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DESCRIPTION 

TITLE OF INVENTION: Opaque quartz glass and method for producing the same 

TECHNICAL FIELD 

[0001] 

The present invention relates to an opaque quartz glass that can be suitably used, for 

example, as a member for semiconductor manufacturing apparatuses, a component of optical 

apparatuses, and the like, and to a method for producing the same. 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to International Application No. PCT/JP2022/008532, 

filed March 1, 2022, the entire description of which is expressly incorporated herein by 

reference. 

BACKGROUND ART 

[0002] 

Quartz glasses, which are excellent in light transmittance, heat resistance, and 

chemical resistance, are used in various applications such as lighting apparatuses, optical 

apparatus components, semiconductor industrial components, and physical and chemical 

apparatuses. Opaque quartz glasses which are quartz glasses containing pores have excellent 

heat ray reflecting and heat ray blocking properties and therefore have been utilized as 

flanges and furnace tubes for semiconductor heat treatment apparatuses. Opaque quartz 

glasses have also excellent light shielding property and therefore utilized as optical device 

components such as a reflector base material for light source lamps for projector. 

[0003] 

The opaque quartz glasses are whitened by containing pores therein to obtain the 

heat ray reflecting, heat ray blocking and light shielding properties. Opaque quartz glasses 

can be roughly classified based on whether the shape of their pores is spherical or irregular. 

[0004] 

The opaque quartz glasses containing pores with a spherical shape can be produced 

by, for example, a method of adding a foaming agent such as silicon nitride to silica powder 

and melting the mixture (see, for example, Patent Literatures 1 and 2). In this method, since 

the foaming agent vaporizes to form pores, it is difficult to suppress an increase in the pore 

diameter, and the pores become too large, resulting in a problem where the density and 

mechanical strength are reduced. In addition, a problem exists that the heat ray reflecting, 

heat ray blocking and light shielding properties tend to deteriorate. 
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[0005] 

In contrast, opaque quartz glasses containing pores with irregular shapes can be 

produced by, for example, a method of sintering an amorphous silica powder at a melting 

temperature or lower without using the foaming agent (see, for example, Patent Literatures 

3 to 5). When the pores have irregular shapes, since interface areas between the pores and 

glass increase, there is an advantage that light (general electromagnetic waves including 

visible light, infrared ray, and ultraviolet ray; the same applies hereinafter.) is easily reflected 

and scattered. For example, Patent Literature 3 describes an opaque quartz glass having a 

direct spectral transmittance of less than 10% in a wall thickness of 1 mm, which is 

substantially constant in a wavelength range from c2(0' nm to c2)-,' nm. 

F'''-G

However, the producing methods described in Patent Literatures 3 to 5 unfortunately 

require forming a slurry and solidifying and drying the slurry in a mold, which require a long 

time during solidification and drying of the slurry, in order to form a molded body without 

cracks. 

[0007] 

As a method to improve this point, a method for producing opaque quartz glass has 

been proposed in which silica slurry is spray-dried and granulated, pressure-molded, and 

ZOLT YPTZLXLK "YLL$ MUX L^HSVRL$ AHZLTZ =PZLXHZ[XLY - ZU /#% 8UX L^HSVRL$ AHZLTZ =PZLXHZ[XL -

describes an opaque quartz glass having an infrared ray linear transmittance of 0.7% 

(wavelength 2 dm and sample thickness 1 mm). Patent Literature 8 describes an opaque 

quartz glass that is controlled so that the shape of the pores in the quartz glass is substantially 

spherical and an average particle diameter of the pores is 1 dm or less, with a whiteness of 

0'! UX SUXL HZ H ZOPJQTLYY UM (' SS HTK H XLMRLJZHTJL UM /,! UX SUXL HZ H ZOPJQTLYY UM *

mm at a wavelength of 0.2 to 3 dm. 

[0008] 

Patent Literature 1: Japanese Patent Publication No. H4-'-,*)/

Patent Literature 2: Japanese Patent Publication No. H5-254882 

Patent Literature 3: Japanese Patent Publication No. H7-)-..)+ "DB ,+0.''+ 3#

Patent Literature 4: Japanese Patent Publication No. H8-(+**)0 "DB ,,/,(.* 3#

AHZLTZ =PZLXHZ[XL ,1 A[IRPYOLK <HVHTLYL CXHTYRHZPUT ?U% :0-,'-*)+ UM A5C ;TZLXTHZPUTHR

A[IRPJHZPUT "DB ,.*-)'- 3#

AHZLTZ =PZLXHZ[XL -1 <HVHTLYL AHZLTZ A[IRPJHZPUT ?U%)'(+-'//)/-

Patent Literature 7: Japanese Patent Publication No.2018-'.'*0.

AHZLTZ =PZLXHZ[XL /1 <HVHTLYL AHZLTZ ?U% -.,(/))

The entire descriptions in Patent Literatures 1 to 8 are expressly incorporated herein 
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by reference. 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

F'''0G

However, the opaque quartz glasses described in Patent Literatures 3 to 7 contain 

the pores with irregular shapes, but the heat ray reflecting, heat ray blocking and light 

YOPLRKPTN VXUVLXZPLY HXL TUZ Y[MMPJPLTZ% 8UX L^HSVRL$ AHZLTZ =PZLXHZ[XLY * HTK - KLYJXPIL ZOHZ

the linear transmittance of opaque quartz glass is low, as described above, but many light is 

transmitted in directions other than the linear direction (traveling direction of incident light) 

while being scattered by interactions with pores. 

[0010] 

Furthermore, the opaque quartz glass of Patent Literature 8 is manufactured by 

controlling the shape of pores to be substantially true sphere in a manufacturing method in 

which the shape of pores is usually irregular. Since such a control of the shape of pores is 

complicated, it is preferable to obtain sufficient heat ray reflecting, heat ray blocking and 

light shielding properties while the shape of the pores remains irregular. 

[0011] 

Thus, in the conventional method, it is difficult to obtain the opaque quartz glass 

containing the pores with irregular shapes and having sufficient heat ray reflecting, heat ray 

blocking and light shielding properties. 

[0012] 

An object of the present invention is to provide an opaque quartz glass containing 

the pores with irregular shapes and having sufficient heat ray reflecting, heat ray blocking 

and light shielding properties. In another aspect, an object of the present invention is to 

provide a method for producing opaque quartz glass, that enables the production of the 

opaque quartz glass. 

SOLUTION TO PROBLEM 

[0013] 

The present inventors had made intensive studies to solve the problem above, and 

they thereby find that the opaque quartz glass containing the pores with irregular shapes and 

having sufficient heat ray reflecting, heat ray blocking and light shielding properties can be 

obtained by mixing a plurality of types of specific silica powders having different particle 

size distributions from each other and an SiO powder at a predetermined formulation, and 

sintering a pressure-molded article of the mixed powder, resulting in the completion of the 
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present invention. 

[0014] 

The present invention is as follows. 

[1] 

An opaque quartz glass containing pores with irregular shapes dispersed in a glass 

body, wherein the opaque quartz glass has a pore size distribution of the pores having D50 of 

4 to 30 dm, a proportion of pores with pore sizes of 5 µm or less of 1 to 50%, and a proportion 

of pores with pore sizes UM (, aS UX RLYY UM *' ZU 0'!$ HTK HT HXLH XHZPU UM VUXLY PT H

microscopic image at a cross section of 5% or more. 

[2] 

COL UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU F(G$ ]OLXLPT H JPXJ[RHXPZ_ UM VUXLY PY '%-) UX

less. 

[3] 

The opaque quartz glass according to [1] or [2], wherein  

when D50 is 10 dm or less, the area ratio is 15% or more, 

when D50 is more than 10 dm, the area ratio is less than 15%. 

[4] 

The opaque quartz glass according to any one of [1] to [3], wherein the opaque 

quartz glass has an infrared reflectance of 75% or more, an SCE reflectance of 75% or more 

at a wavelength of 350 nm to 750 nm, and a brightness L* of 85 or more in L*a*b* color 

system. 

[5] 

The opaque quartz glass according to any one of [1] to [4], wherein the opaque 

quartz glass has an absolute value of a saturation a* of 2 or less and an absolute value of b*

of 4 or less in L*a*b* color system. 

F-G

The opaque quartz glass according to any one of [1] to [5], wherein each content of 

metallic impurities is 1 ppm or less. 

[7] 

COL UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM F(G ZU F-G$ wherein the opaque 

quartz glass has a density of 2.10 to 2.18 g/cm3. 

[8] 

The opaque quartz glass according to any one of [1] to [7], wherein the opaque 

quartz glass has a density distribution of 2% or less and a brightness L* distribution of 2% 

or less. 

F0G
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A method for producing the opaque quartz glass according to any one of [1] to [8], 

comprising:  

pressure-molding a mixed powder of a silica powder which is silica particles having 

D50 of 5 to 100 dm in a particle size distribution and a fine particulate silica which is silica 

particles having a BET diameter of 10 to 50 nm, wherein the content of the fine particulate 

silica is 20 to 50 mass% relative to the total amount of a silica material including the silica 

powder and the fine particulate silica, and  

sintering the pressure-molded article. 

