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[Title of the Invention} 

ALKALI-FREE GLASS SUBSTRATE 

[Abstract] 

[Object] 

An object of the present invention is to provide a high­

transmittance alkali free glass substrate that fulfills all 

the requirements made of a liquid crystal display (LCD) 

without increasing costs. 

[Constitution] 

The alkali free glass substrate according to the present 

invention contains substantially no alkali metal oxide, and 

comprises, by weight, 0.01-0.3% SnO2, 0-0.1% As2O3 , and 0-1.0% 

Sb2O3 , and the Fe content of the glass, converted to Fe2O3 , is 

0.005-0.03% by weight. 

[Selected Figures] 

None 

[Claims] 

1. An alkali-free glass substrate containing 

substantially no alkali metal oxide and comprising, by weight, 

0.01-0.3% SnO2, O 0.1% As 2O3 , and 0-1.0% Sb2O3 , wherein the Fe 

content of the glass, converted into Fe2O3, is 0.005 0.03% by 

weight. 

2. The alkali-free glass subst.rate according to Claim 1, 

wherein the transmittance of said glass substrate is 50% or 

·more for a wavelength of 300nm, and 89% or more for 

wavelengths of 400-800nm. 
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3. The alkali-free glass substrate according to Claim 1 

or Claim 2, comprising, by weight, 55-70% SiO2, 12-20% Al2O3 , 

5-15% B2O3, 0-5% MgO, 0-12% Cao, 0-10% SrO, 0-10% Bao, 0-5% ZnO, 

0-5% ZrO2 , and 0-0.5% Cl. 

[Detailed Description of the Invention] 

[0001) 

[Industrial Field of Application) 

The present invention relates to an alkali-free glass 

substrate for use as a substrate in flat-panel displays such 

as liquid crystal displays, electroluminescent displays, field 

emission displays, and sensors, or as cover glass for a solid­

state image sensor. 

[0002) 

[Prior Art] 

Alkali-free glass substrates have been widely used in the 

past as substrates for flat-panel displays and sensors, and as 

cover glass for solid-state image sensors. 

[0003) 

A transparent conductive film, an insulating film, a 

semi-conductor film, and a metal film are deposed on the 

surface of a glass substrate of this type, and various types 

of circuits and patterns are formed thereon by 

photolithographic etching (photo etching}. During these 

processes, the glass substrate is subjected to heat treatment 

at temperatures of several hundred degrees, as well as to 

treatment by various chemicals, including sulfuric acid, 
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hydrochloric acid, alkali solutions, hydrofluoric acid, and 

buffered hydrofluoric acid. 

(0004] 

The following characteristics are required of a glass 

substrate of this kind. 

(1) It should contain essentially no alkali metal oxide, 

since alkali metal oxides contained in the glass can cause 

alkali ions in the semi-conductor materials that are deposed 

on the substrate as a film during heat treatment to diffuse, 

leading to deterioration in film characteristics. 

(2) It should have sufficient chemical resistance to 

withstand the various acids and alkalis used during the photo­

etching process without deteriorating. 

(3) It should have a high strain point, so that the glass 

substrate does not exhibit heat contraction during film 

deposition and other stages of the TFT (thin film transistor) 

formation process. In concrete terms, it should have a strain 

point of 640° C or more. A glass substrate for use with a 

polycrystalline silicon TFT-type LCD requiring a working 

temperature of 600° C or more, for example, requires a strain 

point of 640 ° C or more. 

[0005) 

In addition, the following characteristics are also 

required. 

(4) It should have excellent meltability, to prevent 
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defects occurring during the melting process that would make 

the glass unsuitable for use as a substrate. 

(5) It should have a low heat expansion coefficient, to 

improve heat shock resistance and to reduce damage sustained 

during the heat treatment process. 

[0006] 

Furthermore, because transmittance is an extremely 

important consideration for glass substrates used in devices 

of this kind, the glass substrate should preferably have high 

transmittance from the ultraviolet range through to the 

visible range. 

[0007) 

In the case of an LCD, for example, which is a non-light 

emitting display with poor light utilization efficiency, the 

transmittance of the glass. substrate should be as high as 

possible within the visible range. Further, the TFT (thin film 

resistor) elements are formed on the substrate after the 

deposition of the transparent conductive film, insulating film, 

semiconductor film, and metal film by the back-exposure method 

of photo etching, which involves irradiating ultraviolet rays 

with a wavelength of approximately 300nm from the back face of 

the glass substrate. For this reason, transmittance within the 

ultraviolet range also needs to be as high as possible. 

[0008] 

Organic electroluminescent displays, which display by 

illuminating red, green, and blue organic phosphors, have been 
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attracting considerable notice in recent years. In these 

displays, the luminous efficiency of the phosphors that emit 

green light is lower than that of the other phosphors. For 

this reason, glass used as a substrate in this kind of display 

needs to have high transmittance within the wavelength range 

corresponding to green light. 

[0009] 

[Patent Document l] 

Japanese Unexamined Patent Publication No. H7 202208 

[Patent Document 2) 

Japanese Unexamined Patent Publication No. 2001-261366 

(0010] 

[Problem to be Solved by the Invention] 

Fe2O., exists within the glass as Fe3
• and Fe2

+. Fe 3
• in 

particular has its absorption peak at approximately 380nm, and 

reduces transmittance for the ultraviolet range and the low­

wavelength end of the visible range. Low-cost, mass-produced 

glass generally contains large amounts of Fe2O3 , which is mixed 

in with the raw materials and also enters the batch during the 

manufacturing process. Because of this, it is accepted that if 

this kind of glass is used as a substrate in a display or 

sensor, low transmittance for the ultraviolet range and the 

low-wavelength end of the visible range will result in reduced 

performance. 

[OOll] 

In order to eradicate Fe2O3 entirely from the glass, it 
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would be necessary to select high-purity raw materials, and to 

use specially designed manufacturing equipment to prevent any 

Fe20 3 from the batch preparation equipment becoming mixed in 

with the raw materials. This would increase manufacturing 

costs dramatically, and is therefore unrealistic. 

