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and Method for Producing Cathode Ray Tube 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention reJates to a glass panel for a cathode ray tube ilJurninated by an 

electron beam, a cathode ray tube employing the glass panel, and a method for 

producing the cathode ray tube. 

Description of Related Art 

Recently, a TV monitor screen size is becoming larger and, in keeping pace 

therewith, the tendency towards an increased weight of a cathode ray tube (CRT) is 

becoming outstanding. The main factor contributing to the increased weight of a CRT 

set is the weight of glass, with the weight of glass components accounting for 

approximately 60% of the total weight of the CRT. The glass components for a C~T 

are roughly comprised of a panel for projecting an image thereon, a funnel on the back 

surface and a neck of an electron gun. The major portion of the weight of glass is taken 

up by the panel portion. 

For example, the thickness of a 36-inch CRT panel is not Jess than 20 mm, with 

the weight thereof being approximately 40 kg. The total weight of the TV set is on the 

order of 40 kg. So, a TV set with a large screen size is difficult to insta11 especially in 

view of constraints of our housing environment. Moreover, the CRT of such heavy 
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weight is difficult to transport and needs considerable energy and cost. 

As routine glass for CRT, such glass containing PbO, SrO or BaO in larger 

proportions is used. For example, the Japanese Laying-Open Patent H-59-27729 

discJoses a faceplate for a CRT formed of glass containing BaO, SrO and Zr02• 

However, the glass of this sort has a bending strength of the order of 50 MPa, 

as a measured value. Thus, in order to realize a strength sufficient to withstand 

atmospheric pressure, the glass needs to be increased in thickness, so that, if a demand 

for an increased screen size is to be coped with, glass needs to be increased 

significantly in thickness and hence in weight. Moreover, if the glass surface is grazed 

or scored, the bending strength is appreciably lowered even to a value as low as 25 to 

30 MPa. 

Recently, a flat type CRT, a panel portion of which is fabricated from flat glass, 

has been marketed. For employing the flat type glass for a CRT the inner space of 

which is kept at a vacuum, a glass strength sufficient to bear the atmospheric pressure 

by its flat surface is required. With his in mind, such a method employing reinforced 

glass, reinforced on air cooling, referred to below simply as physically reinforced 

glass, has come to be used. 

However, physical reinforceinent is applied preferentially to a thicker glass 

plate. That is, a high strength is difficult to realize with a thin glass plate. So, the CRT 

employing the physica11y reinforced glass has a thicker glass thickness in the panel 

portion, thus realizing, in reality, only poor weight decreasing effect. 
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In addition, in a manufacturing process for a Braun tube, a processing of heating 

to 400° to 450°C for frit seaJing is required. At this time, the physica1ly reinforced 

glass tends to be relaxed in stress distortion to bring about a lowered strength. So, the 

glass strength is on the order of 100 MPa, in many cases, to render it difficult to 

realize the light weight. 

On the other hand, attempts have been made to use ion exchange glass as a 

panel glass with a view to preventing coloration (browning) of a panel glass. For 

example, there is discJosed in Japanese Laying-Open Patent S-50-105705 a method for 

the preparation of glass illuminated by electron rays, wherein at least one of potassium, 

rubidium, cesium or hydrogen is substituted for lithium or sodium existing in a surface 

layer of glass illuminated by the electron rays. 

In the Japanese Patent Publication H-7-108797, there is disclosed a glass panel 

in which potassium and lithium ions are substituted for sodium ions on at least the 

surface of a panel of soda lime silica glass illuminated by electron rays. 

Moreover, in the Japanese Patent Publication H-7-42140, there is disclosed 

chemically reinforced glass for a CRT in which chemically reinforced glass containing 

not less than 65% of Na20 calculated as total alkali oxides is used and in which 

sodium ions in the glass are ion-exchanged with potassium ions. 

The techniques for chemically reinforcing the surface of a glass panel for CRT 

are disclosed in Japanese Laying-Open Patent H-1-319232 and in Japanese Patent 

No.2904067. 
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However, the techniques disclosed in Japanese Laying-Open Patent H-50-

105707, Japanese Patent Publications 7-108797 and 7-42140 are intended for coping 

with browning, while it is not possible with these techniques to improve the strength 

against damages or bending. 

Moreover,withthetechniquedisc1osedinJapanesePatentPub1ication7-42140,· 

Na20 is contained in the glass in an amount not less than 65% of Na20 of total alkali 

oxides, so that the glass exhibits a large thermal expansion coefficient and hence 

poses a problem as to resistance against devitrification or chemical durability. 

On the other hand, in the technique disclosed in the Japanese Patent 2837005, 

in view of improving the strength in the chemjcally reinforced glass, the depth of the 

compression stress layer is as deep as 200 to 260 µm and the strength against bending 

fracture is as high as 82 to 98 kg/mm2
, a sufficient strength can be realized even 

against a deep crack. 

However, these known techniques fail to take countermeasures against certain 

properties of a glass panel for a CRT, for example, against browning, so that the glass 

cannot directly be used fo a CRT. 

