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The present invention relates to a glass, which is
particulérly adapted to be melted in conventional glass melting
furnaces and formed on a molten tin bath, and which demonstrates
exceptional ébsorption of X-rays and having good resistance to

10 electron browning and/or X-ray browning.

BACKGROUND OF THE INVENTION
X-radiation is produced when moving electrons are
decelerated or stopped due to collisions with the atoms of a
15 substance. The intemsity of this X-radiation is function of the
'accelerating voltage; the electron current, and the atomic number of
the material bombarded. '
In X~ray tubes, electrons from a hot cathode are focused
into a small spot and accelerated to the anode or target. A
20 television picture tube containg the same basic elements as an X-ray
tube, that is a focused beam of electrons and a high D.C.
accelerating voltage. -
- In computer monitor and color television picture tube
applications, higher'voltages are employed than in "black and white"
25 applications, making X-ray emission absorption a very important
considerétion, particularly in the area of the glass tube face plate.
The prior art is replete with glass compositions directed
to the absorption of X—rays, as for example U.S. Patent Nos.
3,464,932, 4,015,966, 4,065,696, 4,065,697. Many of the glass
30 compositions disclosed in the prior art may adequately absorb X-ray
emissions but contain certain levels of materials that significantly
interfere with the "standard" glass manufactufing processes.
The glass composition should be compatible with the
refractories used in the glass melting and forming apparatus such
35 that it does not cause the refractories to dissolve at an accelerated

rate during glass melting and forming. 1In addition, the glass



tube, that is a focused beam of electrons and a high D.C. accelerating
vol'tage. In conputer nonitor and col or television picture tube

appl i cations, higher voltages are enployed than in "black and white" 25
appl-i cati ons, naking X-ray em ssion absorption a very inportant
consideration, particularly in the area of the glass tube face plate. The
prior art is replete with gl ass conpositions directed to the absorption of
X-rays, as for exanple U.S. Patent Nos. 3; 467,932, 4, 015,966, 4, 065, 696,
4,065, 697. Many of the glass 30 conpositions dlsclosed in the prior art may
adequatel y absorb X-ray enissions but contain certain levels of materials

that signifi cant Ié/snri]g!ers el n'o;,_h nt,]_g}ﬂ %Sggtdﬂ&ga‘{lgbﬁs;ﬂqaﬂéﬁfhﬁgel ﬁgrjfnéri os

processes. The grass conposition Sh € co e refrac
used in the glgdess mﬂ-tinsgaaﬁcfcﬂfmma,nglwpahtﬁ uslls@@m@stbhaqefrecmes not

cause the (rje]tr %&%ﬂrﬁét&r@sd&tﬁﬁQh.é’@tcﬁhs@:}mﬁgﬁ%ln@rﬁ a6x{ s Codlitsi Bk ¢hass.
EL LG an or 1f thelcgnggntlonglgkg%ign tin float glass forming process

5 is employed, as disclosed in U.S. Patent Nos. 3,220,816 and
3,843,346, the glass composition should be compatible with the molten
tin and should not contain any easily reducible oxides which will
cause a film to form on the glass at the tin/glass interface. An
easily reducible oxide will also tend to contaminate the tin bath

10 with undesirable materials which may cause flaws in subsequently
formed glass. ) o
‘While certain of the prior art X-ray absorblng glass

. compositions have satisfied several of these important problems, none

of these glass compositions have provided a glass which is
15 particularly adapted to be manufactured by conventional float glass
melting and forming processes and equipment and which demonstrates

exceptional absorption of X-rays.

SUMMARY OF THE INVENTION

20 The present invention provides a glass which is
particularly adapted to be manufactured by conventional glass melting
and forming processing and equipment and which demonstrates
exceptional absorption of X-rays and more particularly, provides a
minimum linear absorption coefficient, measured at 0.6 Angstroms, of

25 24/cm. of glass thickness. The glass also provides good resistance
to electron browniné and X~ray browning. In one particular
embodiment of the invention, the glass composition includes §i0, and
Alg03 combining to constitute about 57.0 to 68.0 weight percent of
the glass composition with Si0, constituting about 57.0 to 66.0

30 weight percent and Aly03 constituting about 0 to 5.0 weight percent;
K90 and Nap0 combining to constitute about 10.0 to 18.0 weight
percent of the glass composition with K,0 constituting about 7.0 to
11.0 weight percent and Na,0 constituting about 4.0 to 8.0 weight
percent; Ba0 and Sr0 combining to constitute about 16.0 to 24.0

35 weight percent of the glass composition with Ba0 constituting about O



2-conpesi tion should not contain naterials which will volatilize during
gl'ass nelting and fornming, since this will danage the refractory
superstructures and al so cause eni ssions of nhoxious odors and gases. |f the
conventional nolten tin float glass form ng process 5 is enployed, as
disclosed in U S. Patent Nos. 3,220,816 and 3, 843, 346, the gl ass
conposition should be conpatible with the nolten tin and should not contain
any easily reducible oxides which will cause~a filmto formon the glass at
the tin/glass interface. An easily reducible oxide will also tend to
contam nate the tin bath 10 with undesirable materials which may cause

flans, in SUDSSQUER] Vel STBE: Mh8Ria Wb ! SofEHRLY Shold' 1Y 8" 2200 v2IARY
percenti and Ce0p constituting about 0.1 to 1.0 weight percent of the
glass composition. . '

5 BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a graph showing the relationship of network
formers to total alkalis and its effect on the glass expansion
coefficient.

FIGURE 2 is a graph showing the relationship of network

10 formers to the glass expansion coefficient.

FIGURE 3 is a graph showing the relationship of strontium
oxide to barium oxide ana its effect on the glass liquidus
temperature.

FIGURE 4 is a graph showing the relationship of strontium

15 oxide to sodium oxide and its effect on the glass liquidus
temperature. '

FIGURE 5 is a graph showing the relationship of silicon -
dioxide to strontium oxide and its effect on the glass liquidus
temperature.

20 FIGURE 6 is a graph showing the relationship of silicon
dioxide to barium oxide and its effect on the glass liquidus
temperature.

FIGURE 7 is a graph showing the change of the sum of
alkaline earths (i.e. SrO+Ba0+CaO+Mg0) and their effect on the glass

25 density.

FIGURE 8 ﬁs a graph showing the relationship of sodium
oxide to potassium oxide and its effect on the glass density.

FIGURE 9 is a graph showing the relationship of strontium
oxide to barium oxide and its effect on the glass strain point.

30

DETAILED DESCRIPTION OF THE INVENTION

The process of making glass is energy intensive requiring
the expenditure of considerable energy to make a final product free
of defects. It is, therefore, highly desirable that the glass

35 composition, of the type generally contemplated by this invention, be



conposiktions have satisfied several of these inportant problens, none of

t hese gl ass conpositions have provided a glass which is 15 particularly
adapted’ to be manufactured by conventional float glass nmelting and form ng
processes and equi prment and whi ch denonstrates exceptional absorption of
X-rays. SUMARY OF THE | NVENTI ON 20 .The present invention provides
a glass which is particularly adapted to be manufactured by conventi onal
glass nelting and forning processing and ®fufpment and whi ch denonstrates
exceptional absorption of X-rays and nore particularly, provides a m ninum
| i near absorption coefficient, nmeasured at 0.6 Angstrons, of 25 24/cm of

Br owni ng. and_ XELaY BAGRAGE® PRLETA Bt APELTE vERSBHFn? GF Tt FEV SUEht i on.
the gl ass conpssOts dh460re) udethe SiddBodndeAl&D Begsuriei thaGempermmbnses tforetlwbout
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American Society for Testing Material (ASTM) Method C 965-81.

