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(54) HIGH-STRENGTH TRANSPARENT ZIRCONIA SINTERED BODY, PROCESS FOR 
PRODUCTION THEREOF, AND USE THEREOF

(57) Although light-permeable zirconia sintered bod-
ies can be improved in light permeability by incorporating
titania thereinto, the sintered bodies have such a defect
that mechanical strength is deteriorated. Thus, disclosed
is a titanium oxide-containing zirconia sintered body
which contains 6 to 15 mol% of yttria and 3 to 20 mol%
of titania and has a linear permeability of 50% or more
as measured using a 1 mm-thick sample at a measure-
ment wavelength of 600 nm, particularly a high-quality
transparent zirconia sintered body which contains 3 to

20 mol% of titania and 6 to 15 mol% of yttria, has a linear
permeability of 73% or more as measured at a measure-
ment wavelength of 600 nm, a haze rate of 2.0% or less
and high light-permeability, and has no turbidness (cloud-
iness), which is provided as a highly transparent zirconia
sintered body having high light-permeability. Also dis-
closed is a production process which comprises shaping
a powder of the above-mentioned composition, and car-
rying out normal primary sintering and hot isostatic press
(HIP) processing under specified conditions using the
shaped product.
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Description

Technical Field

[0001] The present invention relates to a titania-containing transparent zirconia sintered body which is transparent
and has excellent mechanical strength and which can be used as parts for watches, decorative members, exterior parts
for electronic appliances, aesthetic dental parts, etc.

Background Art

[0002] Transparent zirconia sintered bodies have a high refractive index and a high permittivity and hence are expected
to be utilized as optical members (patent document 1). In particular, transparent zirconia sintered bodies to which titania
has been added have a high transmission and, hence, application thereof to optical lenses and the like is being investigated
enthusiastically (non-patent document 1 and patent document 2).
[0003] Furthermore, application of zirconia sintered bodies to aesthetic dental parts and the like is being investigated
(patent documents 3 and 4), and application thereof to decorative parts and exterior parts is being investigated recently.
There hence is a need for a titania-containing zirconia sintered body which has high mechanical strength besides
translucency. However, the conventional titania-containing transparent zirconia is insufficient in mechanical strength
although translucent.
[0004] In patent document 2, for example, a zirconia sintered body which, when examined at a sample thickness of
0.8 mm and a measuring wavelength of 600 nm, has an in-line transmission of 65% has been reported. This zirconia
sintered body, however, has a grain size as large as about 100 Pm and has low mechanical strength. Non-patent
document 2 discloses a titania-containing transparent zirconia sintered body having a grain size of 200 Pm, but the
mechanical strength (bending strength) thereof is as low as about 210 MPa.
[0005] As described above, neither a titania-containing zirconia sintered body which combines mechanical strength
and high translucency nor a process for producing the sintered body has been known.
[0006] Meanwhile, in the case where a zirconia sintered body is to be used in optical material applications, the sintered
body is required to have a low transmission loss and exceedingly high transparency.
[0007] The transparent zirconia sintered bodies which have been reported so far include a transparent zirconia sintered
body which contains 6 mol% or more yttria and 3 mol% or more titania and has an in-line transmission of 66% (sample
thickness, 1 mm; measuring wavelength, 600 nm) and a transparent zirconia sintered body which contains 7.2 mol%
yttria and 10 mol% titania and has an in-line transmission of 72% (sample thickness, 1 mm) (patent documents 2, 4,
and 5 and non-patent document 1).
[0008] Furthermore, zirconia sintered bodies which contain 6-15 mol% yttria and have an in-line transmission of 73%
(sample thickness, 1 mm; measuring wavelength, 550 nm) have been reported (patent document 1).
[0009] However, those sintered bodies are dimmed, i.e., so-called cloudy sintered bodies, although having some
degree of translucency, and higher transparency has been necessary for optical applications.
[0010] Moreover, in the production process disclosed in the cited document 1, the production atmosphere is regulated
on the basis of a method for disposing the sample vessel. It has hence been necessary that the atmosphere should be
stably regulated in high-temperature HIP, which is accompanied with a deformation of the vessel, etc.
[0011] As described above, there has been neither a zirconia sintered body which has high translucency and undimmed
high transparency nor a process for zirconia sintered body production which can yield such sintered body with satisfactory
reproducibility.

Prior-Art Documents

Patent Documents

[0012]

Patent Document 1: JP-A-2007-246384

Patent Document 2: JP-A-62-91467

Patent Document 3: JP-A-01-113038

Patent Document 4: JP-A-01-172264
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Patent Document 5: JP-A-01-126267

Non-Patent Document

[0013]

Non-Patent Document 1: Journal of the Europian Ceramics Society, 29 (2009) 283-291.
Non-Patent Document 2: Jiruconia Seramikkusu, 8, SOMIYA Shigeyuki and YOSHIMURA Masahiro ed., Uchida
Rokakuho, p.19, 1986.

Summary of the Invention

Problem that the Invention is to Solve

[0014] A titania-containing zirconia sintered body having excellent translucency and mechanical strength is provided.

Means for Solving the Problem

[0015] The present inventors diligently made investigations in order to obtain a zirconia sintered body containing both
titania and yttria and having the strength and transparency which are required of transparent members such as, e.g.,
decorative members. As a result, the inventors have found that a zirconia sintered body which has an in-line transmission
of 50% or higher when examined at a sample thickness of 1 mm and a measuring wavelength of 600 nm is obtained by
configuring the sintered body so as to contain yttria in an amount of 6-15 mol% and titania in an amount of 3-20 mol%.
The invention has been thus completed.
[0016] Essential points of the invention reside in the following (1) to (16).

(1) A zirconia sintered body characterized by containing yttria in an amount of 6-15 mol% and titania in an amount
of 3-20 mol% and by having an in-line transmission of 50% or higher when examined at a sample thickness of 1
mm and a measuring wavelength of 600 nm.
(2) The zirconia sintered body according to (1) above preferably characterized by having an average grain size of
less than 30 Pm.
(3) The zirconia sintered body according to (2) above preferably characterized by having an average bending strength
of 250 MPa or higher.
(4) The zirconia sintered body according to (2) above preferably characterized by having a sinter density of 99.9%
or higher.
(5) The zirconia sintered body according to (2) above preferably characterized by having a crystalline phase, the
crystalline phase having a cubic fluorite structure.
(6) The zirconia sintered body according to (1) above which preferably has an in-line transmission of 73% or higher
when examined at a sample thickness of 1 mm and a measuring wavelength of 600 nm, and further has a haze
value of 2.0% or less.
(7) The zirconia sintered body according to (1) above preferably characterized by having an average grain size of
30-60 Pm.
(8) The zirconia sintered body according to (7) above preferably characterized by having a brightness L* of 84-90.
(9) The zirconia sintered body according to (7) above preferably characterized by having a color hue in which a* is
-1.5 to 0.2 and b* is 0.0 to 4.0.
(10) A process for producing a zirconia sintered body containing 3-20 mol% titania and 6-15 mol% yttria, characterized
by molding a zirconia powder which contains 3-20 mol% titania and 6-15 mol% yttria, subjecting the resultant compact
to primary sintering at ordinary pressure and then to hot isostatic pressing (HIP) to obtain a sintered body having a
ratio of reduced Ti of 20% or higher, and annealing the sintered body.
(11) The process for producing a zirconia sintered body according to (10) above preferably characterized in that
the sintered body obtained by the primary sintering has a relative density of 94% or higher and an average grain
size of 3 Pm or less and this sintered body is subjected to HIP.
(12) The process for producing a zirconia sintered body according to (10) above preferably characterized in that
the sintered body obtained through sintering at 1,200-1,400°C is subjected to HIP.
(13) The process for producing a zirconia sintered body according to (10) above preferably characterized in that
the HIP is conducted at 1,400-1,800°C.
(14) An optical part which comprises the zirconia sintered body according to (1) above.
(15) The optical part according to (14) above which preferably is for use as an optical lens.
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(16) An exterior part for electronic appliances which comprises the zirconia sintered body according to (1) above.