[10] 

COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU F0G$ ]OLXLPT

  (a) the silica powder is a synthetic silica powder having D50 of 30 to 100 dm in a particle 

size distribution, or 

  (b) the silica powder contains a synthetic silica powder having D50 of 30 to 100 dm in a 

particle size distribution and a spherical silica powder having D50 of 5 to 50 dm in a particle 

size distribution, or 

  (c) the silica powder is a spherical silica powder having D50 of 5 to 50 dm in a particle size 

distribution. 

[11] 

The method for producing opaque quartz glass according to [10], wherein in the 

case (b), the content of the spherical silica powder is 1 to 20 mass% relative to the total 

amount of the silica material. 

[12] 

The method for producing opaque quartz glass according to [10] or [11], when the 

synthetic silica powder and the spherical silica powder are present respectively,  

D10 in a particle size distribution of the synthetic silica powder is 1/3 or more of D50

and D0' is 3 times or less of D50, and  

D10 in a particle size distribution of the spherical silica powder is 1/5 or more of D50

and D0' is 5 times or less of D50. 

[13] 

COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM F0G ZU F()G$

wherein the fine particulate silica satisfies at least one of the four requirements of  

  (i) a tapped bulk density is 0.03 to 0.10 g/cm3,  

  (ii) a BET specific surface area is 50 to 100 m2/g,  

  (iii) an OH group concentration is 0.5 to 1.0 mass%, and  

  (iv) each content of metallic impurities other than Si is 1 ppm or less. 

[14] 
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COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM F0G ZU F(*G$

wherein the mixed powder further comprises a SiO powder which is silicon monoxide 

particles having D50 of 0.5 to 2 dm in a particle size distribution, and the content of the SiO 

powder is 0.1 to 1 mass% by external addition relative to the total amount of the silica 

material. 

[15] 

The method for producing opaque quartz glass according to [14], wherein the SiO 

powder has D10 of 0.1 dm or more and D0' of 5 dm or less in a particle size distribution. 

F(-G

COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM F0G ZU F(,G$

wherein a tapped bulk density of the mixed powder for pressure molding is 5 to 20 times 

more than a tapped bulk density of the fine particulate silica. 

EFFECT OF INVENTION 

[0015] 

The present invention allows to provide the opaque quartz glass containing the pores 

with irregular shapes and having sufficient heat ray reflecting, heat ray blocking and light 

shielding properties. In another aspect, the present invention allows to provide a method for 

producing opaque quartz glass, that enables the production of the opaque quartz glass. 

BRIEF DESCRIPTION OF DRAWINGS 

F''(-G

[Figure 1] Figure 1 is an optical micrograph of a quartz glass cross section in Example 3. 

[Figure 2] Figure 2 is an optical micrograph of a quartz glass cross section in Example 4. 

[Figure 3] Figure 3 is an optical micrograph of a quartz glass cross section in Example 5. 

F8PN[XL +G 8PN[XL + PY HT UVZPJHR SPJXUNXHVO UM H W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL -%

[Figure 5] Figure 5 is an optical micrograph of a quartz glass cross section in Example 7. 

F8PN[XL -G 8PN[XL - PY HT UVZPJHR SPJXUNXHVO UM H W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL 0%

[Figure 7] Figure 7 is an optical micrograph of a quartz glass cross section in Comparative 

Example 3. 

EMBODIMENTS OF INVENTION 

[0017] 

<Opaque quartz glass> 

The opaque quartz glass of the present invention is an opaque quartz glass 

containing pores with irregular shapes dispersed in a glass body, wherein the opaque quartz 
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glass has a pore size distribution of pores having D50 of 4 to 30 dm, a proportion of pores 

with pore sizes of 5 µm or less of 1 to 50%, and a proportion of pores with pore sizes of 15 

aS UX RLYY UM *' ZU 0'!$ HTK HT HXLH XHZPU UM VUXLY PT H SPJXUYJUVPJ PSHNL HZ H JXUYY YLJZPUT

of 5% or more. 

[0018] 

The opaque quartz glass of the present invention contains dispersed pores with 

irregular shapes. In the present invention and the present specification, "pores with irregular 

shapes" means pores having a circularity of 0.7 or less. A method for measuring the 

circularity is described in detail in the Examples section. The glass body includes the 

irregular shape pores, facilitating light reflection and scattering by the pores more easily than 

in the case of the spherical shape pores. As a result, compared to the opaque quartz glass 

containing the spherical shape pores, it is possible to suppress the amount of pores necessary 

to achieve the same degree of the heat ray reflecting, heat ray blocking and light shielding 

properties, and the opaque quartz glass of the present invention has an advantage that the 

density is easily improved. The circularity of the pUXLY PY VXLMLXHIR_ '%-, UX RLYY$ SUXL

VXLMLXHIR_ '%-* UX RLYY$ HTK YZPRR SUXL VXLMLXHIR_ '%-) UX RLYY MXUS ZOL \PL]VUPTZ UM

facilitating light reflection and scattering by the pores. The lower limit value of the 

circularity of the pores is not particularly limited, but may be 0.40, 0.45, 0.50, or 0.52. 

F''(0G

In a pore size distribution of the pores in the opaque quartz glass of the present 

invention, the median diameter (area basis) D50 is 4 to 30 dm, a proportion of pores with 

pore sizes of 5 dm or less is 1 to 50%, and a proportion of pores with pore sizes of 15 dm or 

RLYY PY *' ZU 0'!% EOLT ZOL VUXL YP`L KPYZXPI[ZPUT UM VUXLY YHZPYMPLY ZOL HIU\L XLW[PXLSLTZY$

light reflection and scattering easily occur in a wide wavelength range. Furthermore, when 

D50 is 30 dm or less, the proportion of pores with pore sizes of 5 dm or less is 50% or less, 

or the proportion of pores with pore sizes of 15 dS UX RLYY PY 0'! UX RLYY$ ZOL UVHW[L W[HXZ`

glass can ensure to be sufficiently dense and the strength is easily suppressed from decreasing. 

The method for measuring the pore size distribution is described in detail in the Examples 

section. 

[0020] 

The upper limit value of D50 in the pore size distribution is preferably 27 dm or less, 

or 25 dm or less, and may be 15 dm or less, or 10 dm or less, from the viewpoint of obtaining 

more sufficient heat ray reflecting, heat ray blocking and light shielding properties. The 

lower limit value of D50 is preferably 4.5 dm or more, or 5 dm or more. D50 can be, for 

example, 4 to 27 dm, 4 to 10 dS$ +%, ZU 0%, dS UX , ZU 0 dm. 

[0021] 
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The upper limit value of the proportion of pores with pore sizes of 5 dm or less is 

preferably 47% or less or 45% or less, more preferably 43% or less, and particularly 

preferably 40% or less from the viewpoint of obtaining more sufficient heat ray reflecting, 

heat ray blocking and light shielding properties. The lower limit value of the proportion of 

pores with pore sizes of 5 dm or less is preferably 3% or more, more preferably 4% or more, 

particularly preferably 5% or more, may be 10% or more, 15% or more, 20% or more, or 

25% or more. The proportion of pores with pore sizes of 5 dm or less can be, for example, 3 

to 50%, 10 to 50%, 15 to 50%, 20 to 47% or 25 to 45%. 

[0022] 

The upper limit value of the proportion of pores with pore sizes of 15 dm or less is 

VXLMLXHIR_ //! UX RLYY$ UX /.! UX RLYY$ SUXL VXLMLXHIR_ /-! UX RLYY$ HTK VHXZPJ[RHXR_

preferably 85% or less from the viewpoint of obtaining more sufficient heat ray reflecting, 

heat ray blocking and light shielding properties. The lower limit value of the proportion of 

pores with pore sizes of 15 dS UX RLYY PY VXLMLXHIR_ *+! UX SUXL$ SUXL VXLMLXHIR_ *-! UX

more, particularly preferably 38% or more, and may be 40% or more, 45% or more, 50% or 

SUXL$ ,,! UX SUXL$ UX -'! UX SUXL% COL VXUVUXZPUT UM VUXLY with pore sizes of 15 dm or 

RLYY JHT IL$ MUX L^HSVRL$ *+ ZU 0'!$ *- ZU 0'!$ */ ZU 0'!$ -' ZU 0'!$ -, ZU /.! UX .' ZU

/-!%

[0023] 

In the opaque quartz glass of the present invention, an area ratio of pores in a 

microscopic image at a cross section is 5% or more. When the area ratio is 5% or more, light 

reflection and scattering per unit space come to easily occur, and sufficient heat ray reflecting, 

heat ray blocking and light shielding properties can be achieved. The area ratio of pores is 

VXLMLXHIR_ .! UX SUXL$ HTK SH_ IL 0! UX SUXL$ ('! UX SUXL$ (,! UX SUXL$ (/! UX SUXL$

(0! UX SUXL$ UX )'! UX SUXL MXUS ZOL \PL]VUPTZ UM UIZHPTPTN more sufficient heat ray 

reflecting, heat ray blocking and light shielding properties. The area ratio of pores is 

preferably 45% or less, more preferably 40% or less, and still more preferably 37% or less 

from the viewpoint of ensuring the strength of the opaque quartz glass. The method for 

measuring the area ratio of pores is described in detail in the Examples section. 

