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(71)  We, WESTINGHOUSE ELECTRIC

CORPORATION of Westinghouse Building,
Gateway Center, Pittsburgh, Pennsylvania,
United “States of America, a corporation
S organised and existing under the laws of the
State of Pennsylvania, United States of
America do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it is

10 to be performed, to be particularly
described in and by the following statement:

This invention relates to high-intensity-
discharge (HID) lamps.
In U.S. Patent No. 3,708,710 is disclosed

15 a high-intensity-discharge sodium-mercury
vapor lamp which utilizes dibarium calcium
tungstate as electron emissive material.
Such material has been used in so-called
dispenser cathodes and U.S. Patent No.

20 3,434,812 discloses the use of dibarium cal-
cium tungstate or dibarium strontium tung-
state as an emissive material in a dispenser
cathode.

Dibarium calcium molybdate is known for

25 use as a getter layer material in conjunction
with an incandescent lamp, as disclosed in
U.S. Patent No. 3,266,861. In addition,
high-pressure mercury vapor lamps and
sodium-mercury vapor lamps have in the

30 past utilized as electron emissive material a
mixture of several oxide phases comprising
thorium dioxide, barium thorate, dibarium
calcium tungstate and barium oxide. This
mixture of oxide phases is quite sensitive to

35 the atmospheric contaminants with the
result that even a brief exposure to the air
can result in a relatively large pickup of
water and carbon dioxide by the emission
mixture, which contaminants are rather dif-

40 ficult to remove. In such a mixture, the
thorium dioxide serves as a matrix for the
more active oxide emitters such as the
barium oxide, dibarium calcium tungstate
and barium thorate.

45 According to the present invention a
high-intensity vapor-discharge lamp com-
prises a radiation-transmitting arc tube hay-
ing electrodes operatively supported therein
proximate the ends thereof and adapted to

50 have an elongated arc discharge maintained

therebetween, and means for connecting
said electrodes to an energizing power
source, each of said electrodes comprising
an elongated refractory metal member hav-
ing one end portion thereof supported pro- 55
ximate an end of said arc tube and the other
end portion of said metal member project-
in% a short distance inwardly within said arc
tube, an overfitting refractory metal coil
means carried on the inwardly projecting 60
portion of said elongated metal member;
and electron emissive material carried
intermediate turns of said overfitting coil
means, said electron emissive material con-
sists essentially of MsM'2M'’Os, wherein: M 65
is alkaline-earth metal and at least princi-
pally comprises barium; M’ is yttrium, a
lanthanoid series rare-earth metal, or a mix-
ture thereof; and M’’ is tungsten, molyb-
denum or a mixture thereof. 70

For some types of lamps, it is preferred to
mix refractory metal powder with the
specified emissive material with the powder
constituting from 5% to 80% by weight of
the emissive material. 75

In order that the invention can be more
clearly understood, convenient embodi-
ments thereof will now be described, by way
of example, with reference to the accom-
panying drawings in which: 80

Fig. 1 is an elevational view of a typical
HID sodium-mercury lamp;

Fig. 2 is an elevational view, shown partly
in section, of an HID mercury-vapor lamp;

Fig. 3 is an enlarged view of a electrode 85
tip portion showing the refractory coil car-
ried thereon;

Fig. 4 is an elevational view of the tip por-
tion of the electrode as partially fabricated;

Fig. S is an elevational view of the overfit- 90
ting coil which is screwed in place onto the
inner coil as shown in Fig. 4 in order to
complete the electrode; ancf

Fig. 6 is an enlarged view of an electrode
tip portion generally corresponding to Fig. 95
3, but wherein the emission material has
added thereto finely divided refractory
metal particles.