Effects of the Invention

[0017] The zirconia sintered body of the invention has high translucency with an in-line transmission of 50% or higher
(sample thickness, 1 mm; measuring wavelength, 600 nm). It is preferred that the zirconia sintered body should further
have high mechanical strength with an average bending strength of 250 MPa or higher.
[0018] In the invention, the zirconia sintered body which has especially high translucency is undimmed (cloudless)
and has high-quality transparency that includes an in-line transmission of 73% or higher (sample thickness, 1 mm;
measuring wavelength, 600 nm) and a haze value of 2.0% or less. This zirconia sintered body is far higher in refractive
index and permittivity and has the infrared transmission at longer wavelengths, as compared with transparent materials
such as glasses and plastics. Furthermore, the zirconia sintered body has excellent mechanical properties, such as
hardness, bending strength, and fracture toughness.

Brief Description of the Drawings

[0019]

[Fig. 1] Fig. 1 shows the structure of a sintered body according to the invention (Example 6) (the scale in the figure
is 10 Pm).
[Fig. 2] Fig. 2 is graphs showing transmissions of the sintered body according to the invention (Example 6).
[Fig. 3] Fig. 3 shows a schlieren image of the sintered body according to the invention (Example 6).
[Fig. 4] Fig. 4 shows a schlieren image of the sintered body of a Comparative Example (Comparative Example 4).
[Fig. 5A] Fig. 5A shows the results of an SEM examination of the structure of a primary sintered body (1,300°C, 10
hours) (zirconia containing 9 mol% yttria and 10 mol% titania) (the scale in the figure is 5 Pm).
[Fig. 5B] Fig. 5B shows the results of an SEM examination of the structure of a primary sintered body (1,400°C, 2
hours) (zirconia containing 9 mol% yttria and 10 mol% titania) (the scale in the figure is 5 Pm).
[Fig. 5C] Fig. 5C shows the results of an SEM examination of the structure of a primary sintered body (1,500°C, 2
hours) (zirconia containing 9 mol% yttria and 10 mol% titania) (the scale in the figure is 10 Pm).
[Fig. 6] Fig. 6 is a graph showing a relationship between haze value and the ratio of reduced Ti.
[Fig. 7] Fig. 7 is a graph showing a relationship between haze value and primary-sintering temperature.

Modes for Carrying Out the Invention

[0020] The zirconia sintered body of the invention is explained below.
[0021] The zirconia sintered body of the invention contains yttria (Y2O3) in an amount of 6-15 mol%, preferably 8-12
mol%. By regulating the yttria content thereof so as to be within that range, the crystalline phase of the zirconia sintered
body can be made to be constituted of a cubic fluorite structure only. In the case where the yttria content thereof is less
than 6 mol%, this sintered body contains tetragonal crystals intermingled with cubic crystals. On the other hand, in the
case where the yttria content thereof exceeds 15 mol%, a crystalline phase which is not cubic, e.g., a pyrochlore-type
oxide (Y2Ti2O7), coexists, resulting in a decrease in translucency.
[0022] The zirconia sintered body of the invention contains titania (TiO2) in an amount of 3-20 mol%, preferably 8-15
mol%. In the case where the titania content thereof is less than 3 mol%, sufficient translucency is not obtained. In the
case where the titania content thereof exceeds 20 mol%, a compound phase, e.g., ZrTiO4, coexists and this also results
in a decrease in translucency.
[0023] It is preferred that the zirconia sintered body of the invention should contain both yttria and titania and that the
yttria and the titania should be in the state of a solid solution thereof in the zirconia.
[0024] It is preferred that the zirconia sintered body of the invention should have a metal impurity content of 10 ppm
or less. In the case where the metal impurity content thereof exceeds 10 ppm, this sintered body is apt to have a color.
Examples of the metal impurities include metals other than Ti, Y, and Zr, and specifically include Al, Fe, and Mg.
[0025] With respect to the mechanical strength of the zirconia sintered body of the invention, the sintered body has
an average bending strength of preferably 250 MPa or higher, more preferably 260 MPa or higher, even more preferably
280 MPa or higher, especially preferably 300 MPa or higher. In the case where the average bending strength thereof is
less than 250 MPa, the zirconia sintered body is apt to be damaged.
[0026] When the zirconia sintered body of the invention is a zirconia sintered body which has especially high translu-
cency, this sintered body has an average grain size of preferably 60 Pm or less, more preferably 56 Pm or less. With
respect to the lower limit thereof, the average grain size is preferably 30 Pm or more, more preferably 40 Pm or more,
even more preferably 45 Pm or more.
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[0027] Meanwhile, the zirconia sintered body which has especially high strength has an average grain size of preferably
less than 30 Pm, more preferably 25 Pm or less, even more preferably 22 Pm or less. There is no particular lower limit
on the crystal grain size. However, from the standpoint of translucency, the average grain size thereof is preferably 6
Pm or more, more preferably 10 Pm or more. By regulating the average grain size thereof so as to be less than 30 Pm,
high mechanical strength, in particular, high bending strength, is obtained.
[0028] The zirconia sintered body of the invention is a dense sintered body having no pores. The sinter density thereof
is preferably 99.9% or higher, more preferably 99.99% or higher, even more preferably 99.998% or higher, in terms of
relative density. Accordingly, the porosity of the zirconia sintered body is preferably 0.002 vol% or less, more preferably
0.001 vol% or less. In the case where the porosity thereof exceeds 0.002 vol%, this sintered body is apt to have a
reduced in-line transmission.
[0029] It is preferred that the crystalline phase of the sintered body of the invention should be cubic crystals. More
preferably, the crystalline phase has a cubic fluorite structure. Cubic crystals have no optical anisotropy. Consequently,
by configuring a polycrystalline substance so that the individual crystals are cubic, a sintered body having enhanced
translucency is obtained. In the case where a sintered body contains a crystalline phase having optical anisotropy, e.g.,
tetragonal crystals, this sintered body is apt to have a reduced in-line transmission.
[0030] The zirconia sintered body of the invention, when examined at a sample thickness of 1 mm and a measuring
wavelength of 600 nm, has an in-line transmission of 50% or higher, preferably 60% or higher, more preferably 65% or
higher, even more preferably 70% or higher. In the case where the in-line transmission thereof is less than 50%, this
sintered body appears to be lowly translucent, resulting in a decrease in aesthetic properties.
[0031] The in-line transmission thereof, as measured at a sample thickness of 1 mm and a measuring wavelength of
600 nm, is more preferably 73% or higher, especially preferably 73.5% or higher.
[0032] In-line transmission is a parameter having the following relational expression.
[0033]

Tt: total forward transmission (%)
Td: diffuse transmission (%)
Ti: in-line transmission (%)

In the case of the zirconia having especially high translucency, the haze value thereof as measured at a sample thickness
of 1 mm is preferably 2.0% or less, more preferably 1.0% or less. In the case where the haze value thereof exceeds
2.0%, this sintered body is cloudy and is difficult to use in optical material applications. On the other hand, the smaller
the haze values, the more the sintered body is preferred. However, so long as the zirconia sintered body has a haze
value of 2.0% or less, this sintered body has transparency that renders the sintered body sufficiently usable in optical
material applications.
[0034] Haze value H (%) can be determined using the following relational expression.
[0035]