5 It is also desirable that the glass composition have a
positive working range which is defined as the difference between its
temperature at log ten viscosity = 4.0 and the liquidus temperature.
The liquidus temperature is defined as the temperature at which the
first crystal forms when cooling or where crystals first dissolve

10 when heating. ASTM Method C 829-81 is one method of measuring the
liquidus temperature. :n

When glass is used as a face plate on a cathode ray tube

- (CRT), the glass properties of expansion coefficient and strain point
‘are critical because the face plate must be fused to the funnel part

15 of the CRT. The CRT is thereafter sealed and a vacuum is applied to
the interior of the assembled tube which creates a strain on the
overall glass tube structure. The fused area between the face piate -
and the funnel is an area where the strains are generally higher than
at any other portion of the glass tube structure. Therefore, both

20 the expansion coefficient and the strain point of the face plate must
closely match the both the expansion coefficient and the strain point
of the funnel tube to prevent stress build-up in the common area or
junction where both glass compositions are fused together. ASTM
Method E 228-71 is a method of measuring the expansion coefficient

25 and ASTM Method C 336-71 is a method of measuring the annealing range
and the strain point. ’

The above-described desirable glass properties are all
evidenced by the glass of the present invention and several examples
of the recorded numerical values of these properties are as set forth

30 in some detail below in the deecription of this invention.

It is also very important that glass compositions not
dissolve the refractories where there is glass contact during melting’
nor should the glass contain materials which may volatilize and react
with the refractories used in the head space within the glass melting

35 apparatus. ASTM Method C 621-68 is a method of testing the corrosion

resistance of refractories.



30 wei ght percent and A1203 constituting about 0 to 5.0 wei ght percent;
[efr] and [err] conbining to constitute about 10.0 to 18.0 wei ght percent
of the glass conposition with [err] constituting about 7.0 to 11.0 wei ght
percent and [err] constituting about 4.0 to 8.0 wei ght percent; BaO and
[err] combining to constitute about 16.0 to 24.0 35 wei ght percent of the
gl ass conposition with [err] constituting about [err] to 13.0 wei ght
percent and SrO constituting about 11.0 t-0524.0 wei ght percent; and CeQ2
constituting about 0.1 to 1.0 weight percent of the glass conposition. 5
BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a graph shomﬁng t he

rel ati onshi p of networ ners_to total alkalis and its effect, on the
gl ass expansi on coeffi {ass of the present 1nvention is less corrosive t

refractories than typical prior art X-ray absorbing glasses and
particularly less corrosive than glass adapted to be formed using the
float glass forming process. The float glass forming process is a

5 well known prior art process and is described in U.S. Patent Nos.
3,220,816 and 3,843,346.

The following Table 1 indicates the difference in metal
line cuts in a 48 hour test with typical soda-lime-silica float glass
(denoted as "A") and the glass of the present invention (denoted as

10 "B") relative to the refractories used in glass mak1ng furnaces based
on ASTM Method C 621-68 testlng..

An example of a composition (by weight percemt) of a
typical soda-lime-silica glass formed by the float glass forming

process and used in Table 1 below, is as follows:

15
510, 73.07 503 0.24
Na,0 13.77 Fe,05 0.088 | -
Kg0  * 0.04 41,503 0.12
MgO 3.84 Sr0 0.007
20 2r0y 0.009 Ca0 8.81
TABLE 1
25 METAL LINE CUTS OF GLASS ON REFRACTORIES
GLASS COMPOSITION | REFRACTORY* IEMP. (°C) METAL LINE CUT
{cm.)
A (Prior Art) MONOFRAX S3 1454 0.081
B (Present Invention) MONOFRAX S3 1454 0.043
30
MONOFRAX §3 1510 0.208
B MONOFRAX S3 1510 0.066
A MONOFRAX M 1454 0.226

35 B MONOFRAX M 1454 0.079



FIGURE-2 is a graph showi ng the relationship of network 10 forners to the
glass expansion coefficient. FIGURE 3 is a graph show ng the relationship
of strontium oxide to bariumoxide and its effect on the glass |iquidus
tenperature. FIGURE 4 is a graph showing the relationship of strontium 15
oxi de to sodiumoxide and its effect on the glass |iquidus tenperature.
FIGURE 5 is a graph show ng the relationship of silicon dioxide to
strontium oxide and its effect on the gl as$ 1iquidus tenmperature. 20

FIGURE 6 is a graph showing the relationship of silicon dioxide to barium
oxide and its effect on the glass |iquidus tenperature. FIGURE 7 is a graph

showi ng the change of the sum of al ' ar t (i.e. [err]) and their
effect on the gl ass "ABLEG RBEE)
METAL LINE CUTS OF GLASS ON REFRACTORIES

GLASS COMPOSITION REFRACTORY IEME;_Ligl METAL LINE CUT
{em.) '
5 A MONOFRAX M 1510 0.396
B MONOFRAX M 1510 0.262
MONOFRAX Z 1454 0.109
B MONOFRAX Z 1454 0.097
10
A MONOFRAX Z 1510 0.417
B 'MONOFRAX Z 1510 0.302

% Each of the refractories listed in the above Table 1 are as
15 manufactured by the Carborundum Corporation of Niagara, New York

under the above noted trade designatioms. -

When glass is exposed to high voltage X-rays, as for
20 example the glass face plate in color television picture tube
applications, most prior art glass compositions will become
discolored or "brown". It is, therefore, highly desirable that the
glass composition contain a material which prevents the browning to
maintain a high degree of light transmission. Cerium oxide performs
25 this function in the composition of the present invention very well.
In order £o~form glass compositions using a molten tin
float glass forming process, the glass should not contain any
materials which will strongly reduce the tin. If the tin becomes
reduced by one or several glass components, a tin f£film will form on
30 the bottom surface of the formed glass which will severely limit the
light transmission through the glass. Also any such undesirable
component in the glass wbuld likely diffuse into the molten tin bath
causing the tin bath to be "poisoned" and result in defects in
subsequent glass compositions formed on the same bath. An example of

35 such an undesirable glass component as found in certain prior art



25 density. FIGURE'8 is a graph showi ng the rel ationship of sodium oxide to
pot-assi um oxi de and its effect on the glass density. FIGURE 9 is a graph
showi ng the rel ationship of strontium oxide to bariumoxide and its effect
on the glass strain point. 30 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
process of making glass is energy intensive requiring the expenditure of
consi derable energy to nake a final product free of defects. It is,
therefore, highly desirable that the gl ass’35 conposition, of the type
generally contenplated by this invention, be 4 relatively easy to nelt
with a log ten viscosity = 2.0 of less than

glass compositions is lead oxide. Lead oxide has been commonly used
in some X-ray absorbing glass compositions because it readily absorbs

. X-rays. .

There are six components necessary to meet the above

5 described requirements of an X-ray absorbing glass composition which
can be melted in a conventional glass-making furnace and that can be
formed on a molten tin bath. The six commonly used batch components
are: sand, soda ash, potassium carbonate, barium carbonate,
strontium carbonate and cerium carbonate. Other batch materials may

10 be used as long as they contain the necessary oxides as listed
below. The resultant glass product then contains the follbﬁing
essential oxides: silicon dioxide (Si0,), sodium oxide (Nay0),

- potassium oxide (K90), barium oxide (Ba0), strontium oxide (Sr0) and
cerium oxide (Ce0,).

15 Since other glass compositions may be melted in a
particular tank prior to the melting of the glass of the present
invention, the final product may contain remnants of the previouély
melted glass compositions and/or minute amounts of dissolved
refractories from the glass furnace. The glass of the present

20 invention may also contain small amounts of components normaliy used
to color glass in order to provide a desired light transmission,
although colorants are not an essential element to the present
invention.

Therefore, glass of this invention contains less than 2% of

25 colorants, dissolved refractories, tramp components from batch
materials, or remnaﬁts of compositions previously melted in the
furnace. None of these 2% or less components are essential to meet
the requirements of this invention nor would they generally adversely
affect the desired properties of the glass of thié invention.

30 The function of 8i0, in this glass composition is to act as
a network former and provide the basic structure of a glassy matrix.
Other minor network formers in glasses of this invention include
alumina oxide (Al,03), sulfur trioxide (SO3) and cerium oxide (Ce0j).

Nay0 and K40 are alkalis used in glass compositions of this

35 invention to aid in melting the glass and to adjust the expansion

coefficient of the composition.



