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ABSTRACT

A lead and arsenic free borosilicate glass is provided which 1S
5 suitable for use in electric arc discharge lamps. The glass 1s
tungsten-sealing and provides desirable protection from
ultraviolet radiation. In addition, the glass 1s resistant to
surface scum formation during melting and reduces the amount of

batched iron which must be added for UVB protection.
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Lead and Arsenic Free Borosilicate Glass and Lamp

Containing Same

TECHNICAL FI1

L*]
-
L/

This invention relates to borosilicate glass compositions
and lamps containing same. More particularly, 1t relates

to ultraviolet (UV) absorbing, tungsten-sealing,

borosilicate glass compositions for use 1in the manufacture

of electric arc discharge lamps.

BACKGROUND ART

The use of 1ron oxide in soda-lime glass systems for
improved UV absorption is known. In such systems the 1ron

oxlde content has been up to 0.12 weight percent (wt.3%).

In these systems, however, this dopant level 1s known to
reduce vislble transmission of the glass, particularly in

the 650—750 nm range, by 1-2% with glass thickness of 1

mm, an objectionable feature.

UV absorbing borosilicate glass compositions for electric

arc discharge lamps such as high intensity discharge (HID)

lamps, typically contain either lead and arsenic oxides or

lead and cerium oxides. One conventional lead and arsenic

containing borosilicate glass i1is SG772 which is used for
both outer envelope and lamp stem applications. However,
both lead and arsenic are toxic materials and it would be

very advantageous to be able to manufacture acceptable

glasses without using these
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materials. Arsenic oxlide 1s generally employed in glass
compositions as a fining agent for glasses which are difficult
to fine (i.e., removal of bubbles). Ceria (> 0.15 wt.%) has
been used as an acceptable substitute for arsenic oxide for
fining glasses, and providing UV absorption. However, ceria-
containing borosilicate glasses will solarize under UV
irradiation when lead oxide 1s not 1in the composition.
Solarization produces light absorbing color centers that darken
the outer envelope and seriously reduce light output.
Elimination of the lead and arsenic oxides has produced workable
glasses with adequate sealing capabilities to tungsten; however,
such glasses (for example, Schott 8487, which 1s used for lamp
stems and tubulations) do not absorb sufficiently in the UV
region to be used as outer envelopes. Additionally, Schott 8487
contains a high concentration of B;0; (1l6.9 wt.%), which makes
for a more volatile glass composition, and the potential for
surface scum formation when melted in a conventional, gas fired
furnace. Surface scum 1s a highly siliceous glass which forms
when the glass volatlilizes some of 1ts constituents to form a
new, unstable glass composition at or near the surface of the
melt. This unstable composition 1s prone to devitrification,
phase separation and low refractive index optical cord. To
prevent glass defects, a highly volatile glass i1s commonly
melted in an electric, cold crown furnace which inhibits surface
volatilization, and surface scum from forming. Electric melting
is however a very expensive solution. Schott 8486 bulb glass
contains far less B;03 (12 wt.%) and as such is less prone to
scum formation, however 1t does not seal to tungsten wire and
does not have sufficient UVB absorption to be used as an outer
envelope for HID lamps. As an 1llustration, the Schott glass
enumerated above has a transmittance of 17% at 300 nm, whereas

open fixtured lamps employved 1n the United States must meet the
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requirements of UL1572 Specification which regquires a
transmittance of no more than 8% at 300 nm. Additionally,
to be an acceptable glass for use as the outer envelopes
of electric arc discharge lamps, any absorption at
wavelengths approaching the visible, say, above about 375

nm, must be minimized.

A lead and arsenic free borosilicate glass 1is described in
U.S. Patent No. 5,557,171 to Marlor et al. While this
glass 1s acceptable for use in the outer envelopes of high
intensity discharge lamps, it is difficult to produce in
large quantitiles. In particular, in conventional gas fired
glass melters, excess batch quantities of iron oxide must
be added to achleve the desired level of UV absorption
because of the tendency of the UV absorbing Fe’' species to
be reduced to Fe®'. The higher batch amount of iron oxide
leads to an increase in the presence of Fe®' which produces
a bluish-green coloration and a reduction in the visible
transmission of the glass. Additionally, the glass tends
to form surface scum on the melt surface which causes high

levels of glass defects such as optical cords, knots and

stones.

SUMMARY OF THE INVENTION

It 1s an object of the invention to obviate the

disadvantages of the prior art.

It 1s another object of the invention to provide a lead
and arsenic free borcsilicate glass for use in the outer

envelopes and stems of electric discharge lamps.