[0012] 

An object of the present invention is to provide a high­

transmittance alkali-free glass substrate that fulfils all of 

the requirements (1) to (5) outlined above, without increasing 

production costs. 

[0013] 

[Means for Solving the Problem] 

After various experiments, the inventors of the present 

invention found that the desired transmittance could be 

obtained. by adding Sn02 .to the glass,. and these findings have. 

led them to propose the present invention. 

[0014) 

The alkali-free glass substrate according to the present 

invention is characterized in that it contains essentially no 

alkali metal oxide and comprises, by weight, 0.01-0.3% Sn02, 0-

0.1% As20 3 , 0-1.0% Sb20 3 , and has an Fe content of 0.005-0.03% 

by weight, converted to Fe203 • 

[0015) 

[Operation] 

Generally speaking, the ultraviolet rays used when 

forming a TFT on a glass substrate chiefly have wavelengths of 
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approximately 300nm. Because of this, it is important that the 

transmittance of the glass substrate for a wavelength of 300nm 

should be as high as possible, and at least 50% or more 

(preferably 60% or more). A transmittance of less than 50% is 

likely to mean that more time is required for carrying out 

back-exposure and forming the TFT, hindering productivity. 

[0016] 

Also, because an LCD is a non-light emitting display, any 

loss of light utilization efficiency should be kept as low as 

possible. For this reason, a glass substrate for use in an LCD 

should have transmittance that is as high as possible for the 

visible range. It is important that the transmittance of a 

glass substrate of this type should be 89% or more (and 

preferably 90% or more) for wavelengths of 400-800nm. 

Transmittance of less than 89% can adversely affect display 

.performance. 

[0017] 

The As 2O3 content of the glass in the alkali free glass 

substrate according to the present invention is therefore 

limited to no more than 0.1%, and 0.01-0.3% of SnO2 is added. 

This causes the Fe valence to change from 3 (Fe 3
•) to 2 (Fe2

•), 

giving the glass substrate transmittance of 50% or more for 

wavelengths of 300nm and transmittance of 89% or more for 

wavelengths of 400 800nm. 

[0018) 

Adding 0.01-0.3% of SnO2 to the glass is believed to cause 
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the following reaction to take place: Sn2
+ + 2Fe 3

+ ➔ Sn4 ◄· + 

2Fe 2
+. The valence of the Fe changes, so that the amount of 

Fe2
+ increases while the amount of Fe3

+ decreases, and 

transmittance for the ultraviolet range and the low-wavelength 

end of the visible range improves. An amount of Sn02 less than 

0.01% is not desirable, as in this case only a small amount of 

Fe changes valence, and transmittance for the ultraviolet 

range and the low wavelength end of the visible range 

decreases. An amount greater than 0.3%, on the other hand, is 

also undesirable, since this is liable to cause Sn02 crystals 

to be deposited in the glass. A preferable range of Sn02 

content ·1s 0.05-0.3%. Although several other substances 

besides Sn, such as Ce and Ti, also cause Fe valence to change 

in a similar way, these should not be used, as they have their 

absorption peaks in the ultraviolet range. 

[0019] 

AS203 , which is widely used as a fining agent, also has 

its absorption peak in the ultraviolet range. It also acts to 

inhibit the valence change to Fe 2
+ brought about by the Sn02 • 

For this reason, the amount of As 20 3 contained in the glass is 

limited to no more than 0.1%. An amount of As 20 3 greater than 

0.1% is not desirable, as this reduces transmittance for the 

ultraviolet range. The As 2o 3 content should preferably be no 

more than 0.5%. Reducing the amount of As 203 used as a fining 

agent in an alkali-free glass makes it more difficult to 

obtain bubble free glass. However, since the Sn02 added to 
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improve transmittance also acts as a fining agent, it is 

possible to obtain bubble-free glass by combining this with 

suitable amounts of Sb2O3 and Cl. Like As2O3 , however, Sb2O3 has 

its absorption peak in the ultraviolet range, so that the Sb2O3 

content should be limited to no more than 1.0%. 

[0020] 

If the amount of Fe2
+ in the glass increases too much as 

the result of adding SnO2 there is a risk that transmittance 

for the high-wavelength end of the visible range might be 

reduced, since Fe2
+ has an absorption peak of approximately 

1080nm. This would make it impossible to maintain 

transmittance at 89% or more for wavelengths of 400-800nm. To 

prevent this, it is necessary to adjust the total amount of Fe 

contained in the glass, which must be kept within a range of 

0. 005.-0. 03%,. converted to Fe2O3 • It is not desirable that the 

amount of Fe2O3 is over 0.03%, as this lowers transmittance at 

the high-wavelength end of the visible range. Attempting to 

reduce the Fe2O3 content any lower than 0.005%, however, is not 

advisable, as this makes costs unacceptably high. A preferable 

range of Fe2O3 content is 0.007-0.03%. 

[0021] 

The glass used in the present invention is an alkali-free 

glass. The reason for this is that if the glass contains 

alkali metal oxides (Na2O, K2O, Li2O), not only does the alkali 

content of the glass adversely affect the characteristics of 

the various films and TFT elements formed on the glass 
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substrate, but there is also a risk that clouding will be 

produced by reactions between the alkaline constituents of the 

glass and the various films, leading to a reduction in the 

transmittance of the substrate. 

[0022] 

The precise composition of the glass substrate according 

to the present invention may be determined as suitable 

according to use, taking into consideration factors such as 

chemical resistance, thermal contraction, meltability, 

moldability, and thermal expansion coefficient. One example of 

a suitable composition would be an alkali glass comprising, as 

a percentage of the tota,l weight: 55-70% SiO2, 12-20% Al 2O3 , 5 

15% B203, 0-5% MgO, 0-12% Cao, 0-10% SrO, 0 10% Bao, 0-5%ZnO, 

0_-5% ZrO2, and 0-0.5% Cl. 

[0023] 

An explanation follows of the reasons for the ranges 

given for the composition of the glass above. 