[err].=The nethod used to neasure the tenperatures for the range of log ten
vi'scosity = 2.0 to 6.0 is in accordance with American Society for Testing
Mat eri al, (ASTM Method C 965-81. 5 It is also desirable that the
gl ass conposition have a positive working range which is defined as the
difference between its tenperature at log ten viscosity = 4.0 and the

| i qui dus tenperature. The |liquidus tenperature is-defined as the
tenperature at which the first crystal forhs when cooling or where crystals
first dissolve 10 when heating. ASTM Met hod C 829-81 is one nethod of
measuring the liquidus tenperature. When glass is used as a face plate on a

cat hode ray tube (CRT), . .th S propertie f. expansi Qn efficient and
strain point are cri ti)sg‘éTragegéﬁ%g %?gef%gér%%t teu%ﬁgt eﬁér?lﬁfs)ee L %mfafrqe
funnel part 1prapertims GRTtheTprs@RAT ithis Hawvewrtfionrameak cghoumding FIGHRESNT | s

applied to thejigterior of the assenbled tube which creates a strain on the

overal | glass tube structure. The fused area bet'ween the face plate
The expansion coefficient, which is depicted in FIGURES 1

5 and 2, is a critical physical property in that there must be a close
expansion "match" between the face plate glass and the funnel glass
of a cathode ray tube, the former being sealingly fused to the
latter. The expansion coefficient of the glass of this invention can
be so adjusted to match the range of expansion coefficients of the

10 typical funnel glasses to ensure an efficient and effective fusion
therebetween. o
FIGURE 1 is a graph vhich shows that when the ratio of
network formers to total alkalis is lowered the expansion coefficient
increases.
15 FIGURE 2 is a graph which also shows that when the total of
network formers is lowered the expansion coefficient increases.
The liquidus temperature which is depicted in FIGURES 3 to
6, is also a critical physical property in that it is essential to
maintain a low ligquidus temperature. Low liquidus temperatures

20 permit glass forming without concern from spontaneous crystallization

which adversely affects all types of glass forming operations.
FIGURE 3 is a graph which shows that as the ratio 5r0 to
Ba0 decreases, the liguidus temperature is lowered. Both Sr0 and Ba0
function as major absorbers of X-rays in the glass of this
25 invention. 8rQ is relatively a better X-ray absorber than Ba0, but
Ba0 is essential to'maintain'a low liquidus temperature for the glass
of this inventiom.
FIGURE &4 is a graph vwhich shows that the liquidus
temperature is lowered when the ratio of Sr0 to Na,0 is decreased.
30 FIGURE 5 is a graph which shows that increasing the ratio
between Si0, and Sr0 will also decrease the liquidus temperature.
FIGURE 6 is a graph which shows that when the SiO, to Bal
ratio is below 15 then the liquidus temperature will be below 1016°C
(1850°F).
35 The glass density, which is depicted in FIGURES 7 and 8, is

also a critical physical property in that it enhances the X-ray



and the funnel is an area where the strains are generally higher than at
any ot her portion of the glass tube structure. Therefore, both 20 the
expansi on coefficient and the strain point of the face plate nust closely
match the both the expansion coefficient and the strain point of the funnel
tube to prevent stress build-up in the common area or junction where both
gl ass conpositions are fused together. ASTM Method E 228-71 is a nethod of
measuring the expansion coefficient 25 and9ASTM Met hod C 336-71 is a net hod
of measuring the annealing range and the strain point. The above-descri bed
desirable glass properties are all evidenced by the glass of the present

i nvention and sever al exanpl es of the recorded nunerical 'val ues of these
properties ar ebagrrtdonfruoprrigiesi of sbeeelase ai Thpdtesw ¥rayhabsgeBttanpt i on of

this inventi orboethdﬁnalfsocyfcruxatéaoaet@.ret additbodl 8§ StHeORPADAl BLTIPAE on
di ssolve the refractories where there ,is glass caontact durgpg geltlng nor
shoul d the gl &8gectht Zattenacd®y F?ﬂ?%tr\%’r%ﬁngwrﬁﬁ’? AeFrsinsion JEL4

publication No. TEP-194, prepared by EIA Tube Engineering Panel
5 Advisory Council.

FIGURE 7 is a graph which shows that as the concentration
of the alkaline earths (i.e. Sr0+Ba0+Ca0O+Mg0) increases, the glass
density increases.

FIGURE 8 is a graph which also shows that as the ratio

10 between Na,0 and K,0 decreases the glass density increases.

The strain point, which is depicted in FIGURE 9, is also a
another critical physical property. A low strain point becomes very
important when fusing a face plate of a CRT to the funnel. The
fusing of these tube parts should be accomplished without generating

15 any stresses in the area of the fusing junction.

FIGURE 9 is a graph which shows that as the ratio between
Sr0 and Ba0 decreases the strain point is lowered. ' -

As before indicated, Ceoz is a good X-ray absorber and
performs that function in the glass composition of the preseant

20 invention as well as the primary function of preventing X-ray
browning. As above described, X-ray browning lowers the light
transmission quality of the glass and typically occurs when the glass
is exposed to a high voltage electron source which emits X-~rays.

Table 2 below records a number of glass compositions

25 expressed in terms of parts by weight on the oxide basis,
illustrating parameters of the present invention. Because the sum of
the individual components closely approximates 100, for all practical
purposes the tabulated values may be considered to represent weight
percent. The ingredients-actually making up the batch for each glass

30 may comprise any materials, either oxides or other compounds, which
when melted together, will be converted into the desired oxides in
the proper proportions. As before indicated, glasses of this
invention may contain other minor network formers including A1203,
S0 and Ce0y. As also before indicated, glass of this invention may

35 contain colorants, fining agents, dissolved refractories, tramp



wi'th the refractories used in the head space within the glass nelting 35
apparatus. ASTM Method C 621-68 is a nethod of testing the corrosion
reststance of refractories. 5 The glass of the present invention is |ess
corrosive to refractories than typical prior art X-ray absorbing gl asses
and particularly | ess corrosive than glass adapted to be fornmed using the
float glass formng process. The float glass formng process is a 5 well
known prior art process and is described=i}P U. S. Patent Nos. 3,220,816 and
3,843,346. The following Table 1 indicates the difference in netal |ine
cuts in a 48 hour test with typical soda-line-silica float glass (denoted

as "A") and t nggc;naé%?s cl'froxtn Satl en?a%:rétriélns\ﬁegé ir%xrr]m Cl%ngg %%mg‘gsitions
previously melted in the furnace. More particularly, the batch may
include colorants, such as but not limiteq to, Ni0O, CoQ, Se and Fe,05
and fining agents, such as but not limited to, Na,S0, and CaF,.

5 These materials account for up to 2 weight percent and preferably
less than 1 weight percent of the batch compogition. Similarly,
dissolved refractory, such as but not limited to, Zr0y, tramp
material, such as but not limited to, Ti0,, and remnant materials,
such as but not limited to, Ca0 and MgO account for up to 1 weight

10 percent and preferably less than 0.5 weight percent of the batch
composition. -
Table 3 reports measurements of physical properties carried

out on the specimens using the above indicated testing methods.
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B-(Present Invention) MONOFRAX S3 1454 0.043 30 A

MONOFRAX S3 1510 _ 0.208 B
MONOFRAX S3 1510 0.066 A

MONGFRAX M 1454 0.226 35 B -

MONOFRAX M 1454 0.079 6 TABLE 1 (contd.) METAL LINE
CUTS OF GLASS ON REFRACTORI ES GLASS COMPQS|4ION REFRACTORY*

TEMP. [err] METAL LINE CUT (cm) 5 A MONOFRAX
M 1510 0.396 B MONOFRAX M

1510 0. 262

The glass compositions of Table 2 were prepared as follows:

(a) The batch components were weighed on a laboratory balance
scale and then mixed in a V-shaﬁéd blender for approximately

5 ten minutes.

(b) Approximately 1.5 pounds (0.68 kg) of the mixed batch
components were melted in a foﬁr-inch diameter, four-inch
high (10.2 cm by 10.2 cm) platinum/rhodium crucible for two

10 hours at 2550°F (1399°C).

(c) The glass was then fritted by pouring it carefully into a
container cooled by running water. The glass was thereby

shattered and thereafter the water was drained and the glass

15 wag returned to a crucible.
(4) ‘The fritted glass was melted for four hours at 2700°F
(1482°C).
20 (e) The glass was poured on a steel casting table and rolled to

a nominal thickness of 0.25 inch (0.64 cm) thickness.

