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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to lamps which operate
at high temperatures and have a light source which emits
both visible and UV light radiation which is surrounded
by a UV absorbing quartz envelope codoped with both
ceria and titania. More particularly, this invention relates
to lamps comprising a UV absorbing fused quartz enve-
lope codoped with ceria and titania which is at a temper-
ature of at least 500°C during lamp operation and which
encloses a source of light which emits both UV and visible
light radiation.

Background of the Disclosure

[0002] Fused silica or fused quartz as it is also known
is used as a light-transmissive, vitreous envelope mate-
rial for high intensity lamps, such as gas discharge lamps
and halogen-incandescent lamps, because of its excel-
lent transmission of visible light and its ability to withstand
high operating temperatures of up to about 1100°C. Al-
most all arc discharge lamps and many high intensity
filament lamps, such as tungsten-halogen lamps, emit
ultraviolet (UV) radiation which is harmful to human eyes
and skin and which also causes fading of fabrics, plastics
and paint and yellowing and/or hazing of many types of
plastics employed in lamp fixtures and lenses. Fused
quartz is an excellent transmitter of UV radiation and
therefore provides no shielding against the emission of
such radiation by an arc or filament light source enclosed
within a lamp envelope made of fused quartz. As a result,
lamps have been developed comprising a light source
which emits both UV and visible light radiation enclosed
within a vitreous envelope of fused quartz or glass con-
taining UV-absorbing materials, or dopants as they are
called, so that the lamp envelope will, of itself, absorb
the UV radiation emitted by the light source. Illustrative,
but nonlimiting examples of such efforts in the past are
disclosed in U.S. Pat. Nos. 2,895,839; 3,148,300;
3,848,152; 4,307,315 and 4,361,779. However, there is
still a need for a vitreous material useful for lamp enve-
lopes which are heated to a temperature above 500°C
during lamp operation and which will absorb UV radiation
at wavelengths from 200-380 nm along with minimal ab-
sorption of visible light radiation from 380-750 nm. Such
a material should also be a homogeneous, colorless,
glassy material and dopants present should be of a type
and in an amount which minimizes or avoids chemical
reactions between the doped lamp envelope and metal
halides and other chemicals present in both an arc dis-
charge lamp and a halogen-incandescent lamp. The abil-
ity of the material to be used at temperatures in excess
of 500°C. should not be impaired by the dopants or the
material will not be useful for high temperature lamps.

SUMMARY OF THE INVENTION

[0003] According to the invention, there is provided a
lamp comprising a light source which emits both UV and
visible light radiation surrounded by a UV-absorbing and
visible light transmissive fused quartz envelope, charac-
terized in that said quartz envelope is codoped with both
titanium dioxide and cerium oxide, and wherein the
amount of both titanium and cerium in said dopant does
not exceed 0.5 wt.% of the fused quartz composition for
a lamp operating with its envelope at a temperature up
to 800°C, or 0.3 wt.% for a lamp operating with its enve-
lope at a temperature up to 1100°C.
[0004] It has now been found that a lamp envelope
made of fused quartz which contains both titanium diox-
ide and cerium oxide as UV absorbing dopants is useful
at high temperatures, transmits visible light radiation, and
absorbs UV radiation, with the UV absorption being
greater at temperatures above 500°C than at tempera-
tures below 500°C. By fused quartz is meant quartz hav-
ing a high SiO2 content of at least 96 wt % and preferably
at least 99 wt %.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is a graph illustrating the UV transmission
spectra of titanium dioxide and cerium oxide co-
doped fused quartz as a function of temperature.
FIG. 2(a) illustrates the UV emission spectra for a
lamp and reflector assembly illustrated schematical-
ly in FIG. 2(b) having both an undoped fused quartz
lamp envelope and one codoped with both titanium
dioxide and cerium oxide.
FIG. 3(a) illustrates the UV transmission spectra for
a metal halide arc lamp having both an undoped
fused quartz arc chamber and one codoped with ti-
tanium dioxide and cerium oxide and FIG. 3(b), sche-
matically illustrates the type of arc lamp employed.
FIG. 4 schematically illustrates a type of shrouded
arc lamp employed in accordance with the invention.