Referring to Fig. 1, lamp 10 is a typical
HID sodium-mercury lamp comprising a 100
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radiation-transmitting arc tube 12 having
electrodes 14 operatively supported therein
groximate the ends thereof and adapted to
ave an elongated arc discharge maintained

5 therebetween. The arc tube is fabricated of
refractory material such as single crystal or
polycrystalline alumina having niobium end
cags 16 sealing off the ends thereof. The arc
tube 12 is suitably supported within a pro-

10 tective outer envelope 18 by means of a
supporting frame 20 which is connected to
one lead-in conductor 22 sealed through a
conventional stem press arrangement 24 for
connection to the conventional lamp base

15 26. The other lead-in conductor 28 connects
to the lower lamp electrode 14. Electrical
connection to the uppermost electrode 14 is
made through the frame 20 and a resiljent
braided connector 30 to facilitate expansion

20 and contraction of the arc tube 12 and the
frame 20 is maintained in position within
the bulb by suitable metallic spring spacing
members 32 which contact the inner surface
of the dome portion of the protective

25 envelope 18. As a discharge-sustaining fil-
ling, the arc tube contains a small measured
charge of sodium-mercury amalgam and a
low pressure of inert ionizable starting gas
such as 20 torrs of xenon.

30 The high-pressure mercury-vapor lamp
34 as shown in Fig. 2 is also generally con-
ventional and comprises a light transmitting
arc tube 36 which is usual y fabricated of
quartz having the operating electrodes 38

35 operatively supported therein roximate the
ends thereof and adapted to have an elon.
gated arc discharge maintained therebet-
ween. The conventional supporting frame
40 serves to suitably support the arc tube

40 within the protective outer envelope 42 and
to provide electrical connection to one of
the electrodes. The other electrode is con-
nected directly to one of the lead-in conduc-
tors 44 and thence to the base 46 so that the

45 combination provides means for connecting
the lamp electrodes 38 to an energizing
power source. As is conventional, the lam
contains a small charge of mercury 48 whicE
together with an inert ionizable starting gas

50 com})rises a discharge-sustaining filling. In
this lamp embodiment, ribbon seals 50 pro-
vided at the ends of the arc tube 36 facilitate
sealing the lead-in conductors therethrough
in order to connect to the electrodes.

55 In Fig. 3 is shown an enlarged fragmen-
tary view of an electrode suita%le for use in
an HID lamp. The electrode comprises an
elongated refractory metal member 52 hav-
ir(ljg one end portion thereof 54 which is

60 adapted to be supported proximate an end
of the lamp arc tube with the other end por-
tion 56 of the metal member adapted to pro-
ject a short distance inwardly within the arc
tube. An overfitting refractory metal coil

65 means 58 is carried on the elongated metal

member 52 proximate the end 56 thereof.
As a specific example. the elongated metal
member is formed as a tungsten rod havin

a diameter of approximately 0.032 inch (Og
mm) and the overfitting coil 58 as shown in 70
Fig. 3 comprises eight turns of tungsten wire
which has a diameter of 0.016 inch (0.4
mm). The outer diameter of the coil 58 can
vaxg from 0.09 inch (2.29 mm) to 0.11 inch

(2.8 mm). 75

The electrode coil in a state of artial
assembly is shown in Figs. 4 and S wherein
the elongated refractory metal member 52
has a first inner coil 60 wragped directly
thereon and having such pitch between indi- 80
vidual turns intermediate the coil ends 62
that there exists a predetermined spacing
between the centrally disposed turns 64. As
a specific example, the spacing between the
centrally disposed individual turns 64 is 85
approximately equal to the diameter of the
wire from which the inner coil is formed.
This spacing formg a protected repository
for the majority of emissive material 66
which is carried by the electrode structure. 90
An electrode construction such as the fore.
going is generally known in the art, as dis-
closed in U.S. Patent No. 3,170,081.

