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@ Electrode structure for high pressure sodium vapor lamps.

€) An electrode structure for sodium vapor lamps is dis-
closed having molybdenum meta! wire coils wound around
a tungsten shank to replace the customary all-tungsten
electrode structure in these lamps. The improved electrode
structures provide increased initial lumens with acceptable
lumen maintenance.
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IMPROVED ELECTRODE STRUCTURE FOR
HIGH PRESSURE SODIUM VAPOR LAMPS

BACKGROUND OF THE INVENTION

The customary electrode structure used in high
pressure sodium vapor lamps comnsists of a tungsten shank
with tungsten coils wound thereor which are generally
sealed at each end of a tubular light-transmitting ceramic
envelope that further contains an ionizable filling. ’
Lamps of this general type are disclosed in U.S. patents
4,025,812 and 4,065,821, both assigned to the present
assignee. '

The ceramic arc tube is supported within an
outer vitrecus envelope or jacket of elongated shape
generally provided at one end with the conventional screw
base. High pressure sodium vapor lamps are also generally
vacuum jacketed in order to conserve heat and maximize
efficiency.

The high cost and difficulties experienced with
manufacture of the customary all-tungsten electrode .
structures for high pressure sodium vapor lamps advises
suitable replacement of this refractory metal to the
extent permitted by the severe lamp operating conditionms.
The tungsten wire customarily used for manufacture of the
coil elements in said electrode structure is prome to

surface and internal defects which can produce wire
breakage and machine wear during electrode fabrication as
wvell as further difficulties of various kinds in the lamp
cperation. ©On the other hand, tungsten is reccognized to
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withstand the very high electrode operating temperatures
and corrosive environment that is experienced within the
arc tube of these lamps. While some sputtering is
experienced yith an all-tungsten electrode structure
during lamp operation, these electrodes provide an
acceptable lumen maintenance over considerable time
periods.

SUMMARY OF THE INVENTION

It has now been discovered, surprisingly, that
molybdenum electrode coils wound about a tungsten shank do
not degrade abnormally as might be expected when serving
as the electrode structure in high pressure sodium vapor
lamps. Further surprisingly, such improved electrode
structure provides increased initial lumens along with
acceptable lumen maintenance as compared with an
all-tungsten electrode structure under the same lamp
operating conditions. It becomes thereby possible to
improve the operation of this type lamp without undue
modification or added cost in the lamp manufacture.

One preferred embodiment of the presently
improved thermionic electrode structure comprises
molybdenum metal wire coils wound arcund the distal end of
a tungsten shank wherein said molybdenum wire coils
comprise outer and inner superposed helical layers with
said ipner helical layer having spaced apart turms. Said
preferred embodiment further includes a dispersion of
mixed oxide emission material between the spaced apart

turas of said inner helical coil on one of the electrode
structures.

In a2 further modification of the above preferreq
electrode structure, the molybdenum wire coils are each
wound around the distal end of a tungsten shank and with
the winding pitch of said inner helical coil being in the
reverse direction from the winding pitch of said outer
helical coil. Said reverse windiag of *the superposed
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helical coils_helps prévent ihtermeshing between coils
that can lead to increased electrode degradation with
consequent loss of 1ﬁmen maintenance. A representative
high pressure sodium vapor lamp containing said
improvement for operation at a given power input of about.
400 watts and at a given lamp voltage drop of about 100
volts thereby comprises:

(a) a tubular light transmitting alumina ceramic
arc tube having thermionic electrodes sealed
into its ends and a charge of sodium-mercury
amalgam in excess of the quantity vaporized
in normal operation alonngith & Xenon gas
£ill to facilitate starting, and

(b) an evacuated outer elongated light-
transmitting vitreous envelbpe surrounding
said arc tube having a stem press seal at
one end through which extends a pair of
inleads electrically connected to said
thermionic electrodes,

(¢) said electrodes each comprising a pair of
superposed helical coils of refractory metal
wound around the distal end of a tungsten
shank in reverse winding pitch directions
and with the inner helical coils having
spaced apart turns, one of said electrodes
having a mixed oxide emission material béing
dispersed in the spaced apart turns of said
inper Helical coil, wherein said improvement
comprises using molybdenum for said helical
coils to provide increased initial lumens
with acceptable lumen maintenance.

