a’ European Patent Office

Europaisches Patentamt ‘ ‘llm

Office européen des brevets @) Publication number: 0 568 317 A1
@) EUROPEAN PATENT APPLICATION
(1) Application number : 93303280.7 G Int. c1.5: HO1J 61/28, HO1J 9/395

@2) Date of filing : 27.04.93

Priority : 28.04.92 US 875614 @2 Inventor : McGinnis, Katherine Louise
7792 Chardon Road
Date of publication of application : Kirtland, Ohio 44094 (US)
03.11.93 Bulletin 93/44 Inventor : Grady, Lynne Rhodes

7425 Harding Street
Mentor, Ohio 44060 (US)

Designated Contracting States : Inventor : Kretschmer, Hans Juergen

BE DE ES FR GB IT NL 10363 Handford Lane
Twinsburg, Ohio 44087 (US)
Applicant : GENERAL ELECTRIC COMPANY Inventor ; Scott, Curtis Edward
1 River Road 6066 East Valleyview Court
Schenectady, NY 12345 (US) Mentor, Ohio 44060 (US)

Representative : Pratt, Richard Wilson et al
London Patent Operation G.E. Technical
Services Co. Inc. Essex House 12/13 Essex
Street
London WC2R 3AA (GB)

EP 0 568 317 A1

Introducing a liquid into an article.

@ An alumina sphere (10) having a porous wall structure and a cavity within is employed to introduce
mercury into an arc discharge lamp, such as a fluorescent lamp (20). Mercury is introduced into the
ceramic sphere by subjecting the sphere to reduced pressure, surrounding it with liquid mercury and
increasing the pressure to force the mercury inside. The mercury-containing sphere is then introduced
into the exhaust tube of the lamp before it is sealed. Heat or a combination of heat and reduced pressure
is used to drive the mercury out of the sphere and into the interior of the lamp.
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This invention relates to a method and apparatus
for dosing liquids. More particularly, this invention re-
lates to a process for introducing mercury into a por-
ous, hollow ceramic article, followed by introducing
the mercury-containing article into an arc discharge
lamp, such as a fluorescent lamp, and then discharg-
ing the mercury from the article inside the lamp and
to a lamp containing the mercury and the article.

Most electric arc discharge lamps employ mer-
cury as at least one of the ionizable components re-
quired to initiate or sustain the arc discharge and it is
therefore necessary to introduce the proper amount
of mercury into the lamp during the manufacturing
process. The lamp industry is constantly looking for
ways to introduce mercury into such lamps in a facile,
inexpensive and reproducible manner. In the past, va-
rious machines and devices have been employed to
introduce the mercury into the lamp in a liquid form;
as an amalgam; in the interstices of a sintered metal
or composite, and in mercury-containing metal or
glass capsules which must be ruptured after lamp
manufacture in order to release the mercury.

In accordance with illustrative embodiments of in-
vention, it has now been discovered that a porous,
hollow ceramic article, such as a sphere having por-
ous walls, can be filled with a liquid such as mercury,
the mercury-containing article then introduced into a
lamp and the mercury discharged out of the ceramic
article inside the lamp. The liquid or mercury is intro-
duced into the porous, hollow ceramic article by plac-
ing the article in a subatmospheric environment to re-
duce the pressure inside the hollow portion or cavity
of the article and then introducing the desired liquid
or mercury into the reduced pressure cavity through
the porous wall. The mercury-containing ceramic ar-
ticle is then introduced into a lamp and the mercury
discharged out of the article inside the lamp by reduc-
ing the pressure in the lamp, heating the lamp and/or
the article or a combination of heat and reduced pres-
sure. This invention has been found to be particularly
useful in dosing mercury into low pressure arc dis-
charge lamps such as the well known fluorescent
lamps.

Figure 1 schematically illustrates a porous, hol-
low ceramic microsphere made of alumina useful in
the practice of the invention.

Figure 2(a) is a partial sectional view of a fluor-
escent lamp assembly having a porous, hollow mer-
cury-containing ceramic sphere lodged inside the
mount stem at one end of the lamp prior to sealing the
exhaust tube and Figure 2(b) illustrates the lamp after
sealing the exhaust tube and completing the lamp.