It 1s a further object of the invention to provide a lead

and arsenic free borosilicate glass composition which has
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increased visible transmittance and is less prone to optical

defects.

In accordance with one object of the invention, there 1is
provided a lead and arsenic free borosilicate glass having a
composition containing 13.5 to 16.8 weight percent B;0;, 2.0 to
4.0 weight percent Al;03, 2.0 to 5.0 weight percent Nay0, 1.3 to
4.0 weight percent K;O, from 0 to 0.30 weight percent Li,O, 0 to
1.0 weight percent CaO, 0 to 1.0 weight percent MgO, 0.05 to
0.17 weight percent Fe,03, 0.005 to 0.060 weight percent CeO,; and
the balance Si0O,, and wherein the sum of the amounts of Fe03 and
Ce0O, comprise no greater than 0.19 weight percent and the sum of

the amounts of Na,O, K,0 and Li0 comprise no greater than 7.5

weight percent.

In accordance with another object of the invention, there

radiation, the light source being enclosed within an outer
envelope comprising a lead and arsenic free borosilicate glass
having a composition containing 13.5 to 16.8 weight percent B;0s3,
2.0 to 4.0 weight percent Al;03, 2.0 to 5.0 weight percent Naz0,
1.3 to 4.0 weight percent K;O0, from 0 to 0.30 weight percent
1Li,0, 0 to 1.0 weight percent CaO, 0 to 1.0 weight percent MgO,
0.05 to 0.17 weight percent Fe;03, 0.005 to 0.060 weight percent
CeO, and the balance Si0O;, and wherein the sum of the amounts of
Fe,O0; and CeO, comprise no greater than 0.19 weight percent and
the sum of the amounts of Na,0, K;0 and Li,O comprise no greater

than 7.5 welight percent.
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In accordance with still another object of the invention, the
outer envelope and the stem of the electric discharge lamp are

made of the same lead and arsenic free borosilicate glass.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1. is a comparison of the transmittance of the borosilicate
glass of this invention with the prior art SG 772 lead/arsenic

glass prior to solarization.

Fig. 2 1s a comparison of the transmittance of the borosilicate

glass of this invention with the prior art SG 772 lead/arsenic

glass after solarization.

Fig. 3 1s a comparison of the transmittance of the borosilicate

glass of this invention with the prior art glasses SG772 and AS-
24 (a glass made according to U.S. 5,357,171 with a high iron

content for UVB absorption).

Fig 4. 1s a diagrammatic, perspective view of an electric arc

discharge lamp.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

For a better understanding of the present invention, together
with other and further objects, advantages and capabilities
thereof, reference 1i1s made to the following disclosure and
appended clalms taken 1n conjunction with the above-described

drawlngs.

A lead and arsenic free borosilicate glass has been developed
which 1s sultable for use in electric arc discharge lamps. The

glass 1s resistant to scum formation and significantly reduces



10

13

20

23

30

CA 02239342 1998-09-01
DOCKET NO. 96-1-336

(by about 40%) the amount of batched iron oxide required for UVB
protection. The lower iron content translates into a 1% 1ncrease
in visible transmission (1 mm thickness) which directly
translates into increased lumen output. The glass 1s tungsten
sealing which makes it suitable for both outer envelope and stem
sealing applications. Hence, only one glass composition 1s

required in the lamp making operation.

Compared to the glass described in U.S. 5,557,171, the alumina
(Al,03) éontent of the glass has been increased to prevent glass
defects associated with scum formation, and ceria (CeO;) has been
added to promote the oxidation of iron in the melt and to absorb
UVB without lamp lumen losses from solarization. In particular,
the glass of this invention contains 13.5 to 16.8 weight percent
(Wt .%) boron oxide (B;03), 2.0 to 4.0 wt.% alumina (Alzoj) , 2.0 to
5.0 wt.% sodium oxide (NaO0), 1.3 to 4.0 wt.% potassium oxide
(K-0), 0 to 0.30 wt.% lithium oxide (Li;0), 0 to 1.0 wt.% calcium
oxide (CaO), 0 to 1.0 wt.% magnesium oxide (MgO), 0.05 to 0.17
wt.% iron oxide (Fe,03), 0.005 to 0.060 wt.% ceria (CeO;) and the
balance silica (Si0O;). The composition is further defined in that
the sum of the amounts of iron oxide and ceria 1s no greater
than 0.19 wt.% and the sum of the amounts of sodium oxide,
potassium oxide and lithium oxide is no greater than 7.5 wt.%. A
high K,0/Na;0 mole ratio (about 0.60) is preferred to maximize

electrical resistivity for lamp stem applications.