H: haze value (%)
Tt: total forward transmission (%)
Td: diffuse transmission (%)

It is preferred that the zirconia sintered body of the invention should have no striae. In the case where striae have
generated, light scattering due to a difference in refractive index occurs and this is apt to result in a decrease in trans-
lucency.
[0036] It is preferred that the sintered body of the invention should have a diffusion coefficient κ, as measured at a
measuring wavelength of 600 nm, of 0.15 cm-1 or less. Diffusion coefficient can be determined using either of the following
expressions (3) and (3)’.
[0037]
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κ: diffusion coefficient (cm-1)
H: haze value (%)
Ti: in-line transmission (%)
Tt: total forward transmission (%)
d: sample thickness (cm)

The higher the haze value, the higher the diffusion coefficient. For example, when the haze value is 2.0% or less, the
diffusion constant at a measuring wavelength of 600 nm which is determined using expression (3) is 0.15 cm-1 or less.
[0038] It is preferred that the sintered body which has an in-line transmission of 73% or higher when examined at a
sample thickness of 1 mm and a measuring wavelength of 600 nm and which has a haze value of 2.0% or less should
have an average grain size of 30-60 Pm.
[0039] It is preferred that the sintered body of the invention should have a brightness L* of 84-90. The sintered body
which has a brightness regulated so as to be within that range gives an improved sense of transparency. In the case
where the L* thereof is less than 84, this brightness is too low, resulting in a decrease in the sense of transparency.
[0040] When the sintered body has a color hue in which a* is -1.5 to 0.2 and b* is 0.0-4.0, this sintered body gives no
sense of coloration. Especially when the sintered body has a color hue in which b* exceeds 4.0, this sintered body is
apt to have a light yellow tint.
[0041] By regulating the brightness and the color hue so as to satisfy L* = 84 to 90, a* = -1.5 to 0.2, and b* = 0.0 to
4.0, a sense of high-quality high transparency free from a sense of coloration is obtained.
[0042] A process for producing the zirconia sintered body of the invention is explained below.
[0043] The sintered body of the invention can be produced by subjecting a starting-material power including zirconia,
yttria, and titania to molding and primary sintering and then subjecting the resultant primary sintered body to hot isostatic
pressing (HIP) and annealing.
[0044] In the production process of the invention, a powder including zirconia, yttria, and titania is used as a starting-
material powder.
[0045] The starting-material powder is not particularly limited so long as the powder includes those ingredients in given
amounts. However, it is industrially advantageous to use a mixed powder obtained by mixing a powder of zirconia which
contains yttria in the state of a solid solution with a powder of titania.
[0046] It is preferred that the powder of zirconia containing yttria in the state of a solid solution, which is to be used in
the mixed powder, should be a powder having a purity of 99.9% or higher and a specific surface area of 5-20 m2/g.
Furthermore, the powder of zirconia containing yttria in the state of a solid solution preferably is a powder having an
average crystallite size of 10-50 nm and an average secondary-particle size of 100-500 nm, and more preferably is a
powder produced by a wet synthesis process, e.g., a hydrolysis process.
[0047] The titania powder to be used in the mixed powder preferably has a purity of 99.9% or higher and a specific
surface area of 10-100 m2/g, and more preferably is a fine powder having a purity of 99.95% or higher, an average
crystallite size of 30 nm or less, and an average secondary-particle size of 500 nm or less. Even more preferred is a
powder produced by a sulfuric acid process or a vapor-phase pyrolytic process.
[0048] When the zirconia powder and the titania powder are mixed together, methods for the mixing are not particularly
limited so long as the two compounds are evenly dispersed. However, wet mixing by means of a wet ball mill, wet stirring
mill, or the like is preferred because the ingredients can be more evenly mixed.
[0049] It is preferred that the starting-material powder should have a low metal impurity content. For example, the
content of Fe2O3 therein is preferably 10 ppm or less. In the case where the Fe2O3 content exceeds 10 ppm, this raw-
material powder gives a yellow zirconia sintered body.
[0050] In the production process of the invention, the starting-material powder is molded to obtain a compact to be
subjected to primary sintering.
[0051] Methods for molding the starting-material powder are not limited so long as the molding yields a compact having
a shape suitable for primary sintering. Use can be made of molding techniques which are generally used for molding
ceramics, such as press molding, cold isostatic press molding, cast molding, extrusion molding, and injection molding.
[0052] In the production process of the invention, the compact is subjected to primary sintering to produce a primary
sintered body to be subjected to HIP.
[0053] It is preferred that the primary sintered body should have a relative density of 90% or higher. In the case where
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the relative density thereof is less than 90%, it is impossible to completely remove the pores in HIP and the resultant
zirconia sintered body hence is apt to have an insufficient density and reduced translucency.
[0054]  In the case where an especially high zirconia sintered body is to be obtained, it is preferred that the primary
sintered body should have a relative density of 94% or higher. In the case where the relative density of the primary
sintered body is less than 94%, this sintered body has open pores and the HIP gas infiltrates into the sintered body,
resulting in no increase in density and a decrease in transmission.
[0055] The primary sintered body has an average sintered-grain size of preferably 10 Pm or less, more preferably 3
Pm or less, even more preferably 2 Pm or less. The translucency of the zirconia sintered body of the invention considerably
depends on the structure of the primary sintered body. In the case where the average sintered-grain size of the primary
sintered body exceeds 10 Pm, pores are apt to remain in the grain size of the primary sintered body and are less apt to
be removed even through HIP. On the other hand, when the average sintered-grain size is 10 Pm or less, all the pores
in this primary sintered body are present at the boundaries of the sintered grain size and are sufficiently removed through
HIP. In addition, when the average grain size is 10 Pm or less, plastic flows of the sintered grains are apt to occur during
HIP and this is thought to be a cause which facilitates efficient removal of the pores. When the average grain size is 3
Pm or less, that effect is apt to be enhanced remarkably.
[0056] The transparency of the zirconia sintered body of the invention considerably depends on the structure of the
primary sintered body, in particular, on the state in which the pores contained in the sintered body are present. With
respect to the state in which the pores contained in the primary sintered body are present, it is thought that the pores
are present in two states, i.e., intergranular pores and intragranular pores. It is especially preferred that the primary
sintered body should contain no intragranular pores. Even when pores are present in the primary sintered body, these
pores are apt to be eliminated by HIP so long as the pores are intergranular pores present at the boundaries of the
crystal grains of the primary sintered body. Such pores exert a limited influence on the transparency of the sintered body
to be finally obtained.
[0057] It is preferred that the primary sintered body should have a mixed crystalline phase including a cubic phase
and a tetragonal phase. By disposing grains so as to adjoin grains differing therefrom in crystal system, the primary
sintered body is inhibited from undergoing grain growth and intragranular pores are rendered less apt to generate. In
addition, grain growth in HIP is apt to be inhibited.
[0058] The sintering temperature in the primary sintering is preferably 1,200-1,400°C, more preferably 1,250-1,400°C,
even more preferably 1,300-1,375°C. Through sintering conducted at a temperature within such a range, a sinter density
and an average sintered-grain size which are within the respective ranges shown above are obtained.
[0059] In the case where a zirconia sintered body having especially high translucency is to be obtained, the sintering
temperature in the primary sintering is regulated so as to be lower than the HIP temperature, and is preferably
1,200-1,400°C, more preferably 1,250-1,400°C, even more preferably 1,300-1,400°C. Thus, grain growth during the
primary sintering can be inhibited. It is preferred to use a heating rate of 100-300 °C/hr.
[0060] Holding period in the primary sintering varies depending on sintering temperature and, hence, cannot be de-
termined unconditionally. However, the holding period may be in the range of about 1-10 hours. For example, in the
case where the sintering temperature is 1,300°C, the holding period is preferably about 10 hours. In the case where the
sintering temperature is higher than that, the sintering can be carried out in a shorter period of 1-5 hours. Although the
primary sintering can usually be conducted in the air, sintering in an atmosphere of oxygen, vacuum, or the like may be
applied.
[0061] In the production process of the invention, the primary sintered body is subsequently subj ected to HIP.
[0062] The HIP temperature is a temperature which is higher than the primary-sintering temperature and which is
preferably higher than 1,250°C but lower than 1,600°C, more preferably 1,275-1,550°C, even more preferably
1,300-1,500°C. In the case where the HIP temperature is 1,600°C or higher, the sintered-grain size is apt to increase
considerably, resulting in a decrease in strength. However, in the case where the HIP temperature is lower than 1,250°C,
the crystalline phases of the primary sintered body which include cubic crystals intermingled with tetragonal crystals are
not converted by the HIP to a crystalline phase constituted of cubic crystals only, and the zirconia sintered body thus
obtained is apt to have reduced translucency.
[0063] In the case where a zirconia sintered body having especially high translucency is to be obtained, the HIP
temperature is preferably 1,400-1,800°C, more preferably 1,550-1,800°C, even more preferably 1,600-1,700°C. By using
a temperature of 1,400°C or higher, the sintered body obtained has improved transparency. Temperatures of 1,550°C
and higher bring about further improved transparency. Although temperatures exceeding 1,800°C can be applied, the
resultant zirconia sintered body has an exceedingly increased grain size and hence has reduced strength.
[0064] In the production process of the invention, it is preferred that Ti4+ contained in the titania component should
be reduced during the primary sintering or the HIP or during these two steps. The higher the proportion of Ti3+ in the Ti
contained in the sintered body which is undergoing HIP (hereinafter referred to as ratio of reduced Ti), the higher the
transparency of the zirconia sintered body of the invention. This effect is thought to be produced by the following mech-
anism.
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[0065] When tetravalent titanium in the titania present as a solid solution in the zirconia is reduced to yield trivalent
titanium, oxygen is released and oxygen deficiencies (D) are newly formed in the crystal lattice, according to formula (4).
[0066]