[0024] 

In particular, when D50 in the pore size distribution is 10 dm or less, the area ratio 

of pores is preferably 15% or more. This is to increase the area ratio of pores to increase the 

amount of interface between the pores and the glass, because when D50 in the pore size 

distribution is 10 dm or less, there are many relatively small pores, the surface area of the 

individual pores is small, and the circularity of the pores tends to increase (that is, the pore 

shape approaches a circle). On the other hand, when D50 in the pore size distribution is more 
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than 10 dm, the area ratio of pores is preferably less than 15%. This is to reduce the amount 

of the pores to ensure the strength of the opaque quartz glass, because when D50 in the pore 

size distribution is more than 10 dm, there are many relatively large pores and the density of 

the opaque quartz glass tends to decrease. Since the circularity of large pores tends to 

decrease, sufficient heat ray reflecting, heat ray blocking and light shielding properties can 

be ensured even if the area ratio of pores is small. 

[0025] 

The opaque quartz glass of the present invention has the above-described 

configuration, and thus has sufficient heat ray reflecting, heat ray blocking and light 

shielding properties. In the present specification, having "sufficient heat ray reflecting and 

heat ray blocking properties" means that the infrared reflectance is 75% or more. In addition, 

in the present specification, having "sufficiently light shielding property" means that SCE 

reflectance at a wavelength from 350 nm to 750 nm is 75% or more and the brightness L* in 

L*a*b* color system is 85 or more. 

F'')-G

That is, the opaque quartz glass of the present invention has an infrared reflectance 

of 75% or more. When the reflectance of infrared ray, which is a heat ray, is 75% or more, 

sufficient heat ray reflecting and heat ray blocking properties can be obtained. The infrared 

reflectance is preferably high, preferably 80% or more, and more preferably 85% or more 

from the viewpoint of enhancing the heat ray reflecting and heat ray blocking properties. The 

upper limit value of the infrared reflectance is not partic[RHXR_ RPSPZLK$ I[Z SH_ IL 00!% 8UX

example, the infrared reflectance can be increased by adjusting the circularity of pores, the 

pore size distribution, and the area ratio of pores to the above-described preferred range, 

respectively. 

[0027] 

The opaque quartz glass of the present invention has SCE reflectance at a 

wavelength from 350 nm to 750 nm of 75% or more. SCE reflectance at a wavelength from 

350 nm to 750 nm is measured in accordance with JIS Z 8722. SCE reflectance is preferably 

higher, preferably 78% or more, more preferably 80% or more from the viewpoint of 

enhancing the light shielding property. The upper limit value of SCE reflectance is not 

VHXZPJ[RHXR_ RPSPZLK$ I[Z SH_ IL 00!% 8UX L^HSVRL$ B57 XLMRLJZHTJL JHT IL PTJXLHYLK I_

adjusting the circularity of pores, the pore size distribution, and the area ratio of pores to the 

above-described preferred ranges, respectively. 

[0028] 

The opaque quartz glass of the present invention has a brightness L* in L*a*b* color 

system of 85 or more. When the brightness L* is 85 or more, sufficient light shielding 
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properties can be obtained, and in addition, color unevenness is less likely to occur, resulting 

in sufficient white color. The brightness L* is preferably 87.5 or more, and more preferably 

0' UX SUXL MXUS ZOL \PL]VUPTZ UM LTOHTJPTN ZOL RPNOZ YOPLRKPTN VXUVLXZ_ HTK PTJXLHYPTN ZOL

whiteness. The upper limit value of the brightness L* is not particularly limited, but may be 

00% 8UX L^HSVRL$ ZOL IXPNOZTLYY =* can be increased by adjusting the circularity of pores, the 

pore size distribution, and the area ratio of pores to the above-described preferred ranges, 

respectively. 

F'')0G

In addition, the opaque quartz glass of the present invention preferably has a 

absolute value of a saturation a* of 2 or less and a absolute value of b* of 4 or less in L*a*b*

color system. When the saturations a* and b* are within the above ranges, SCE reflectance is 

further improved, and the color tone of the opaque quartz glass become more white. The 

absolute value of the saturation a* is preferably 1 or less, and more preferably 0.5 or less. 

The absolute value of the saturation b* is preferably 3 or less, more preferably 2 or less, and 

particularly preferably 1 or less. The upper limit value of the saturations a* and b* are not 

particularly limited, but may be 0.1. For example, the saturations a* and b* can be reduced 

by adjusting the circularity of pores, the pore size distribution, and the area ratio of pores to 

the above-described preferred ranges, respectively. 

[0030] 

Each content of metallic impurities in the opaque quartz glass of the present 

invention is preferably 1 ppm or less. When each content of the metallic impurities other 

than Si element is 1 ppm or less, an occurrence of process contamination can be more easily 

avoided in fields of semiconductor manufacturing or the like. Furthermore, deterioration in 

measurement accuracy due to fluorescent generation or the like can be more easily avoided 

in fields of optical analysis or the like. The contents of the metallic impurities can be 

analyzed by a method such as an atomic absorption spectrometry. 

[0031] 

The opaque quartz glass preferably has a density of 2.10 to 2.18 g/cm3. The density 

of 2.10 g/cm3 or more allows to further improve the strength of the opaque quartz glass. In 

addition, the density of 2.18 g/cm3 or less allows to more easily ensure a sufficient amount 

of pores and to obtain an opaque quartz glass having more sufficient heat ray reflecting, heat 

ray blocking and light shielding properties. The density is more preferably 2.14 to 2.17 g/cm3. 

[0032] 

A density distribution in the opaque quartz glass of the present invention is 

preferably 2% or less. When the density distribution is 2% or less, distributions of the 

infrared reflectance, SCE reflectance and brightness L* in the opaque quartz glass become 
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more uniform. The density distribution is more preferably 1.7% or less, and still more 

preferably 1.5% or less. 

[0033] 

The brightness L* of the opaque quartz glass is preferably 2% or less. When the 

brightness L* is 2% or less, a deterioration in yield can be more easily avoided in fields of 

semiconductor manufacturing or the like, and a deterioration in measurement accuracy due 

to fluorescent generation or the like can be more easily avoided in fields of optical analysis 

or the like. The brightness L* is more preferably 1.7% or less, and still more preferably 1.5% 

or less. 

[0034] 

As described above, the opaque quartz glass of the present invention has the infrared 

reflectance of 75% or more, the SCE reflectance of 75% or more at a wavelength from 350 

nm to 750 nm, and the brightness L* of 85 or more in L*a*b* color system, resulting in 

sufficient heat ray reflecting, heat ray blocking and light shielding properties. 

[0035] 

Furthermore, the opaque quartz glass of the present invention has an advantage that 

the density is easily improved, as compared with the opaque quartz glass containing the 

spherical shape pores. Therefore, the opaque quartz glass of the present invention can 

sufficiently accommodate larger sizes while ensuring color uniformity and it is possible to 

be made into an ingot shape with a thickness of 30 cm and a diameter of 80 cm, for example, 

since its mechanical strength can be easily increased. The ingot of the opaque quartz glass 

can be processed by a processing machine used in manufacturing quartz members, such as a 

band saw, a wire saw, or a core drill, to obtain opaque quartz glass products. 

F''*-G

The opaque quartz glass of the present invention has a further effect that it has 

sufficient color uniformity without color unevenness with sufficient white and that it can be 

joined with transparent quartz glasses. 

[0037] 

The opaque quartz glass of the present invention is useful in semiconductor 

applications and in optical applications in general, and can be suitably used for, for example, 

a quartz glass cell for optical analysis, a light shielding member and an infrared reflecting 

member for semiconductor manufacturing apparatuses or infrared heating apparatuses. 

[0038] 

<Method for Producing Opaque Quartz Glass> 

A method for producing opaque quartz glass according to the present invention 

comprises: pressure-molding a mixed powder of a silica powder which is silica particles 
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having D50 of 5 to 100 dm in a particle size distribution and a fine particulate silica which is 

silica particles having a BET diameter of 10 to 50 nm, wherein the content of the fine 

particulate silica is 20 to 50 mass% relative to the total amount of a silica material including 

the silica powder and the fine particulate silica, and sintering the pressure-molded article. As 

described above, the opaque quartz glass of the present invention is a sintered body of a 

mixed powder obtained by mixing a plurality of types of specific silica powders having 

different particle size distributions from each other at a predetermined formulation. 

F''*0G

The silica powder is silica particles having D50 of 5 to 100 dm in a particle size 

distribution, wherein the following requirements (a) to (c) are preferably satisfied. This 

allows to more easily realize sufficient heat ray reflecting, heat ray blocking and light 

shielding properties in the opaque quartz glass. 