Electron emissive material 66 consists
essentially of MsM’:M''QOs, wherein: M is 95
alkaline-earth metal and at least principally
comprises barium; M’ is yttrium, a lanth.
anoid series rare-earth metal or a mixture
thereof; and M"’ is tungsten, molybdenum
or a mixture thereof. For purposes of the
description, the species barium yttrium
tungstate (BasY2WOs) will be considered in
detail. This material and all materials within
the foregoing genus have perovskite-like
structures and all provide very similar X-ray
diffraction patterns which clearly identify
the compounds. If tungstates and molyb-
dates are mixed in any proportions, the two
materials form solid solutions of the two end
members and still display the perovskite-
like structure when examined by x-ray dif-
fraction. As a specific example for preparin
the barium yttrium tungstate, there is mixe
finely divided barium carbonate, yttrium
oxide and tungstic oxide (WOs) in such rela-
tive gram mole proportions as desired in the
final material. These raw-mix constituents
are placed in an Alundum (Registered
Trade Mark) or alumina crucible ancfheated
from room temperature to 800°C in an air 120
atmosphere. This temperature is maintained
for two hours and the heating temperature is
then raised to 1100°C and maintained for an
additional two hours. Thereafter, the mater-
ial is cooled and ground and then refired at "25
about 1350°C in an air atmosphere for four
hours. The final material is extremely stab’ :
and, preparatory to use, it is ground to very
finely-divided form for which a representa-
tive particle size is about 11 microns. The 130
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powder material is then formed into a thick
paste using an alcohol vehicle and the paste
is applied over the innermost coil 60, as
shown in Fig. 4. After drying, the outer coil
68 as shown in Fig. 5, is screwed in place
over the inner coil. The outer coil 68 has a
tight spacing between individual turns
thereof. “Tight spacing” means that the
turns almost touch each other. The outer
coil 68 provides a substantial degree of pro-
tection to prevent the electron emissive
material 66 from becoming dislodged. The
lamp electrodes are then mounted within
the arc tube in conventional fashion and the
lamp is completed. The actual amount of
emission material can vary and for a typical
electrode as described hereinbefore,
approximately 60 to 70 mg of emission mat-
erial incorporated in each electrode for a
400 watt lamp provides excellent perfor-
mance.

The barium provides the primary
electron-emitting constituent in the forego-
ing emission material and for this reason,
the alkaline-earth metal should at least prin-
cipally comprise barium. Alternatively, cal-
cium or strontium or mixtures thereof can
be substituted for a portion of the barium
and, as an example, 20 mole percent of the
total barium in the raw mix may have cal-
cium or strontium or mixtures thereof sub-
stituted therefor. The yttrium can have sub-
stituted therefor any lanthanoid series rare
earth metal or any mixtures thereof, added
to the raw mix as the oxide for example, and
only a portion of the yttrium need be substi-
tuted by the rare earth metal. Apparently
the function of yttrium or the lanthanoid
series rare earth metal is to provide with the
tungstate or molybdate an extremely stable
and high-temperature resistant compound
which retains the primary emissive material,
namely the barium. As indicated hereinbe-
fore, the molybdate variety of the present
emission material forms solid solutions with
the tungstate in all proportions and the
molybdate can be substituted for part or all
of the tungstate accordingly, added to the
raw mix as the oxide, for example.

As used in sodium-mercury HID lamps,
the foregoing emitters have proved to be
extremely stable under the discharge envi-
ronment and their performance in mercu
vapor HID lamps is also excellent. When

5 these emission materials are exposed to air

for prolonged periods, again there is no
noticeable reaction and this simplifies fabri-
cation of the lamp electrodes since no spe-
cial precautions need be taken. On exposure
to water, materials such as barium yttrium
tungstate and barium yttrium molybdate can
show some incipient decomposition into
their components after prolonged periods
such as 24 hours contact with excess water,
but even this is not harmful since the com-

pounds reform during the lamp fabrication
procedures when they are initially tested by
“flashing” to expose the electrodes to temp-
eratures of approximately 1500°C.