In the techniques for chemically reinforcing the surface of the glass panel for 

a CRT, such as those disclosed in Japanese Laying-Open Patent H-1-319232or Patent 

2904067, the stress distortion layer formed on ion exchange is not more than 50 µm 

from the surface, so that, if the glass surface is scarred, the flaw reaches the main 

portion of or even pierces the stress distortion layer. The result is that a sufficient 
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strength against scars of the glass panel for a CRT cannot be achieved to render it 

difficult to realize a glass panel for a large-sized flat CRT of a sufficient thin thickness 

and a small weight. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a glass pane] for a 

cathode ray tube which is free from the above-mentioned defects. 

In one aspect, the present invention provides a glass panel for a cathode ray 

tube produced on chemicaUy reinforcing glass containing 57 to 64 wt% of SiG.i, 0.1 

to 4 wt% of A120 3, 5 to 10 wt% of Na20, 5 to 10 wt% of K20, 7 to13 wt% of SrO, 7 

to 11 wt% of BaO, 0.1 to 2 wt% of Ti02, 0.1 to 4 wt% of Zr02 and 0.01 to 1 wt% of 

Ce02• In another aspect, the present invention provides a cathode ray tube employing 

such glass panel. 

In yet another aspect, the present.invention provides a method for producing a 

cathode ray tube comprising the steps of constructing a glass panel for a cathode ray 

tube, mounting a jig for mounting an internal member on the glass panel and 

subsequently chemicaUy reinforcing the glass panel. 

The present invention provides a glass panel for a cathode ray tube which is 

able to combat browning satisfactorily and which has a deep stress distortion layer by 

chemical reinforcement to assure a sufficient strength as the glass panel for the 

cathode ray tube. 

According to the glass panel for a cathode ray tube according to the present 
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invention, the glass panel can be reduced in thickness without lowering the pressure 

resistance of the panel, thereby significantly reducing the weight of the panel. 

Moreover, resistant properties of the glass in the heat treatment step in e.g., the heat 1 

treatment step such as frit sealing step can be improved to improve the productivity. 

In addition, with the use of the glass panel for a cathode ray tube, a cathode ray tube 

may be provided which is reduced in weight without lowering the pressure resistance. 

Also, with the manufacturing method for a cathode ray tube according to the present 

invention, such a cathode ray tube may be produced which is not deteriorated in 

surface strength even through a heat treatment step. In particular, the present 

invention can be applied with marked effects to a large sized flat type cathode ray 

tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a illustrates an Example of the present invention and a Comparative 

Example. 

Fig.2 shows the results of observation by a Babinet compensator method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, preferred embodiments of according to the present 

invention will be explained in detail. 

Embodiment of the Invention 

An. embodiment of the present invention is explained in detail. The main 

feature of a glass panel for CRT according to the preferred embodiment of the present 
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invention resides in that desired characteristics can be rea]ized, main1y with a view to 

reducing the weight of a CRT, despite its reduced thickness. 

The g1ass pane] for a CRT according to the preferred embodiment of the present 

invention is produced on chemica11y reinforcing glass containing 57 to 64 wt% of SiG.z, 

0.1to4 wt% of Al20 3, 5 to 10 wt% of N8z0, 5 to 10 wt% of K20, 7 to13 wt% of SrO, 

7 to 11 wt% of BaO, 0.1 to 2 wt% of Ti02, 0.1 to 4 wt% of Zr02 and 0.01 to 1 wt% 

of Ce02• This chemical reinforcement is by surface ion-exchanging. 

The g1ass panel for a CRT according to the present embodiment is explained 

in detail. According to the present embodiment, a glass panel having an X-ray 

absorption coefficient of not Jess than 28 cm·1 and exhibiting a suppressed browning 

can be manufactured with the above-mentioned glass composition. The thermal 

expansion coefficient may be made equivalent to that of a conventional funnel to 

enable flat seals of high reliability to be produced. Moreover, facilitated press molding 

is rendered possible to produce a large size panel of a complex shape. 

Moreover, in the glass panel for a CRT of the present embodiment, since the 

stress distortion layer by ion exchange can be formed to approximately 150 µm. So, 

even if the glass surface is scarred, the resulting flaw is not allowed to pierce the 

stress distortion layer. That is, the ·scar applied to the glass surface is usually not 

larger than 50 µm, even if it is large, so that, by forming the stress distortion layer 

exceeding 50 µm, as in the present embodiment, the stress distortion layer is not 

pierced by usual scars. It is therefore possible to realize weight reduction by reducing 
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the thickness of the CRT panel without deteriorating its pressure resistance. 

Moreover, since the stress distortion layer is formed by ion exchange, the glass 

is not lowered in strength, when heating-processing the glass, in contradistinction to 

the physically reinforced glass. So, a sufficient strength as the glass panel for a CRT 

may be maintained without causing the lowering in strength even if the glass is 

subjected to heat treatment process such as a frit sealing process. Thus, the glas panel 

for the CRT can be reduced in thickness to reduce the weight of the entire CRT. 

Moreover, in the glass panel for the CRT according to the present embodiment, 

the ratio of Na20 3 in the alkali oxides of the composition is reduced to Jess than 65%. 

This enables the glass superior in resistance against devitrification or chemical 

durability without excessively increasing the thermal expansion coefficient. 

As a result, a large-sized CRT panel can be readily press-molded, while the 

thermal expansion coefficient can be matched to that of the funnel, thus suppressing 

peeling or cracking at the time of interconnection. 