In said improved lamp construction, the preferred emission
material is dibarium calcium tungstate.
BRIEF DESCRIPTION OF THE DRAWINGS
PIG 1 shows a high pressure sodium vapor lamp
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embodying the presently improved electrode structure; and

FIG. 2 is an enlarged detailed view of one
electrode employed in the FIG. 1 lamp embodiment; and

FIG. 3 is & graph depicting a lumen maintenance
comparison between molybdenum and tungsten electrodes.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a high pressure sodium
vapor lamp l_corresponding to'a 400 watt size is
illustrated which comprises a vitreous outer eanvelope 2
having a standard mogul screw base 3 attached to one end
and comprising a reentrant stem press seal 4 through which
extend, in conventional fashion, a pair of relatively heavy
lead~in conductors 5 and 6 whose ocuter ends are connected to
the screw shell 7 and eyelet 8 of the base. The inper
envelope or arc tube 9 centrally located within said outer
envelope comprises a length of light-transmitting ceramic
tubing, preferably polycrystalline alumina ceramic which is
translucent or which can be single crystal alumina which is
clear and transparent. ' The upper end of the arc tube is
closed by an alumina ceramic plug through which extends the
niobium inlead wire 11 hermetically sealed. The inlead
supports the upper electrode which may be generally similar
to the lower electrode later illustrated in the FIG. 2
embodiment. The external portion of inlead 11 passes
through a loop 12 in transverse support wire 13 attached to
a side rod 14. This arrangement allows for thermal
expansion of the arc tube during lamp operation when the
lowver end seal is rigidly fixed in place, and a resilient
metal ribbon 15 assures continued good electrical
connection. Side rod 14 is welded to lead-in conductor §
and has its upper end braced by spring clamp 16 which
engages inverted nipple 17 in the dome end of the outer
vitreous envelope. A metal reflector band 18 may be
desirable around the upper end of the arc tube in order to
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maintain the desired temperature at the upﬁer end seal,
particularly in smaller sizes of lamps such as 250 watts or
less. The lower end closure and electrode support assembly
for said lamp comprises a shouldered alumina ceramic plug 20
having a central aperture through which extends a
thin-walled niobium tube 21 serving as an exhaust tube and
as an inlead. Said tube extends but a short distance
through the plug and is hermetically sealed therethrough by
sealing composition indicated by a thick line at 22 in FIG.
2. The plug in turn has its neck portion penmetrating into
ceramic envelope 9 whose end abuts against the plug's
shoulder portion. A hermetic seal is effected between the
two parts by sealing composition indicated at 23 and 24 in
FIG. 2.

The present invention resides in the electrode
structure itself which is depicted in greater detail for the
lower electrode structure and electrode support assembly
therefor as shown in FIG. 2. Specifically, said electrode
structure comprises two layers of molybdenum wire 25 and 26
wound around the distal end of a tungsten shank 27 and
located within the ceramic envelope. The shank extends far
enough down into tube or inlead 21 that it can be securely
locked in place by deforming the tube at a place outside the
ceramic envelope in a manner pinching the shank over an
appreciable length. Preferably the deformation is at an
intermediate point in the tube which leaves a portion beyond
it adequate to serve as a reservoir for excess amalgam. The
illustrated crimp, sometimes known as a butterfly crimp, is
of such a character, and it pinches the shank aloﬁg an
appreciable extent of the flattened portions or vingsbzs.

At the same time, restricted channels (not shown) are left
open on both sides of the skhank to communicate with the
outer portion of the exhaust tube up to the tip 30. Sueh
communication permits passage of the sodium mercury amalgam
in vapor Zorm but prevent its movement as a liquid under
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ordinary operating conditions, even when the lamp is
upended. In the improved electrode structure being
described, the two layers of the molybdenum wire coils 25
and 26 can be wound on the shank as superposed helical
layers all in a single operation, with inner layer 25 being
space wound and crimp welded on the shank and then the outer
layer 26 over it by backwinding in a tight fashion. 1In
backwinding, one continues to rotate the shank in the same
direction but the pitch or direction of progression of the
turns is reversed so that the outer turn locks in the inner
turns. Such entire winding operation may be done
mechanically including dipping the backwound coils into a
suspension'of suitable emission material. In such electrode
fabrication, the only remaining operation is that of
inserting the shank of the coated electrode into the aiobium
tube in.place for crimping. Said inner helical layver 25 is
further provided with spaced apart turans for dispersion of
the emission material between the spaced apart turms and
with the preferred emission material being dibarium calcium
tungstate. The remaining structural components of said
lower electrode support assembly are depicted in FIG. 1.

The arc tube itself is supported in the outer envelope by 2
connector 31 which is welded across from tubular inlead 21
to a support rod 32 joined to lead-in conductor 5.