In the case of mercury vapor HID lamps,
it is desirable to mix with the emissive mat-
erial finely divided refractory metal particles
of tungsten, molybdenum, tantalum or
niobium or a mixture thereof, with the
refractory metal powder comprising from
5% to 80% by weight of the emission mater-
ial. This metal powder desirably is in an
extremely fine state of division with a rep-
resentative particle size for the powder
being 0.06 to 0.2 micron. Tungsten powder
is preferred with a specific particle size
being about 0.11 micron. The added metal

owder acts as a refractory matrix to
increase the mechanical stability of the
emission material and it also minimizes
sputtering of the oxide emission material
when the lamp is initially started. The pre-
ferred finely divided tungsten powder pref-
erably comprises from 15% to 50% by
weight of the emission material which in its

referred form is barium yttrium tungstate.

uch a modified mixture is shown in Fig. 6
wherein the emission material 66 has the
finely divided tungsten particles 70 mixed
therewith in amount of about 40% by weight
of the emission material.

In tests conducted to date for mercury
vapor HID lamps which incorporate the
present emission mixture and control lamps
which were similar but which utilized the
previous mixed oxide phases comprising
thorium dioxide, barium thorate, dibarium
calcium tungstate and barium oxide, the
present lamps in 400 watt size have aver-
aged 1700 to 2170 lumens increased output
after 1,000 hours operation as compared to
the control lamps. In addition, lower start-
ing voltages are normally obtained with the

resent improved emission mixture varying
rom between 6 volts to 26 volts lower, as
compared to the control lamps using the
prior art mixed oxide phases as emission
material.

WHAT WE CLAIMIS:
1. A high-intensity vapor-discharge
lamp which comprises radiation-

transmitting arc tube having electrodes
operatively supported therein proximate the
ends thereof and adapted to have an elon-
gated arc discharge maintained therebet-
ween, and means for connecting said elec-
trodes to an energizing power source, each
of said electrodes comprising an elongated
refractory metal member having one end
portion thereof supported proximate an end
of said arc tube and the other end portion of
said metal member projecting a short dis-
tance inwardly within said arc tube, an over-
fitting refractory metal coil means carried
on the inwardly projecting portion of said
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elongated metal member, and electron

emissive material carried intermediate turns

of said overfitting coil means, said electron

emissive material consisting essentially of
5 MsM':M"'Os, wherein: M is alkaline-earth
metal and at least principally comprises
barium; M’ is yttrium, a lanthanoid series
rare-earth metal, or a mixture thereof; and
M’ is tungsten, molybdenum or a mixture
thereof.

2. Alam according to claim 1, wherein
very finely divided tungsten, molybdenum,
tantalum, or niobium powder or a mixture
thereof is mixed with the electron emissive
material, and the powder comprises from
5% to 80% by weight of said electron emis-
sive material.

3. A lamp according to claim 2, wherein
the finely divided powder is tungsten pow-
20 der and comprises from 15% to 50% by

weight of emission material.

4. A lamp according to claim 3, wherein
the overfitting coil means comprises a first
inner coil wrapped directly on said elon-

25 gated refractory metal member and having
such pitch between individual turns inter-

10

15

mediate the coil ends that there exists a pre-
determined spacing between such individual
turns, and a second coil overfitting said first
coil and having a tight spacing (as hereinbe-
fore defined) between individual turns
thereof, and the electron emissive material
and the tungsten powder are carried bet-
ween the spaced individual turns of said first
coil intermediate the ends thereof.

5. A lamp according to any of claims 1
to 4, wherein the electron emissive material
is BaaY:WOQs.

6. A lamp according to any of claims 1
to 5, wherein the high-intensity discharge
lamp is a high-pressure sodium-mercury
vagor discharge lamp.

- A lamp according to any of claims 1
to 6, wherein the high-intensity discharge
lamp is a high-intensity mercury-vapor dis-
charge lamp.

8. High-intensity vapor discharge lamps
substantially as described with particular
reference to Figs. 1, 3,4 and 5 or Figs. 2t0 6
of the accompanying drawings.

RONALD VAN BERLYN
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