[0024] 

SiO2 acts as the network former of the glass, and has the 

effect of improving the acid resistance of the glass, 

increasing the strain point of the glass, and reducing the 

thermal contraction of the glass substrate. A glass substrate 

with high acid resistance and low thermal contraction can be 

obtained with an SiO2 content of 55-70%. A preferable range is 

57-67%. A higher SiO2 content causes the high-temperature 

viscosity of the glass to increase, so that meltability 

JP2004-189535A 
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deteriorates and devitrified cristobalite is more likely to be 

deposited in the glass. Reducing the content any lower than 

this range tends to reduce the acid resistance and strain 

point of the glass. 

[0025] 

Al 203 increases the strain point of the glass and helps to 

prevent deposits of devitrified cristobalite in the glass. A 

glass substrate with low liquid phase temperature can be 

obtained with an Al 20 3 content of 12-20%. A preferable range 

is 13-18%. A higher Al20 3 content tends to adversely affect 

the buffered hydrofluoric acid resistance of the glass, and is 

also liable to increase. the liquid phase temperature, making· 

the glass more difficult to mold. An Al20 3 content of less 

than the suggested range tends to reduce the strain point of 

the glass. 

[0026] 

B20 3 acts as a flux, lowering the viscosity of the glass 

and improving meltability. These effects can be obtained with 

a B20:i content of 5-15%. A preferable range is 7-14%. Greater 

amounts of B203 tend to lower the strain point of the glass and 

adversely affect acid resistance. Lower amounts of Ba203, on 

the other hand, are ineffective as a flux, and tend to reduce 

the meltability of the glass. 

[0027) 

MgO reduces only the high-temperature viscosity of the 

glass without reducing the strain point, and improves the 
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meltability of the glass. The meltability of the glass can be 

improved by a MgO content of 5% or less. A preferable range is 

O 3%. Larger amounts of MgO are liable to cause devitrified 

enstatite to be deposited in the glass. Buffered hydrofluoric 

acid resistance is also reduced, leading to erosion of the 

surface of the glass substrate during the photo-etching 

process and causing reactive substances to adhere to the 

surface of the glass, making clouding of the glass substrate 

more likely. 

[0028) 

Cao reduces only the high-temperature viscosity of the 

glass without lowering the strain point, and greatly improves 

the meltability of the glass. Meltability can be improved by a 

Cao content of 12% or lower. A preferable range is 3-10%. 

Larger amounts of Cao tend to adversely affect buffered 

hydrofluoric acid resistance. 

[0029] 

SrO improves the chemical resistance and devitrification 

resistance of the glass. This effect can be obtained with a 

SrO content of 10% or less. A preferable range is 0-7%. 

Larger amounts of SrO may increase the density and thermal 

expansion coefficient of the glass, and tend adversely affect 

meltabililty. 

(0030] 

BaO improves the chemical resistance and devitrification 

resistance of the glass in a similar way to SrO. This effect 
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can be obtained with a Bao content of 10% or less. A 

preferable range is 0-5%. Larger amounts Bao may increase the 

density and thermal expansion coefficient of the glass, and 

tend to have seriously adverse effects on meltability. 

[0031] 

ZnO improves the buffered hydrofluoric acid resistance of 

the glass. This effect can be obtained with a ZnO content of 

3% or less. A preferable range is 0-2.5%. Larger amounts of 

ZnO, however, tend to lower the devitrification resistance and 

strain point of the glass. 

[0032) 

.It should be noted that although the alkaline earth metal 

oxides MgO, Cao, SrO, and Bao are mixed and added to the batch 

to help improve the meltability and devitrification resistance 

of the glass, a large amount of. these constituents . tends to 

increase the density of the glass, making it difficult to 

obtain a lightweight glass substrate. Consequently, the total 

amount of these substances contained in the glass should be 

less than 11%. 

[0033] 

ZrO2 improves the acid resistance of the glass. This 

effect can be obtained with a ZrO2 content of 1% or less. A 

preferable range is 0-0.7%. With larger amounts of ZrO2 , 

devitrified zircon is liable to be deposited in the glass. 

[0034) 

Cl acts as a fining agent. Large amounts of Cl may 
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increase volatility from the glass melt and make striation 

more likely. However, the desired effect can be readily 

obtained with a Cl content of 0.5% or less. A preferable range 

is 0-0.4%. 

(0035) 

Next, an explanation follows of a method for 

manufacturing an alkali-free glass according to the present 

invention. 

[0036] 

First, the raw materials of the alkali-free glass are 

selected, taking into consideration the amount of Fe contained 

as·an impurity. The batch is then prepared from these 

materials in line with the recommended range for each 

constituent given above. The prepared batch is then melted in 

a continuous melt .furnace at a temperature of 1520 1680° C. 

The molten glass is then molded into sheet form using the slot 

down draw, overflow down draw, float, or roll out method or 

similar and slow-cooled to produce an alkali-free glass 

substrate. 

(003 7] 

A detailed explanation of the present invention follows 

based on several examples. 

[0038] 

Tables 1-4 show examples of the present invention 

(samples 1-20), and Table 5 shows comparison examples (samples 

21 and 22). 
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[0039) 

[Table 1) 

Example 

Composition(%) 

Total Fe20.3 

Transmittance (%) 

Density (g/cm2) 

Thermal Expansion Coefficient 

Strain Point 

Liquid Phase Temperature 

Acid Resistance 

Buffered Hydrofluoric. 

[0040] 

[Table 2] 

[As for Table 

[ 0 041} 

{Table 3} 

{As for Table 

[0042} 

{Table 4} 

[As for Table 

[0043] 

[Table 5) 

1} 

1} 

l] 

[As for Table 1] 

[0044) 

Acid Resistance 

Each of the samples shown in the tables was made as 
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follows. 

(0045] 

First, the batch of raw materials was prepared in line 

with the composition given in the tables. After melting for 24 

hours at 1600° Cina platinum pot, the molten glass was poured 

out onto a carbon plate and molded into sheet form. This sheet 

of glass was then optically polished on both sides to make a 

large, thin glass substrate having a width of 300mm, a height 

of 300mm, and a thickness of 0.7mm. 

[ 0 04 6] 

The characteristics of each of these samples were then 

evaluated. The results are given in the tables. 