Ti4+O2 → Ti3+O1.5K0.5 + 1/4O2↑ (4)

The formation of oxygen deficiencies facilitates mass transfer within the crystal lattice and, hence, movement (elimination)
of residual pores is accelerated.
[0067] Although the Ti reduction can be conducted in either the primary sintering or the HIP, it is preferred to conduct
the reduction during the HIP.
[0068] The ratio of reduced Ti can be determined through calculation on the assumption that the difference in weight
between the sintered body obtained through the HIP and the sintered body obtained through annealing (oxidation) is
attributable to oxygen deficiencies of the titania. In the case where titania is not contained, a significant change in the
weight of the sintered body through the annealing is not observed. It can hence be seen that the difference in weight
between the sintered body obtained through the HIP and the sintered body obtained through annealing (oxidation), in
the process of the invention, is due to the reduction of the titania. Furthermore, the formation of Ti3+ by reduction and
the oxidation by annealing can be ascertained from the fact that when the zirconia sintered body obtained through the
HIP and the zirconia sintered body obtained through annealing are examined for ESR spectrum, a clear signal assigned
to Ti3+ (g=2.0) is observed only in the ESR spectrum of the sintered body obtained through the HIP (unannealed sintered
body).
[0069] The ratio of reduced Ti in the process of the invention is preferably 20% or higher, more preferably 25% or
higher. When the ratio of reduced Ti is 20% or higher, many oxygen deficiencies are formed and movement (elimination)
of residual pores is accelerated. A highly transparent zirconia sintered body hence is obtained. Meanwhile, in the case
where the ratio of reduced Ti is less than 20%, oxygen deficiencies are formed in a small amount and, hence, elimination
of residual pores is less apt to proceed.
[0070] In the case where a zirconia sintered body which has especially high translucency is to be obtained, the ratio
of reduced Ti is preferably 20% or higher, more preferably 30% or higher, even more preferably 40% or higher. In the
case where the ratio of reduced Ti is less than 20%, a zirconia sintered body having reduced translucency is obtained.
[0071] In the case where Ti is to be reduced during the primary sintering or the HIP, this may be accomplished by
conducting the primary sintering or the HIP in a reducing atmosphere. In particular, Ti reduction in the HIP can be
conducted while utilizing carbon monoxide which is generated by the reaction of the oxygen contained in a slight amount
in the HIP pressure medium, e.g., a non-oxidizing gas such as argon or nitrogen, with the carbon contained in the heater,
insulating material, or the like of the HIP apparatus.
[0072] The material of the vessel (sample vessel) in which the sample is disposed in the HIP is not particularly limited.
It is, however, preferred that the vessel should be made of a reducing material, e.g., carbon. This configuration further
accelerates the Ti reduction.
[0073] According to the production process of the invention, a zirconia sintered body can be obtained by annealing
the sintered body obtained through the HIP.
[0074] The sintered body which has been obtained through the HIP and which has a ratio of reduced Ti of 20% or
higher has a black color. Consequently, this sintered body, as sintered, does not have sufficient transparency. According
to the process of the invention, the sintered body can be converted to a zirconia sintered body which is highly transparent
and is undimmed (cloudless), by oxidizing the sintered body by annealing.
[0075] It is preferred that in the annealing, the sintered body is held at a temperature of 1,000-1,200°C and ordinary
pressure for 1 hour or longer in the air or in an oxidizing atmosphere using oxygen.

Examples

[0076] The invention will be explained below in detail by reference to Examples and Comparative Examples. However,
the invention should not be construed as being limited to the following Examples.

(Ratio of Reduced Ti)

[0077] The difference in weight between a sintered body obtained through HIP and a sintered body obtained through
annealing was determined, and the Ti3+ content (z) and the ratio of reduced Ti (z/y) were calculated from the determined
weight decrease using the following formula (5).
[0078]

Zr1-x-yYxTi4+
yO2-0.5x → Zr1-x-yYxTi4+

y-zTi3+
zO2-0.5x-0.5z (5)
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(Total Forward Transmission and In-Line Transmission)
Total forward transmission and in-line transmission were measured with a double-beam type spectrophotometer (Type
V-650, manufactured by JASCO Corp.). The same test sample as that which was subjected to the haze value meas-
urement was used. A deuterium lamp and a halogen lamp were used as light sources to examine the test sample while
changing the wavelength over the range of 200-800 nm to measure the in-line transmission at each wavelength. The
value measured at a wavelength of 600 nm was used as a representative value.

(Haze Value and Diffusion Coefficient)

[0079] A zirconia sintered body was cut into a thickness of 1 mm, and both surfaces thereof were mirror-polished to
a surface roughness Ra of 0.02 Pm or less. This polished piece was used as a test sample. Haze value was measured
with a hazeometer (TC-HIII, manufactured by Tokyo Denshoku Co., Ltd.) by methods according to JIS K7105 "Testing
Methods for Optical Properties of Plastics" and JIS K7136 "Plastics - Method of Determining Haze of Transparent
Materials".
[0080] Diffusion Coefficient was calculated using expression (3).
[0081]

(Average Grain Size)

[0082] A primary sintered body and a sintered body obtained through HIP were ground to form planar surfaces, and
the resultant planar surfaces were mirror-polished with abrasive diamond grains of 9 Pm, 6 Pm, and 1 Pm. The polished
surfaces were heat-etched and then examined with an SEM.
[0083] The heat etching was conducted by holding each test sample for 2 hours at a temperature lower by 50-100°C
than the HIP temperature. From an SEM image of each etched sintered body, the average grain size was determined
using expression (6) in accordance with the method described in J. Am. Ceram. Soc., 52 [8] 443-6 (1969).
[0084]

In expression (6), D is average grain size (Pm) and L is the average length (Pm) of grains which traverse any straight
line. The value of L was an average of 100 or more actually measured lengths.