In addition, since the ratio of sodium content is suppressed, it is possible to 

suppress migration of sodium ions in the glass. In particular, it is possible to prevent 

voltage leakage due to sodium ion diffusion on the frit sealing surface, thus enabling 

a CRT having superior reliability and durability to be produced with improved 

production efficiency. 

The glass panel for the CRT of the present embodiment may. contain at least one 

oxide selected from the group consisting of MgO, CaO, ZnO, Sbi03, NiO and Co20 3, 
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in additon to the above components. By optionaIJy adding these components, it is 

possible to provide for faciJitated manufacture of g1ass or adjust its properties, such 

as by improving its me]ting properties or adjusting its X-ray absorption coefficient, 

thermal expansion coefficient, c1arificatoin or transmission factor. 

The glass pane] for the CRT of the present embodiment has a bending strength 

not lower than 200 MPa. By making the bending strength of the glass panel for the 

CRT to be not less than 200 MPa, as compared to the bending strength of the 

conventional glass panel for the CRT, the glass thickness can be thinner by 

approximately 30%. That is, a glass panel for a CRT, when assembled as a CRT set, 

is required to have a thickness and a bending strength to withstand the atmospheric 

pressure. In genera], the foUowing relation: 

thickness 1/ .J strength 

needs to be met. 

So, if the strength is low, the thickness is increaded to lead to the increased 

weight of the CRT set. If the bending strength of the glass panel for the CRT is more 

than 200 MPa, for example, 300 MPa, the thickness of a glass panel for a 36-inch 

CRT, which so far needs to be 20 mm, can be reduced to approximately 9 mm. By 

reducing the thickness of the glass panel in this manner, it is possib]e to reduce the 

weight of the gJass pane] for the CRT, that is to reduce the overaII weight of the CRT. 
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Since the glass pane] for the CRT can be reduced, the temperature different_ial 

between the inside and the surface of the panel can be reduced, even if an abrupt 

temperature differential is caused in the panel in the process of bonding the panel and 

the funnel by the frit seal glass, thus enabling the stress distortion to be reduced. As 

a result, such a panel may be provided which is not liable to l?e destroyed even if an 

acute temperature differential is produced in the panel during the frit sealing process. 

That is, the routine heating or cooling speed can be raised in the frit sealing process, 

thereby improving productivity of the CRT. 

It is noted that the glass panel fort the CRT of the present embodiment has a 

thermal expansion coefficient at 30° to 300°C of 95 to 105x10-7/°C. So, the thermal 

expansion coefficient can be matched to that of the conventional funnel, so that it is 

possible to suppress peeling of the connecting portion or cracking to realize the 

connection with high reliability. Moreover, the CRT can be reduced in weight without 

modifying the manufacturing process or other materials, such as funnels or necks. 

The chemically reinforced glass, in which a stress distortion layer is formed by 

ion exchange, can be of a high strength even if it is in the form of a thin plate. In 

contradistinction from a physically reinforced glass, the chemically reinforced glass 

is not susceptible to deterioration in strength ascribable to heat treatment, such that it 

is not lowered appreciably in strength even after the frit sealing process. 

The glass panel for the CRT of the present embodiment has a bending strength 

not less than twice that of the non-reinforced glass. In this manner, the panel of the 

10 



CRT can be reduced appreciably in thickness to realize the light weight. Moreover, 

since the panel can be thinner in thickness for the same strength, and hence the panel 

is superior in resistance against thermal shock, while the heating or cooling speed can 

be raised, the production tact is improved to achieve cost reduction. 

In addition, in a CRT employing the glass panel fo~ the CRT of the present 

embodiment, the stress distortion layer of the glass panel exceeds 50 µm from the 

surface, the stress distortion layer is not pierced by an impact applied thereto from 

outside the CRT, thus achievjng sufficient destruction preventative effect. 

As a method for verifying the destruction preventative effect, there is an 

accelerated scarring strength test according to which the surface of an article being 

tested is uniformly scarred by a #150 and paper. This testing is referred to below as 

a #150 scarring. By measuring the bending strength, it is possible to confirm the 

destruction strength when the glass is scarred and subjected to a load. 

The glass panel for the CRT of the present embodiment has a bending strength 

after #150 scarring of not less than 100 MPa, which is equivalent to not less than twice 

the scarring strength of the non-reinforced glass. 

As described above, the glass panel for the CRT of the present embodiment has 

a stress distortion layer having a thickness exceeding 50 µm, so that the stress 

distortion layer is not apt to be pierced by a defect on the glass surface. Thus, the 

possibility is high that the distal end of the defect lies within the inside of a 

compression stress layer. Due to this compression stress, the defect is not likely to be 
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extended even on load application from outside, thus realizing a high scarring strength. 

The composition of the glass pane] for the CRT of the present embodiment is 

now explained. If Si02, as a basic glass component, is contained in an amount less 

than 57%, the thermal coefficient is increased, whilst the chemical durability is 

worsened. If conversely the content of Si02 exceeds 64%, melting difficulties are 

presented. So, in the present embodiment, the content of Si02 is set to 57% to 64% 

and preferably to 60% to 62%. 