[0047) 

As the tables make clear, samples 1 to 20 (which were 

examples of the present invention) had transmittance of 55% or 

more for a wavelength of 300nm, and transmittance of 90% or 

more for wavelengths of 400-BOOnm. The density was low (no 

more than 2.43g/cm2
), allowing for a more lightweight substrate. 

The thermal expansion coefficient was 30-34 x 10- 7/° C. The 

strain point was high (665° C or more), allowing a glass 

substrate exhibiting little thermal contraction to be obtained. 

Further, the temperature corresponding to 10 2
·

5 poise was no 

greater than 1610° C, and the liquid phase temperature was no 

greater than 1120° C, so that these samples had excellent 

meltability and moldability. Acid resistance and BHF 
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resistance were also excellent. 

(0048) 

Transmittance for wavelengths of 300nm for samples 21 and 

22 (which were the comparative examples), however, was low, at 

no more than 40%. 

(0049) 

Transmittance was measured by taking samples using a 

spectrophotometer for wavelengths of 300nm, 400nm, 600nm, and 

800nm. 

[0050) 

Density was measured using the well-known Archimedes 

method. 

(0051) 

Thermal expansion coefficients were calculated by 

measuring.the average thermal expansion coefficient between 

30° C and 380° C using a dilatometer. 

[0052) 

The strain point was measured using the method outlined 

in ASTM C336 71. The lower this value, the smaller the thermal 

contraction of the glass. Log~ at 102
·
5 shows the temperature 

corresponding to the high-temperature viscosity of 102
·
5 poise. 

The lower this temperature, the better the meltability of the 

glass. 

[0053) 

The liquid phase temperature was assessed as follows. 
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First, each sample was crushed into pieces of 300-SOOµm in 

size and washed, then placed in a platinum pot and transferred 

to a temperature gradient furnace at 1000-1300° C. After 24 

hours, the platinum pot was taken out from the temperature 

gradient furnace and the glass removed from the platinum pot. 

The samples obtained in this way were then examined through a 

polarizing microscope and the point of crystal deposition 

measured. This was taken to be the liquid phase temperature. 

[0054) 

HCl resistance was evaluated by immersing each sample for 

3 hours in an aqueous solution kept at 80° C comprising 10% 

hydrochloric acid by weight and then examining the condition 

of the surface of the glass with the naked eye. Buffered 

hydrofluoric acid resistance was evaluated by immersing each 

sample for 30 minutes in a buffered hydrofluoric acid solution 

kept at 20° C comprising 30% ammonium fluoride and 6% 

hydrofluoric acid by weight and then examining the condition 

of the surface of the glass with the naked eye. Cases in which 

no alteration was discernable in the surface of the glass are 

shown with the symbol 0, and cases in which alteration was 

discernable are shown with the symbol X. 

(0055) 

[Effect of the Invention] 

As described above, the alkali-free glass substrate 

according to the present invention has high transmittance 
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across the visible range, making it ideal for use as a 

substrate in a flat panel display or sensor, or as cover glass 

for a solid-state image sensor. Transmittance is also high in 

the ultraviolet range, making it particularly well suited for 

use as an alkali-free glass substrate in a TFT active matrix 

LCD display in which the TFT elements are formed using back-

exposure. 
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[ 81.i 5t JJi. 3 ] 10 

H•%?-. St 0 2 5 5~7 0%. A I 2 Os 12~20%, B 2 Os 5~1 5% 
. MlrO 0~5%. Ca..O 0~1 2%, SrO 0~1 0%. Ba..O 0~1 0%. 
'.&nO 0~5%. Xr02 0~6%. CI o~o. 5%tJ.1>~6::'l!1'!flffl'.i'tiM 
>t JJi , * ~ Id.: 2 0 L 1 -r :tt. tJ. r.::: rc! ft 0 m JJ JI, tJ 1; t1 , :z. ~ m . 
[~11,EJOJsHlll~~B,EJ] 
[0001] 
[ it !/i J: 0) ~IJ ffl 1)- ff ] 

:$ ~ 11,EJ Id.: • >ll i!ii 7" " :Z 7• v ,( , I. v ? I- D JI, ~ * v -t! ':I :Z r " :<. 7' v ,( . 7 " - JI, I.! I. ~ 
v3/3'Yr"::<.7'v1W07'5vl-~*~=r":<.7'v1\t>-t!'Y~-•0~m. ~~••• 
7 0) tJ )~ - ti 7 A r.::: m L I i, :h, 6 ill\ }} JI, tJ 1) ti 7 A ~ m r.::: II 't J 'c 0) C' ai-, 6 • 20 
[0002] 
[4lt:*OJtt#i] 

tt * J:: 1J , 7 =, v 1- ~ * JI, =r " ::z 7• i.., 1 "° -t! / ~ - • 0 ~ m . ~ ~ • • • .:,. 0 tJ 1~ - t1 =, 
::Z l! l, 7 Id.:. ~mtt0 ti '7 ::Z ~tH"JJJZ <~mt :h, 7 LI 1. 
[0008] 

20;!10t1=,:z.~m0~1B1r.:::!i1.:. :lftll,EJ•"-11, ~ftll. ¥•~11. :llillWtJ\'JitllttL. 
l,tJ.'c7tl- 1JY?"'57,1-I.v'f'Y?' C7tl-I.v'f'Y?') r.:::J::-,7;!1A?OJ@i&\t>/~~ 
-'Y"JJmJitttLi. ;:>:h,LSOJJitlll. 7t I-I.v'f'Y?'Iti.r.:::i1'1L17, tl'7:Z.~tH!i1.:. Ila 
Ii 0) M 91! J! t ~ lt 6 )! :J.:t r.::: ' ii • . jj. . }} )I, tJ 1) ~ >ll • 7 y • ' /~ y 7 7 - I.! 7 y •• 

O);!IA?OJ~&r.:::J::i9l!J!!~~J. w 
[0004] 

::'OJ;fi0tl'5 :<.~tHr.:::ld.:, J.,._ '"FOJJ:: .,- ~ff-i\tt,\'¥5tt:h. i. 
< 1 ) tt =, :z. cp r.::: JJ JI, tJ 1J :a: 11: • 4t 11 11 a fii t tL 7 L, J i . M 91! J! et r.::: 1it a t tL ~ ¥ • ~ 