(Brightness, Color Hue)

[0085] A test sample was obtained by cutting a zirconia sintered body into a thickness of 1 mm and mirror-polishing
both surfaces thereof to a surface roughness Ra of 0.02 Pm or less. A measurement was made with a precision type
spectrophotometric colorimeter (TC-1500SX, manufactured by Tokyo Denshoku Co., Ltd.) in accordance with JIS K7105
"Testing Methods for Optical Properties of Plastics", Section 5.3 and Section 5.4. A normal standard white plate was
placed on the back surface of the sample, and the light reflected from the sample was examined to determine brightness
L* and color hue a* and b*.

(Bending Strength)

[0086] The bending strength of a zirconia sintered body was measured in accordance with JIS R1601. The measure-
ment was made ten times, and the average thereof was taken as average bending strength.

(Examination of Refractive Index Distribution)

[0087] A schlieren image of a zirconia sintered body was examined as a refractive index distribution thereof. The
examination of a schlieren image was made with a compact schlieren apparatus (SLM-10, manufactured by Mizojiri
Optical Co., Ltd.).
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EXAMPLES 1 TO 7

(Starting-Material Powder)

[0088] Given amounts of a zirconia powder and a titania powder were weighed out and mixed together in an ethanol
solvent by means of a ball mill for 72 hours using zirconia balls having a diameter of 10 mm. This mixture was dried.
The powder thus prepared was used as a starting-material powder.
[0089] As the zirconia powder was used either a zirconia powder containing 8 mol% yttria (TZ-8Y, manufactured by
Tosoh Corp.) or a zirconia powder containing 10 mol% yttria (TZ-10Y, manufactured by Tosoh Corp.), both powders
having been produced by a hydrolysis process. As the titania powder was used a high-purity titania powder (PT-401M,
manufactured by Ishihara Sangyo Kaisha, Ltd.) produced by a sulfuric acid process.

(Primary Sintering)

[0090] The starting-material powder was compacted with a mold press at a pressure of 50 MPa and then further
compacted with an apparatus for cold isostatic pressing at a pressure of 200 MPa to obtain a cylindrical compact having
a diameter of 20 mm.
[0091] This compact was sintered in the air under the conditions of a heating rate of 100 °C/hr, a sintering temperature
of 1,325°C or 1,350°C, and a sintering period of 2 hours. Thus, primary sintered bodies were obtained (samples Nos.
1 to 4). The composition, density, average grain size, and crystalline phase of each of the primary sintered bodies
obtained are shown in Table 1.
[0092] The composition of samples Nos. 1 and 2 was TiO2:Y2O3:ZrO2 = 0.1:0.072:0.828, and that of samples Nos. 3
and 4 was TiO2:Y2O3:ZrO2 = 0.1:0.09:0.81, in terms of molar ratio.
[0093] The primary sintered bodies each had a relative density of 90% or higher and an average grain size of 2 Pm
or less and had a crystalline phase constituted of a mixture of cubic crystals and tetragonal crystals.
[0094]

(HIP)

[0095] The primary sintered body of sample No. 1, 2, 3, or 4 was subjected to HIP under the conditions of a given HIP
temperature of 1,400-1,500°C, a pressure of 150 MPa, and a holding period of 1 hour. As a pressure medium, argon
gas having a purity of 99.9% was used. As the vessel in which the sample was disposed, use was made of a lidded
vessel made of carbon.
[0096] All the HIP-treated sintered bodies obtained through the HIP had a black color. By annealing these sintered
bodies in the air at 1,000°C for 2 hours, zirconia sintered bodies having translucency were obtained.
[0097] The zirconia sintered bodies obtained each had a density of 100% when a tolerance range for the Archimedes
method was taken into account, and the crystalline phase thereof was constituted only of fluorite type cubic crystals.
[0098] The ratio of reduced Ti after the HIP and the properties of each zirconia sintered body obtained through the
annealing are shown in Table 2.
[0099]

[Table 1]

Sample No.

Starting-material powder Primary-sintering conditions Density of 
primary 
sintered 

body g/cm3 
(%)

Average grain 
size Pm

Crystalline 
phase C: 

cubic crystals 
T: tetragonal 

crystals

Y2O3 mol% TriO2 mol%
Holding 

temperature 
°C

Holding 
period hr

No. 1 7.2 10 1325 2 5.46 (93.2) 1.1 C+T

No. 2 7.2 10 1350 2 5.70 (97.3) 1.2 C+T

No. 3 9.0 10 1325 2 5.34 (91.4) 1.6 C+T

No. 4 9.0 10 1350 2 5.58 (95.6) 1.8 C+T



EP 2 439 182 A1

11

5

10

15

20

25

30

35

40

45

50

55

Each zirconia sintered body had an in-line transmission as high as 60% or above and a bending strength as high as
250 MPa or above. These sintered bodies of the invention were configured of fine crystal grains as shown in Fig. 1.

EXAMPLE 8

[0100] The zirconia sintered body of Example 6 was examined for schlieren image. The schlieren image obtained is
shown in Fig. 3. The zirconia sintered body was a homogeneous sintered body having no striae.

EXAMPLE 9

[0101] The zirconia sintered body of Example 4 was examined for refractive index, Abbe number, relative permittivity,
dielectric loss, and Vickers hardness. The refractive index was measured by a prism coupling method, and the relative
permittivity and the dielectric loss were determined in the frequency range of 100-1,000 kHz. The Vickers hardness was
measured under a load of 5 kg. The results thereof are shown in Table 3.
[0102] The values of refractive index and relative permittivity thereof were far higher than those of transparent materials
such as glasses, and the values of dielectric loss thereof were exceedingly small.
[0103]

COMPARATIVE EXAMPLES 1 AND 2

[0104] Using the primary sintered body of sample No. 2 or 4, a zirconia sintered body was produced under the same
conditions as in Example 1, except that the HIP temperature was changed to 1,200°C. The results of evaluation of the

[Table 2]

Example
Sample 

No.

HIP 
temperature 

°C

Ratio of 
reduced 

Ti %

Properties of zirconia sintered body

In-line 
transmission 
% (600 nm)

Haze 
value 

%

Total forward 
transmission 
% (600 nm)

Average 
gram 

size Pm

Bending 
strength 

MPa

1 No. 1 1500 42 71.6 2.7 74.4 15.1 285

2 No. 2 1500 40 71.9 2.6 74.4 14.3 281

3 No. 3 1500 45 70.1 4.5 73.2 20.9 296

4 No. 4 1500 47 69.7 5.3 72.8 19.8 285

5 No. 4 1450 38 66.9 8.9 72.5 16.2 294

6 No. 3 1400 29 66.3 9.2 72.0 12.1 306

7 No. 4 1400 29 61.2 15.6 71.9 11.0 309

[Table 3]

Refractive index 486 nm 2.231

589 nm 2.214

656 nm 2.204

Abbe number 44.2

Relative permittivity 100 kHz 33.03

500 kHz 32.81

1000 kHz 32.70

Dielectric loss 100 kHz 0.0056

500 kHz 0.0055

1000 kHz 0.0064

Vickers hardness 1200
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zirconia sintered bodies obtained are shown in Table 4.
[0105]
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[Table 4]

Comparative 
Example

Sample No.
HIP temperature 

°C
Ratio of reduced 

Ti %

Properties of zirconia sintered body

In-line 
transmission % 

(600 nm)
Haze value %

Total forward 
transmission % 

(600 nm)

Average grain 
size Pm

Bending strength 
MPa

1 No. 2 1200 6 0.2 97.5 36.0 4.3 -

2 No.4 1200 5 0.1 97.4 35.3 5.6 -
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An HIP temperature of 1,200°C resulted in an in-line transmission less than 1%. The reduction in HIP temperature
resulted in considerable decreases in transmission.
[0106] The zirconia sintered bodies of these Comparative Examples each had two crystalline phases respectively
constituted of cubic crystals and tetragonal crystals.