If Al20 3, as a glass component which improves resistance against devitrification 

and chemical durability of glass, is contained in an amount less than 0.1 %, its effect 

is nil, whereas, if it is contained in an amount exceeding 4%, the glass is lowered in 

its thermal expansion coefficient. So, in the present embodiment, the content of AI20 3 

is set to 0.1%to4% and preferably 0.1%to2%. By AI20 3 content, ion exchange can 

be accelerated to enable the stress distortion layer to be increased in depth. 

On the other hand, Na20 is a glass component which improved me1ting 

properties and resistance against browning of glass and which chemically reinforces 

the glass by ion exchange mainly with K ions in an ion exchange processing bath. If 

Na20 is contained in an amount less than 5%, the melting properties are lowered, 

whereas, if the content ofNa20 exceeds 10%, the resistance against devitrification and 

chemical resistance are lowered, whilst the thermal expansion coefficient is increased. 

So, in the present embodiment, the content of Na20 is made to be 5% to 10% and 

preferably to 6% to 8%. 
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K20 is a glass component which improves melting properties and resistance 

against browning of glass. If the content of SrO is Jess than 7%, X-ray absorption 
. . 

coefficient is decreased, whereas, if the content exceeds 10%, the resistance against 

devitrification and chemical resistance are lowered. So, in the present embodiment, 

the content of K20 is made to be 5% to 10% and preferably to 6% to 8%. 

SrO is a glass component which improves melting properties of glass and raises 

its X-ray absorption coefficient. If the content of SrO is less than 7%, the X-ray 

absorption coefficient is lowered, whereas, if it exceeds 13%, the Jiquid phase 

temperature is raised. So, in the present embodiment, the content of SrO is set to 8% 

to 13% and preferably to 8% to 10%. 

BaO is a glass component which improves melting properties of glass and 

raises its X-ray absorption coefficient. If the content of SrO is less than 7%, the X-ray 

absorption coefficient is lowered, whereas, if it exceeds 11 %, the liquid phas·e 

temperature is raised. So, in ·the present embodiment, the content of BaO is set to 7% 

to 11 % and preferably to 8% to 10%. 

Ti02 is a glass component which prohibits glass browning. If the content of 

Ti02 is Jess than 0.1 %, the effect is nil, whereas, if it exceeds 2%, the glass is 

deteriorated in resistance against devitrification. So, the content of Ti02 is set to 0.1 % 

to 2.0% and preferably to 0.2% to 1 %. 

Zr02 is a glass component which raises its X-ray absorption coefficient while 

promoting ion exchange to enable formation of a deeper stress distortion layer. If the 
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content of this component is Jess than 0.1 %, its effect is nil, whereas, if the content 

exceeds 4%, the resistance against devitrification is Jowered. So, in the present 

embodiment, the content of Zr02 is set to 0.1%to4% and preferably to 1 % to 2%. 

MgO, CaO, ZnO and Sb20 3 is used for improving the meJting properties, 

adjusting the X-ray absorption coefficients and for adjusting the glass viscosity, and 

as a c1arifier, for the gJass. The amounts of MgO, CaO and ZnO are preferabJy Jess 

than 3%, whereas that of Sb20 3 is preferably less than 1 %. NiO and Co20 3 are used 

for adjusting the transmission factor of the glass. The amount of NiO is preferably 

less than 0.5%, whilst that of Co20 3 is preferably less than 0.01 %. 

If, in the alkali oxides (N~O and K20) in the above composition, the proportion 

of Na20 amounts to 65% or more, the glass is Jowered in resistance against 

devitrification or chemicaJ durability, while being increased in thermaJ expansion 

coefficient. Moreover, sodium ions in the glass tends to be migrated and, in particular, 

voltage Jeakage ascribable to sodium diffusion is likely to occur on a frit sealing 

surface. So, in the present embodiment, the proportion of Na20 in the alkali oxides 

is set to less than 65% and preferabJy to Jess than 55%. 

It is noted that the glass panel and the funnel, now in favored use, are of the 

thermal expansion coefficient of 98 to 101x10"7/°C. If the thermaJ expansion 

coefficient of the glass pane] is significantJy off this range, it ceases to be matched to 

the thermal expansion coefficient of the funnel, now in favored use, so that the sea]ed 

portion in the frit seal between the panel and the funnel tends to be peeled or cracked 
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to render it difficu]f to realize the frit sea] of high re1iabi1ity. So, in the present 

embodiment, the thermal expansion coefficient at 30°C to 300°C is set to 95 to 

1osx10·1rc and preferabJy to 98 to 101x10·1rc. 
In the method for producing the gJass panel for the CRT of the present 

embodiment, the fo11owing procedure, for example, may be used: First, the gJass 

starting material is weighed to give the composition described above and mixed 

together to a starting material for bJending, which then is charged into a heat-resistant . 

crucible and melted at a temperature of 1400° to 1500°C, stirred and clarified to give 

a homogeneous melted glass. 

The gJass then is cast into a molding frame to cast a glass block, or is press­

molded to the shape of CRT. The resulting product is transferred to an oven heated to 

close to the annealing temperature of the glass and is allowed to cool to the ambient 

temperature. The resulting annealed glass block is sliced and poJished. 

A panel pin (jig) then is embedded in an inner lateral surface of the glass panel 

for mounting a color sorting device, such as an aperture grill. 