II S: cp r.::: JJ JI, tJ 1
) 1 :cf' 'Y tJ\' tt ~ l, . Ill ff- iii OJ ~ 4t ! !B < ~ dh • ~ I ~ r.::: JJ )I, tJ 1

) :l ll • 4t 
II 1' a tj l, ~ ll ::' l!. 
( 2) 7 t I- I. v 'f ':I?' I W r.::: 11 ll 7 ~ ffl < ti, i ;fl A? 0) It, JJ JI, tJ I) 210) ~ & r.::: J::-, 7 ~ 

4t l, ~ l I J:: 7 ~ fig ~ & iii 1' fj 't 1 2 i . 
(3) JitlJlWOJTFT Oinll-'5':l;l'::Z~) -.:,.~~Ifflc-:tf'5::Z~ffl.tJ\'Mi&liil,7/~~ 

-'Yt":h.t~::'t~LIJ::7r.:::. ~llmJ//1., A~~r.:::ld.:. 6 4 O'CJ.R..l:OJmJ//l.ttj'tJ-;;)! 
• £iJ;tta.'.'jaaJii3/ IJ:J'YTFT-LC00jift, "tOJIW~litJ\'6 0 O'CJ.R..l:c-iV>i~dh 40 
, ::'0J::,~ffl~OJ:tf'5::Z~ffir.:::ld.:, m#.ttJ\'6 4 O'CJ.R..tc-i1'>6::''ttJ\'~5tttLJ. 
[0005] 
it:~. ::':h.J.R*r.:::t, ~OJJ::7~!fli\tt,\'~~<":h.i. 
( 4) tt '5 A Cf r.::: ~ :t9. i l, 7 v¼ it: l, < ~LI~ If!'.);!. ~it,\'~~ l, ~ LI J:: 7 ~ If! iii r.::: -II tL 7 LI J 

11 1]\ 't L l 2 't . 
[0006] 

!: r.::: • 2 tL i, 0 =r 1~ 1 ::z c- Id.: t1 , :z. ~ m 0 m ~ * Id.: ~ :t:> dh 7 m ¥ c- ai-, 1J • ~ * .: tJ. is cJ ~ 
11&: r.::: U1 LI 7, ~ LI J!i~$ t tj 't 6 tt '5 ::Z ~ffl.11§! it: tL 7 LI 6. 50 
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[0007] 

-BiJ :t r-a: • ill i!i!i =r " A 7' v " 0 11 e . iii ~ -'lt ~ =r " A 7' v " c- it'> 1J • -'lt 0 ~1J m ~ * 11 u; LI r­
tlh , ciJ m 1!&: 12 ir/ lt l ti '7 A ~ ;fR © ¾ft ffll. $ t;1; iii LI n t, .l LI • ii-: r- , T F T ( ji Ill t- 7 ;; o/' A 
-9) •-tt;I;. tf7A~;t&..t12ma1Pl'illll. ~-Ill . . :jUf~!II. :!:1illl1'1'J;t!IIL,r-ti. tf 
7A~;t&©W00~9-~300nmM~O)~*•t~~tliOO ■ -'Jt•12~l7#t-~Y 
'J' 7 7 " 12 J; -, , 1n J;l' 't :ti.. l • 't 0) r- di) • ~ * 1!&: 12 ir/ lt l tf '5 A ~ ;fR © :at ~ $ t iii LI n t, 
.l ll • 
[0008] 
tr-.~~- itEl't:h..,Lll~fflI.v?t-OJl,~*v-t2YA7.(A7'v1©1l-et. ff.., & 
, l 0 ~ ffl !t -'Jt ~ 1' ~ -'Jt 't tt, ~ JJt 1' fi } t, , l ~ © -'Jt 1' ~ 't l !t -'Jt ~ 0 ~ -'Jt ~ $ t, ff!! © 10 
!! -'lt ~ 12 Jt ~ , -0!. L 1 • 't 0 r- di) , • ~ 0 -'lt 12 ~ ~ , 1 • ~ !!C 12 ifl lt 1 tt '5 A 0 m ~ * t;1; iii 
LlntF.lLI. 
[0009] 
[ftf-FXitt: 1 l 

ftlfllf- 7 - 2 0 2 2 0 8-i;-~ffi 
Cftf-f Xitt: 2 l 

!J'llfl 2 0 0 1 - 2 6 1 3 6 6 -i;-~ffi 
[0010] 
[~B,EJt,11~ L, ~, ~ 't l all!] 

F e 2 O 3 t;1; . tf '5 A c:r ?- F e 3 + x ~ F e 2 + © tt t\ ?- lf :t£ L, , ft 12 . F e 3 
+ ~ • 3 20 

8 0 n m M ~ 12 DA i& r: - ? 1' a 1; , ~ * ~ , ~ • ~ ffl1J © cJ m ~ 12 irl lt l ;I! ~ $ 1' -0!. "f 't tt 
l. -tli12, :tc-ffllic-AM~ii.'t:h..ltf'5;z.~. tf'7AJ:6{!N\bJU1Ifflc:rll-LSi•0Fe2 
0 a ff tf 7 A c:p 12 ii AL,, LI l. 't 0) r- di), '2 © J;} ~ tf '7 A 1' 7'" A 7' v ,( \0 -t2;; 1" -

0) ~ ,t& ~ L, ' m L I l ~ ' ~ * ~ ' ~ • ii ffllJ 0) cJ ~ 1!&: r.::: irl lt l m ffl). $ t, -0!, L I r- di) ' T " A 7' 
v ,( \0 -t! ;; 1" - ~ L, , 0) tt ~ 0) -0!. "ft, 'I~< :ti.., LI l . 
[0011] 

tl'5A't'-"©Fe 2 Oa ©i!J...1'7'€i:r.:::ij~ltfitlr.:::~. iii$olilitf'5AIN-!N1'ifiLI, .El"), 
m~~e~lffi~:tj. L,)1.i{!N"Fe 2 0 3 t,j!J.,.L, ~L)J; }~!J'lBUr.:::~Bt't:h..r-lOl~ilJa1'1! 
m 't l ff) ¥ ff it'> 1J , ~ ~ ::J A t- ff iii ~ r.::: iii < ~ l ~ dJ> , Jl! ~ 1m c- ~ ~ L l • 