(£) The glass was annealed in a lehr from a temperature of
1200°F (649°C). The glass was slowly cooled for
25 approximately sixteen hours. The glass was then cut into

sample segments.

The glass sample segments were then ready for the tests
using the above referred to testing techniques.

30 It was observed that the total amount of network formers and
alkalis each affected the coefficient of linear expansion of the
glass samples but in opposite ways. More particularly, as the total
amount of network formers increased, the expansion coefficienf
dropped. Conversely, as the total amount of alkalis increased, the

35 expansion coefficient increased. As a result, although not limiting



A -
MONOFRAX
MONOFRAX Z

Z + " 1510
above Table 1

~Ni agara, New York under the above noted trgge designations.
exposed to high voltage X-rays,

’ MONOFRAX Z 1454 0.109 B
1454 0.097 10 A

1510 0.417 B MONOFRAX

0.302 * Each of the refractories listed in the
are as 15 manufactured by the Carborundum Cor poration of
When glass is
as for 20 exanple the glass face plate in

"color television picture tube applications, nost prior art glass
conpositions will becone discolored or "brown". It is, therefore, highly

desi rabl e t hatint bite pressmtcinjeasidn,oin coprefarrad rembedinehnt\ifi ¢he pmaewtion,t he

. browning to maintaln g ol Jdedl §5e0Fodd GPls10" h $59.0Bomtaka WY Oxi de
| t e &t the or3

perfornms 25 thi's Tunc

onIn conposi t1on

wel | . I n orderconstitatenbpituesn ebeos7ttnR8 wedight peraent ef thenglass batch,

10

15

20

25

30

with the §i0, constituting about 57 to 66' weight percent and the
A1203 constituting about 0 to 5 weight percent. In addition, the
alkalis in the form of K,0 and Na,0 combined to constitute between
about 10 to 28 weight percent, with K,0 constituting about 7 to 11
weight percent and Na,0 constituting about 4 to 8 weight percent. In
a more preferred embodiment of the invention, the Si0, and Al,0;
combined to constitute about 61 to 67 weight percent,'with the Si0,
constituting about 61 to 66 weight percent and the Al,0q constituting
about 0 to 3 weight percént, and the K,0 and Na,0 combined to
constitute between 14 to 17 weight percént of the glass batch, with
the K,0 constituting about 7.5 to 9.5 weight percent and the Na,y0
constituting about 6.5 to 7.5 weiéht percent.

It was further observed that as the amount of Ba0 and Sr0
increased, the liquidus temperature of the glass batch increased-
resulting in defects forming in the glass which woul& cause the glass
to break as it cooled. As a result, although not limiting in the
present invention, it is preferred that the BaO and Sr0 combine to
constitute between 16 to 24 weight percent of the glass batch, with
Ba0O constituting about 0 to 13 weight percent and Sr0 constituting
about 11 to 21 weight percent. Furthermore, it is more preferable
that the Ba0 and Sr0 combine to constitute about 17 to 22 weight
percent of the glass batch, with the Ba0 constituting about 3 to 8
weight bercent and fhe Sr0 constituting about 11.5 to 15 weight
percent.

As can be adjudged from the above Tables 2 and 3 and the
previous discussion of the present invention, a glass composition
within the ranges of the claimed invention exhibits the desired
properties, including the desired melting and forming behavior and

physical properties.

esent 1 nvention very



float glass form ng process, the glass should not contain apy,gaiess ﬁ)@ésm

whi'ch wi || ngly reduce the tin. If. the tin becomes redufed byepPREEPT
sever al glé§§L§5ﬁﬁUneank\?\;Ln filmwill formon 30 the botiom surface of
t he formed g’m&m%. ich wl verely limt the-light transm ssion through

the gl ass. “ S|rable conmponent in the glass mould Iikely
dif fuse |nto ath causing the tin bath to be "poi soned" and
result in defec uent gl ass conpositions formed omthe—sare—bath.

An exanple of 35 such an“tindesi rabl e gl ass conponent I n
prior art 7 gl ass conpositions is |eadtloxide. LeadTﬂI'ﬁHﬂEH&H ﬁ;"hﬂ _
comonly used in sone X-ray absorbing glass conpositi oRs cadi |y
absorbs X-rays.

I Claim:
v
1. A glass demonstrating exceptibnal absorption of X-rays

with a minimum linear absorption coefficient,.measured at 0.6

5 Angstroms, of 24/cm. of glass thickness and having excellent
resistance to electron browning and/or X-ray browning and containing
the following components, by weight percent: §i0, constituting about
57.0 to 66.0%; Al,03 constituting about 0 to 5.0%; K,0 constituting
about 7.0 to 11.0%; Na,0 constituting about 4.0 to-8.0%; Ba0

10 constituting about 0 to 13.0%; SrO constituting about 11.0 to 21.0%;
and Ce0, constituting about 0.1 to 1.0%.

2. A glass demonstrating exceptional absorption of X—fays
of claim 1 whereiniSiOz constitutes about 61.0 to 66.0%; Al,0,
15 constitutes about 0 to 3.0%; K,0 constitutes about 7.5 to 9.5%; Na,0
constitutes about 6.5 to 7.5%; BaO constitutes about 3.0 to 8.0%; SrO

constitutes about 11.5 to 15.0%;.and Ce0,y constitutes about 0.2 to
0.6%.

26 3. A glass demonstrating exceptional absorption of X-rays
of claim 1 wherein SiO, and Al,03 constitute about 57.0 to 68. 0%; K,0
and Na,0 constitute about 10.0 to 18.0%; Ba0O and 5r0 constitute about
16.0 to 24.0%; and Ce0, constitutes about 0.1 to 1.0%.

25 4. A glass demonstrating exceptional absorption of X-rays
of claim 3 wherein Si0; and Al505 constitute about 61.0 to 67.0%.

5. A glass demonstrating exceptional absorption of X-rays
of claim 3 wherein K,0 and Na,0 constitute about 14.0 to 17.0%.
30 '
6. A glass demonstrating exceptional absorption of X-rays of
‘claim 3 wherein BaQ and Sr0 constitute about 17.0 to 22.0%.

7. A glass demonstrating exceptional absorption of X-rays of
35 claim 3 wherein Ce0y constitutes about 0.2 to 0.6%.




There are six conponents necessary to neet the above 5 desgribed
Tequirements of an X-ray absorbing gl ass conposition whi chj Tif SHEETeAS BEEN
a ¢onventional _glass-meki-ng—furnace and that can be forned] on HEEAEEN tin
bath. The six commonly used ba cg conponents are: sand, soda ash, potassi
carbonate, bari urtusc%! £*0nti um car bonate and cerium car bonat e.

O her batch materl (m used as long as they contat-nA-the necessary
oxi des as |isted | tant gl ass product th gntains the
fol |l owi ng essenti aI OXI des: silicon dioxide [err], sodi ﬂm muﬂmi’mu

pot assi um oxi de (K20), barium oxide (BaQ), strontium oxls rium
oxide [err]. 15 Si nce ot her gl ass conpositions ,may be "helted in a

particular tank prior to the nelting of the glass of the present_ invention,

the final product mayg.CORtABs felBAYraL Hg Emppi&;aloyﬁéaepmﬁ%i LASS of
conposi tions and/or m nut e anounts of dissolved refractori ess7f gm;he gl ass

furnace. The §haids3ofherpin Silgand Alp03 constitute about 61.0
§i0, constituting about 61.0 to 66.0% and‘A1203 constituting about 0

tO 3-0%- ‘A

e

9. A glass demonstrating exceptional absorption of X-rays of
claim 3 wherein Kzo'and Na,0 constitute about 14.0 to 17.0% with K50
constituting about 7.5 to 9.5% and Nay0 constituting about 6.5 to 7.5%.

10 10. A glass demonstrating exceptional absorption of X-rays of
claim 3 wherein Ba0 and SrO constitute about 17.0 to 22.0% with BaO
constituting about 3.0 to 8.0% and SrO constituting about 11.5 to
15.0%.

15 11. A glass demonstrating exceptional absorption of X-rays
of claim 3 wherein $i0, and A1,03 constitute about 61.0 to 67.0% with
§i0, constituting about 61.0 to 66.0% and Al,05 constituting about O
to 3.0%; K,0 snd Na,0 constitute about 14.0 to 17.0% with Ko0
constituting about 7.5 to 9.5% and Na,0 constituting about 6.5 to .