  (a) The silica powder is a synthetic silica powder having D50 of 30 to 100 dm in a particle 

size distribution. 

  (b) The silica powder contains a synthetic silica powder having D50 of 30 to 100 dm in a 

particle size distribution and a spherical silica powder having D50 of 5 to 50 dm in a particle 

size distribution. 

  (c) The silica powder is a spherical silica powder having D50 of 5 to 50 dm in a particle 

size distribution. 

[0040] 

By adding the fine particulate silica to the synthetic silica powder or the spherical 

silica powder, or to the mixed silica powder of the synthetic silica powder and the spherical 

silica powder as described above, the structure of the sintered body can be made more 

uniform, and the heating time up to the maximum temperature can be further shortened. 

[0041] 

The synthetic silica powder is, for example, a high-purity powdery silica obtained 

by hydrolyzing, drying, pulverizing, and sintering a chemically purified silicon alkoxide. 

Commercially available synthetic silica powders can also be used as long as D50 in a particle 

size distribution is 30 to 100 dm. D50 in a particle size distribution of the synthetic silica 

VU]KLX PY VXLMLXHIR_ ,' ZU 0, dS$ HTK SUXL VXLMLXHIR_ -' ZU 0' dm from the viewpoint of 

more easily realizing sufficient heat ray reflecting, heat ray blocking and light shielding 

properties. From the same viewpoint, D10 in a particle size distribution of the synthetic silica 

powder is preferably 1/3 or more of D50, and D0' is preferably 3 times or less of D50. In 

particular, the silica powder is preferably a synthetic silica powder having D50 of 30 to 100 

dm, D10 of 1/3 or more of D50, and D0' of 3 times or less of D50 in a particle size distribution, 

from the viewpoint of making the structure of sintered bodies more uniform and further 
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shortening the heating time up to the maximum temperature during sintering. 

[0042] 

The content of the synthetic silica powder relative to the total amount of the silica 

material (the synthetic silica powder, the spherical silica powder, and the fine particulate 

silica) may be 1 to 80 mass% from the viewpoint of more easily realizing sufficient heat ray 

reflecting, heat ray blocking and light shielding properties. The upper limit value of the 

JUTZLTZ PY VXLMLXHIR_ .' SHYY! UX RLYY$ HTK VXLMLXHIR_ -, SHYY! UX RLYY% COL RU]LX RPSPZ

value of the content may be 20 mass% or more, or 30 mass% or more. In case that the silica 

powder consists of only the synthetic silica powder (the requirement a), the content of the 

synthetic silica powder relative to the total amount of the silica material may be 50 to 75 

SHYY! UX -' ZU .' SHYY!% ;T JHYL ZOHZ ZOL silica powder comprises both the synthetic silica 

powder and the spherical silica powder (the requirement b), the content of the synthetic silica 

VU]KLX XLRHZP\L ZU ZOL ZUZHR HSU[TZ UM ZOL YPRPJH SHZLXPHR SH_ IL )' ZU .' SHYY!$ ), ZU -,

SHYY! UX *' ZU -' mass%. 

[0043] 

The spherical silica powder is a high-purity synthetic fused silica obtained by 

reacting a silicon tetrachloride gas or the like in a gas phase. Commercially available 

spherical silica powders can also be used as long as D50 in a particle size distribution is 5 to 

,' dm. D50 of the spherical silica powder in a particle size distribution is preferably 7 to 40 

dm, and more preferably 8 to 35 dm from the viewpoint of more easily realizing sufficient 

heat ray reflecting, heat ray blocking and light shielding properties. From the same viewpoint, 

D10 of the spherical silica powder in a particle size distribution is preferably 1/5 or more of 

D50, and D0' is preferably 5 times or less of D50. 

[0044] 

The content of the spherical silica powder relative to the total amount of the silica 

material may be 1 to 80 mass% from the viewpoint of more easily realizing sufficient heat 

ray reflecting, heat ray blocking and light shielding properties. The upper limit value of the 

content is preferably 75 mass% or less, and preferably 73 mass% or less. The lower limit 

value of the content may be 3 mass% or more, or 4 mass% or more. In case that the silica 

powder consists of only the spherical silica powder (the requirement c), the content of the 

spherical silica powder relative to the total amount of the silica material may be 50 to 75 

mass% or 55 to 73 mass%. In case that the silica powder comprises both the synthetic silica 

powder and the spherical silica powder (the requirement b), the content of the spherical silica 

powder relative to the total amount of the silica material may be 1 to 50 mass%, 1 to 40 

mass%, 1 to 30 mass%, 1 to 25 mass%, 1 to 20 mass%, 3 to 15 mass% or 4 to 13 mass%. 

The silica powder for the opaque quartz glass of the present invention, for example, 
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comprises the synthetic silica powder having D50 of 30 to 100 dm in a particle size 

distribution and the spherical silica powder having D50 of 5 to 50 dm in a particle size 

distribution, and the content of the spherical silica powder is 1 to 20 mass% relative to the 

total amount of the silica material. 

[0045] 

In particular, the silica powder preferably contains the synthetic silica powder 

having D50 of 30 to 100 dm, D10 of 1/3 or more of D50 and D0' of 3 times or less of D50 in a 

particle size distribution, and the spherical silica powder having D50 of 5 to 50 dm, D10 of 

1/5 or more of D50 and D0' of 5 times or less of D50 in a particle size distribution, wherein 

the content of the spherical silica powder is 1 to 50 mass%, 1 to 40 mass%, 1 to 30 mass%, 

or 1 to 20 mass% relative to the total amount of the silica material, from the viewpoint of 

making the structure of sintered bodies more uniform, and shortening the heating time up to 

the maximum temperature during sintering. When the silica powder is a mixture of the 

synthetic silica powder and the spherical silica powder, the silica powder preferably has two 

peaks in the particle size range of 5 to 100 dm on a particle size distribution, with a particle 

size ratio of the peaks (a peak particle size derived from the synthetic silica powder / a peak 

particle size derived from the spherical silica powder) of 2 to 10 and a frequency ratio of the 

peaks (a peak frequency derived from the synthetic silica powder / a peak frequency derived 

from the spherical silica powder) of 0.1 to 0.4. 

F''+-G

The fine particulate silica is, for example, fumed silica obtained by burning a silicon 

tetrachloride gas or the like in a gas phase, colloidal silica obtained by a precipitation method, 

or the like. Commercially available fine particulate silica can also be used as long as the BET 

diameter of the silica particles is 10 to 50 nm. The BET diameter of the fine particulate silica 

is preferably 15 to 45 nm, and more preferably 20 to 40 nm from the viewpoint of more 

easily realizing sufficient heat ray reflecting, heat ray blocking and light shielding properties. 

The BET diameter is a particle size calculated based on a specific surface area S (m2/g) 

measured by BET method and the true density of a substance e "g/cm3) with the formula of 

47C KPHSLZLX "TS# 2 -''' & "Bbe#% The BET diameter (nm) of silica particles (the true 

density 2.2 g/cm3) is obtained by 2727/S. 

[0047] 

It is preferable to use the fine particulate silica that satisfies at least one of the 

following four requirements (i) to (iv) from the viewpoint of more easily realizing sufficient 

heat ray reflecting, heat ray blocking and light shielding properties. 

  (i) Tapped bulk density is 0.03 to 0.10 g/cm3. 

  (ii) BET specific surface area is 50 to 100 m2/g. 
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  (iii) OH group content is 0.5 to 1.0 mass%. 

  (iv) Each content of metallic impurities other than Si is 1 ppm or less. 

[0048] 

Furthermore, the fine particulate silica preferably satisfies at least two, more 

preferably at least three, and particularly preferably all four of the four requirements above. 

F''+0G

The fine particulate silica is preferably 25 to 45 mass%, more preferably 30 to 40 

mass% relative to the total amount of the silica material from the viewpoint of more easily 

realizing sufficient heat ray reflecting, heat ray blocking and light shielding properties. 

[0050] 

In one aspect, the mixed powder for pressure molding may contain silicon monoxide 

particles (an SiO powder). When the SiO powder is cotained, the SiO powder is preferably 

silicon monoxide particles having D50 of 0.5 to 2 dm in a particle size distribution. The SiO 

powder preferably has D50 PT H VHXZPJRL YP`L KPYZXPI[ZPUT UM '%- ZU (%, dm, and more preferably 

0.7 to 1.3 dm from the viewpoint of more easily realizing sufficient heat ray reflecting, heat 

ray blocking and light shielding properties. In addition, from the same viewpoint, the SiO 

powder preferably has D10 of 0.1 dm or more and D0' of 5 dm or less, more preferably D10

of 0.2 dm or more and D0' of 3 dm or less. 

[0051] 

The SiO powder may be 0.1 to 1 mass% by external addition relative to the total 

amount of the silica material. The SiO powder is preferably 0.15 to 0.7 mass%, more 

preferably 0.2 to 0.5 mass% by external addition relative to the total amount of the silica 

material, from the viewpoint of more easily realizing sufficient heat ray reflecting, heat ray 

blocking and light shielding properties. 