[0012] 30 
:$~8,EJ©§tl:Jt;1; . ..t~cL,~¥~ftttJAEI (1) ~ (5) ©~-ztlffi.\EL,. L,ll-t, ::JAt-
1' ..t If l '2 ): ~ < • m ffl\. $ © iii l I lift J' JI, 1J ~ tf '7 ;z. ~ ;tR 1 a .jjl; 't 'Z '2 ~ c- it'> l • 
[ 0 0 1 3 ] 
[~1!1 II;;_, l ~dJ>©:j::ffl] 

:$ ~ 8,EJ ~ ~ . ~ I{ 0) ~ • 11-t 1) )i L, ~ '6 ~ . tf '5 A c:r r.::: 8 n O 2 1' ~ .ttJ 't 'Z 2 ~ ?- ffl m © 
:¾! ffll. i:J t, ~ LS :ti.. l 2 ~ 1 Ji LI -r.: L, :$ ~ B,EJ ~ L, , ti* t l t © c- 6'1 l • 
[ 0 0 1 4 ] 

ffll t; . * ~ 8,EJ 0 m ;, JI, 1J ') tt '7 ;z. ~ ;tR ~ • ~ a trt1 r.::: ;, JI, "iJ ') ~ 11 a ~~ ~ 1 a * -r . a • % 
?-, 8n02 O.01~0. 3%. AS2 Oa O~O. 1 %, 8b2 Oa 0~1. 
O % 7: it'> 1) , .El ":> , ti '7 ;z. c:r 0 F e © a ~ M ff , F e 2 0 3 r.::: ~ ll L, , , I M % ?- 0 . O 40 
05~0. 03%?-it'>l:'~t!J'lR~tl. 
[ 0 0 1 6 ] 
c fl: m l 

- tit r.:::, tf '5 ;z. ~ ;tR ..t 0) T FT 1' fl:~ t l ~ r.::: m LI LS :ti.. l ~*lit t;1;. ±.): l,, 3 0 0 nm 
1' c:p )~\ ~ L, ~ • ~ 0 Mi * lit t, if m 't :ti.. l • '2 © ~ dJ> , • it 3 0 0 n m r.::: ifJ lt l tf '7 ;z. ~ ;tR 

0) m ~ $ t;I; ' C' 9' 6 j:t lt iii LI n t, .l < ' 1.!> ~ < ~ t 5 0 % J.!J.. ..t ( '3- * l, < t;I; 6 0 % J.!J.. ..t ) 
?-it'>l2~tf:m¥?-it'>l. 2©¾!~$t1"5 0%~dl?-it'>l'¥'1aiOO ■ -'Jttfi-,,TFT1'1n 

J;t t l ~ r.::: * fffl ff "IJ. :ti- 'J , ~ ii. ilt r.::: ~ Ill 1' 9' ~ 't ,a ti" it'> l • 
[ 0 0 1 6 ] 

ii-: r- , mt i!i!i 7' " A 7" v ,( t;I; iii ~ -'Jt ~ T " ;z. 7' v ,( ?- it'> l r- dJ> • -'Jt 0) ~1J m ~ $ © ffl ~ ~ 1.!> ~ 50 
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l) l;i } ti it l I • 2 0) ~ ti}) , >!l i!ii 7" " ::Z. 7' v .{ ffl 'ii '5 ::Z. ~ ffi 0) '6J ~ 1iri I:' 11 lt l ffl ~ • t.l: c $' 

1 7t lt iii l I n ti it < . }it iii 4 o o ~ 8 o o n rn c 11 lt l m ~ • t.1: B 9 % JR ...t c V¼ ii: L, < t.1: 
9 0 %JR...t) cit-I l 2 )!1':ffi:¥cit-» l. "2 O)ffli1$tl 8 9 %*licit-I l )!7"" ::Z. 7•1,, 10 
tt~tl~r't l Jitlit-1 l. 
[0017] 

-'t2c. :$~11,EjO)ffit}1Jl,i} 1J't/'5:;{~ffil:'11ll-Zt.L :tf'5::Z.CfO)AS 2 03 t 0. 1 %JR 
r c ltlJ llJl L, • s n o 2 t o . o 1 ~ o . 3 % ~ .ttJ 't l • 2 tL c J:: 1J F e 0) ./illi ~ t 3 ./illi C F 
e 3 + ) tJ i, 2 ./illi C F e 2 + ) " ~ H: "t tt , }it -m 3 o o n rn c 11 lt l m ii • t 5 o % JR ...t 
c ~ 1; • 1l -, • 1l iii 4 o o ~ 8 o o n rn c 11 lt l m iiWi • t 8 9 % JR ...t c L, , l I l • 
[ 0 0 1 8 ] 10 

't/7:;{c:pf:'Sn02tO. 01~0. 3%~131"1:tl)!. Sn 2 ++2Fe 3 + TSn 4 

+ + 2 F e 2 + 0) & i'.ii ti i& 2 1J • F e 0) ./illi ~ ti ~ it L, , . F e 2 + t1 :VB .ttJ L, • F e 3 + ti 
3i 1.J>- 't 1 )! ~ ;t i, tL • fili 9t- 1iri \b m li -m Ol~ 0) cJ ~ 1iri 0) m ii $ ti ..t ~ 't 1 • s n o 2 0) ~ 13 :I 
ti o . o 1 % J:: 1J ,p. ,: l 1 )! • ./illi ~ ~ it "t 1 F e 0) :I ti 1.!>- ,: < ~ 11 • ffi 9t- 1iri \b m }it -m ffl~ 0) cJ 
~ j!t 0) m ~ • t1 i\ < ~ l j;, ti}) V¼ t L, < ~ l 1 • - 15 • o . 3 % J:: 1J 1- l I )! s n o 2 0) §a i!ii t1 
;fJffilL,\b't<~l~tl})V¼ll:L,<~LI. Sn020)U¼il:l,Lliclmt.1:0. 05~0. 3%citf> 
l • f'qJ • 8 n )! liil ffi I:' F e 0 ./illi ~ ~ it Y i& 2 't t 0) ~ l, , • C e \0 T l ;g; t1 # t£ 't l ti , 
2tti,t.1:. ffi91-1iricf.t1xta-,j;,t\J), V¼ll: l, < ~L1. 
[0019] 

