of ZrO2. 
1 7 2 0 3  is 98.5/1.5 to 96/4. 

6. The method according to claim 1, wherein the 
sintered body of partially stabilized zirconia is spherical, 
of which diameter is designated by D mm, and a mean 
impact strength of the sintered body based on zirconia is 
not less than 7 x D-0.95 kgf/mm2. 

7. The method according to claim 5, wherein the 
sintercd body of partially stabilized zirconia contains 
0.5 to 8.3% Si02 and 0.05 to 2070 AlzO3. * * ' * * *  