The lamp performance characteristics for the
above-described lamp embodiment including the presently
improved composite electrode structure were measured. More
particularly, lamp operating tests for the 400 watt size
lamps were conducted for a performance comparison between
the prior art all-tungsten electrodes and the same geometry
electrodes using molybdenum coils to replace tungsten coiis.
The results of said comparison lamp tests are summarized in
Table I below and in Figure 3.
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TABLE I
Operating
Test No. Lamps Type Coils Lumens /Watt Volts
#1 15 Tungsten (100 Hrs) 119.1 95.8
#2 15 Molybdenum (100 Hrs) 121.2 . 95.0
#3 25 Tungstern (100 Hrs) 120.3 107.0
Tungsten (100 Hrs) 119.8 97.1
#4 25 Molybdenum (100 Hrs) 122.1 96.9
¥Molybdenum (100 Hrs) 121.86 100.3

As evident from the above tests results, the molybdenum
coil electrodes were found to be uniformly superior to the
tungsten coil electrodes in providing higher lumen per watt
values during tbhe initial 100 hours of lamp operation.

The distinctive lumen maintesance characteristics
cbtained with 400 watt size lamps in accordance with the
present ipvention are depicted in FIG. 3. As shown, a
comparison between said molybdenum coil electirodes and
all-tungsten electrodes finds the final lumen depreciation
{or the molybdenum electrodes to be significantly less
despite greater initial lumen depreciation. VYhile the exact
mechanism for this unexpected result is unknown at the
present time, it may be attributable to the different
behavior of these refractory metals when the lamp electrodes
are constructed as well as during subsequent lamp operation.
The greater ductility of molybdenum wire compared with
tungsten wire permits a tighter outer coil configuration to
be fabricated during electrode manufacture, as above
defined, to better hold the oxide emission material and
produce higher lumen output during the initial 100 hours of
lamp operation. During subsequent lamp operation up to
about 4,000 bours of lamp operation, there is experienced a
greater rate of degradation for the molybdenum coils as
compared with the tungsten coils in said particular lamp
operating eavironment. Over still longer lamp operation,
however, there is apparently experienced a muich slower rate
of degradation for said molybdenum electrodes and possibly
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accompanied by lower emission material loss.such that the
depicted final lumen maintenance is betfé: than found with
said tungsten electrodes.

It will be apparent from the fofegoing description
that an improved electrode structure for high pressure
sodium vapor type lamps has been disclosed which is
generally useful. It will be thereby further apparent to
those skilled in the lamp art that said improved electrode
structure can replace the conventional all-tungsten
electrode in this type lamp although remaining features in
the lamp other than above specifically disclosed are
employed. For example, other end seal configurations for
the ceramic arc tube.than above illustrated are already
known and which can utilize the present electrode
improvement. Accordingly, it is intended to limit the
present invention only by the scope of the tollowiné claims.
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CLAIMS -1 - 10195-1L-08754

l. An improved high pressure sodium vapor lamp
having a tubular light~transmitting ceramic envelope with
thermionic electrodes sealed into its ends and containing an
ionizable £illing, said electrodes comprising refractory
metal wire coils wound around a tungsten shank, the
improvement wherein said refractory metal wire coils are
molybdenum to provide increased initial lumens with
acceptable lumen maintenance.

2. An improved lamp &8s in claim 1 wherein said
molybdenum wire c¢oils have a helical shape.

3. An improved lamp as in claim 1 wherein said
molybdenum wire coils comprise outer and inner superposed
helical layers with said inner helical layer having spaced
apart turus. |

4. An improved lamp as in claim 1 wherein a mized
oxide emission material is contained between the spaced
apart turns of said inner helical layer on one of said
electrodes. '

5. An improved lamp as in claim 4 wherein said
emission material is dibarium calcium tungstate.

6. An improved lamp as in claim 3 wherein said
molybdenum wire coils are each wound around the distal end
of a tungsten shank and wherein the winding pitch of said
inner helical coil is in the reverse directicn from the
winding pitch of said outer helical coil.
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7. An improved high pressure sodium vapor lamp

comprising:
(a)

(b)

(e)

8.

a tubular light-transmitting alumina ceramic
arc tube having thermionic electrodes sealed
into its ends and a charge of sodium-mercury
amalgam in excess of the quantity vaporized
in normal operation along with a xenon gas
£ill to facilitate starting; and

an evacuated outer elongated
light-transmitting vitreous envelope
surrounding said arc tube having a stem press
seal at one end through which extends a pair
of inleads electrically connected to said
thermionic electrodes;

said electrodes each comprising a pair of
superposed helical coils of refractory metal
wound arcund the distal end of a tungsten
shank in reverse windihg pitch directions and
with the inner helical coils having spaced
apart turns, one of said electrodes having a
mixed oxide emission material being dispersed
in the spaced apart turns of said inper
belical coil, wherein the improvement
camprises using molybdenum for said helical
coils to provide increased initial lumens
with acceptable lumen maintenance.

An improved lamp as in claim 7 wherein said

emission material is dibarium calcium tungstate.
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