DETAILED DESCRIPTION

[0006] Fused quartz codoped with both titanium diox-
ide and cerium oxide UV absorbants was prepared by
mixing the appropriate amounts of high purity natural
quartz sand with reagent grade titanium dioxide (TiO2)
and cerium dioxide (CeO2) in powder form slurried in ac-
etone. Typical impurity levels in the quartz sand used to
make both undoped and titanium dioxide and cerium ox-
ide codoped fused quartz are set forth in the table below.

Impurity Element Concentration
(ppm by Weight)

Al 14.6

1 2 
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Undoped fused quartz of this purity in the form of tubing
useful for making lamp envelopes is available from GE
Lighting in Cleveland, Ohio, designated as GE214 Fused
Quartz.
[0007] In making the codoped quartz, a slurry of quartz
sand, TiO2 and CeO2 was ground until it appeared ho-
mogeneous and the resulting dry powder was fused for
two hours at 2000°C under a hydrogen atmosphere to
form the codoped fused quartz. Lamps were made both
from the undoped and codoped fused quartz. Batches of
the codoped fused quartz containing the titanium dioxide
and cerium oxide were made using the above procedure
and containing the following amounts of titanium and ce-
rium expressed in weight parts per million (wppm) of the
total quartz composition. Although the measurements re-
flect the amount of elemental titanium and cerium
present, in the fused quartz they are in the form of titanium
dioxide and cerium oxide, respectively.

Batch A was used to make lamp envelopes for metal
halide arc discharge lamps of a type illustrated in Figure
3(b) wherein the arc chamber wall portion reached a tem-
perature of about 925°C during operation of the lamp.
Batch B is used to make the glass envelope of tungsten-
halogen incandescent lamps, including the type illustrat-
ed in Figure 2(b) wherein the temperature of the envelope
can range from about 550°C to 900°C during operation
of the lamp (depending on the wattage) and Batch C was
made for both the shroud portion of the shrouded metal
halide arc discharges lamp of the type illustrated in Figure
4 and for low wattage tungsten-halogen lamps wherein
the temperature of the quartz can vary from about
550-650°C.
[0008] The total amount of titanium dioxide and cerium
oxide dopants in the fused quartz is dictated by two fac-

(continued)

Impurity Element Concentration
(ppm by Weight)

Ca 0.4
Cu <0.05
Fe 0.2
K 0.5
Li 0.5
Mg <0.1
Mn <0.03
Na 0.6
Ti 1.1
Zr 0.5

Batch Amount of Titanium Amount of Cerium

A 500 2000
B 500 3000
C 500 4000

tors. One is reaction of the atmosphere or fill enclosed
within the lamp envelope with the titanium and cerium
present in the fused quartz and the other is the temper-
ature reached by the fused quartz during operation of the
lamp. In the former case reaction with the lamp envelope
can cause color shift, lumen loss, short lamp life, and
devitrification, whereas in the latter case, increasing the
amounts of the dopants decreases the useful working
temperature of the fused quartz due to devitrification, dis-
tortion or sagging and melting. The optimum amount of
the titanium dioxide and cerium oxide dopants employed
to make the codoped fused quartz must be determined
by the practitioner for each specific case. By way of illus-
trative, but nonlimiting example, the total amount of both
titanium and cerium in the fused quartz should not exceed
(i) 0.3 wt.% if the codoped quartz will reach temperatures
of about 1100°C during lamp operation and (ii) 0.5 wt. %
at about 800°C. Finally, it is important that the valence
of the titanium in the quartz be plus four and not plus two.
If the valence of the titanium is less than plus four (i.e.,
+2 as in TiO), the quartz becomes black in color instead
of clear and light transparent. The upper limit on the
amount of TiO2 is somewhat controlled by the fused
quartz manufacturing process. If the codoped fused
quartz is prepared in a hydrogen reducing atmosphere,
exceeding 500 wppm of titanium (i.e., 1000 wppm) has
resulted in blackened quartz. The cerium oxide used can
be either Ce2O3, CeO2 or mixture thereof. Finally, the
titanium dioxide and cerium oxide dopants may be re-
placed all or in part by one or more suitable precursors
including an organometallic compound such as alkoxide,
a sol or a gel. -