COMPARATIVE EXAMPLE 3

[0107] Zirconia containing 9 mol% Y2O3 and 10 mol% TiO2 was used to produce a primary sintered body (sample
No. 5) under the conditions of a temperature of 1,500°C and a sintering period of 2 hours. The results of evaluation of
the primary sintered body obtained are shown in Table 5.
[0108]

The primary sintered body obtained had a crystalline phase constituted only of cubic crystals, and had an average grain
size as large as 20 Pm or above.
[0109] The primary sintered body obtained (sample No. 5) was treated under the same conditions as in Example 1 to
produce a zirconia sintered body. The results are shown in Table 6.
[0110]

[Table 5]

Sample No.

Starting-material powder
Primary-sintering 

conditions
Density of 

primary 
sintered 

body 
g/cm3 (%)

Average 
grain size 

Pm

Crystalline 
phase C: 

cubic 
crystals T: 
tetragonal 
crystals

Y2O3 
mol%

TiO2 mol%
Holding 

temperatur
e °C

Holding 
period hr

No. 5 9.0 10 1500 2 5.66 (96.9) 21.0 C
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[Table 6]

Comparative 
Example

Sample No.
HIP temperature 

°C
Ratio of reduced 

Ti %

Properties of zirconia sintered body

In-line 
transmission % 

(600 nm)
Haze value %

Total forward 
transmission % 

(600 nm)

Average grain 
size Pm

Bending strength 
MPa

3 No. 5 1500 41 45.8 24.7 61.6 43.5 -



EP 2 439 182 A1

16

5

10

15

20

25

30

35

40

45

50

55

The zirconia sintered body obtained from the primary sintered body in which the crystalline phase had been constituted
of cubic crystals had low values of transmission after HIP.

COMPARATIVE EXAMPLE 4

[0111] A zirconia sintered body was produced by conducting the same treatments as in Example 4, except that mixing
of the starting-material powder was omitted. The results of evaluation of the zirconia sintered body obtained are shown
in Table 7, and a schlieren image thereof is shown in Fig. 4.
[0112] Use of the unhomogeneous starting-material powder resulted in low values of transmission. In the schlieren
image, many black spots attributable to ununiformity of the refractive index distribution were observed.
[0113]

EXAMPLES 10 TO 21

(Preparation of Starting-Material Powder)

[0114] Given amounts of a zirconia powder and a titania powder were weighed out and mixed together in an ethanol
solvent by means of a ball mill for 72 hours using zirconia balls having a diameter of 10 mm. This mixture was dried.
The powder thus prepared was used as a starting-material powder.
[0115] As the zirconia powder was used either a zirconia powder containing 8 mol% yttria (TZ-8Y, manufactured by
Tosoh Corp.) or a zirconia powder containing 10 mol% yttria (TZ-10Y, manufactured by Tosoh Corp.), both powders
having been produced by a hydrolysis process. As the titania powder was used a high-purity titania powder (PT-401M,
manufactured by Ishihara Sangyo Kaisha, Ltd.) produced by a sulfuric acid process. Properties of the starting-material
powder are shown in Table 8.
[0116]

(Primary Sintering)

[0117] The starting-material powder was compacted with a mold press at a pressure of 50 MPa and then further
compacted with an apparatus for cold isostatic pressing at a pressure of 200 MPa to obtain a cylindrical compact having
a diameter of 20 mm and a thickness of 2 mm.
[0118] Primary sintering was conducted in the air under the conditions of a heating rate of 100 °C/hr, given primary-
sintering temperatures of 1,300-1,375°C, and a sintering period of 2 hours or 10 hours. Thus, primary sintered bodies
were obtained (samples Nos. 6 to 13).
[0119] The composition, density, average grain size, and crystalline phase of each of the primary sintered bodies
obtained are shown in Table 9.
[0120] Each primary sintered body had a relative density of 94-98% and an average grain size of 3 Pm or less and

[Table 7]

Comparative 
Example

Density of 
primary sintered 
body g/cm3 (%)

Ratio of reduced 
Ti %

Properties of zirconia sintered body

In-line 
transmission % 

(600 nm)

Total forward 
transmission % 

(600 nm)

Average grain 
size Pm

4 5.45 (93.3) 49 21.5 50.1 18.1

[Table 8]

Powder
Product 
name

Specific 
surface 

area m2/g

Crystallite 
size nm

Y2O3 wt%
Fe2O3 
ppm

Na2O 
ppm

Al2O3 
ppm

Remarks

Zirconia 
powder

TZ-8Y 14 42 14.9 3.1 525 0

TZ-10Y 15 45 19.0 5.2 1084 0

Titania 
powder

PT-401M 19
14 (rutile) 

16 
(anatase)

0 27 22 5 rutile, 52%
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had two crystalline phases respectively constituted of cubic crystals and tetragonal crystals.
[0121]

(HIP and Annealing)

[0122] Each of the primary sintered bodies of sample Nos. 6 to 13 was subjected to HIP under the conditions of a
temperature of 1,650°C, a pressure of 150 MPa, and a holding period of 1 hour. As a pressure medium, argon gas
having a purity of 99.9% was used.
[0123] As the vessel in which the sample was disposed, use was made of any of a lidded vessel made of carbon, a
lidless vessel made of carbon, and a lidless vessel made of alumina.
[0124] All the zirconia sintered bodies obtained through the HIP had a black color, and hence were annealed in the
air at 1,000°C for 2 hours. All the zirconia sintered bodies thus obtained through the annealing were colorless and
transparent.
[0125] The zirconia sintered bodies obtained each had a density of 100% when a tolerance range for the Archimedes
method was taken into account, and the crystalline phase thereof was constituted only of fluorite type cubic crystals.
[0126] The ratios of Ti reduced through the HIP and the average grain size, haze value, in-line transmission, diffusion
coefficient, brightness, and color hue of each zirconia sintered body obtained through the annealing are shown in Table 10.
[0127] Although all the zirconia sintered bodies underwent a weight decrease through the HIP, each sintered body
increased in weight through the annealing and came to have the same weight as before the HIP.
[0128] Furthermore, the zirconia sintered bodies before and after the HIP and the zirconia sintered bodies obtained
through the annealing were examined for ESR spectrum. As a result, a clear signal assigned to Ti3+ (g=2.0) was observed
only in the ESR spectra of the sintered bodies obtained through the HIP (unannealed sintered bodies). It was hence
found that the Ti3+ had been oxidized by the annealing.
[0129]

[Table 9]

Sample No.

Starting-material powder
Primary-sintering 

conditions
Density of 

primary 
grain 

sintered 
body 

g/cm3 (%)

Average 
body size 

Pm

Crystalline 
phase C: 

cubic 
crystals T: 
tetragonal 
crystals

Y2O3 
mol%

TiO2 mol%
Holding 

temperatur
e °C

Holding 
period hr

No. 6 7.6 5 1350 2 5.77 (97.0) 1.1 C+T

No. 7 7.2 10 1300 10 5.54 (94.5) 0.9 C+T

No. 8 7.2 10 1375 2 5.73 (97.8) 1.8 C+T

No. 9 9.5 5 1350 2 5.75 (97.3) 1.3 C+T

No. 10 9.0 10 1300 10 5.47 (94.0) 1.2 C+T

No. 11 9.0 10 1375 2 5.60 (96.2) 2.2 C+T

No. 12 8.5 15 1300 10 5.41 (94.5) 2.0 C+T

No. 13 8.5 15 1375 2 5.59 (97.6) 2.4 C+T
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[Table 10]

Example
Sample 

No.