[0052] 

In a preferred embodiment, the mixed powder for pressure molding further 

comprises the SiO powder having D50 of 0.5 to 2 dm in a particle size distribution, and the 

content of the SiO powder is 0.1 to 1 mass% by external addition relative to the total amount 

of the silica material. 

[0053] 

The producing method of the present invention comprises a step of mixing the silica 

powder and the fine particulate silica in a dry powder form at a predetermined formulation, 

or a step of mixing a predetermined amount of the SiO powder with that mixture. When the 

SiO powder is used, the SiO particles are uniformly mixed into a raw material powder in a 

substantially aggregate-free manner. Simultaneously with the mixing, a consolidation of the 

raw material powder proceeds, resulting in the mixed powder with a uniform and suitable 
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tapped bulk density for pressure molding. The fine particulate silica having a small BET 

diameter is considered to function also as a sintering material. The tapped bulk density of 

the mixed powder for pressure molding can be controlled by adjusting, for example, the 

formulation of the fine particulate silica and SiO powder in the mixed powder and the mixing 

method and the mixing time of the powder. In addition, the amount of pores in the opaque 

quartz glass can be controlled by adjusting the formulation of the spherical silica powder in 

the silica material. In the present invention, since the consolidation proceeds simultaneously 

with the mixing, this operation is hereinafter also referred to as "mixing and consolidation". 

[0054] 

The mixing and consolidation is preferably performed such that the tapped bulk 

density of the mixed powder obtained by the mixing and consolidation is 5 to 20 times the 

tapped bulk density of the fine particulate silica. When the tapped bulk density of the mixed 

powder for pressure molding is 5 times or more of the tapped bulk density of the fine 

particulate silica, the density of the sintered body tends to increase. When the tapped bulk 

density of the mixed powder for pressure molding is 20 times or less of the tapped bulk 

density of the fine particulate silica, the strength of the molded body is less likely to decrease. 

The tapped bulk density of the mixed powder for pressure molding is preferably in the range 

UM - ZU (, ZPSLY$ SUXL VXLMLXHIR_ . ZU (' ZPSes of the tapped bulk density of the fine 

particulate silica. The mixing and consolidation can be performed with common mixing 

apparatuses such as agitator mixer, ball mill, rocking mixer, cross mixer, V-type mixer. 

[0055] 

The mixed powder after the mixing and consolidation can be molded into a desired 

shape. The molding method can be a dry method commonly used for molding ceramics, such 

as a die press molding, a cold isostatic pressing method. The pressing force is suitably 10 to 

300 MPa, for example. When it is 10 MPa or more, the molded bodies do not collapse, and 

furthermore the yield during the molding can be maintained. When it is 300 MPa or less, no 

large facilities are required, the productivity is good, and the cost for production can be 

reduced, which is desirable. 

F'',-G

For sintering conditions, known techniques can be employed. The sintering is 

preferably, but not limited to, performed in air. The maximum sintering temperature is not 

particularly limited as long as the mixed powder can be sintered, but is, for example, 1200°C 

to 1400°C, preferably 1250°C to 1350°C, more preferably 1300°C to 1340°C, and still more 

preferably 1310°C to 1330°C. The sintering temperature of 1400°C or less allows to suppress 

a decrease in the amount of pores and to more easily realize sufficient heat ray reflecting, 

heat ray blocking and light shielding properties. The sintering temperature of 1200°C or 
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more allows to obtain better sintered bodies and to more easily realize sufficient heat ray 

reflecting, heat ray blocking and light shielding properties. 

[0057] 

In the process of the heating and the sintering, the sintering time at the maximum 

temperature in an atmospheric furnace can be appropriately adjusted in consideration of 

physical properties of the sintered body and the like, and it can be in the range of 0.5 to 5 

hours, for example. When the sintering time is 0.5 hours or more, the density and flexural 

strength tend to be less likely to decrease. When the sintering time is 5 hours or less, the 

productivity is improved and the cost for production is easily lowered. 

[0058] 

Since the particle size of the fine particulate silica is small as 10 to 50 nm, the bulk 

density of the fine particulate silica is very low, and the fine particulate silica is unsuitable 

for granulation and molding. Therefore, in general, the density of a sintered body obtained 

by sintering the fine particulate silica is small, which is not satisfactory as a quartz glass. In 

view of this background, in general, the fine particulate silica is rarely used as a sintered 

material for opaque quartz glasses. 

F'',0G

However, as described above, the producing method of the present invention 

comprises mixing a plurality of types of the specific silica powders having different particle 

size distributions from each other at a predetermined formulation, or adding and mixing a 

predetermined amount of the SiO powder with the silica powders, which allows to obtain a 

mixed powder with a uniform and suitable tapped bulk density for pressure molding. By 

sintering the mixed powder, it is possible to produce, as a sintered body, the opaque quartz 

glass containing the pores with irregular shapes and having sufficient heat ray reflecting, 

heat ray blocking and light shielding properties. The opaque quartz glass of the present 

invention can be suitably used for a quartz glass cell for optical analysis, a light shielding 

member and an infrared reflecting member for semiconductor manufacturing apparatuses or 

infrared heating apparatuses. 

F''-'G

In addition, the producing method of the present invention has an effect of making 

the structure of the sintered body more uniform and shortening the heating time more up to 

the maximum temperature during sintering. 

F''-(G

In addition to the effects above, the opaque quartz glass of the present invention 

does not require slurrying of the silica powder and is less likely to cause problems associated 

with the slurrying of the silica powder in conventional methods. That is, the conventional 
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methods comprising the slurrying of the silica powder have a problem of increasing the 

production cost and contamination risk because the process up to the pressure molding is 

complicated with the pulverization of the silica powder, the slurrying of the silica powder, 

spray-drying granulation of the slurry. However, the present invention does not require the 

slurrying of the silica powder, resulting in producing the opaque quartz glasses with high 

productivity and suppressing the risk of contamination during the producing. 

EXAMPLES 

F''-)G

Hereinafter, the present invention will be described in detail by way of Examples, 

but the present invention is not limited to the Examples. 

F''-*G

Sample characteristics were measured as follows. 

(1) 

The density of the sintered bodies was measured by an Archimedes method. 

(2) 

The SCE reflectance was measured for samples processed in a thickness of 7 mm 

with a spectrophotometric colorimeter according to JIS Z 8722. The lowest value in the 

wavelength range of 350 to 750 nm was noted as standard. 

(3) 

The brightness L* and saturations a* and b* in L*a*b* color system were measured 

with a spectrophotometric colorimeter according to JIS Z 8722. 

(4) 

The infrared reflectance is a reflectance of light having a wavelength of 2 dm in a 

sample with a thickness of 4 mm. 

(5) 

The pore size and pore size distribution of pores were determined by the following 

method. The sample was cut, the cut surface was polished, and the polished surface was 

observed with a scanning electron microscope and an optical microscope (observation 

SHNTPMPJHZPUT1 HIU[Z ,'' ZU *'''b# ZU UIZHPT HT PSHNL "H VR[XHRPZ_ Uf images as necessary). 

The image was processed with an open source and public domain image processing software 

"ImageJ" to measure an area A of each pore, and then the pore size D was obtained by 

substituting the area into the following formula (1). Furthermore, the pore size distribution 

was determined based on the pore sizes and the frequency values with respect to 3000 pores 

or more (approximately 4000 or less) in total. 

AUXL YP`L 6 2 "+b3&f# 1/2     (1) 
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"-#

The circularity was determined by the following method. The image obtained from 

the measurement in (5) above was processed with the open source and public domain image 

processing software "ImageJ" to measure an area A and a circumferential length L of each 

pore, and then a circularity of each of 3000 pores or more (approximately 4000 or less) in 

total was determined by substituting them into the following formula (2), and an averaged 

value of these was defined as the circularity in the present invention. 

5PXJ[RHXPZ_ 2 +fA/L2     (2) 

(7) 

The area ratio of pores in a microscopic image at a cross section was determined by 

the following method. The optical microscopic image obtained from the measurement in (5) 

above was processed with the open source and public domain image processing software 

"ImageJ" to determine the sum of the areas of pores, S, and the area of the entire processed 

image, TS, and then a percentage of area basis obtained by substituting them into the 

following formula (3) was defined as the area ratio of pores in the present invention. The 

area of the entire image, TS, was an area so that the total number of pores to be measured 

was 3000 or more (approximately 4000 or less) (a plurality of images may be used as 

necessary). 

3XLH XHZPU UM VUXLY 2 B&CBb(''     (3) 

(8) 

The density distribution was obtained by measuring densities at 10 or more arbitrary 

locations cut from a sintered body and then calculating with the formula: (max - min)/average 

b (''%

"0#

The brightness L* distribution was obtained by measuring brightnesses L* at 10 or 

more arbitrary locations cut from a sintered body and then calculating with the formula: (max 

- SPT#&H\LXHNL b (''%

F''-+G

(Example 1) 

The following materials were used as raw materials for the mixed powder. 