According to the invention, a minor concentration of ceria,
0.06 wt.% or less, is substituted for an equal amount of 1i1ron
oxide to produce a glass free from the normal blulsh-green
coloration produced by the presence of Fe‘*. In these limited
concentrations, the ceria (Ce3+ and Ce** ) absorbs UV radiation

without harmful solarization, and helps to oxidize Fe‘" in the
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melt to produce UV absorbing Fe’*. The UV absorption of the

3* and

glass 1s controlled by the total concentration of Fe“} Ce
Ce?*. While not wishing to be bound by theory, it is believed
that the ceria controls the oxidiation of i1ron during glass

melting through the following oxidation-reduction reaction:
ce' + Fe?t 5 ce’t + Fe’t

During the operation of an electric arc discharge lamp, an
active photochemical process occurs whereby the high energy UV
radiation emitted by the light source interacts with the glass
to eject photoelectrons which can result 1n solarization of the
glass. As described above, glasses containing ceria tend to be
susceptible to solarization therefore the amount of ceria 1in the
glass is kept low so that solarization of the borosilicate outer

envelope 1s minimized over the life of the lamp.

Some solarization of the outer envelope 1s desirable during the
life of the lamp to increase the UVB (260-320nm) and UVA (320-
400nm) absorption. For example, when compared to the
conventional SG772 lead/arsenic borosilicate glass, an outer
envelope made with the glass of this invention in a 400W
metalarc lamp will provide twice the UV protection of the SG772
glass at 0 hours of lamp operation, and five times the UV
protection of the SG772 glass after 100 hours. As can be seen
in Figs. 1 and 2, SG772 becomes more UV transmissive during
aging whereas SG773 becomes more UV absorptive. In other
applications, 1t 1s desirable to reduce solarization to provide
higher levels of blue light, e.g., stimulating plant growth.
Since the solarization absorption curve shifts to longer

wavelengths (red shifts) at high operating temperatures
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effecting a greater absorption of blue light, a lower amount of

ceria is preferred (about 0.020 wt.%) for lamps designed for

such applications.

5 The alumina content of the glass, 2.0 to 4.0 wt.%, 1s at least
40% greater than the glass disclosed in U.S. 5,557,171. As the
glass composition approaches the 16.8 wt.% B;03 and 2.0 wt.% Al,0;
limits, tendencies towards increased melt volatilization and
phase separation begin to appear. The scum formation problem

10 associated with that prior art glass 1s believed to have been
caused by the high level of BO3 structural units associated with
the higher boron composition. It is further believed that these
BO3; structures are unstable at higher temperatures and as a
result the surface glass composition formed during melting 1is

15 prone to phase separation. The addition of alumina for boron
oxide 1s believed to have tightened the glass network resulting

1n a more stable structure consisting almost entirely of BO,

tetrahedrons.

20 Table 1 compares a preferred composition of the glass of this

invention, designated SG773, with several prior art glasses:
SG772, Schott 8486, Schott 8487 and AS-16 (U.S. 5,557,171). The

physical properties of the SG773 composition are compared with

other tungsten-sealing glasses in Table 2.

25
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Table 2

| -  5G772 | Schott | SG773 |
8487

lThermal Expansfan, 0-300°C 35.8 38.0 39.0 |

(x 107" in/in/°C)

Tungsten Seals (psi, tension)

Radial Stress (tension) 745 730 | 495

Axial Stress (tension) | 176 | 08 44
- N S
Electrical Resistivity _—_(_______r_
| Log (ohm-cm) @250°C 8.8 8.3 3.8 |
| Log (ohm-cm) @350°C 7.2 6.9 7.2
JViscoéIE§_TIbg polise) b r — B
2.5 | 1567°C | 1517°C | 1599°C
4.0 (working point) | 1159°C | 1135°C | 1181°C |
7.6 (softening point) | 755°C I 774°C | 771°C
T4 0-T7.¢ (working range) 404°C | 361°C 410°C
Annealing Point | 523°C 542°C \ 542°C |

The data in Table 2 demonstrates that the borosilicate glass of
this invention, SG773, exhibits tungsten sealing properties
comparable to the other tungsten-sealing glasses, SG772 and
schott 8487. SG773 high temperature viscosity 1s slightly
higher than SG772, as is the annealing point. This viscosity
relationship requires slightly higher temperatures for glass
working, however since the annealing point is also slightly
higher annealing fires used in high speed lamp manufacturing
processes need not be relocated or reset. Moreover, since the
glass does not contain lead or arsenic, it does not blacken like

SG772 during sealing.