The glass panel is then ion-exchanged in a melted alkali salt. The composition 

and the processing temperature and time of the melted alkali salt are optiona11y 

selected depending on the glass coinposition·~ After holding for a pre-set time, the 

glass panel is taken out and rinsed. For the glass panel of the present invention, 

potassium nitrate is preferabJy used at a preferred processing temperature of 350° to 

550°C. The processing time depends on the processing temperature such that the 
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Jower the processing temperature, the Jonger is the tim.e needed. The processing time 

for realizing a deep stress distortion layer is preferably not Jess than four hours and 

more preferably not Jess than ten hours. 

With the above-described gJass panel for a CRT, chemically reinforced by ion 

exchange, the panel surface can be reinforced after mounting the panel pin at the 

outset, so that it is possible to prevent the stress distortion layer on the panel surface 

from becoming relaxed due to heating at the time of mounting the panel pin. 

The thickness of the stress distortion Jayer obtained by ion exchange can be 

found by the Babinet compensation method empJoying a precision strain gauge or by 

a method employing a polarization microscope. If the polarization microscope is used, 

a glass sample is sliced substantial1y at right angJes to the ion-exchange surface and 

polished to a thin thickness so that its cross-section is 0.5 mm or Jess.. Then, a light 

beam is caused to fa]) at right angles to the polished surface by the polarization 

microscope and observation is made using a crossed Nicol. .In the reinforced glass, 

since a distortion layer is formed near its surface, the thickness of the stress distortion 

layer can be measured by measuring the distance from the surface of an area changed 

iii lightness or in color. 

The use of the Babinet compensator in stress measurement is described e.g., in 

the Glass Engineering Handbook, edited by Masayuki Yamane et aJ., issued by 

Asakura Shoten on July 5, 1999, first edition, Vol.1. The aforementioned sample, 

poJished to a thin thickness of 0.5 mm or less, is observed by a Babinet compensator, 
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and the distance from the glass surface of a point of intersection of the center of a 

reference fringe and the center of a fringe meandering on the glass surface is measured 

to measure the thickness of the stress distortion layer. 

The difference between the chemically reinforced glass and the physically 

reinforced glass can be recognized on scrutinizing the distribution of metal ions 

contained in the vicinity of the glass panel surface. That is, the depth distribution of 

metal ions having a larger ion radius, such as alkali metal ions, and those having a 

smaller ion radius, such as alkali metal ions, is checked. 

That is, if (density of metal ions with a larger ion radius)/(density of metal ions 

with a smaller ion radius) is larger in a portion nearthe surface of the glass than in a 

bulk portion of the glass, for example, a portion of the glass about one half the glass 

thickness, and the bending strength is in a range defined in the present embodiment, 

it may be seen that chemical reinforcement by ion exchange has been achieved. 

Several Examples for the glass panel for the CRT according to the present 

invention and Comparative Examples are now explained. Fig. l illustrates the 

Examples 1 to 4 of the present invention and Comparative Examples 1 and 2. 

Examples 1 to 4 

Various starting materials, namely oxides, hydroxides, carbonates, nitrates, 

chlorides and sulfates were weigped to give respective compositions of Examples 1 to 

4 shown in Fig.1 and mixed together to a starting material for blending, which then 

was charged into a heat-resistant vessel, such as a crucible of platinum for heating at 
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1300° to 1500°C for meJting, stirring, homogenizing and c1arification. The resulting 

mass then was cast into a moJd. From the resulting gJass b]ock, a double-side 

polishing sampJe 65x10xl mm in size was prepared and subjected to ion exchange, 

in which the aforementioned gJass sampJe was immersed for a pre-set time in the glass 

sampJe in a melted saJt, holding KN03 at 360° to 420°C, and the glass sampJe then 

was taken out and rinsed. Fig.l shows the compositions of the various Examples and 

measured data. 

For measuring the thickness of the stress distortion Jayer, the gJass sampJe was 

cut substantiaJly at right angJes to the ion exchange surface of the gJass sample, and 

the cross-section was polished to a thin thickness not larger than 0.5 mm. As polarized 

light was illuminated at right angles to the polished surface, with a polarization 

microscope, and the polished surface was observed with a crossed Nicol to find the 

distance from the surface. 

For confirming that no difference is produced with different measurement 

methods, measurement was also conducted by the Babinet compensator method. 

SpecificaJly, using the Babinet compensator method, measurement was made of the 

thickness of the distortion layer of a sampJe ground to a thin thickness not Jarger than 

0.5 mm. 

Fig.2 shows the observed results by the Babinet compensation method of 

Example 1. A distanced from the glass surface of a point of intersection of the center 

of a reference fringe and the center of a fringe meandering on the glass surface is 
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measured to measure the thitkness of the stress distortion layer. The thickness of the 

distortion ]ayer as found by the Babinet compensation method was about the same as 

that obtained by the polarization microscope method. 

The X-rat absorption coefficient was ca1cu1ated based on the transmitted dose 

at a position 50 mm spaced from the opposite g1ass surface as X-rays with a 

wave]ength of 0.06 nm was iJJuminated on the prepared gJass sample. 

The thermal expansion coefficient was measured by a thermo-mechanical 

analyzer (fMA) to calculate the average line expansion coefficient in a temperature 

range of 30 ° C to 300° C. 