  - Fine particulate silica: a fumed silica having a BET size of 32 nm, a tapped bulk density 

UM '%'- N&JS3, a BET specific surface area of 85 m2/g, an OH group concentration of 0.7 

mass%, and each content of metallic impurities other than Si of 1 ppm or less. 

  - Synthetic silica powder: silica particles having D50 of 80 dm, D10 of 48 dm, D0' of 130 

dm, and each content of metallic impurities other than Si of 1 ppm or less. 

  - SiO powder: silicon monoxide particles having D50 UM '%0 dm, D10 of 0.4 dm, and D0' of 
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)%' dm. 

F''-,G

As shown in Table 1, a mixed powder for pressure molding was obtained by mixing 

the fumed silica (the fine particulate silica) of 37 mass% and the synthetic silica powder of 

-* SHYY!$ HKKPTN ZOL BP@ VU]KLX UM '%* SHYY! I_ L^ZLXTHR HKKPZPUT PTZU ZOL SP^Z[XL of the 

silica particles, and performing the mixing and consolidation in a ball mill without solvents. 

By the mixing and consolidation, the tapped bulk density of the mixed powder became 0.70 

g/cm3. The mixed powder for pressure molding was press-molded aZ 0' >AH HTK YPTZLXLK PT

air for 3 hours while maintaining the temperature range of 1300 to 1350°C. 

F''--G

The obtained opaque quartz glass had a brightness L* UM 0'%) HTK YHZ[XHZPUTY H* of -

0.1 and b* of 1.8 in L*a*b* color system. D50 in the pore size distribution of the pores was 7.5 

dm, the proportion of pores with pore sizes of 5 dm or less was 32%, the proportion of pores 

with pore sizes of 15 dm or less was 85%, and the circularity of the pores was 0.58. The 

opaque quartz glass had a density of 2.15 g/cm3, an SCE reflectance of 75% or more, an 

PTMXHXLK XLMRLJZHTJL UM /'%-!$ H KLTYPZ_ KPYZXPI[ZPUT UM (%,!$ HTK H IXPNOZTLYY =* distribution 

of 1.5%. The opaque quartz glass exhibited a sufficient white color without color unevenness, 

was visually confirmed to be uniform, was glossy, and was excellent in appearance. The area 

ratio of pores in a microscopic PSHNL ]HY *-!% COL HIU\L XLY[RZY HXL Y[SSHXP`LK PT CHIRLY

2 and 3. 

F''-.G

(Example 2) 

In Example 2, the following spherical silica powder A was used in addition to the 

materials used in Example 1. 

  - Spherical silica powder A: spherical silica particles having D50 of 10 dm, D10 of 2 dm, 

D0' of 31 dm, and each content of metallic impurities other than Si of 1 ppm or less. 

F''-/G

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 35 mass%, the synthetic silica powder of 55 mass% and the 

spherical silica powder A of 10 mass%, and adding the SiO powder of 0.3 mass% by external 

addition into the mixture of the silica particles. By the mixing and consolidation, the tapped 

bulk density of the mixed powder became 0.70 g/cm3. The mixed powder for pressure 

molding was sintered in the same manner as in Example 1. 

F''-0G

The obtained opaque quartz glass had a brightness L* UM 0'%, HTK YHZ[XHZPUTY H* of -

0.1 and b* UM (%0 PT =*a*b* color system. D50 in the pore size distribution of the pores was 8.1 
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dm, the proportion of pores with pore sizes of 5 dS UX RLYY ]HY )0!$ ZOL VXUVUXZPUT UM VUXLY

with pore sizes of 15 dS UX RLYY ]HY ..!$ HTK ZOL JPXJ[RHXPZ_ UM ZOL VUXLY ]HY '%-(% COL

opaque quartz glass had a density of 2.15 g/cm3, an SCE reflectance of 75% or more, an 

infrared reflectance of 81.2%, a density distribution of 1.5%, and a brightness L* distribution 

of 1.2%. The opaque quartz glass exhibited a sufficient white color without color unevenness, 

was visually confirmed to be uniform, was glossy, and was excellent in appearance. The area 

ratio of pores in a microscopic image was 27%. 

[0070] 

(Example 3) 

In Example 3, the following spherical silica powder B was used in addition to the 

materials used in Example 1. 

  - Spherical silica powder B: spherical silica particles having D50 of 20 dm, D10 UM - dm, 

D0' of 42 dm, and each content of metallic impurities other than Si of 1 ppm or less. 

[0071] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 37 mass%, the synthetic silica powder of 57 mass% and the 

YVOLXPJHR YPRPJH VU]KLX 4 UM - SHYY!$ HTK HKKPTN ZOL BP@ VU]KLX UM '%* SHYY! I_ L^ZLXTHR

addition into the mixture of the silica particles. By the mixing and consolidation, the tapped 

bulk density of the mixed powder became 0.70 g/cm3. The mixed powder for pressure 

molding was sintered in the same manner as in Example 1. 

[0072] 

The obtained opaque quartz glass had a brightness L* UM 0'%+ HTK YHZ[XHZPUTY H* of -

0.1 and b* of 1.3 in L*a*b* color system. D50 PT ZOL VUXL YP`L KPYZXPI[ZPUT UM ZOL VUXLY ]HY -%.

dm, the proportion of pores with pore sizes of 5 dS UX RLYY ]HY *0!$ ZOL VXUVUXZPUT UM VUXLY

with pore sizes of 15 dm or less was 77%, and the circularity of the pores was 0.58. The 

UVHW[L W[HXZ` NRHYY OHK H KLTYPZ_ UM )%(- N&JS3, an SCE reflectance of 75% or more, an 

PTMXHXLK XLMRLJZHTJL UM /'%0!$ H KLTYPZ_ KPYZXPI[ZPUT UM (%,!, and a brightness L* distribution 

of 1.3%. The opaque quartz glass exhibited a sufficient white color without color unevenness, 

was visually confirmed to be uniform, was glossy, and was excellent in appearance. The area 

ratio of pores in a microscopic image was 21%. FIG. 1 shows an optical micrograph 

"UIYLX\HZPUT SHNTPMPJHZPUT1 ('''b# UM H W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL *%

[0073] 

(Example 4) 

In Example 4, the above-mentioned fine particulate silica, spherical silica A, and 

SiO powder were used. 

[0074] 
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A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 30 mass% and the spherical silica powder A of 70 mass%, and 

adding the SiO powder of 0.3 mass% by external addition into the mixture of the silica 

particles. By the mixing and consolidation, the tapped bulk density of the mixed powder 

became 0.82 g/cm3. The mixed powder for pressure molding was sintered in the same manner 

as in Example 1. 

[0075] 

The obtained opaque quartz glass had a brightness L* UM 0*%' HTK YHZ[XHZPUTY H* of 

0.2 and b* of 1.0 in L*a*b* color system. D50 in the pore size distribution of the pores was 

((%) dm, the proportion of pores with pore sizes of 5 dm or less was 17%, the proportion of 

pores with pore sizes of 15 dS UX RLYY ]HY -0!$ HTK ZOL JPXJ[RHXPZ_ UM ZOL VUXLY ]HY '%,-%

COL UVHW[L W[HXZ` NRHYY OHK H KLTYPZ_ UM )%(- N&JS3, an SCE reflectance of 75% or more, an 

infrared reflectance of 85.0%, a density distribution of 1.5%, and a brightness L* distribution 

of 1.5%. The opaque quartz glass exhibited a sufficient white color without color unevenness, 

was visually confirmed to be uniform, was glossy, and was excellent in appearance. The area 

ratio of pores in a microscopic image was 10.3%. FIG. 2 shows an optical micrograph 

"UIYLX\HZPUT SHNTPMPJHZPUT1 ('''b# UM H W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL +%

F''.-G

(Example 5) 

In Example 5, the above-mentioned fine particulate silica, spherical silica B, and 

SiO powder were used. 

[0077] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 30 mass% and the spherical silica powder B of 70 mass%, and 

adding the SiO powder of 0.3 mass% by external addition into the mixture of the silica 

particles. By the mixing and consolidation, the tapped bulk density of the mixed powder 

became 0.83 g/cm3. The mixed powder for pressure molding was sintered in the same manner 

as in Example 1. The evaluation results are shown in Tables 2 and 3. The opaque quartz glass 

exhibited a sufficient white color without color unevenness, was visually confirmed to be 

uniform, was glossy, and was excellent in appearance. FIG. 3 shows an optical micrograph 

"UIYLX\HZPUT SHNTPMPJHZPUT1 ('''b# UM H W[HXZ` NRHYY JXUYY YLJtion in Example 5. 

[0078] 

"7^HSVRL -#

;T 7^HSVRL -$ ZOL HIU\L-mentioned fine particulate silica, synthetic silica powder, 

spherical silica A, and SiO powder were used. 

