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ABSTRACT OF THE DISCLOSURE 

The mercury-vapor pressure within a low-pressure dis 
charge lamp, such as a ?uorescent lamp, is regulated by 
a thin layer of an amalgam-forming metal or amalgam 
that is sprayed onto one of the lamp stems, preferably on 
the ?ared portion thereof, while the metal or amalgam is 
in a liquid state and before the stem is sealed into the 
envelope. The thickness of the metal or amalgam layer is 
maintained below 100 microns, and preferably between 
20 and 50 microns, to provide a su?‘icient amount of 
metal to properly regulate the mercury vapor pressure 
during lamp operation and yet prevent the metal or 
amalgam from falling o? the stem when the metal or 
amalgam is in a liquid state during the sealing-in of the 
stem and, in the case of a ?uorescent lamp of non-linear 
con?guration, when the ?nished lamp is heated and bent 
into the desired shape. 

BACKGROUND OF THE INVENTION 

Field of the invention 

This invention relates to mercury discharge lamps and 
has particular reference to ?uorescent lamps and a meth~ 
od of incorporating an amalgam or an amalgam-forming 
metal within the lamp envelope at a location such that it 
regulates the mercury vapor pressure and permits the 
lamp to be operated at high power loadings and under 
high ambient temperature conditions with improved ei? 
ciency and lumen output. 

Description of the prior art 

As is well known, if a ‘?uorescent lamp is operated at 
higher than conventional power loadings or in enclosed 
lighting ?xtures where high ambient tmeperatures are 
encountered, the light output of the lamp decreases due to 
the excessive mercury vapor pressure generated within 
the lamp by the higher operating temperatures. This 
problem can be overcome by utilizing an amalgam which 
is strategically located within the lamp so as to regulate 
the mercury vapor pressure and permit the lamp to oper 
ate et?ciently at such high power loadings and high am 
bient temperatures. The amalgam must not only be placed 
at the proper location within the lamp but the amalgam 
composition and choice of the amalgam-forming metal 
or metals must be such that the amalgam will function 
properly and provide the desired degree of vapor pres 
sure regulation. A ?uorescent lamp having an amalgam 
that meets all of these requirements is disclosed in U.S. 
Pat. No. 3,007,071 issued Oct. 31, 1961 to A. Lompe 
et al. 
The use of two sources of amalgam within a ?uorescent 

lamp is also known-one which heats up rather slowly 
when the lamp is energized and then controls the mercury 
vapor pressure during operation, and a secondary source 
of amalgam which is located closer to the electrodes and 
thus heats up at a faster rate and provides a su?icient 
amount of mercury vapor to enable the lamp to reach its 
rated output more rapidly. A ?uorescent lamp of this 
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type is disclosed in U.S. Pat. No. 3,227,907 issued Jan. 
4, 1966 to C. J. Bernier et al. 

Various arrangements for retaining the amalgam at 
the desired location within the lamp and for incorporat 
ing the amalgam or amalgam-forming metal as an inte 
gral part of the lamp structure are also known. For exam 
ple in German Pat. No. 1,104,060 an amalgam containing 
cadmium, indium, thallium, or tin, or alloys thereof, is 
applied to the inner wall of the lamp envelope in the 
form of a strip, a ?lm or a bead. In German Pat. Nos. 
1,l40,286—1,l96,292 and 1,149,818, the amalgam-form 
ing metal is combined with a measured amount of mercury 
to provide the desired amalgam composition which is 
then either pasted or rolled onto the bulb wall, as, after 
being heated to at least partly soften it, is impacted 
against the bulb wall and thus secured to a predetermined 
inner part of the envelope. 
However, if desired, only the amalgam-forming metal 

may be incorporated into the lamp initially and the 
amalgam subsequently formed when the lamp is dosed 
with mercury in the usual manner. In Japanese patent 
applications 40-8518 and 40-2875 there are disclosed, 
for example, ?uorescent lamps. in which a ring of indium 
is applied to the inner surface of the envelope at the mid 
dle of the lamp so that the indium combines with the 
mercury subsequently dosed into the lamp and forms the 
desired indium-mercury amalgam composition, by an ex 
terior heating element positioned around the middle of 
the lamp. 

In ‘German GM 1,934,678 there is disclosed a dis 
charge lamp in which a strip of indium metal is attached 
to one of the stem presses. In German GM 1,937,402 
there is disclosed another type of lamp in which indium 
is placed in a sieve-like container that is pasted to the 
inner surface of the lamp envelope or attached to one of 
the lead-in wires by insulator means. In another type of 
?uorescent lamp a wire mesh holder is impregnated with 
indium and then placed around one of the lamp stems. A 
?uorescent lamp having this type of pressure regulating 
assembly is described in Illuminating Engineering, volume 
60/1965, paper No. 9, p. 534. 