20 7.5%; Ba0 and SrO constitute about 17.0 to 22.0% with BaQ constituting
about 3.0 to 8.0% and SrO constituting about 11.5 to 15.0% and CeO,
constitutes about 0.2 to 0.6%.

12. A glass demonstrating exceptional absorption of X-rays of
25 claim 1 wherein said glass further contains dissolved refractories,
tramp components fr§m batch materials and remnants of previously
melted glass batches in an amount not to exceed 1% by weight percent
of the total glass weight.

30 13. A glass demonstrating exceptional absorption of X-rays of
claim 1 wherein said glass further contains fining agents and colorants

in an amount not to exceed 2% by weight percent of the total glass
weight.

35 14. A glass demonstrating exceptional absorption of X-rays

of claim 1 wherein said glass is formed by a molten tin float process.



20 invention

col or glass in Wﬂ—a—dea red |ight transm ssion, v s:hzmgm 5 BEEN
cofofants are n n essential elenment to the present inventyon. R'Ehmiéipore

refractories,

may al,.so contain small anounts of conponents nornally usee—to6-

|

om batch materials, or remmants of

gl ass of this invgntdy gegggsmttxeaT‘liwﬂess t han 2% of 25 col orant d-s5otved

COI'TpOSI tions

tra
prevrgmnwm t he furnace. None OW
conponents are ess neet the requirenents of t nvention N

woul d they general | y adversely affect the Idesired prop

of *this invention. The function of SiQ2 i n*ﬂ’# g"ﬂm I’@
c

COI'TpOSI tion i

s to act as a network former and provide the basi ¢ ¥st fu

of a glassy matrix. Qher mnor network fornmers in gl asses of this
i nvention include al ubi-nad csetieds aeay] tubsutdmprisitgoni ghessefyinedngoridionung

. oxide [err].
35 invention
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[g%gd £38¢h1beL rJea‘i‘i@%ﬁJ KaddgS tm@o', Ml b 28t LoRNP@S ldlib pekeqof this

oadin nel [ass and to adj ust the expansi on
within said cathode ray tube, said electron gun emitting high voltage

-X-rays, at least said faceplate being formed from a glass

demonstrating exceptional absorption of X-rays with a minimum linear
absorption coefficient; measured at 0.6 Angstroms, of 24/cm. of glass
thickness and having excellent resistance to electron browning and/or
X~ray browning and containing the following components, by weight
percent: §i0y constituting about 57.0 to 66.0%; Aly03 constituting
about 0 to 5.0%; K,0 constituting about 7.0 to 11.0%; Na,y0
constituting about 4.0 to 8.0%; Ba0 constiéuting about 0 to 13.0%;
Sr0 constituting about 11.0 to 21.0%; and Ce0, constituting .about 0.1
to 1.0%.

-

16. 4 glass demonstrating exceptional absorption of X-rays
of claim 15 wherein Si0O, constitutes about 61.0 to 66.0%; Al,04 :
congtitutes about 0 to 3.0; K90 constitutes about 7.5 to 9.5%; Na,0
constitutes about 6.5 to 7.5%; Ba0 constitutes about 3.0 to 8.0%; SrO
constitutes about 11.5 to 15.0%; and Ce0y constitutes about 0.2 to
0.6%.

17. A glass demonstrating exceptional absorption of X-rays
of claim 15 wherein 5iO; and Al,03 constitute about 57.0 to 68.0%;
Na,0 and K,0 constitute about 10.0 to 18.0%; and BaO and Sr0
constitute about 16.0 to 24.0%.

18. A glass demonstrating exceptional absorption of X—rays.
of claim 17 wherein §i0, and Al,03 constitute about 61.0 to 67.0%;
Na,0 and K50 constitute about 14.0 to 17.0%; BaO and Sr0 constitute
about 17.0 to 22.0%; CeO, constitutes about 0.2 to 0.6%.

19. A glass demonstrating exceptional aﬁsorption of X-rays
of claim 17 vwherein SiO; and Al,0; constitute about 61.0 to 67.0%
with §i0, constituting about 61.0 to 66.0% and Al,03 constituting
about 0 to 3.0%; K,0 and Na,0 constitute about 14.0 to 17.0% with K,0



goeffhcient of the conposition. Several of the above descrg= | =
desi rabl e physical "properties of the glass of this invention [atHs SSEEFhavrBe:N |
in“FIGQURES 1 to 9. The expansion coeffi.cient, which is depictled i REFAGIRES |

1 5and 2, is a critical physical property in that there “be—a-ctouse '
expansion "match" between the face plate glass and the fugﬁzf\§T§§§7ﬁ;ﬁ}~\\\‘
cat hode ray tube, the fornmer being sealingly fused to the I? .

expansi on coefficient of the glass of thist4d nvention can be m&wﬂ@ Lfﬂ"l :
mat ch the range of expansion coefficients of the 10 typical funtelL :

to ensure an efficient and effective fusion therebetween. FIGURE 1 is a

raph whi ch shows that when the rati o
arap constituting about 7.5 to 9. Si) and Na40 constituting about 6.5 to

7.5%; Ba0 and SrO comstitute about 17.0 to 22. 0% with BaO
constituting about 3.0 to 8.0% and Sr0 constituting about 11.5 to
15.0%; and Ce0, constitutes about 0.2 to 0.6%.

This Sheet Has Been RTlaced

(AT
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critical physical that it is essential to maintain a | ow

l'i quidus tenperature. Low liquidus tenperatures 20 permt glass formng
wi t hout concern from spont aneous cryst al i zat i on Whl ch adversel y affect s
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tenperature
FIGQURE 5 i-s

tenperature

[ert] will also q§c ease the |iquidus tenperature. FIGURE 6 rﬁg
whi ch shows t hat W idcal BaO ratio i s bel ow 15 then the auujus

whi ch is depicted
in that it enhances the X-ray
mass X-ray absorption coefficient
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5 Advisory Council. FIGURE 7 is |

concentration of the alkaline earths (i.e.
gl ass density increaggs sheetHaBEenReplaceds gr aph whi ch al so sho
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rain point becones very inportant when fusing a
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browni*ng. As above described, X-ray browni ﬁg G6WEEs the l'ight transm ssion -

qual kty of the gl_ass_arnd——t—ym—eaH—y—occurs when the glass is _@_f}(\gg 0
hi gh vol tage el ectron source wﬁﬁmpmts X-rays. Table 2 be rtéﬁé%{]ég%&“

pressed in terns of partsf by weig

t he oxi de basi s, |II nmeters of the present invention. Because
the sum of the |nd|v ts closely approxi mtes 100, for al
practical purposes the tabulated val ues may be considered to represent

wei ght percent. The ingredients actually making up the batch for each gl ass

nunber of gl ass cofﬁi}

30 may conprppe-any nnterials,  either oxides or ofher conpounds, whjch when
nel ted togetiﬂér, wi Il be converted into the desired oxides in the py oper
proportions.«®s before indicated, glasses of this invertion my contain
ot her mi nor Zﬁtmrksfrcﬁn'eﬂswntl@mlong Mg®], [err] and [err]. As alpo
before indi opged, glass of this invention may 35 contakyiecol orants, | fining
agents, di ss&\_/ed refractories, tranp
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- 10 & conmponents from batch material s, oﬁmﬁﬁﬁmﬁﬁs of co e
previously nelted in the furnace. Mdre particularly, the b ﬂ%ﬂﬁ$ﬂ§ﬁﬂHﬁﬂsuﬂﬁ
colorants, such as but not limted to, NNOQ CoO Se and [erjr] aﬁﬂ“ﬂﬁﬁrng
agents, such as but not limted to, [err] and [err]. 5 Thesé materiats
account for up to 2 weight percent and preferably |less than 1 wei ght
percent of the batch conposition. Simlarly, dissolved refractory, such as
but not limted to, [err], tranp material, such as but not limted to,
[err], and remmant materials, such as but not |limted to, CaO and MyO
account for up to 1 weight 10 percent and preferably |l ess than 0.5 wei ght
percent of the batch conposition. Table 3 reports neasurenents of physi cal
properties carried out on the specinens using the above indicated testing
met hods.
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[err],~ - 12 - The gl ass conpositions of Table 2 were prepared as follows:
(a) .+ ~The batch conponents were wei ghed on a | aboratory bal ance scale—

then mixed in a V-shaped bl ender for approxi.mately 5 THSSSF@ET HASBE&N !
ed fmtaCED g

m nutes. (b) - Approximately 1.5 pounds (0.68 kg) of the n
conmponents were nelted in a four-inch dianeter, four-inch hi g‘h__(..’l.&.*z
10.2 cm) platinumrhodiumcrucible for two 10 hours at [err].