The bending strength was measured in accordance with a three-point bending 

test of JIS-R1601 with the sample shape of 65x10xl mm as described above, and 

caJculations were used to find the bending strength value. As for the scarring strength, 

one side of the aforementioned sample following chemical reinforcement was scarred 

even]y with a #150 and paper and a ]oad was applied such as to app1y a tensile stress 

on this surface to measure the bending strength. 

The value of the resistance to browning was found by the following equation: 

Resistance to browning =transmission factor before irradiation - transmission 

factor after irradiation 

wherein the transmission factor before irradiation and the transmission factor 

after irradiation were found by illuminating e]ectron rays at 21 kV and a current 

density of 0.9 µm for 120 minutes and by measuring changes in the transmission factor 

19 



------------------~~========~···~··~······~·····-~·-··-~-··-·-··· ----~~~ --·-···-····:-~-__,_ ....... _..,...,_. _____ . 

at the wavelength of 400 nm before and after illumination. 

The glass samples of Examples 1 to 4, having the X-ray absorption coefficient 

as found as a glass panel for a CRT of not higher than 28 cm-1 and a thermal expansion 

coefficient of98 to lOOxl0-7/°C, while beingfree from discoloration due to browning, 

are of a thickness of the stress distortion Jayer of not less than 70 µm, a bending 

strength on the non-scarred state of not Jess than 250 MPa and a bending strength on 

#150 scarring of not less than lOff MPa. So, by using this glass, it is possible to reduce 

the thickness of the glass panel for a CRT while maintaining the usual pressure 

resistance properties. 

Comparative Example 1 

The Comparative Example 1 is equivalent to an embodiment of the Japanese 

Patent. A glass sample was prepared to give the composition shown in Comparative 

Example 1 of Fig.1 to effect ion exchange. For this ion exchange, the aforementioned 

glass sample was immersed for four hours in a processing bath of a mixed salt of 

NaN03 (40%) + KN03 (60%), kept at 400°C, and then was taken out therefrom and 

rinsed. The various measurement methods are the same as those of the Examples 

described above. 

The glass sample of the Comparative Example 1, having values of the thickness 

of the stress distortion layer and.the bending strength sufficient for the glass panel for 

the CRT, is devoid of X-ray absorption coefficient or resistance against browning 

indispensable for the glass panel for the CRT. So, the glass of the Comparative 
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Example 1 is not suited as a glass panel for the CRT. 

Comparative Example 2 

The Comparative Example 2 is equivalent to an embodiment of the Japanese 

Laying-Open Patent H-7-42140. A glass sample was prepared to give the composition 

shown in Comparative Example 2 of Fig.1 to effect ion exchange. For this ion 

exchange, the aforementioned glass sample was immersed for one hour in a processing 

bath of KN03, kept at 460°C, and then was taken out therefrom and rinsed. The 

various measurement methods are the same as those of the Examples described above. 

The glass sample of the Comparative Example 1, exhibiting X-ray absorption 

coefficient and resistance against browning as required for the glass panel for the 

CRT, is thin in thickness of the stress distortion Jayer and insufficient in bending 

strength. So; with the use of this glass, it is difficult to reduce the thickness of the 

glass panel for CRT. 

The difference between the Examples of the invention and respective 

Comparative Examples is now explained. 

Difference between the Examples and the respective Comparative Example 1 

(Japanese Patent 2837005) 

The glass of the Comparative Example 1 (Japanese Patent 2837005) is 

sufficient as a glass panel for a. CRT as to the thickness of the stress distortion layer 

and the bending strength, however, it is devoid of satisfactory X-ray absorption . 
coefficient or resistance against browning. 
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That is, Si02, as a basic component of the glass, contained in each glass, is also 

a component which Jowers the X-ray absorption coefficient. Therefore, it is not suited 

as a glass panel for the CRT. In the present Example, a sufficient X-ray absorption 

coefficient is achieved by the Si02 content being 57 to 64%. 

On the other hand, A120 3, as a component which lowers the chemical durability 

and ion exchange efficiency, is simultaneously a component which Jowers the X-ray 

absorption coefficient. The Comparative Example 1, containing 5 to 15% of Al20 3, 

is low in X-ray absorption coefficient and hence is not suited as a glass panel for the 

CRT. In the Examples of the invention, the content of A120 3 is set to 1 % to 4% to . . 

realize a high X-ray absorption coefficient. 

Li20 is used in the Comparative Example 1 as a component which improves the 

melting properties of the glass and which, by ion exchange mainly with Na ions in an 

ion exchange processing bath on the supetficial area of the glass. However, since Li20 

is a component which significantly lowers the X-ray absorption coefficient, the X-ray 

absorption coefficient is low in Comparative Example 1. In the Examples of the 

present invention, K20 having stronger effects in improving the X-ray absorption 

coefficient is contained for improving melting properties of the glass. 

Na20 is a component which improves melting properties of the glass and which 

chemically reinforces the glass by ion exchange mainly with K ions in the ion 

exchange processing bath on the superficial glass area. Na20 is contained in the glass 

of the Examples and Comparative Example. 
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K20 is a component which improves melting properties and raises the X-ray 

absorption coefficient of the gJass. The Comparative Example 1, devoid of this 

component, is susceptible to glass discoloration due to browning. Conversely, the 

Examples of the present invention containing 5% to 10% of K20, are not susceptible 

to discoloration due to browning. 