Sample vessel
Ratio of 

reduced Ti 
%

Properties of zirconia sintered body

Material Lid
Haze value 

%

In-line 
transmission 
% (600 nm)

Diffusion 
coef ficient 

cm-1

Brightness 
L*

Color Hue 
a*

Color Hue 
b*

Average 
grain size 

Pm

10 No.6 alumina absent 32 1.0 73.0 0.1005 87.5 -0.1 1.1 30.0

11 No.7 alumina absent 30 0.8 73.1 0.0803 88.1 0.0 1.6 34.2

12 No.7 carbon absent 70 0.3 73.9 0.0300 88.1 -0.1 1.8 40.2

13 No.7 carbon present 74 0.5 73.4 0.0501 87.8 -0.2 1.5 41.5

14 No.8 alumina absent 33 0.6 73.2 0.0602 87.3 0.1 0.9 46.4

15 No.9 alumina absent 40 0.6 73.3 0.0602 87.4 -0.1 1.2 32.5

16 No.10 alumina absent 30 1.0 73.0 0.1005 87.0 0.0 1.1 47.3

17 No.10 carbon absent 72 0.5 73.5 0.0501 88.2 0.1 1.2 51.2

18 No.10 carbon present 77 0.3 74.0 0.0300 88.5 -0.1 1.1 54.9

19 No.11 alumina absent 35 0.4 73.5 0.0401 88.2 -0.1 0.8 43.6

20 No.12 alumina absent 34 1.0 73.0 0.1005 87.5 0.0 1.8 55.2

21 No.13 alumina absent 39 0.9 73.0 0.0904 87.1 -0.1 1.4 53.1
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The zirconia sintered bodies each had an in-line transmission (sample thickness, 1 mm; measuring wavelength, 600
nm) of 73-74% and a haze value as low as 0.3-1.0%. All the zirconia sintered bodies had undimmed high transparency.

EXAMPLES 22 TO 25

(Preparation of Starting-Material Powder)

[0130] A zirconia powder containing 8 mol% yttria (TZ-8Y, manufactured by Tosoh Corp.) was mixed with a titania
powder produced by a vapor-phase process (Super Titania, manufactured by Showa Denko K.K.) by means of a ball
mill to obtain a zirconia powder containing 7.2 mol% yttria and 10 mol% titania.
[0131] Properties of the titania powder used are shown in Table 11.
[0132]

(Primary Sintering)

[0133] The starting-material powder was compacted and subjected to primary sintering in the same manner as in
Examples 19 to 21, except that in the primary sintering, the compact was held at 1,325°C in the air for 2 hours. Thus, a
primary sintered body was obtained (sample No. 14).

(HIP and Annealing)

[0134] Zirconia sintered bodies were obtained in the same manner as in Examples 19 to 21, except that the HIP
temperature was changed to 1,600°C or 1,700°C. The properties of the zirconia sintered bodies are shown in Table 12.
[0135]

[Table 11]

Powder
Product 
name

Specific 
surface 

area m2/g

Crystallite 
size nm

Y2O3 wt%
Fe2O3 
ppm

Na2O 
ppm

Al2O3 
ppm

Remarks

Titania 
powder

Super 
Titania

64
78 (rutile) 

44 
(anatase)

0 11 2 2 rutile, 3%
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[Table 12]

Example
HIP tem-
perature

Sample vessel

Ratio of 
reduced Ti

Properties of zirconia sintered body

Material Lid Haze value %

In-line 
transmission 
% (600 nm) 

(600 nm)

Diffusion 
coefficient 

cm-1
Brightness L* Color Hue a* Color Hue b*

22 1600 carbon present 62 1.0 73.1 0.1005 87.4 -0.1 1.2

23 1700 carbon present 85 0.3 74.0 0.0300 88.1 -0.1 0.8

24 1600 alumina absent 27 1.0 72.9 0.1005 88.3 -0.1 1.0

25 1700 alumina absent 59 0.4 73.9 0.0401 87.3 -0.1 1.8
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EXAMPLE 26

[0136] A zirconia sintered body containing 7.2 mol% yttria and 10 mol% titania was produced in the same manner as
in Example 12. This sintered body was examined for refractive index, Abbe number, relative permittivity, three-point
bending strength, and Vickers hardness. The results thereof are shown in Table 13.
[0137] The refractive index was measured by a prism coupling method, and the relative permittivity was determined
in the frequency range of 100-1,000 kHz. The three-point bending strength was measured in accordance with JIS R1601,
and the Vickers hardness was measured under a load of 5 kg.
[0138] The values of refractive index and relative permittivity thereof were far higher than those of transparent materials
such as glasses, and the zirconia sintered body had excellent mechanical properties.
[0139]

COMPARATIVE EXAMPLE 5

[0140] The primary sintered bodies of sample No. 7 (7.2 mol% yttria and 10 mol% titania) and sample No. 10 (9.0
mol% yttria and 10 mol% titania) were subjected to HIP in completely the same manner as in Example 11, except that
each primary sintered body was disposed in a lidded alumina vessel. Thus, zirconia sintered bodies were obtained.
[0141] The zirconia sintered body obtained from either of the two primary sintered bodies had a low ratio of reduced
Ti. The sintered body obtained from sample No. 7 had a ratio of reduced Ti of 3%, and the sintered body obtained from
sample No. 10 had a ratio of reduced Ti of 5%.
[0142] With respect to the in-line transmission of each sintered body, the sintered body obtained from sample No. 7
had an in-line transmission of 45%, and the sintered body obtained from sample No. 10 had an in-line transmission of
64%. With respect to haze value, the sintered body obtained from sample No. 7 had a haze value of 29%, and the
sintered body obtained from sample No. 10 had a haze value of 11 %. These sintered bodies each had a haze value of
10% or more and an in-line transmission of 65% or less and had low transparency. Furthermore, the sintered body
obtained from sample No. 10 had a diffusion coefficient as high as 1.03 cm-1.

COMPARATIVE EXAMPLE 6

[0143] Compacts formed from the starting-material powder used in Examples 16 to 19 (9.0 mol% yttria and Y2O3, 10
mol% titania) were held for 2 hours at temperatures of 1,500°C and 1,600°C, respectively, to obtain primary sintered
bodies. With respect to the average grain size of each primary sintered body, the primary sintered body obtained through
sintering at 1,500°C (sample No. 15) had an average grain size of 15.0 Pm, and the primary sintered body obtained
through sintering at 1,600°C (sample No. 16) had an average grain size of 30.3 Pm.
[0144] The primary sintered bodies obtained were subjected to HIP in completely the same manner as in Example
18 to obtain zirconia sintered bodies. The zirconia sintered body obtained from sample No. 15 had an in-line transmission
of 55%, and the zirconia sintered body obtained from sample No. 16 had an in-line transmission of 48%.
With respect to haze value, the zirconia sintered body obtained from sample No. 15 had a haze value of 20%, and the
zirconia sintered body obtained from sample No. 16 had a haze value of 27%. Both sintered bodies had poor transparency.