Figure 1 illustrates the ultraviolet transmission spec-
tra as a function of quartz temperature for fused
quartz codoped with 500 wppm and 4000 wppm ti-
tanium and cerium, respectively, from 220-500 nm
for 0.7 mm wall thickness fused quartz tubing meas-
ured at a distance of 50 cm using a spectrophotom-
eter. The titanium and cerium were present in the
quartz as titanium dioxide and cerium oxide. The
spectra were recorded from 220 to 500 nm with a
photomultiplier detector tube sensitive to UV. One
can readily see that increasing the temperature of
the codoped fused quartz substantially increases the
UV absorption between 230-280 nm with a concom-
itant decrease in UV transmittance.
Figure 2 illustrates both the measured and calculated
UV emission spectra reflected forward from a lamp
and reflector assembly as illustrated in Figure 2(b).
Thus, turning to Figure 2(b), halogen-incandescent
lamp 10 having a filament 12 and a halogen fill (not
shown) hermetically sealed within fused quartz en-
velope 11 is shown cemented by cement 24 into the
rearwardly protruding nose portion 20 of glass re-
flector 22 having a forward light reflecting surface
23. Filament 12 is electrically connected to outer
leads 26, 26’ by means of molybdenum foil seals 16,

3 4 
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16’ in the press seal portion 17 of lamp 10 as is well
known to those skilled in the art. The maximum inner
diameter of reflector 22 was two inches. The data in
Figure 2 is based on lamp 10 operated at a filament
temperature of 2930°K and lamp envelope 11 made
of both undoped GE214 fused quartz lamp tubing
and codoped fused quartz tubing containing 500
wppm of titanium and 4000 wppm of cerium in the
form of titanium dioxide and cerium oxide, respec-
tively. Turning to Figure 2(a), Curve A is the meas-
ured UV radiation projected forward of reflector 22
with an undoped quartz lamp envelope and Curve B
is a calculated spectra for fused quartz lamp enve-
lope 11 codoped with 500 and 4000 wppm of titanium
and cerium, respectively, based on the measured
transmittance for the undoped envelope. The signif-
icant difference in UV emission is apparent. Further,
the NIOSH Erythema and Conjunctivitus (NIOSH
E&C) value for the undoped quartz was only 0.65
hours, whereas the NIOSH E&C value using the co-
doped quartz was 10 hours. Thus, the same lamp
and reflector assembly using the codoped quartz is
fifteen times safer than using undoped quartz. The
NIOSH E&C value is a calculated number describing
the recommended exposure for a worker in the work-
place and refers to UV levels on the worker. It is
defined by a U.S. Government document NIOSH
73-1109 "Criteria for a Recommended Standard, Oc-
cupational Exposure to UV" published by the U.S.
Department of Health, Education and Welfare in
1973. The NIOSH E&C values referred to here relate
to the UV exposure time calculated by weighting the
emitted UV flux for erythema and conjunctivitus, i.e.,
skin and eye damage. The value should be greater
than 8 hours. The measurements relate the spectral
power (in microwatts/sq. cm/nm) to the NIOSH E&C
weighting factors to calculate the effective NIOSH
E&C exposure time.
Figure 3(a) is a graph illustrating UV emission for a
100 watt metal halide arc lamp fabricated from both
the undoped GE214 lamp tubing and from fused
quartz lamp tubing codoped with titanium dioxide
and cerium oxide and containing 500 wppm titanium
and 2000 wppm cerium. The lamp was of the type
briefly and schematically illustrated in Figure 3(b).
Turning to Figure 3(b) there is illustrated arc lamp
30 comprising arc chamber 32 enclosing within a
pair of spaced apart electrodes 36, inert gas, mer-
cury and metal halide (not shown). Electrodes 36 are
welded at one end to molybdenum foil seals 38 her-
metically pinch sealed in pinch seal end portions 34.
outer leads 40 are welded to the other end of respec-
tive molybdenum foil seals 38 to provide electricity
to electrodes 36. Arc chamber 32 and tubular por-
tions 34 were formed from a single piece of fused
quartz tubing as is well known to those skilled in the
art. Exhaust tip-off 33 is formed after the arc chamber
is evacuated and filled and the exhaust tube (not