Referring to Figure 1, a cross section of a porous,
hollow ceramic sphere useful in the practice of the in-
vention is shown in schematic form. Thus, hollow
sphere 10 is shown as comprising cavity 12 surround-
ed by outer wall 14. Wall 14 is sufficiently porous to
allow mercury to be introduced into the interior hollow
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portion or inner cavity 12 of the sphere under the
proper conditions. Hollow ceramic spheres having
porous walls useful in the practice of the invention
may be obtained from Microcel Technology, Inc., of
Edison, New Jersey. These are hollow, thin-shell
spheres having strength, low density and extreme re-
sistance to thermal shock and have been made of
more than twenty different ceramics including alumi-
na, zirconia, mullite and kaolin They are available in
sizes ranging from 1 to 7 mm in diameter with wall
thicknesses of from 12-150 microns. Although these
hollow, porous microspheres are made primarily for
low mass kiln furniture, radiant burners, high-
temperature low-bearing insulation and filters for mol-
ten metal, they have been found useful in the practice
of the present invention.

These hollow ceramic spheres have been filled
with mercury by first placing the spheres in a vacuum
chamber and subjecting the spheres to vacuum or
subatmospheric pressure in order to insure the de-
sired vacuum throughout the hollow pore structure of
the wall and inside the hollow cavity 12 of the
spheres. After the desired vacuum or subatmospheric
pressure has been reached inside the cavity, the
spheres are surrounded by liquid mercury either by
placing them in a pool of liquid mercury within the va-
cuum chamber or introducing liquid mercury into the
vacuum chamber until it completely surrounds and
covers all the spheres, after which time the ambient
surrounding the sphere-containing pool of mercury is
increased to the desired pressure. Hollow micro-
spheres made. of alumina have been filled with mer-
cury by placing the spheres in a vacuum chamber and
reducing the pressure to a vacuum, introducing mer-
cury into the chamber to form a pool of liquid mercury
containing the spheres and then increasing the pres-
sure over the mercury to a value ranging from atmos-
pheric to, i.e., 200 psi. This causes the liquid mercury
to penetrate through the porous walls 14 of the
spheres 10 into the cavity 12. The rate of penetration
of the mercury into the interior hollow cavity 12 of a
sphere is dependent upon the pressure differential
across the porous wall, the porosity and the temper-
ature, it being well known and understood to those
skilled in the art that increased temperature, porosity
and pressure will increase the rate of penetration of
mercury into the hollow sphere portion 12. On the
other hand, if the porosity is too great mercury loss
or leakage during storage or the lamp manufacturing
process will be a problem. If the porosity is too little,
release of the mercury from the sphere into the lamp
may take too long. After the mercury has penetrated
and filled the hollow interior cavity 12 of the micro-
spheres in the mercury pool, the mercury is drained
from the pool, or the spheres removed from the pool,
and the mercury-filled spheres placed in storage un-
der suitable conditions until they are used in the lamp
making process. Storage of the mercury filled micro-
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spheres is done without the need for any special pre-
cautions or handling. The vapor pressure of mercury
is sufficiently low at ambient conditions and its sur-
face tension sufficiently high to prevent the mercury
from leaking or vaporizing out through the porous wall
of the spheres. The amount of mercury that a hollow
ceramic sphere according to the invention can con-
tain is, of course, dependent on the size of the sphere
and the cavity contained within. For example, a 3 mm
diameter alumina sphere having a 0.1 mm wall thick-
ness will hold about 80 mg of mercury and a 1.5 mm
diameter sphere of the same wall thickness will hold
about 20 mg of mercury.