ABSTRACT OF THE INVENTION

A glass, which is particularly adapted to be melted in
conventional glass melting furnaces and formed on a molten tin bath,

and which demonstrates exceptional absorption of X-rays with a

minimum linear absorption coefficient, measured at 0.6 Angstroms, of
24/cm. and having excellent resistance to electron browning and/or
X-ray browning and contains the following components, by weight
percent: §i0, and Al,03 constituting about 57.0 to 68.0% with SiO,
constituting about 57.0 to 66.0% and Aly03 constituting about 0 to
5.0%; Ky0 and Na,0 constituting about 10.0 to 18.0% with K50
constituting about 7.0 to 11.0% and Na,0 constituting about 4.0 to
8.0%; Ba0 and SrO constituting about 16.0 to 24.0% with BaO
constituting about 0 to 13.0% and SrO constituting about 11.0 to
21.0%; and Ce0, constituting about 0.1 to 1.0%.

\

This Shee

Wi



(¢) . Thegla
cont ai ner cool ed
t hereafter the
a-crucible. (d)
[err]. 20 (e)

to a nom nal thiokness.of 0.
was annealed in a
cool ed for a
into sanple fe ments. The

SHEEﬁted by pouring it carefully_ggto
ft:r. The gl ass was thereby shatt é%Jhﬁ87 e
and t he gl ass 15 L was returned to

ocured on a steel casting table and rolled
' 4cm) thicknessT () ———The gl ass

. of [err]. Th s slowy
Xt 3§S|xt en hours. Egﬁlmw cut
m‘?\sa@s& fipl.e-segnent s were then ”Ilﬂu
tests using aiBbve ref rrg;L443’Fést|ng t echni ques. It Vas.
observed that the total anount of network forners and alkalls each affected

the coefficient of 1.I negr, lggp%gﬁcl:r%rlrgilx}éﬁgxcepl::.bnal absorption of X-rays

with a minimum linear absorption coefficient,.measured at 0.6

S Angstroms, of 24/cm. of glass thickness and having excellent
resistance to electron browning and/or X-ray browning and containing
the following components, by weight percent: §i0, comstituting about
57.0 to 66.0%; Al,03 constituting about 0 to 5.0%; Ky0 constituting
about 7.0 to 11.0%; Na,0 constituting about 4.0 to.8.01; Ba0

10 constituting about 0 to 13.0%; Sr0 constituting about 11.0 to 21.0%;
and Ce0, constituting about 0.1 to 1.0%.

2. A glass demonstrating exceptional absorption of X-rays
of cla1m 1 wherein Si0, constitutes about 61. 0 to 66.0%; Al,0;

15 constitutes about 0 to 3.0%; K,0 constitutes about 7.5 to 9.5%; Na,0
constitutes about 6.5 to 7.5%; BaO constitutes about 3.0 to 8.0%; Sr0
constitutes about 11.5 to 15.0%;. and Ce0, constitutes about 0.2 to
0.6%.

20 3. A glass demonstrating exceptioﬁal aﬁsorption of X-rays
of claim 1 wherein 5i0, and Al,03 constitute about 57.0 to 68.0%;'K20
and Naj,0 constitute about 10.0 to 18.0%; Ba0 and SrQ constitute about
16.0 to 24.0%; and CeO, constitutes about 0.1 to 1.0%.

25 _ 4, A glas§ demonstrating exceptional abéorption of X-rays
of claim 3 wherein §i0, and Al,03 constitute about 61.0 to 67.0%.

5. A glass demonstrating exceptional absorption of X-rays
of claim 3 wherein K,0 and Na,0 constitute about 14.0 to 17.0%.
© 30
6. A glass demonstrating exceptional absorption.of X-rays of

claim 3 wherein BaQ and SrQ constitute about 17.0 to 22.0%.

7. A glass demonstrating exceptional absorption of X-rays of

35 claim 3 wherein CeO; constitutes about 0.2 to 0.6%.
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gl ass sanpl es but n-h cppqaite_M@¥§§ More par WB@H&EE?HA§§Eﬂﬁi total anount
of: network former $ ReptACBMENT SHh Txpansi on doef f REALARER dr opped.

Conversely, ‘as th otal anou of lal kal i s i rrereased;TThe 35 expansi on
ceefficient incredsed? tAdUk 1ul ! al t hough “\?ﬁbﬂitmé kRet - 22 j‘ﬁ -1dgk t he
or t t g

present invention,ln a preferreggémg lsment e 1 nvention, net wor k
formers in the for Lﬁ*F’Si"OZ“?iT\"d“Al 03 glgnbi ned to constitute between about
57 to 68 wei ght pe —~t s batch, with the [err] constituting
about 57 to 66 weight percent and the 5 [err] constituting about 0 to 5
weinght gercent. | ng addl gﬂa@a,d&daeszadakaii% sexhapznisibaai QibBopptioar 6f :agidy{s%f(r) ]
conbined to,constitute wee t t, | cent o W,
const i tuti Ab<aurherets 07 R roten sk aPEHT R1. G 0t 87007 Moout 4 <o
8 wei ght péitgreonstituting about 61.0 to 66.0% and*Al,03 constituting about 0

to 3.0%. @

9. A glass demonstrating exceptional absorption of X-rays of
claim 3 wherein K,0 and Naj0 constitute about 14.0 to 17.0% with K,0
constituting about 7.5 to 9.5% and Na,0 constituting about 6.5 to 7.5%.

10 10. A glass demonstrating exceptional_absorptioﬁ of X-rays of
claim 3 wherein Ba0 and SrQ constitute about 17.0 to 22.0% with BaO
constituting about 3.0 to 8.0% and Sr0O constituting about 11.5 to
15.0%.

15 11. A glass demonstrating exceptionél absorption of X-rays
of claim 3 wherein §10, and Al,0; constitute about 61.0 to 67.0% with
§i0, constituting about 61.0 to 66.02 and Al,03 constituting about 0
to 3.0%; K,0 and Na,0 constitute about 14.0 to 17.0% with K,0
constituting about 7.5 to 9.5% and Na,0 constituting about 6.5 to -

20 7.5%; BaO and Sr0 constitute about 17.0 to 22.0% with Ba0 comstituting
about 3.0 to 8.0% and SrO constituting about 11.5 to 15.0% and CeO,
constitutes about 0.2 to 0.6%.

12. A glass demonstrating exceptional absorption of X-rays of
25 claim 1 wherein said glass further contains dissolved refractories,
tramp components from batch materials and remnants of previously
melted gléss batches in an amount not to exceed 1% by weight percent

of the total glass weight.

30 13. A glass demonstrating exceptional absorption of X-rays of
claim 1 wherein said glass further coantains fining agents and colorants
in an amount not to exceed 2% by weight percent of the total glass

weight.

35 l4. A glass demonstrating exceptional absorption of X-rays

of claim L wherein said glass is formed by a molten tin float process.

