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ABSTRACT OF THE DISCLOSURE

A glass suitable for the transmission of radiation in the
near ultraviolet region. The glass is composed of ByOs,
La,0; and ZnO and is substantially free of ultraviolet
absorbers.

The present invention relates to glass compositions.
More particularly, it is directed to glass compositions hav-
ing high light transmission properties in the near region
of the ultraviolet wavelength range as well as other desir-
able properties.

Light in the broadest sense of the word includes radia-
tion of all wavelengths from infrared through visible and
ultraviolet. One portion of the light spectrum in the ultra-
violet range has been designated the near ultraviolet region
and includes wavelengths from 300 to 400 nanometers.
It has long been known that particular glass compositions
transmit certain wavelengths while absorbing others. Ordi-
nary optical glass, for example, may transmit visible light
very efficiently though it absorbs over 90 percent of the
ultraviolet radiation in the near ultraviolet region. The
absorption of ultraviolet radiation is caused in part by the
presence of certain elements and compounds which are
well known. These materials are called ultraviolet ab-
sorbers and may seriously impair ultraviolet transmission
even when they are present only in minute quantities.

The first requirement of an ultraviolet transmitting glass
is that it be sufficiently free of ultraviolet absorbers to
transmit a reasonable amount of light at the desired wave-
length. For purposes of the present invention the lower
limit of acceptable transmission will be defined as 50 per-
cent of the radiation received at the outside surface of the
glass of the desired thickness.

Materials for transmitting ultraviolet radiation are avail-
able and include diamond, quartz and some special glasses.
Each of these materials suffers some limitation in proper-
ties which makes them ess than satisfactory for commer-
cial applications. Most serious of the shortcomings of
such materials are poor workability, high water solubility
and too low an index of refraction.

The poor workability, high water solubility and low in-
dex of refraction of known ultraviolet transmitting mate-
rials are particularly serious when it is desired to use the
ultraviolet transmitting glass in fiber optics applications,
for example, as a faceplate for a cathode ray tube in order
to give a better resolution than is obtained with standard
bulk glass faceplates. It is well-known that for fiber optic
applications the core glass of the fiber must have a high
refractive index as compared to the refractive index of the
cladding glass surrounding the core glass in order to ob-
tain high light transmitting efficiency.

The difference in refractive indices of the core and clad-
ding is reflected in the numerical aperture (N.A.) of the
fiber, which is an indication of the efficiency with which
an optical fiber conducts light through its length. 1t is a
well-known function of the refractive indices of the two
glasses employed as the core and the cladding material
and is defined by the equation N.A.=\/N;—N,2 where
Nj; and Nj are the refractive indices of the core and clad-
ding respectively. In order to achieve good light transmis-
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sion in fiber form the material used for the fiber core and
the material used for the cladding glass should preferably
produce a numerical aperture greater than 0.80. Since
cladding materials currently available possess a refractive
index ranging from 1.49 to 1.56 substitution in the above
equation results in a value for the core glass refractive
index of at least 1.70 to achieve the desired numerical
aperture of 0.80 or higher. This relationship forms the
basis for the stated need for a suitable glass possessing a
high refractive index. It should be pointed out at this
point that the numerical aperture is not related to the in-
ternal transmission referred to earlier but is a function
only of the relative refractive indices of the two glasses.

In addition to a high refractive index, a glass suitable
for use as a fiber optics core material must be capable of
being worked into filamentary form preferably without
great difficulty and expense. It should further have charac-
teristics compatible with available cladding glass in terms
of coefficient of thermal expansion and chemical com~
patibility and should not be subject to deterioration of
transmission properties due to exposure to ultraviolet ra-
diation.

Accordingly, it is an object of the present invention to
provide a fabricable glass composition having high light
transmission properties in the near region of the ultra-
violet range.

It is a further object of the present invention to provide
an ultraviolet transmitting glass having a high index of
refraction.

These and other objects of the present invention will be-
come apparent in connection with the following descrip-
tion and the drawing which shows, in triangular coordi-
nates, the preferred ranges of the three components which
make up the glass composition of the present invention.