F''.0G
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A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 34 mass%, the synthetic silica powder of 33 mass% and the 

spherical silica powder A of 33 mass%, and adding the SiO powder of 0.3 mass% by external 

addition into the mixture of the silica particles. By the mixing and consolidation, the tapped 

bulk density of the mixed powder became 0.74 g/cm3. The mixed powder for pressure 

molding was sintered in the same manner as in Example 1. The evaluation results are shown 

in Tables 2 and 3. The opaque quartz glass exhibited a sufficient white color without color 

unevenness, was visually confirmed to be uniform, was glossy, and was excellent in 

appearance. FIG. 4 shows an optical micrograph (observation magnification: ('''b# UM H

W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL -%

[0080] 

(Example 7) 

In Example 7, the above-mentioned fine particulate silica, synthetic silica powder, 

spherical silica B, and SiO powder were used. 

[0081] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 34 mass%, the synthetic silica powder of 33 mass% and the 

spherical silica powder B of 33 mass%, and adding the SiO powder of 0.3 mass% by external 

addition into the mixture of the silica particles. By the mixing and consolidation, the tapped 

bulk density of the mixed powder became 0.75 g/cm3. The mixed powder for pressure 

molding was sintered in the same manner as in Example 1. The evaluation results are shown 

in Tables 2 and 3. The opaque quartz glass exhibited a sufficient white color without color 

unevenness, was visually confirmed to be uniform, was glossy, and was excellent in 

appearance. FIG. 5 shows an optical micrograph (observation magnificHZPUT1 ('''b# UM H

quartz glass cross section in Example 7. 

[0082] 

(Example 8) 

In Example 8, the above-mentioned fine particulate silica and synthetic silica 

powder were used. 

[0083] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 37 SHYY! HTK ZOL Y_TZOLZPJ YPRPJH VU]KLX UM -* SHYY!% 4_ ZOL

mixing and consolidation, the tapped bulk density of the mixed powder became 0.71 g/cm3. 

The mixed powder for pressure molding was sintered in the same manner as in Example 1. 

The evaluation results are shown in Tables 2 and 3. The opaque quartz glass exhibited a 

sufficient white color without color unevenness, was visually confirmed to be uniform, was 
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glossy, and was excellent in appearance. 

[0084] 

"7^HSVRL 0#

;T 7^HSVRL 0$ ZOL HIU\L-mentioned fine particulate silica and spherical silica A were 

used. 

[0085] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 30 mass% and the spherical silica powder A of 70 mass%. By the 

mixing and consolidation, the tapped bulk density of the mixed powder became 0.83 g/cm3. 

The mixed powder for pressure molding was sintered in the same manner as in Example 1. 

The evaluation results are shown in Tables 2 and 3. The opaque quartz glass exhibited a 

sufficient white color without color unevenness, was visually confirmed to be uniform, was 

NRUYY_$ HTK ]HY L^JLRRLTZ PT HVVLHXHTJL% 8;9% - YOU]Y HT UVZPJHR SPJXUNXHVO "UIYLX\HZPUT

SHNTPMPJHZPUT1 ('''b# UM H W[HXZ` NRHYY JXUYY YLJZPUT PT 7^HSVRL 0%

F''/-G

(Example 10) 

In Example 10, the above-mentioned fine particulate silica, synthetic silica powder 

and spherical silica A were used. 

[0087] 

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

fine particulate silica) of 34 mass%, the synthetic silica powder of 33 mass% and the 

spherical silica powder A of 33 mass%. By the mixing and consolidation, the tapped bulk 

density of the mixed powder became 0.75 g/cm3. The mixed powder for pressure molding 

was sintered in the same manner as in Example 1. The evaluation results are shown in Tables 

2 and 3. The opaque quartz glass exhibited a sufficient white color without color unevenness, 

was visually confirmed to be uniform, was glossy, and was excellent in appearance. 

[0088] 

(Comparative Example 1) 

In Comparative Example 1, the fumed silica (the fine particulate silica) was not used 

as compared to Example 1. 

F''/0G

A mixed powder for pressure molding was obtained by adding the SiO powder of 

0.3 mass% by external addition into the synthetic silica powder. By the mixing and 

consolidation, the tapped bulk density of the mixed powder became 1.20 g/cm3. The mixed 

powder for pressure molding was press-SURKLK HZ 0' >AH PT ZOL YHSL SHTTLX HY PT 7^HSVRL

1, but a molded article was not obtained and it remained in powder form. 
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F''0'G

(Comparative Example 2) 

In Comparative Example 2, the synthetic silica powder and SiO powder were not 

used as compared to Example 1. 

F''0(G

The fumed silica (the fine particulate silica) was press-SURKLK HZ 0' >AH HTK

YPTZLXLK PT HPX MUX * OU[XY ]OPRL SHPTZHPTPTN ZOL ZLSVLXHZ[XL XHTNL UM (*'' ZU (*,'g% COL

obtained sintered body could not be evaluated due to a large number of cracks. 

F''0)G

(Comparative Example 3) 

In Comparative Example 3, the amount of the fumed silica (the fine particulate 

silica) was larger than that in Example 1. 

F''0*G

A mixed powder for pressure molding was obtained by mixing the fumed silica (the 

MPTL VHXZPJ[RHZL YPRPJH# UM -' SHYY! HTK ZOL Y_TZOLZPJ YPRPJH VU]KLX UM +' SHYY!$ HKKPTN ZOL

SiO powder of 0.3 mass% by external addition into the mixture of the silica particles and 

performing the mixing and consolidation in a ball mill without solvents. By the mixing and 

consolidation, the tapped bulk density of the mixed powder became 0.55 g/cm3. The mixed 

powder for pressure molding was sintered in the same manner as in Example 1. 

F''0+G

The obtained opaque quartz glass had a brightness L* of 73.3 and saturations a* of -

0.1 and b* of 0.0 in L*a*b* color system. D50 in the pore size distribution of the pores was 2.0 

dm, the proportion of pores with pore sizes of 5 dm or less was 88%, the proportion of pores 

with pore sizes of 15 dm UX RLYY ]HY 00!$ HTK ZOL JPXJ[RHXPZ_ ]HY '%-/% COL UVHW[L W[HXZ`

NRHYY OHK H KLTYPZ_ UM )%(0 N&JS3, a SCE reflectance of less than 75%, an infrared reflectance 

UM -*%*!$ H KLTYPZ_ KPYZXPI[ZPUT UM '%,!$ HTK H IXPNOZTLYY =* distribution of 0.5%. The 

opaque quartz glass did not exhibit color unevenness and was visually uniform, but did not 

exhibit sufficient white color. The area ratio of pores in a microscopic image was 3%. FIG. 

. YOU]Y HT UVZPJHR SPJXUNXHVO "UIYLX\HZPUT SHNTPMPJHZPUT1 ('''b# UM H W[HXZ` NRHss cross 

section in Comparative Example 3. 

F''0,G

(Comparative Example 4) 

8[YLK W[HXZ` NRHYY ]PZO H V[XPZ_ UM 00%00! ]HY ]LZ-milled until the maximum 

particle size was 50dm or less and D50 was 7dm, and water was added to the milled material 

to prepare a slurry with a solid content of 78% by weight, and a molded article was obtained 

by casting using a hard gypsum mold. The molded article was dried at 150°C for 100 hours, 
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heated at 1400°C for 1 hour, and then cooled. 

F''0-G

The obtained opaque quartz glass had a brightness L* of 80.0 and saturations a* of -

0.2 and b* of 0.4 in L*a*b* color system. D50 PT ZOL VUXL YP`L KPYZXPI[ZPUT UM ZOL VUXLY ]HY -%.

dm, the proportion of pores with pore sizes of 5 dm UX RLYY ]HY *-!$ ZOL VXUVUXZPUT UM VUXLY

with pore sizes of 15 dS UX RLYY ]HY 0)!$ HTK ZOL JPXJ[RHXPZ_ ]HY '%--% COL UVHW[L W[HXZ`

glass had a density of 2.18 g/cm3, a SCE reflectance of less than 75%, an infrared reflectance 

UM -/%,!$ H KLTYPZ_ KPYZXPI[ZPUT UM (%'!$ HTK H IXPNOZTLYY =* distribution of 1.0%. The 

opaque quartz glass did not exhibit color unevenness and was visually uniform, but did not 

exhibit sufficient white color. The area ratio of pores in a microscopic image was 15%. 
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F''0.G

Table 1 

Silica material composition (mass%) Amount 

of SiO 

added to 

Silica 

material 

Tapped 

bulk 

density 

Fine 

particulate 

silica 

Synthetic 

silica 

Spherical 

silica A 

Spherical 

silica B 

BET 

diameter: 

32 nm 

D50: 

/' dm 

D50: 

(' dm 

D50: 

)' dm 

(mass%) (g/cm3) 