shown) tipped off. Lamps of this type were made
using both undoped fused quartz tubing and fused
quartz tubing codoped with titanium dioxide and ce-
rium oxide as stated above. The arc chamber was a
22 mm x 12 mm ellipse having a volume of 1 cc and
a 1 mm wall thickness containing a pair of electrodes,
argon, mercury and a mixture of sodium and scan-
dium iodides. The arc tube operated at 100 V and
1.2 amps. Figure 3(a) illustrates the UV emission
spectrum for both lamps and one immediately ap-
preciates the significant difference in UV emission
between lamps made from undoped fused quartz
and those made from fused quartz codoped with both
the titanium dioxide and cerium oxide. The wall of
the arc chamber was at about 900°C during opera-
tion of the lamps. The UV spectra were measured
as previously described. Applying the NIOSH E&C
times revealed that the lamps made from the co-
doped fused quartz had an allowable exposure time
twenty times greater than lamps made from the un-
doped fused quartz.
Figure 4 illustrates another embodiment of the in-
vention wherein an arc discharge lamp is enclosed
within a codoped fused quartz shroud. Employing a
codoped shroud permits the use of a greater amount
of titanium dioxide and cerium oxide in the fused
quartz because it does not get as hot as the fused
quartz envelope of the arc lamp. Thus, turning to
Figure 4, metal halide arc discharge lamp 30 is illus-
trated as being hermetically enclosed within shroud
50 comprising envelope 52 made of fused silica co-
doped with titanium dioxide and cerium oxide. En-
velope 52 is hermetically sealed at both ends 54 by
pinch seals over molybdenum foil seals 56 one end
of each of which is attached to lamp leads 40 and
the other end to outer leads 58. Space 60 may be a
vacuum or contain a suitable gas, such as one or
more noble gases, nitrogen, etc. Because shroud
envelope 52 does not get as hot (i.e., 550-650°C) as
lamp envelope 32 (i.e., 800-1100°C) during opera-
tion of the lamp, a greater amount of codopants can
be used than can be in the lamp envelope as de-
scribed above. This results in absorption of greater
amounts of UV radiation emitted by the lamp with
concomitant less UV emitted into the surrounding
ambient. Lamps of the general construction of the
type illustrated in Figure 4, but without the codoped
shroud, are presently used in commerce and are dis-
closed, for example, in U.S. Patent 4,935,668. In yet
another embodiment, both the lamp envelope and
the shroud may be codoped fused quartz according
to the invention which will result in still less UV radi-
ation emitted into the surrounding ambient.

[0009] The foregoing is intended to be illustrative, but
nonlimiting with respect to the scope of the invention.
Other embodiments will be appreciated by those skilled
in the art such as electrodeless arc discharge lamps

5 6 
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wherein the arc chamber is fabricated from the codoped
fused quartz according to the invention. Further, accord-
ing to the invention, lamps may also have a thin film op-
tical interference filter disposed on the wall of the arc or
filament chamber for changing the color of the emitted
light or reflecting infrared radiation back to the filament
or arc and transmitting visible light radiation.