Figs. 1 and 2 compare the transmittance curves for two SG773

compositions, (0.03 and 0.05 wt.% CeO,) with SG772. Fig. 1 shows

- 10 -
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rhe transmittance curves for the unsolarized glasses. Fig. 2
shows the transmittance curves for the solarized glasses (260
hours of UV irradiation by a 1000W 1iron iodide metal halide
lamp). Fig. 3 compares the visible/near infra-red transmittance
of the SG773 glass with SG772 and AS-24, a glass made according
to U.S. 5,557,171 with a high iron content for UVB absorption.
Comparing Schott 8486 with SG773 shows that a small amount of
CeO, allows for higher concentrations of Fe,0s3 in the glass
without loss in visible transmission. The above data clearly
shows that the SG773 glass may be substituted for the
lead/arsenic SG772 in electric arc discharge applications. The

data further demonstrate the improved transmittance of the SG773

glass over the glass described in U.s. 5,557,171.

Fig. 4 illustrates an embodiment of the invention wherelin an
electric arc discharge lamp 10 has an arc tube 12 enclosed
within a borosilicate glass outer envelope 14. The stem 16 1s
made of a tungsten-sealing borosilicate glass and is sealed at

its periphery to the outer envelope 14. Preferably, the outer

envelope 14 and the stem 16 are made of the same borosilicate
glass in order to reduce manufacturing costs. Lead wires 18 are
sealed in stem 16 and are electrically connected to arc tube 12
and base 20. When the lamp is operated, electrical energy 1S
rransmitted from the base 20 through lead wires 18 in stem 1o to

arc tube 12. The arc tube 12, when operating, emits visible and

ultraviolet radiation.

While there has been shown and described what are at the ptesent
considered the preferred embodiments of the invention, it will
be obvious to those skilled in the art that various changes and
modifications may be made therein without departing from the

scope of the invention as defined Dy the appended claims.

- 11 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN BEXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS.

1. A lead and arsenic free borosilicate glass having a
composition containing 13.5 to 16.8 weight percent B;03, 2.0 toO
4.0 weight percent Al;03, 2.0 to 5.0 weight percent Nay0, 1.3 to
4.0 weight percent K;0, from 0 to 0.30 weight percent Li,O, 0 to
1.0 weight percent CaO, 0 to 1.0 weight percent MgO, 0.05 to
0.17 weight percent Fe;03, 0.005 to 0.060 weight percent CeO, and
the balance SiO,, and wherein the sum of the amounts of Fe,»O; and
CeO, comprise no greater than 0.19 weight percent and the sum of

the amounts of Na,0, K,O0 and Li,0 comprise no greater than 7.5

welight percent.

2 . A glass according to claim 1 wherein the composition

contains about 0.020 weight percent CeO:;.

3. A glass according to claim 1 wherein the mole ratio of KO

to Na,0 is about 0.60.

4 . A glass according to claim 1 wherein the composition

contains 0.10 wt.% Fe,O03 and 0.020 wt.% CeO;.

5. A glass according to claim 4 wherein the composition
contains 14.9 wt.% B,O3, 2.9 wt.$% Na,0, 2.6 wt.% KO, 0.20 wt.%
Li,0, 0.6 wt.% CaO, 0.4 wt.% MgO, and 3.0 wt.% Al0s3.

0. A glass according to claim 1 wherein the glass has a
thermal expansion between 0 and 300°C of 39.0 x 107" in/in/°C and

a log electrical resistivity of 8.8 ohm-cm at 250°C.

- 12 -
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7. An electric arc discharge lamp having an arc discharge
light source which emits both visible and ultraviolet radiation,
the light source being enclosed within an outer envelope
comprising a lead and arsenic free borosilicate glass having a
composition containing 13.5 to 16.8 weight percent B,0;3, 2.0 to
4.0 weight percent Al;03, 2.0 to 5.0 weight percent Na,0, 1.3 to
4.0 weight percent K;0, from 0 to 0.30 weight percent Li,0, 0 to
1.0 weight percent CaO, 0 to 1.0 weight percent MgO, 0.05 to
0.17 weight percent Fe;03, 0.005 to 0.060 weight percent CeQ, and

the balance SiO;, and wherein the sum of the amounts of Fe,0, and
CeO,; comprise no greater than 0.19 weight percent and the sum of

the amounts of Na;O, K;0 and Li;O comprise no greater than 7.5

weight percent.

8. An electric arc discharge lamp according to claim 7 wherein
the lamp further comprises a stem which is sealed to the outer

envelope and 1s comprised of the borosilicate glass.

9. An electric arc discharge lamp according to claim 8 wherein
the glass has a thermal expansion between 0 and 300°C of
39.0 x 1077 in/in/°C and a log electrical resistivity of 8.8 ohm-

cm at 250°C.
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