Example 1 37 -* 0 0 0.3 0.70 

Example 2 35 55 10 0 0.3 0.70 

Example 3 37 57 0 - 0.3 0.70 

Example 4 30 0 70 0 0.3 0.82 

Example 5 30 0 0 70 0.3 0.83 

7^HSVRL - 34 33 33 0 0.3 0.74 

Example 7 34 33 0 33 0.3 0.75 

Example 8 37 -* 0 0 0 0.71 

7^HSVRL 0 30 0 70 0 0 0.83 

Example 10 34 33 33 0 0 0.75 

Comparative 

Example 1 

0 100 0 0 0.3 1.20 

Comparative 

Example 2 

100 0 0 0 0 '%'-

Comparative 

Example 3 

-' 40 0 0 0.3 0.55 

Comparative 

Example 4 

A slurry with a solid content of 78 wt% was prepared by wet-milling a 

fused quartz glass and adding water. 
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F''0/G

Table 2 

Brightness and saturations Pore size distribution Circularity 

of pores 
L* a* b* D50

! 5  

dm 

! 15  

dm 

"dm) (%) (%) 

Example 1 0'%) -0.1 1.8 7.5 32 85 0.58 

Example 2 0'%, -0.1 (%0 8.1 )0 77 '%-(

Example 3 0'%+ -0.1 1.3 -%. *0 77 0.58 

Example 4 0*%' 0.2 1.0 11.2 17 -0 '%,-

Example 5 /0%, -0.7 )%- (-%, 7 43 0.57 

7^HSVRL - //%0 -0.4 (%0 (+%- (- 51 0.57 

Example 7 /0%+ -1.0 2.0 15.2 10 50 0.54 

Example 8 /0%, 0.1 '%- 7.0 35 83 '%,-

7^HSVRL 0 0)%* 0.1 0.5 10.7 18 71 0.57 

Example 10 88.5 0.1 0.5 (-%( 0 48 0.55 

Comparative 

Example 1 

A powder form was remained so a molded body could not be obtained. 

Comparative 

Example 2 

The obtained sintered body could not be evaluated due to a large number 

of cracks. 

Comparative 

Example 3 

73.3 -0.1 0.0 2.0 88 00 '%-/

Comparative 

Example 4 

80.0 -0.2 0.4 -%. *- 0) '%--
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F''00G

Table 3 

Density 

(g/cm3) 

SCE 

reflecta

nce (%) 

Infrared 

reflectan

ce (%) 

Density 

Distribut

ion (%) 

Brightness 

L*

distributio

n (%) 

Color 

unevennes

s, Cracks 

Area ratio 

of pores 

(%) 

Ex. 1 2.15 
75 or 

more 
/'%- 1.5 1.5 none 

*-

Ex. 2 2.15 
75 or 

more 
81.2 1.5 1.2 none 

27 

Ex. 3 )%(-
75 or 

more 
/'%0 1.5 1.3 none 

21 

Ex. 4 )%(-
75 or 

more 
85.0 1.5 1.5 none 

10.3 

Ex. 5 2.17 
75 or 

more 
78.5 1.5 1.5 none 

10.2 

Ex. - 2.17 
75 or 

more 
78.0 1.5 1.3 none 

8.4 

Ex. 7 2.17 
75 or 

more 
78.3 1.5 1.2 none 

7.3 

Ex. 8 )%(-
75 or 

more 
.0%+ 1.7 1.8 none 

34 

Ex. 0 )%(-
75 or 

more 
/+%- (%- 1.7 none 

10.7 

Ex. 10 )%(-
75 or 

more 
78.5 (%- 1.8 none 7.8 

Com. 

Ex. 1 

A powder form was remained so a molded body could not be obtained. 

Com. 

Ex. 2 

The obtained sintered body could not be evaluated due to a large number of 

cracks. 

Com. 

Ex. 3 

)%(0 less 

than 75 

-*%* 0.5 0.5 none 3 

Com. 

Ex. 4 

2.18 less 

than 75 

-/%, 1.0 1.0 none 15 
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INDUSTRIAL APPLICABILITY 

[0100] 

The present invention is useful in the field with respect to opaque quartz glasses. 

The opaque quartz glass of the present invention can be suitably used for, for example, a 

quartz glass cell for optical analysis, a light shielding member and an infrared reflecting 

member for semiconductor manufacturing apparatuses or infrared heating apparatuses, due 

to its sufficient heat ray reflecting, heat ray blocking and light shielding properties. In 

addition, the present invention allows to provide a large opaque quartz glass ingot having 

sufficient heat ray reflecting, heat ray blocking and light shielding properties and sufficient 

uniformity with good productivity. 
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CLAIMS 

1. An opaque quartz glass containing pores with irregular shapes dispersed in a glass 

body, wherein the opaque quartz glass has a pore size distribution of the pores having D50 of 

4 to 30 dm, a proportion of pores with pore sizes of 5 µm or less of 1 to 50%, and a proportion 

of pores with pore sizes UM (, aS UX RLYY UM *' ZU 0'!$ HTK HT HXLH XHZPU UM VUXLY PT H

microscopic image at a cross section of 5% or more. 

2. COL UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU JRHPS ($ ]OLXLPT H JPXJ[RHXPZ_ UM VUXLY PY '%-)

or less. 

3. The opaque quartz glass according to claim 1 or 2, wherein  

when D50 is 10 dm or less, the area ratio is 15% or more, 

when D50 is more than 10 dm, the area ratio is less than 15%. 

4. The opaque quartz glass according to any one of claims 1 to 3, wherein the opaque 

quartz glass has an infrared reflectance of 75% or more, an SCE reflectance of 75% or more 

at a wavelength of 350 nm to 750 nm, and a brightness L* of 85 or more in L*a*b* color 

system. 

5. The opaque quartz glass according to any one of claims 1 to 4, wherein the opaque 

quartz glass has an absolute value of a saturation a* of 2 or less and an absolute value of b*

of 4 or less in L*a*b* color system. 

-% The opaque quartz glass according to any one of claims 1 to 5, wherein each content 

of metallic impurities is 1 ppm or less. 

7. The opaque quartz glass HJJUXKPTN ZU HT_ UTL UM JRHPSY ( ZU -$ wherein the opaque 

quartz glass has a density of 2.10 to 2.18 g/cm3. 

8. The opaque quartz glass according to any one of claims 1 to 7, wherein the opaque 

quartz glass has a density distribution of 2% or less and a brightness L* distribution of 2% 

or less. 

0% A method for producing the opaque quartz glass according to any one of claims 1 to 

8, comprising:  
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pressure-molding a mixed powder of a silica powder which is silica particles having 

D50 of 5 to 100 dm in a particle size distribution and a fine particulate silica which is silica 

particles having a BET diameter of 10 to 50 nm, wherein the content of the fine particulate 

silica is 20 to 50 mass% relative to the total amount of a silica material including the silica 

powder and the fine particulate silica, and  

sintering the pressure-molded article. 

10. COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU JRHPS 0$ ]OLXLPT

  (a) the silica powder is a synthetic silica powder having D50 of 30 to 100 dm in a particle 

size distribution, or 

  (b) the silica powder contains a synthetic silica powder having D50 of 30 to 100 dm in a 

particle size distribution and a spherical silica powder having D50 of 5 to 50 dm in a particle 

size distribution, or 

  (c) the silica powder is a spherical silica powder having D50 of 5 to 50 dm in a particle size 

distribution. 

11. The method for producing opaque quartz glass according to claim 10, wherein in 

the case (b), the content of the spherical silica powder is 1 to 20 mass% relative to the total 

amount of the silica material. 

12. The method for producing opaque quartz glass according to claim 10 or 11, when 

the synthetic silica powder and the spherical silica powder are present respectively,  

D10 in a particle size distribution of the synthetic silica powder is 1/3 or more of D50

and D0' is 3 times or less of D50, and  

D10 in a particle size distribution of the spherical silica powder is 1/5 or more of D50

and D0' is 5 times or less of D50. 

13. COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM JRHPSY 0 ZU

12, wherein the fine particulate silica satisfies at least one of the four requirements of  

  (i) a tapped bulk density is 0.03 to 0.10 g/cm3,  

  (ii) a BET specific surface area is 50 to 100 m2/g,  

  (iii) an OH group concentration is 0.5 to 1.0 mass%, and  

  (iv) each content of metallic impurities other than Si is 1 ppm or less. 

14. COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM JRHPSY 0 ZU

13, wherein the mixed powder further comprises a SiO powder which is silicon monoxide 
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particles having D50 of 0.5 to 2 dm in a particle size distribution, and the content of the SiO 

powder is 0.1 to 1 mass% by external addition relative to the total amount of the silica 

material. 

15. The method for producing opaque quartz glass according to claim 14, wherein the 

SiO powder has D10 of 0.1 dm or more and D0' of 5 dm or less in a particle size distribution. 

(-% COL SLZOUK MUX VXUK[JPTN UVHW[L W[HXZ` NRHYY HJJUXKPTN ZU HT_ UTL UM JRHPSY 0 ZU

15, wherein a tapped bulk density of the mixed powder for pressure molding is 5 to 20 times 

more than a tapped bulk density of the fine particulate silica. 