Claims

1. A lamp comprising a light source which emits both
UV and visible light radiation surrounded by a UV-
absorbing and visible light transmissive fused quartz
envelope, characterized in that said quartz enve-
lope is codoped with both titanium dioxide and ceri-
um oxide, and wherein the amount of both titanium
and cerium in said dopant does not exceed 0.5 wt.
% of the fused quartz composition for a lamp oper-
ating with its envelope at a temperature up to 800°C,
or 0.3 wt.% for a lamp operating with its envelope at
a temperature up to 1100°C.

2. The lamp of claim 1 wherein said source of UV and
visible light radiation comprises a filament, and the
lamp comprises a halogen incandescent lamp.

3. The lamp of claim 1 wherein said source of UV and
visible light radiation comprises an arc discharge,
and the lamp includes at least one metal halide in
said arc discharge.

4. The lamp of any one of claims 1-3, wherein said ce-
rium oxide is selected from the group consisting of
CeO2, Ce2O3 and mixtures thereof.

Patentansprüche

1. Lampe, umfassend eine Lichtquelle, die sowohl UV-
als auch sichtbare Lichtstrahlung emittiert, wobei die
Lichtquelle von einem UV absorbierenden und sicht-
bares Licht hindurchlassenden Kolben aus ge-
schmolzenem Quarz umgeben ist, dadurch ge-
kennzeichnet, dass der Quarzkolben sowohl mit
Titandioxid als auch Ceroxid dotiert ist und wobei die
Menge sowohl des Titans als auch des Cers in dem
Dotierungsmittel 0,5 Gew.-% der geschmolzenen
Quarzzusammensetzung für eine Lampe, die mit ih-
rem Kolben bei einer Temperatur bis zu 800 °C be-
trieben wird oder 0,3 Gew.-% für eine Lampe nicht
übersteigt, die mit ihrem Kolben bei einer Tempera-
tur bis zu 1.100 °C betrieben wird.

2. Lampe nach Anspruch 1, worin die Quelle von UV-
und sichtbarer Lichtstrahlung einen Glühfaden um-
fasst und die Lampe eine Halogen-Glühlampe um-
fasst.

3. Lampe nach Anspruch 1, worin die Quelle von UV-
und sichtbarer Lichtstrahlung eine Bogenentladung
umfasst und die Lampe mindestens ein Metallhalo-
genid in der Bogenentladung einschließt.

4. Lampe nach irgendeinem der Ansprüche 1 bis 3,
worin das Ceroxid ausgewählt ist aus der Gruppe
bestehend aus CeO2, Ce2O3 und deren Mischun-
gen.

Revendications

1. Lampe comprenant une source de lumière qui émet
à la fois des UV et un rayonnement lumineux visible
entourée d’une enveloppe de quartz fondu absor-
bant les UV et transmettant une lumière visible, ca-
ractérisée en ce que ladite enveloppe de quartz est
co-dopée à la fois avec du dioxyde de titane et de
l’oxyde de cérium, et dans laquelle la quantité de
titane et de cérium dans ledit dopant n’excède pas
0,5 % en poids de la composition du quartz fondu
pour une lampe fonctionnant avec son enveloppe à
une température de plus de 800 °C, ou 0,3 % en
poids pour une lampe fonctionnant avec son enve-
loppe à une température de plus de 1 100 °C.

2. Lampe selon la revendication 1 dans laquelle ladite
source d’UV et le rayonnement lumineux visible
comprennent un filament, et dans laquelle la lampe
comprend une lampe à incandescence halogène.

3. Lampe selon la revendication 1 dans laquelle ladite
source d’UV et le rayonnement lumineux visible
comprennent une décharge d’arc, et dans laquelle
la lampe comprend au moins un halogénure dans
ladite décharge d’arc.

4. Lampe selon l’une quelconque des revendications
1 à 3, dans laquelle ledit oxyde de cérium est choisi
dans le groupe composé de CeO2, Ce2O3 et de mé-
langes de ceux-ci.
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