SrO is a component which improves the melting properties and raises the X-ray 

absorption coefficient of the glass. This component, contained in the Examples of the 

present invention, is not contained in the Comparative Example 1. 

BaO is also a component which improves the meJting properties and raises the 

X-ray absorption coefficient of the glass. This component, contained in the Examples 

of the present invention, is not contained in the Comparative Example 1. 

Ti02 is a component which . prohibits glass browning. This component, 

contained in the Examples of the present invention, is not contained in the 

Comparative Example 1. 

Zr02 is a component which improves chemical durability and simultaneously 

raises X-ray absorption coefficient and the ion exchange efficiency. However, it is also 

a component which is scarcely soluble in glass and moreover Jowers the resistance of 

the glass against devitrification. The Comparative Example 1, containing 5% to 15% 

of Zr02, suffers from the problem of devitrification and insufficient dissolution. 

MgO, CaO, ZnO and Sb20 3 are not essential for the two, however, the 

components may be used for improving melting properties of the glass and for 
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adjusting the X-ray absorption coefficient and the glass viscosity and also as a 

clarifier. 

It is seen from above that the glass sample of Comparative Example l, having 

sufficient values of the thickness of the stress distortion layer and bending strength, 

for use as a glass panel for a CRT, is devoid of sufficient X-ray absorption coefficient 

or resistance against browning, and hence is not suited as the glass panel for the CRT. 

Difference between the Examples of the Present Invention and Comparative Example 

2 (Japanese Patent Publication H-7-42140) 

The glass of Comparative Example 2 (Japanese Patent Publication H-7-42140) 

con~ains much Na20 to decrease the content of K20 in the glass matrix to lower the 

cost for starting materials and to eke out melting properties. However, this worsens 

discoloration due to browning. So, Na20 and K20 are made to co-exist by ion 

exchanging the layers of 2 to 5 µm from the surface and the stress distortion layer is 

formed on the surface to obstruct intrusion of electron rays to improve resistance 

against browning. The Comparative Example 2 thus differs from the Examples of the 

present invention which reduces the thickness and the weight of the glass panel for the 

CRT by the thick stress distortion layer and a high bending strength. 

In the Comparative Example 2, in which there is a statement pertinent to 

distribution along the depth of the ion-exchanged component, there lacks the statement 

pertinent to the thickness of the stress distortion layer. However, since it is stated in 

the Comparative Example 2 that an intrusion depth of an electron ray of 10 µmat most 
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would be sufficient, it may be said that a larger thickness of the stress distortion layer 

is unnecessary. 

Although the Comparative Example Jacks definite limitation of the glass 

composition, it is stated therein that Na20 accounts for 65% or more of the total 

amount of alkali oxides. If the Na20 content is high, melting properties and 

moldability are improved, how.ever, the glass is lowered in resistance against 

devitrification or chemical durability while being increased in thermal expansion 

coefficient. Judging from the statement in the Japanese Patent Publication H-7-42140, 

it is intended that the content of K20 is at least less than 7.5% and preferably on the 

order of 3%. 

As stated in the Examples of the Japanese Patent Publication H-7-42140 

Comparative Example 2 for sample No.2, the glass of the Comparative Example 2 is 

extremely low in the resistance against browning of the glass matrix itself. So, in the 

Comparative Example 2, the browning is prohibited by judiciously selecting the 

proportion of Na20 and K20 in the ion exchange layer on the reverse glass surface. 

The result is that limitations are imposed on the ion exchange depth such that a 

sufficient depth of the stress distortion layer cannot be achieved. 

Moreover, sodium ions are Hable to be migrated in the glass of Comparative 

Example 2. In particular, voltage leakage is liable to be produced due to sodium 

diffusion on the frit seaJing surface. This phenomenon is most likely to be manifested 

in particular when the glass is subjected to a durability test continuing for over 3000 
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hours. 

It is seen from above that the glass of Comparative Example 2, while satisfying 

the properties for a CRT insofar as the X-ray absorption coefficient and the resistance 

against browning are concerned, is not sufficient as to the depth of the stress distortion 

layer. That is, since the stress distortion layer is insufficient in depth, the bending 

strength following scarring is only smaJI such that the glass cannot be used as a panel 

for a CRT. 

The glass sample of the present embodiment, in which the amounts of N ~O and 

J<iO are both 5% to 10%, is Jess susceptible to discoloration due to browning of the 

glass substrate itself, and has a thick stress distortion layer because there is no 

constraint imposed as to the ion exchange efficiency. Moreover, the glass sample of 

the present embodiment has a high bending strength .. So, a glass panel for a CRT 

which is thin in thickness and lightweight may be realized with the use of the present 

glass panel. 
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WHAT IS CLAIMED IS: 

1. A glass panel for a cathode ray tube produced on chemically reinforcing glass 

containing 57 to 64 wt% ofSi02, 0.1to4 wt% of Al20 3, 5to10 wt% of Na20, 5to10 

wt% of KzO, 7 to13 wt% of SrO, 7 to 11 wt% ofBaO, 0.1to2 wt% ofTi02, 0.1to4 

wt% of Zr02 and 0.01 to 1 wt% of Ce02• 

2. The glass panel for a cathode ray tube according to the claim 1 wherein a stress 

distortion layer is formed on a surface of the glass by ion exchange. 