ii: j;, • )R 51 ff'J ~ l, , Jt. < {f ffl < tl , l l l A S 2 0 3 t.l: ffi 91- j!t I:' f. ilx t - ? t ti -, . ~ I:' , 20 
S n 0 2 c J:: l F e 2 + " 0) {iffi ~ ~ it t Sil ~ "t l ffi $' ti iV> l • 2 0) ~ ti}) • A S 2 0 3 0 ~ 
13 :i t.1: o . 1 % JJA r c 1t1J llJl "< n 1 • A s 2 o 3 0) ~ 13 :i ti o . 1 % J:: 11 i L 1 ~ • ffi 91- P.t 0 
ffl ~ • t1 i\ r 't l ~ ti}) V¼ ii: l, < 1: l l • V¼ ii: l, < t.l: 0 . 0 5 % JR r c iV> l • f'qJ • fi J1 )I, iJ ~ 

'ii '5 ;z I:' 11 L l , • ,i!i 51 ff'J )! l, , ffl l l L, tL , l l l A S 2 0 3 0 ~ 13 :i Y 3i l, 't ~ , ,cl 0) ~ l l 
'ii '5 ::Z. Y ~ l 2 ~ t.l: 1l l, < 1: l ti , ffl iiWi $ t iii di> l ~ ti}) I:' ~ ID l, 7 l I l 8 n 0 2 ti ,i!i 51 ff'J 
~L,,tffi(~tl}). S b2 03 \bC I !)@'.it!ll.ilf.'8-ttl2~c~O)~ll'il'5::Z.tffll2~ 
t1c~l. {B_l,, 8 b 2 03 tAS2 03 ~lii.lffiCffi91-P.tcf.ilxt-?ttf-,j;,t\J), -'tO) 
~13:it.1:1. O%JRrcfflJ:tl~~citf>l. 
[0020] 

t ~ , s n o 2 0) }i .ttl c J:: -, , • F e 2 + t1 ffi .ttl l, 't ~ l )! . F e 2 + t.l: 1 o 8 o n rn ht 30 
lltc~i&r:-?ta-,j;,tl}), IU&-JiffllJ0)'6J~fflii1$t11i\rL,, li-li40 o~s o onrnc 
11 lt l m ~ $ t s 9 % JJA ...t c {* -:, 2 )! t1 c q: 1: < 1: i ,a t1 a,, l • 2 tL t ,n .ii:. 't 1 c t.1: • ~ 
F e :I t ~ g 't l ll> ¥ ti a,, 1J , F e 2 o 3 c t,\ • l, , o . 0 0 5 ~ o . o 3 % 0 ic IHI i:q c 
J... l J:: "'I c 't l 2 )! t1 ffi: ¥ c a,, l • F e 2 o 3 0) ~ 13 :i t1 o . o 3 % J:: 11 1- < ,: l )! • iii 
li -m ffl1J 0) cJ ~ m ~ $ t1 ~ r "t 1 ~ ti}) V¼ t l, < ,: L 1 • 15 • o . o o 5 % J:: 11 1.J>- ~ < l, J:: .,-
~ 't l ~ • ::J ;z ,._ t1 iii < ~ 1J 't ~ l j;, ti}) V¼ ii: L, < ~ L l • F e 2 o 3 0) V¼ ii: l, L l ic IHI t.l: • o 
. 007~0. 03%citf>l. 
[0021] 

:$ ~ 11,El C 11 L l , ~ ffl "t l 'ii '5 ;z t.l: mt J1 JI, iJ ~ 'ii '5 ;z c iV> l • -'t 0) J!. IE t.l: , 'ii '5 ::Z. Cf I:' J7 JI, 

iJ 1) ~ Ii Blt {t !11/J ( N 0- 2 0 ' K 2 0 ' L l 2 0 ) t ~ 13 't l )! . 'ii 7 A c:p 0) }1 JI, iJ ~ pt 1}- 40 
ti , 'ii '5 ;z ~ :t& ...t C ~ ~ < tL ~ ~ ;fl 0) Ill \b T F T • -3- 0) !ff tt t ~ {t < tt l t.r tJ 1) 'tJ. , J1 )I, 

iJ ~ pt 1}- ~ ~;fl 0) lJl ti & i'.ii "t l 2 ~ c El~ l, . ~ :t& 0) ffl ~ $1 ~ r < tt l Ii ti iV> l 'tJ. i, c 
it-I l • 
[0022] 
t~. :$~1lflO)'t/'5:;{~ffi0A~~~!ll.~t.1:. ~•&tt. Milx~tt. $M~. ~~tt. M 
115JUI~-'t ~J.l l, 7, ffl~Ci'.iilJ ,)@'.it;~5E 'ttlt.rJ:: LI. V¼~~!ll.pt~J~ l,,. H:IEi 
1}-.c. 8 l02 55~70%, Al 2 Os 1 2~20%, B2 03 5~1 5%, 
MjQ 0~5%. Co..O 0~1 2%. sro 0~1 0%, Bo..O 0~1 0%. :& 
n O O ~ 5 % . :& r O 2 O ~ 5 % • C I O ~ O . 6 % 0 mt J1 JI, :u ~ 'ii '5 ::Z. ti it-I lf i, 
tL l . 50 
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[0023] 

-;:; 0 J: )' C ti =, ;z Ml Pi: t llJl 5E. L, ~ J! E13 it . ~ 0) 't 11 C) 71 a,, 6 • 

[0024] 

8 l O 2 it , ti '5 A 0) ;I: v f- 7 - ? 7 t - Y - 't ~ 6 Pi: 1" 71 i!1, 1) , ti '5 :Z 0) lifit mt tt 1' ioJ .t 

-r tt ~ 1J • t1 =;; :z 0 :m ~ t .t ~ -r tt -z ti =;; :z ~ :1& 0 M i1x. .- t ,J\ < < "t 6 ~ !l 11 ~ 6 • a *.i 