The present invention is directed to a ternary lanthanum-
zinc-borate glass composition consisting essentially of
B,03, La,0; and ZnO which is the fusion product of essen-
tially chemically pure H3BO;, LayO; and ZnO in ranges
of percentages by weight as follows: HzBO,;, between
about 50% and about 57%; LayOs, between about 30%
and about 33%; ZnO, between about 10% and about
17%. During the fusion the H;BOy; is converted to By0s.
The compositions falling within these ranges are repre-
sented by the shaded area of the graph. Compositions in
this ternary system outside the specified ranges do not
produce a glass having a high index of refraction and ap-
preciable light transmission properties in the near ultra-
violet region. A preferred composition for the present in-
vention consists essentially of 54.0% HzBOjg, 32.7% Lay03,
and 13.3% ZnO. This particular composition produces a
glass having a refractive index of about 1.73 at 320 nan-
ometers wavelength and provides greater than 55.0% trans-
mission at that wavelength through a 1% inch thickness.

The described glass composition, in addition to a high
ultraviolet transmission and high refractive index, may be
easily drawn into bubble free fibers and has a coefficient
of thermal expansion easily matched by other glasses such
as commercially available cladding glasses. This combina-
tion of properties causes the glass composition to be
ideally suited for fiber optics applications, although it is
apparent that the glass may be used in the applications
other than fiber optics if desired.

As indicated, the glass composition is the fusion prod-
uct of essentially chemically pure H3BOs, LayO; and ZnO.
The additions of some elements or oxides to the ternary
system is comsidered deleterious, and is to be avoided.
In particular, the ultraviolet absorbers, Fe, Ti, S, U, Ge,
Mn, Cu, Ag, Au, V, Nb, Ta, Cr, Mo, W, Re, Pt, Rh,
Bi, Pb, Ce and some of the other rare earths are to be
avoided. Even trace amounts of these materials have a
deleterious effect on the transmission efficiency of the
glass employed.
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The most troublesome component of the glass of the
present invention in terms of purity is the Lay,O3; which
tends to contain impurities of the ultraviolet absorbing
variety. Accordingly, La,03 of 99.997% purity was em-
ployed in formulating the glasses of the present invention.
For the H3BO3 and ZnO standard reagent grades are suf-
ficiently free of harmful impurities to be employed.

TABLE
Composition, percent by
Hz;BO3 Laz03 Zn0
Batch number:
54.0 32.7 13.3
62.7 32.3 15.0
53.0 30.0 17.0
55.0 33.0 2.0

The table illustrates the compositions of several glasses
formulated in accordance with the present invention in-
cluding the preferred composition designated as batch
number 1. Bach glass exhibits an index of refraction in
excess of 1.70 and a light transmission at 320 nanometers
in excess of 50% through a %2 inch thickness. Each com-
position was formulated by weighing the components in
powder form and mixing them together. Fusion was
achieved in a pure platinum crucible maintained at a tem-
perature of 1050° C. for eight hours in a pure alumina
muffie furnace. Although higher temperatures and longer
times are not recommended, the particular temperatures
and times employed in the fusion are within the ordinary
skill of the art and do not form part of the invention.
Upon cooling the glass compositions were clear and color-
less, and could be easily fabricated into desired forms, for
example, into bubble free glass fibers of a diameter of
5 mils.

The glasses of the present invention also transmit visible
light unless doped with a visible light absorbing sub-
stance, for example, nickel oxide. They are chemically
compatible with common cladding glasses and possess co-
efficients of thermal expansion in the range of 55 to
75%10—~7 cm./cm./° C.

The glass compositions of the present invention as dis-
closed and claimed herein are novel compositions exhibit-
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ing improved properties for the fransmission of ultraviolet
light while retaining a high index of refraction and good
mechanical properties. These properties are particularly
useful in the growing field of fiber optics.

It should be understood, however, that the foregoing
is presented by way of description of one environment in
which the glass compositions of the present invention find
utility. The compositions are in no way restricted to such
applications and also find utility in bulk form.

What is claimed is:

1. A UV transmitting glass composition suitable for
use as a core glass in a UV transmitting fiber optic cath-
ode ray tube faceplate and having a refractive index above
about 1.70, suitable for achieving a numerical aperture
of about 0.80 or more in a fiber optic and exhibiting good
light transmission properties in the near ultraviolet range
said composition consisting of the fusion product of be-
tween about 50 and about 57 weight percent HzBO;, be-
tween about 30 and about 33 weight percent high purity
Lay05, and between about 10 and about 17 weight per-
cent ZnO, said composition being essentially free of ultra-
violet absorbers and having a light transmission at 320
nanometers in excess of 50% through a %2 inch thickness
of said composition.

2. A glass composition as defined in claim 1, said com-
position consisting essentially of the fusion product of
54 weight percent HzBO;, 32.7 weight percent La,Os,
and 13.3 weight percent ZnO.
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