- .
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.\‘.E,Qé—‘—\f nvention, the [err] T:?}\d deersAd 10
NI 67 wei ght percent, o
to 66 g ht. percent and the A1203 constituting about
0.to 3 weight percert,2 &ndﬂk\r’%@ ger'i;r] and [err]saﬁﬁﬂhg@g 59%99 Sihil, Ui goe
between 14 to 17 ilght percent of: the g ass bat ch, V\ntﬂ t he ?err
constituting about |7%t 5 wei ght percent and the [err] 15 constituting
about 6.5 to 7.5 ' nt Tt was further observed that as the anount
of BaO and SrO increased, the |iquidus tenperature of the glass batch

increased resultingisn defpGhie Ayt dE béhdd1Sith 25184 ElaiOUId-ediSEat NE
glass to break as it cooled. As a result, althou%ﬁ not limti n% in the 20
present i nvéigserfaceplate pealiagledusethtberntopaty SECFRTT BUR SHisPARed o

constitute haktWheRal® dakhdde \vRi Olibepeyaienilet rarh gugl amixthag ighwrdltagaO
constituting about g£o éS ight egcsgt and Sr$ co‘gstitlu;i ng about 11 to
21 wei ght p&r&aht:. 2Furts r?ﬁlﬁwﬁe,aﬁp pte Bgtas SPEPet £5P% 3 BAF5T he BaO and SrO
conbi ne t o5 clemststraténglesatptivnab abfonmsiightof X-rays with a minimum linear
absorption coefficient, measured at 0.6 Angstroms, of 24/cm. of glass

a.nore preferred ¢
conbi ned to consti
constituting about

thickness and having excellent resistance to electron browning and/or
X-ray browning and containing the following components, by weight
percent: §iO, constituting about 57.0 to 66.0%; Al,03 constituting

10 about 0 to 5.0%; K,0 constituting about 7.0 to 11.0%; Na,0
constituting about 4.0 to 8.0%; Bal constiéuting about 0 to 13.0%;
SrQ constituting about 11.0 to 21.0%; and Ce0, constituting.gbout 0.1
to 1.0%. '

15 16. A glass demonstrating exceptional absorption of X-rays
of claim 15 wherein S$i0O, constitutes about 61.0 to 66.0%; Al,04
.con;titutes about 0 to 3.0; K,0 constitutes about 7.5 to 9.5%; Na,0
constitutes about 6.5 to 7.5%; Ba0 constitutes about 3.0 to 8.0%; SrO
constitutes about 11.5 to 15.0%; and Ce0; constitutes about 0.2 to

20 0.6%.

17. A glass demonstrating exceptional absorption of X-rays
of claim 15 wherein Si0, and Al,05 constitute about 57.0 to 68.0%;

Na,0 and K,0 comstitute about 10.0 to 18.0%; and BaO and Sr0
25 constitute about 16.0 to 24.0%.

18. A glass demonstrating exceptional absorption of X-rays

of claim 17 wherein SiO, and Al,0; constitute about 61.0 to 67.0%;
Na,0 and K,0 constitute about 14.0 to 17.0%; BaO and SrO constitute
30 about 17.0 to 22.0%: Ce0, constitutes about 0.2 to 0.6%. .

19. A glass demonstrating exceptional absorptidn of X-rays
of claim 17 wherein 5i0; and Al,0, coﬁstitute’ahout 61.0 to 67.0%
with §i0y constituting about 61.0 to 66.0% and Al,03 constituting
35 about 0 to 3.0%; K;0 and Na,0 constitute about 14.0 to 17.0% with K,0

AR A
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'BaO const i i T .3.t0 8
Agl about 11.5 trmSl%*E\ﬁEl Fit™ “pericent .
Pland 3 and tihe pRESAAGES di scussi on
npbgi tion i [ he
S the desired ﬁropertlegghlncln |ngz?ﬂe&@ES|ré
melting and form ng behaw S|cdl properties. CLAI M5 1.
An X-ray absorbing gl ass_w th . a-m-p-rtm« Lhear absorption coefficient,
measured at 0.6 Angstrons, of 24/cm of glass thickness which resists
el ectron bromning and/ or X-ray browning, consisting of the follow ng
conponents, ercent. _[err] ti out 57.0 t 6. 0%
A1203 const i t%ﬁ’i’ﬁ{ﬁ%ﬁgt"’s ut -5t |58 U e 8 £ 51 R0king  dbour’ §.5%

7.5%; BaO and Sr0 constitute about 17.0 to 22.0% with BaO

constituting about 3.0 to 8.0% and SrQ constituting about 11.5 to
- 15.0%; and Ce0, congtitutes about 0.2 to 0.6%.
5

25 percent of the glas
wei ght percent and the
can be adjudged fromt
of- the present inventi
cl ai med‘i nvention exhi

\
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[err] constitutifgerhROEMENDSHBETL. 0% [err] constituti ng about 4.0 to
8.-0% BaO consti tju t) 13 0% SrO constituting about 11.0 to 2

1.0% [err] constli %jg UQ_E ' to 1.0% and dissolved refractori es,
tr-anp conponents fto at mat er i aI s, remants of previously nelted gI ass
bat ches, fining &

stitut t mré?t han
1.2% 2. The gl ass of ckaim 1/,CH]V\/nere| s“?err“i‘tgcsg]lr?se? tu é"é'V:E%ﬁF

61.0 to 66. que'ﬂﬁrstltures abour 0 T0 3 0% [erT—Tonstitutes—ahout
7.5 to 9. 5% r] constitutes about 6.5 to 7.5% [err] constitutes alout
3.0to 8.0 [err] comstitutes about 11.5 to 15.0% and [err] constitytes
about 0.2 tb /.44% 3. The glass of claim1, wherein [err] ang
[err] consfYtutds about 57.0 to 68.0% [err] and Na20 constitute about} 10.0
to 18. 0% g Sr %onstitutes about 16.00to 24.0% and [err]

constituteggabot 0.1 to 1.0% 4. The glass of claim 3, wherdgin
[err] and Rerf]5jconstitutes abogy 61.0 to 67.0% 5. The gl asq of
claim 3, V\/o;ar‘e‘ié [err] and [err] cc;mstit%tes_about 14.0 to 17. 0%
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6. - The
172.0 to 22.0% 7|
about 0.2 to 0.6%
[err] constitute
66. 0% and A1203
claim3, wherein

R2PEAGEMENBBHERT | wherein [err] and [err] constitutes about

The g] @ss of claim 3, wherein CeQ2 constitutes
8% JE& 1995 gl ass of claim3, wherein [err] and
bd't .0 to B7.0%w th [err] constituting about 61.0 to
E.s.t_l..r..u-t—l—ﬁ' ' 0to 3.0% Q.1ce: The gl as

BeRRtte ghost 12200 199 or 11

t
and___{_ﬂ.r_]_--eioris(ﬁi tutes
P%

constituting 8t ; , . . _
10. Thg glass of claim3, wherein [err] and [err] constitutes]|about
17.0 CASE: 9153 - 15.-, Substit ut heet - 20 Augued 1997 b0 220 0% Wi t h
[err] constitﬁti ng aSd? /§GQO .doe/c!énd SrO constituting about 11.5
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to 15.0% 11. The glass of claim3, wherein [err] and [err]
constitutes about ﬁé},&éo : ki h [err] constituting about 61.0 to 66.0%
and [err] constit TSHERT 13. 0% [err] and [err] constitute about
14.0 to 17.0% wi t}h [Err] Eonstl’t‘_ tfi ng about 7.5 to 9.5% and Na20
constituting aboyt} 6° é U 71398 Bao and SrO CapptitutbSsheaQW2 JdnP199622. 0%
wi th BaO constit ytd about 3.0 t6 8.0% and SrO constituting about 11.5 to
15. 0% and CeC2 c nttnfﬁﬁ%ﬁm 0.2/0 0.6% 12. A cat hode ray
t ube Corrpri95- gras s~furmetoportTonm—a gt aceprate eatT1motyf used
thereto, an gle n gun disposed within said cathode ray tube, said
ttingehi gh voltage X-rays, at |eg$bp.spsqof q@gp,k phe Heing

el ectron gun_efi
formed from -r fa@orbi ng glass with a mninum4inear absorptiqn

coefficient,gpgasur®ed at 0.6 Angstrons, of 24/cm of glass thicknesqg which
resists apectrdn browni ng afd/®r X-r & drowni ng consisting of the fdllow ng
conponently, ei gt percent: ¢err] and Al1203 constituting about 61.0 to
67. 0% wi tR [gg]ll constituting about 61.0 to 66.0% and A1203 constituting
about O tw 3.0% [err] and [err] constituting about 14.0 to 17.0% wifth
[err] conetif&ling about 7.5 to 9.5% and [err] constituting about 6.5 to