3. The glass panel for a cathode ray tube according to the claim 2 wherein said stress 

distortion layer reaches a depth exceeding 50 µm from ~e surface. 

4. The glass panel for a cathode ray tube according to claim 1 wherein the weight 

content ratio of said Na20 and KzO is 0.65 > Na20/(Na20 + KzO). 

5. The glass panel for a cathode ray tube according to claim 2 wherein the weight 

content ratio of said Na20 and KzO is 0.65 > Na20/(Na20 + KzO). 

6. The glass panel for a cathode ray tube according to claim 3 wherein the weight 

content ratio of said Na20 and KzO is 0.65 > Naz0/(Na20 + KzO). 

7. A glass panel for a cathode ray tube containing, in addition to the components of 

the glass panel for a cathode ray tube according to claim 1, at least one oxide selected 

from the group consisting of MgO, CaO, ZnO, Sbi03, NiO and Co20 3• 

8. A glass panel for a cathode ray tube containing, in addition to the components of 

the glass panel for a cathode ray tube according to claim 2, at least one oxide selected 

from the gro:up consisting of MgO, CaO, ZnO, Shi03, NiO and Co20 3 • 
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9. A glass panel for a cathode ray tube containing, in addition to the components of 

the glass panel for a cathode ray tube according to claim 3, at least one oxide selected 

from the group consisting of MgO, CaO, ZnO, S1Ji03, NiO and Co20 3 • 

10. A glass panel for a cathode ray tube containing, in addition to the components of 

the glass panel for a cathode ray tube according to claim 4, at least one oxide selected 

from the group consisting of MgO, CaO, ZnO, S1Ji03, NiO and Co20 3 • 

i 1. The glass panel for a cathode ray tube according to claim 1 wherein the bending 

strength is not less than 200 MPa. 

12. The glass panel for a cathode ray tube according to claim 2 wherein the bending 

strength is not less than 200 MPa. 

13. The glass panel for a cathode ray tube according to claim 3 wherein the bendiilg 

strength is not less than 200· MPa. 

14. The glass panel for a cathode ray tube according to claim 4 wherein the bending 

strength is not less than 200 MPa. 

15. The glass panel for a cathode ray tube according to claim 7 wherein the bending 

strength is not less than 200 MPa. 

16. The glass panel for a cathode ray tube according to claim 1 wherein the bending 

strength on injury by a #150 and paper is not less than 100 MPa. 

17. The glass panel for a cathode ray tube according to claim 2 wherein the bending 

strength on injury by a #150 and paper is not less than 100 MPa. 

18. The glass panel for a cathode ray tube according to claim 3 wherein the bending 
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strength on injury by a #150 and paper is not less than 100 MPa. 

19. The glass panel for a cathode ray tube according to claim 4 wherein the bending 

strength on injury by a #150 and paper is not Jess than 100 MPa. 

20. The glass panel for a cathode ray tube according to claim 7 wherein the bending 

strength on injury by a #150 and paper is not less than 100 MPa. 

21. The glass panel for a cathode ray tube according to claim 1 wherein the thermal 

expansion coefficient at 30 to 300°C is 95 to 105 x 10·11 °C. 

22. The glass panel for a cathode ray tube according to· claim 2 wherein the thermal 

expansion coefficient at 30 to 300°C is 95 to 105 x 10-11°C. 

23. The glass panel for a cathode ray tube according to claim 3 wherein the thermal 

expansion coefficient at 30 to 300°C is 95 to 105 x 10·11 °C. 

24. The glass panel for a cathode ray tube according to claim 4 wherein the thermal 

expansion co~fficient at 30 to 300°C is 95 to 105 x 10·11 °C. 

25. The glass panel for a cathode ray tube according to claim 7 wherein the thermal 

expansion coefficient at 30 to 300eC is 95 to 105 x 10-11 °C. 

26. The glass panel for a cathode ray tube according to claim 11 wherein the thermal 

expansion coefficient at 30 to 300°C is 95 to 105 x 10·11°C. 

27 ... The glass panel for a cathode ray tube according to claim 16 wherein the thermal 

expansion coefficient at 30 to 300°C is 95 to 105 x 10·11 °C. 

28. A cathode ray tube employing a glass panel for a cathode ray tube according to · 

any one of claims 1 to 27. 
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29. A method for producing a cathode ray tube comprising the steps of: 

constructing a glass panel for a cathode ray tu be; 

mounting a jig for mounting an internal member on said glass panel and 

subsequently chemically reinforcing the glass panel. 

30. The method for producing a cathode ray tube according to claim 29 wherein the 

glass panel for a cathode ray tube is produced on chemically reinforcing glass 

containing 57 to 64 wt% of Si02, 0.1to4 wt% of Al20 3, 5 to 10 wt% of Na20, 5 to 10 

wt% of K20, 7 to13 wt% of SrO, 7 to 11 wt% of BaO, 0.1to2 wt% of Ti02, 0.1to4 

wt% of Zr02 and 0.01 to 1 wt% of Ce02• 

31. The method for producing a cathode ray tube according to claim 29 wherein said 

glass panel for a cathode ray tube is chemically reinforced by ion exchange. 
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