Turning to Figure 2(a) there is shown, in schemat-
ic form, a partial section of one end of a fluorescent
lamp construction prior to being sealed. Thus, fluor-
escent lamp preassembly 20 comprises glass envel-
ope 22 having a coating of one or more phosphors 24
on the interior surface thereof and enclosing cavity
26. Filament mount structure 28 is shown at one end
of lamp 20 as comprising glass mount stem 30 which
terminates at one end in flare portion 36 fused to en-
velope 22 at 38. Mount stem 30 contains a pair of elec-
trically conductive leads 34 hermetically sealed within
and extending therethrough to one end of each of
which is attached electrode 32 inside the lamp and
the other end extends exterior of the lamp for subse-
quent connection to electrically conductive pins 54.
The interior of electrode mount structure 28 contains
exhaust tube 40 which terminates inside the mount
stem at exhaust hole 42. Prior to final sealing the
lamp, the assembly 20 is heated to about 300°C, ex-
hausted, filled with argon at a pressure of about 2 torr
and exhaust tube 40 is then tipped-off by heating to
seal the lamp. The low pressure in the lamp assists
in collapsing the exhaust tube and sealing it at the
point where it is heated by a torch (not shown) to ach-
ieve sealing and removal of the excess portion of the
exhaust tube after sealing. Heating the lamp assem-
bly prior to exhausting or to applying a vacuum to the
interior of the lamp envelope aids in outgassing the in-
terior of the lamp. A mercury-containing ceramic
sphere 10 is inserted into the lamp exhaust tube 40.
In one embodiment the sphere passes through ex-
haust hole 42 and into interior cavity 26 wherein the
mercury is released into the lamp due to the combin-
ation of heat and reduced pressure in the lamp. In an-
other embodiment hole 42 is sufficiently small com-
pared to the diameter of the sphere so as not to permit
sphere 10 to pass therethrough into the interior cavity
26 of lamp envelope 22. The lamp assembly 20 is
then exhausted through tube 40 and a suitable inert
gas, such as argon at a pressure of about 4 torr, is fil-
led into the lamp through exhaust tube 40 and hole 42
either before of after the mercury-containing sphere
10 is inserted into the exhaust tube, after which tube
40 is sealed as shown in Figure 2(b) containing cer-
amic sphere 10 enclosed either within it inside the in-
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terior of mount stem 30 or in the interior cavity 26 of
the lamp. It is preferred to retain sphere 10 in the
sealed and tipped-off remainder of the exhaust tube
40 within mount stem 30 so that the sphere cannot
abrade or scratch the phosphor coating 24 in the
lamp. After the sealed lamp assembly 20 has cooled,
end caps 52 and electrical connection pins 54 are as-
sembled onto the lamp structure to produce the com-
pleted fluorescent lamp 50.

A number of 40 watt fluorescent lamps having a
coating of a calcium halophosphate phosphor 24 dis-
posed on the inside surface of lamp envelope 22 were
made in four foot lengths, being typical F40T12 cool
white fluorescent lamps common in both the home
and in industry. About ten lamps were made wherein
the mercury-containing ceramic sphere was intro-
duced into the interior cavity 26 of the lamp through
the exhaust tube 40 and exhaust hole 42. The sphere
was 3 mm in diameter, contained 80 mg of mercury
and was introduced into the lamp when the lamp had
cooled to about 200°C, after which 4 torr of argon was
introduced into the lamp and the exhaust tube tipped-
off and sealed. Another batch of ten were prepared in
a similar manner, but using a 1.5 mm diameter ceram-
ic sphere 10 containing about 20 mg of mercury which
was introduced into the lamp cavity 26 after exhaus-
tion and back filling with 4 torr of argon. The lamp was
at a temperature of 200°C. Both batches of lamps
were assembled with end caps and pins. These
lamps were all energized and started immediately
and found to be operating satisfactorily with no loss
in maintenance or performance after a period of 6000
hours, at which time the lamps were turned off and
the test was completed. This thus demonstrates a re-
duction to practice of the invention and the fact that
the practice of the invention produces satisfactory
fluorescent lamps.

Claims

1. A ceramic article having a porous wall structure
and a hollow or cavity within wherein said cavity
contains a liquid.

2. The article of Claim 1 being a sphere.
3. The article of Claim 1 or 2 being alumina.

4. A method for introducing a liquid into a ceramic
article having a porous wall structure and con-
taining a hollow or cavity within, which comprises
the steps of (i) subjecting said ceramic to reduced
pressure of a value and for a time sufficient to
achieve the desired reduced pressure in said
cavity, (ii) surrounding said ceramic with a liquid
with which it is desired to introduce into said cav-
ity and then (iii) increasing the pressure on said
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liquid surrounding said ceramic to force said lig-
uid through said porous walls into said cavity.

The method or article of Claim 1, 2, 3 or 4 wherein
said liquid comprises mercury.

An arc discharge lamp containing mercury and a
ceramic article having a hollow cavity within said
article, wherein at least a portion of said mercury
in said lamp comes from within said ceramic ar-
ticle.

The lamp of Claim 6 being a fluorescentlamp and
wherein said ceramic article is present within a
mount stem structure contained within said lamp.

A method of introducing mercury into a fluores-
cent lamp having an exhaust tube wherein the in-
terior of said exhaust tube communicates with
the interior of said lamp, said method comprising
introducing a porous, mercury-containing ceram-
ic article into said exhaust tube, subjecting said
ceramic article to heat or heat and reduced pres-
sure to release at least a portion of said mercury
into said lamp interior and sealing said exhaust
tube.

The method orlamp of Claim 4, 5, 6, 7 or 8 where-
in said ceramic is a sphere.

The method or lamp of Claim 9 wherein said cer-
amic is alumina.
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