7.5% BaQ.ang 4 O %
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constituting abou refd IZYZ,.,E_Q%.Wi th [err] constituting about-3.0 to 8. 0%
and SrO constitut “f'Sift;a; 15.0% [err] constituting about 0.2 to
0.6% and dissolv i‘:@ﬂ-{ ggg st tranp conmponents from-batch materials,
remmant's of previ s?;) %I gss batches, fining agents and colorants
constituting a to s.ithan 1.2% 6.15 cat hgde, r,ay. e
conprising a glasp funnel portion,. a glass fac%%t?s&ftgtesg]a?%nbgg ‘+Lu\§e1c#é§) -

thereto, an el ectron gun di sposed Wi 4hPn said cathode ray tube, said

el ectroh gun2@gittimg—hrghrvottage—XTays,ar Teast _sal d 1acepl ate Qei ng
formed fromgghl ass 5 denobnstrating exceptional absorpti%\on of X-rayg with a
m ni mum | i ne absorpt o f.i gl ent ured at 0.6 Angstrons, off 24/cm
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percent: [err] constituti'ngamqr,m&ﬂr@sm? 6.0% [err] constituting 10
about 0 to 5.0% [err] cors tuung aDOLI[ .0 to 11.0% J[err] constituting

about 4.0 to 8.0% BaO cor ¥ g to 13.0% SrO constituting
about 11.0 to 21.0% and [ consti ﬁ about 0.1 to 1.0% 15

16. A gl ass denonstrati ng {ekeeptieral absa ptiq@n of. X-rays of_ clajm1l
wherein [err] constitutes 5610% Q#‘T”@o‘%‘éﬁt’&%é”&b&ggso to
3.0; [err] constitutes about 7.5 to 9.5% [err] constitutes about 6.5 to
7.5% BaO constitutes about 3.0 to 8.0% SrO constitutes about 11.5 to
15.0% and [err] constitutes about 0.2 to 20 0.6% 17. A glass
denonstrating exceptional absorption of X-rays of claim 15 wherein [err]
and [err] constitute about 57.0 to 68.,Q% [err] and [err] constitute about
10.0 to 18.0% and BaO and SrO 25 conSfitute about 16.0 to 24.0% 18. A

gl ass denonstrating exceptional absorption of X-rays
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of claim 17 wherein [erygerusd S titute about 61.0 t A [
and [err] constitute ab .0 to . 0% BaO and SrO const‘(??%égﬁegﬁﬁ%
17.0 to 22.0% [err] copgtiz utJUL 488t loj2 to 0.6% 19. A glass
denonstrating exceptiongll absorption of] X-raySulbsstitoteshedt7- 2Behuly il 926 r |
and [err] constitute abw~6+—0"T1T0 6/.0%with [err] constituting about 61.0
to 66. 0% and A1203 constli_t uting-ss—aty 0 to 3.07.; [err] and [err]
constitute about 14.0 to 17.0% with KzO 17 constituting about 7.5 to
9.5%and [err] constituting about ABHRALT7 50 BaO and SrO constitute about
17.0 to 22. 0% wi th BaO constituting about 3.0 to 8.0% and [err]
constituting about 11.5 to 15.0% and [err] constitutes about 0.2 to 0.6%
5 X-RAY ABSORBING GLASS COMPOSITIONS

A glass, which is particularly adapted to be melted in
conventional glags melting furnaces and formed on a molten-tin bath,
and which demonstrates exceptional absorption of X-rays with a
minimum linear absorption coefficient, measured at 0.6 Angstroms, of
24/cm. and having excellent resistance to" electron browning and/or
X-ray browning and contains the following components, by weight
percent: Si0, and Al,0; constituting about 57.0 to 68.0% with SiO,
constituting about 57.0 to 66.0% and Al,03 constituting about 0 to
5.0%; K,0 and Nas,0 constituting about 10.0 to 18.0% with K,0
constituting about 7.0 to 11.0% and Na,0 constituting about 4.0 to
8.0%; Ba0 and SrO constituting about 16.0 to 24.0% with BaO
constituting about 0 to 13.0% and SrO constituting about 11.0 to
21.0%; and Ce0, constituting.about 0.1 to 1.0%4.
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CLAIMS

1. : An X-ray absorbing glass with a minimum linear absorption coefficient,

measured at 0.6 Angstroms, of 24/cm. of glass thickness which resists electron
browning and/or X-ray browning, consisting of the following components, by weight
percent: SiO, constituting about 57.0 to 66.0%; Al,O; constituting about 0 to 5.0%;
K,O constituting about 7.0 to 11.0%; Na,O constituting about 4.0 to 8.0%; BaO
constituting about 0 to 13.0%; SrO constituting about 11.0 to 21.0%; CeO, constituting
about 0.1 to 1.0%; and dissolved refractories, tramp components from batch materials,
remnants of previously melted glass batches, fining agents and colorants constituting a
total amount less than 1.2%.

2. The glass of claim 1, wherein SiO, constitutes about 61.0 to 66.0%;
AL, O, constitutes about 0 to 3.0%; K,O constitutes about 7.5 to 9.5%; Na,O constitutes
about 6.5 to 7.5%; BaO constitutes about 3.0 to 8.0%; SrO constitutes about 11.5 to
15.0%; and CeO, constitutes about 0.2 to 0.6%.

3. The glass of claim 1, wherein SiO, and ALO, constitutes about 57.0 to
68.0%; K,0 and Na,O constitute about 10.0 to 18.0%; BaO and SrO constitutes about
16.0 to 24.0%; and CeO, constitutes about 0.1 to 1.0%.

4. The glass of claim 3, wherein SiO, and Al,O, constitutes about.61.0
to 67.0%.

5. The glass of claim 3, wherein K,0 and Na,O constitutes about 14.0

to 17.0%. |

6. The glass of claim 3, wherein BaO and SrO constitutes about 17.0

to 22.0%.

7. The glass of claim 3, wherein CeQ, constitutes about 0.2 to 0.6%.

8. The glass of claim 3, wherein SiO, and Al,O, constitutes about 61.0 to

67.0% with SiO, constituting about 61.0 to 66.0% and Al,O, constituting about 0
to 3.0%.

9. The glass of claim 3, wherein K,O and Na,O constitutes about 14.0 to
17.0% with K,O constituting about 7.5 to 9.5% and Na,O constituting about 6.5
to 7.5%. |

10. The glass of claim 3, wherein BaO and SrO constitutes about 17.0

CASE: 9155
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to 22.0% with BaO constituting about 3.0 to 8.0% and SrO constituting about 11.5

to 15.0%.

11. The glass of claim 3, wherein SiO, and Al,O, constitutes about 61.0

to 67.0% with SiO, constituting about 61.0 to 66.0% and Al,O, constituting about 0

to 3.0%; K,O and Na,O constitute about 14.0 to 17.0% with K,O constituting about 7.5
to 9.5% and Na,O constituting about 6.5 to 7.5%; BaO and SrO constitutes about 17.0
to 22.0% with BaO constituting about 3.0 to 8.0% and SrO constituting about 11.5 to
15.0% and CeO, constitutes about 0.2 to 0.6%.

12. A cathode ray tube comprising a glass funnel pc;rtion, a glass faceplate
sealingly fused thereto, an electron gun disposed within said cathode ray tube, said
electron gun emitting high voltage X-rays, at least said faceplate being formed from an
X-ray absorbing glass with a minimum linear absorption coefficient, measured at 0.6
Angstroms, of 24/cm. of glass thickness which resists electron browning and/or X-ray
browning consisting of the following components, by weight percent: SiO, and AlL,O,
constituting about 61.0 to 67.0% with SiO, constituting about 61.0 to 66.0% and Al,O,
constituting about 0 to 3.0%; K,O and Na,O constituting about 14.0 to 17.0% with K,0O
constituting about 7.5 to 9.5% and Na,O constituting about 6.5 to 7.5%; BaO and SrO
constituting about 17.0 td 22.0% with BaO constituting about 3.0 to 8.0% and SrO
constituting about 11.5 to 15.0%; CeO, constituting about 0.2 to 0.6%; and dissolved
refractories, tramp components from batch materials, remnants of previously melted

glass batches, fining agents and colorants constituting a total amount less than 1.2%.

|
REPLACEMENTY SHEET

FZ 7 AUG 1387