• 11 5 5 ~ 7 0 % 71 ~ :tl, t;r . 1B It tt 11 iii ( , M ilx Mi 0) 1h < L I ti 7 :Z ~ :I& t ffl 6 -;:; 't 11 71 ~ 

6 • ~ * L, LI ic lffl it. 5 7 ~ 6 7 % 71 ~ l • rctl, S L O 2 0) 8 *.i. 11 i < ~ 'Z 't , ti '5 :Z 

0 iii i&Ua 11 11 iii < ~ CJ • ,w Iii! tt 11 ~ it "t i 't tt c ? 1J :z t- 1~ '7 ,< 1- 0 ~ m 7' ,y 11 t1t Hi L, "° 
"t < ~ -z ffl ioJ c a,, 6 • * E . a *.i • "' ,~ ~ < ~ i 't . t1 =, ::z 0 lifit • tt "° :m ~ "' i\ "f "t 6 ffi 
ioJ C ~ 6 • 10 
[0025] 

A 1 2 o a it . ti =;; :z 0 :m g t .t ~ < tt ~ CJ • ? 1J :z t- 1~ =, ,< 1- 0 ~ m 7' ,y 0 tit Hi t w :t 
lJli:1}-71c!1)l. 8*.i.1'1 2~20%71~:tl,t;r, lilffliml.ll11i\Lltl'5:Z~:!Rt~°Z2't11 

c-~'Z. ~*l,Lliclffl!t, 1 3~1 8%-Z.i!1)6. rctl, A I 2 Oa 08*.i.1'1<~-Z't, 

ti 7 A 0) ml /~ o/ 7 7 - ~ 7 y • ,l!E, 11 ~ it L, ~ 1
) • lil ffl ill! ll 11 .t ~ L, ' Pi:~ L, C < < ~ 6 ffi 

ioJ c ~ 6 • * ~ . a *.i • "' ,~ ~ < ~ 6 't . ti =;; :z 0 :m ~ 11 i\ "f "t 6 ffi ioJ c ~ 6 • 
[0026] 

B 2 o a it . Iii! ff!J 't L, , n= m L, • t1 =;; :z 0 ta tt 1 "f lf • ,w Iii! tt t at f! "t 6 Pi: 1l- 71 a,, 6 • a 

*.i.1'5~1 5%71i!1):tl,t;r, .tii!~!lt~°Z2't1'7'~6. ~jj:L,Lliclffl!t, 7~14% 

-z. ~ -z • rcti • B 2 o a 0 a *.i • 11 i < ~ 6 't . t1 =;; ::z 0 :m g "' i\ "f L, ~ 1J • 1a m tt "' ~ it 20 
"t i ffi ioJ c ~ -z • * ~ . a *.i • 11 1

~ ~ < ~ i 't . Iii! ff!J ~ Li -z -t 1l' c n= m tt r )W. Iii! tt 11 i\ "f 
"t-ZffiioJC~6. 
[0027] 

M:tO!t, tl'7:Z0:m~ti\"f7tt7'12iii,itcitt0Jrti\'"F<"tt-Z, tl'5:Z01ilil!tttal!: 

f!"tlJli:1"71c!1,l. a*.i•1J'5 %J.R"f71~tti;r. tl'7 ::z01Wlil!tttatf!"tl 2 't1171~ 6 

• ~ t L, LI ic lffl it , 0 ~ 3 % 71 i!1, 6 • rctl, M ~ 0 0) 8 1ii. 11 j < ~ l ~ , I.-;; :Z =t 11 ,( f-

0) ~ ffl 7' 'Y 11 iVf Hi L, \b "t ( ~ 6. t~. lim/~y7-;,-~7vl!ltt11i\"fl,, 7.r f-I.v'f 

-;; ?' I ffi. C 11 LI '7 • ti '5 :Z # :I& ~ ilii 11 ii ~ < tt -Z , .& .Mi tt ~ II 11 ti '5 :Z # :I& ~ ilii C ht " L, 

. ti '7 ::Z # :f:B. 1J' El ffl L, ,JJ < ~ l • 
[0028] 30 

Co... 0 it, ti '5 ::Z 0) :m ~ti\ "f 7 ttt' 1"2 iii Ii.tail!!: 0) Jr ti\ "f < tt-z. ti '5 :Z 0 )W.Rl!tt t ~ 

L, <al!:f!"tlJli:1l-71c!1,°Z. 8*.i:11'1 2%J.R"f-Z.~ttt;r. tl'5:Z0$Mil!ftal!:f!"tl2~ 

1'7'~6. ~tL,Lliclffl!t, 3~10%7'~6. rct], Co...O08*.i:111j(~'Z't, liit/~ 
v 7 -;, - ~ 7 v It 11!f 11 ~ it "t 'Z ffi ioJ C i!1, l • 
[0029] 

sroit. t1=;;:z0ii'Hi&itt'tfiif~mtttioJ.tttt6Jli:l}-71~6. a*.i:1111 O%J.R"F71 

a,,tt~ • .tre~mtffl62~1171~i. ~tLiL1iclfflit0~7%71a,,6. rcti. sro0a 

*.i • 1' i < ~ 6 ~ . t1 , :z 0 m 11 "° M ~ ~ ii IX 1' 1::. ~ < ~ .., ~ 1J • m Iii! ,l!f 1' ~ it "t i ffi ioJ 

ca,,-z. 
[ 0 0 3 0 ] 40 

Bo...O!t. SrO~fiilt!Ctl'5::ZO)liiHi&itt'tlifit~ffltttioJ.tttt6Jli:1l'71c!1,"l. 8*.i:I 
1'1 0%J.R"f-Z.i!1):tl,t;r, _tgc~!ltffl°Z2't1'-Z.~'Z. ~tl,Lliclfflit0~5%?-i!1)l. 

rcti • s o... o 0 a *.i • 11 i < ~ i 't . t1 '5 ::z 0 m 11 "° M ~ ~ ~ IX 11 1::. ~ < ~ .., ~ CJ • ,w RI! tt 
1' ~ l., < ~ it "t l ffi ioJ C i!1, 6 • 
[0031] 
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