[Table 13]

Refractive index

486 nm 2.252

589 nm 2.226

656 nm 2.215

Abbe number 32.9

Relative permittivity

100 kHz 30.9

500 kHz 30.8

1000 kHz 30.8

Average bending strength 255 MPa

Vickers hardness 1180
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EXAMPLE 27 AND COMPARATIVE EXAMPLE 7

[0145] Zirconia containing 9.0 mol% yttria and 10 mol% titania was examined for a difference in the structure of primary
sintered body due to sintering temperature. The results of an SEM examination are shown in Figs. 5A, 5B, and 5C. In
the primary sintered body obtained through 10-hour holding at 1,300°C (sample No. 10) and the primary sintered body
obtained through 2-hour holding at 1,400°C, all the pores were present at the grain boundaries. In contrast, in the primary
sintered body obtained through 2-hour holding at 1,500°C (sample No. 15), there were a large number of pores which
had been included in the grains. Furthermore, the crystalline phase of each sample was identified by XRD. As a result,
in the primary sintered body obtained through sintering at 1,300°C or 1,400°C (Example 27), tetragonal crystals were
observed besides cubic crystals. In contrast, in the primary sintered body obtained through sintering at 1,500°C (Com-
parative Example 7), cubic crystals only were observed.
[0146] The transparency of sintered bodies obtained from sample No. 10 and sample No. 15 through HIP is as shown
in Examples 16 to 18 and Comparative Example 6. The low transparency of the sintered body obtained from sample
No. 15 was due to the fact that the intragranular pores included in large grains (Fig. 5C) were less apt to be eliminated
by the HIP as compared with the intergranular pores (Fig. 5A).

EXAMPLE 28

[0147] From the data obtained in Examples 10 to 25 and Comparative Example 5, a relationship between the ratio of
reduced Ti and haze value was determined. The results thereof are shown in Fig. 6.

EXAMPLE 29

[0148] From the data obtained in Examples 10 to 25 and Comparative Example 6, a relationship between primary-
sintering temperature and haze value was determined. The results thereof are shown in Fig. 7.

COMPARATIVE EXAMPLE 8

[0149] A zirconia sintered body was obtained in accordance with patent document 2. A zirconia powder containing 7
mol% yttria and 10 mol% titania was obtained in accordance with the Powder Production Examples 8-13 of patent
document 2, and was sintered at 1,700°C in an oxygen stream in accordance with the Sintering Example A and then
subjected to HIP at 1,500°C and 100 MPa. After the HIP, the ratio of reduced Ti was 18%.
[0150]  The zirconia sintered body obtained had an in-line transmission of 65% and a haze value of 9%, and had lower
transparency than the zirconia sintered bodies of the invention.
[0151] This is thought to be because intragranular pores were formed due to the high primary-sintering temperature
and because sintering was not accelerated due to the low ratio of reduced Ti.

COMPARATIVE EXAMPLE 9

[0152] A zirconia sintered body was obtained in accordance with the method described in patent document 1. In
accordance with the Example 1 of patent document 1, a zirconia powder containing 8 mol% yttria (TZ-8Y, manufactured
by Tosoh Corp.) was subjected to primary sintering at 1,375°C and to HIP at 1,750°C and 150 MPa in a semi-closed
alumina vessel. The sintered body obtained had an in-line transmission of 72.5%, a haze value of 2.5%, and a diffusion
coefficient of 0.251 cm-1, and was a dimmed (cloudy) sintered body.
[0153] While the invention has been described in detail and with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and modifications can be made therein without departing from
the spirit and scope thereof.
[0154] This application is based on a Japanese patent application filed on June 4, 2009 (Application No. 2009-134741)
and a Japanese patent application filed on October 16, 2009 (Application No. 2009-239627), the contents thereof being
incorporated herein by reference.

Industrial Applicability

[0155] Since the zirconia sintered body of the invention has high translucency and excellent mechanical strength, the
sintered body can be utilized as ornaments. For example, the zirconia sintered body of the invention can be utilized as
parts for watches, decorative members, exterior parts for electronic appliances, such as transparent panel substrates
for cell phones or electronic appliances, aesthetic dental parts, and the like.
[0156]  In the case where the zirconia sintered body of the invention is a sintered body having especially high trans-
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lucency, this sintered body can give an optical lens or optical prism that has a refractive index as high as 2.0 or above,
which is not attainable with glasses. Furthermore, this sintered body has excellent mechanical properties and is hence
utilizable also as decorative parts. For example, the sintered body can be used as exterior parts for watches or electronic
appliances, e.g., cell phones.
[0157] Therefore, the invention has a significant industrial value.

Claims

1. A zirconia sintered body characterized by containing yttria in an amount of 6-15 mol% and titania in an amount of
3-20 mol% and by having an in-line transmission of 50% or higher when examined at a sample thickness of 1 mm
and a measuring wavelength of 600 nm.

2. The zirconia sintered body as claimed in claim 1 characterized by having an average grain size of less than 3 Pm.

3. The zirconia sintered body as claimed in claim 2 characterized by having an average bending strength of 250 MPa
or higher.

4. The zirconia sintered body as claimed in claim 2 characterized by having a sinter density of 99.9% or higher.

5. The zirconia sintered body as claimed in claim 2 characterized by having a crystalline phase, the crystalline phase
having a cubic fluorite structure.

6. The zirconia sintered body as claimed in claim 1 which has an in-line transmission of 73% or higher when examined
at a sample thickness of 1 mm and a measuring wavelength of 600 nm, and further has a haze value of 2.0% or less.

7. The zirconia sintered body as claimed in claim 1 characterized by having an average grain size of 30-60 Pm.

8. The zirconia sintered body as claimed in claim 7 characterized by having a brightness L* of 84-90.

9. The zirconia sintered body as claimed in claim 7 characterized by having a color hue in which a* is -1.5 to 0.2 and
b* is 0.0 to 4.0.

10. A process for producing a zirconia sintered body containing 3-20 mol% titania and 6-15 mol% yttria, characterized
by molding a zirconia powder which contains 3-20 mol% titania and 6-15 mol% yttria, subjecting the resultant
compact to primary sintering at ordinary pressure and then to hot isostatic pressing (HIP) to obtain a sintered body
having a ratio of reduced Ti of 20% or higher, and annealing the sintered body.

11. The process for producing a zirconia sintered body as claimed in claim 10 characterized in that the sintered body
obtained by the primary sintering has a relative density of 94% or higher and an average grain size of 3 Pm or less
and this sintered body is subjected to HIP.

12. The process for producing a zirconia sintered body as claimed in claim 10 characterized in that the sintered body
obtained through sintering at 1,200-1,400°C is subjected to HIP.

13. The process for producing a zirconia sintered body as claimed in claim 10 characterized in that the HIP is conducted
at 1,400-1,800°C.

14. An optical part which comprises the zirconia sintered body as claimed in claim 1.

15. The optical part as claimed in claim 14 which preferably is for use as an optical lens.

16. An exterior part for electronic appliances which comprises the zirconia sintered body as claimed in claim 1.



EP 2 439 182 A1

24



EP 2 439 182 A1

25



EP 2 439 182 A1

26



EP 2 439 182 A1

27



EP 2 439 182 A1

28



EP 2 439 182 A1

29



EP 2 439 182 A1

30



EP 2 439 182 A1

31

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2007246384 A [0012]
• JP 62091467 A [0012]
• JP 1113038 A [0012]
• JP 1172264 A [0012]

• JP 1126267 A [0012]
• JP 2009134741 A [0154]
• JP 2009239627 A [0154]

Non-patent literature cited in the description

• Journal of the Europian Ceramics Society, 2009, vol.
29, 283-291 [0013]

• Jiruconia Seramikkusu. Uchida Rokakuho, 1986, vol.
8, 19 [0013]

• J. Am. Ceram. Soc., 1969, vol. 52 (8), 443-6 [0083]


	bibliography
	description
	claims
	drawings
	search report