Experience has shown that optimum results will be 
achieved in amalgam type lamps if the amalgam-form 
ing metal or amalgam is in a form such that it extends 
over the greatest possible area. This makes it di?icult, on 
the one hand, to apply the amalgam to such a large sur 
face within the lamp with sufficient adherence at a loca 
tion where the amalgam will not block radiation, and, on 
the other hand, it complicates the manufacture of the 
lamp since portions of the lamp have to be cooled during 
the exhaust and baking operations in order to prevent 
the amalgam from melting and ?owing away from the 
desired location. In addition, while some amalgam-form~ 
ing metals or amalgams are suitable as regards their 
ability to provide suf?cient mercury vapor pressure regu 
lation, they have such a low melting point that they be 
come liquid at the operating temperatures within the 
lamp and thus create a situation where the amalgam may 
not remain at the desired location within the lamp. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is accordingly the general object of the present inven 
tion to provide an improved method of incorporating an 
amalgam or an amalgam-forming metal within a mer 
cury discharge lamp which will avoid or overcome the 
aforementioned problems associated with the manufac 
ture and use of lamps having this type of mercury-vapor 
control means. 
Another and more speci?c object is the provision of a 

method of manufacturing an amalgam-type ?uorescent 
lamp which will permit the amalgam component to be 
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incorporated as an integral part of the lamp structure 
without disrupting the normal sequence of operation re 
quired to produce the lamp on a mass production basis. 

Still another object is the provision of an amalgam 
containing ?uorescent lamp that can be heated and re 
shaped after the lamp has been completed without dis 
lodging the amalgam-forming metal from its proper lo 
cation within the lamp. 
The aforementioned objects and other advantages are 

achieved in accordance with the present invention by heat 
ing a suitable amalgam-forming metal, such as indium, 
until it becomes a liquid and then spraying the metal, 
while in its liquid condition, onto one of the electrode 
stems before it is sealed into the envelope. The amalgam 
forming metal, or amalgam composition itself, is prefer 
ably sprayed onto the laterally protruding ?ared portion 
of the stem in such a manner that a thin annular layer of 
metal or amalgam is deposited that extends around the 
circumference of the ?ared portion of the stem. 
The spraying time is controlled so that the metal layer a 

is very thin and has a thickness less than 100 microns, 
and preferably between 20 and 50 microns. The partly 
metallized stem is sealed into the lamp envelope and the 
other operations required to complete the lamp are car 
ried out in the regular manner. While a su?icient amount 
of amalgam-forming metal is contained in the layer to 
achieve the proper degree of vapor pressure regulation, 
the thickness of the layer is such that the metal remains 
in place even when it is in a liquid state during the sealing 
in of the stem. 
The aforesaid properties and characteristics of the 

amalgam-forming metal layer also permit the sealed-in 
lamp to be heated to the softening point of the glass en 
velope and the latter to be bent into the desired shape 
Without causing the liquid metal to fall off or run off 
the stem. 

BRIEF DESCRIPTION OF THE DRAWING 

A better understanding of the invention will be ob 
tained by referring to the accompanying drawing, where 
in: 

FIG. -1 is a front elevational view of one end of an 
amalgam-containing ?uorescent lamp which embodies the 
present invention, a portion of the lamp envelope being 
removed for illustrative purposes; and, 

FIG. 2 is an elevational view on a reduced scale of a 
U-shaped amalgam type ?uorescent lamp that includes 
an amalgam-bearing stern of the type shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With speci?c reference now to the drawings, in FIG. 
1 there is shown one end of a ?uorescent lamp 10 having 
a tubular vitreous envelope 11 which is hermetically sealed 
to a vitreous stem 12 that is terminated at its outermost 
end by a laterally extending ?ared portion 13 and at its 
innermost end by a press seal 14. The inner surface of 
the envelope 11 is coated with a suitable ultraviolet 
responsive phosphor 15 in the usual manner and a pair 
of lead-in wires 16 are embedded in and extend through 
the press seal 14. A vitreous exhaust tube 17 is fused to 
the stem 12 in the region of the stem press 14 and com 
municates with the interior of the envelope 11 through 
an aperture in the press in the usual manner to enable 
the lamp to be evacuated, mercury dosed and charged 
with ?ll gas. 
The inner ends of the lead-in wire 16 are attached to 

and support an electrode coil 18 which is enclosed by 
an annular metal cap 19 of sheet iron that is supported 
in such position by a support Wire embedded in the 
stem press 14. A strip v20 of a suitable amalgam-forming 
metal, such as tin, indium and lead, is secured to the edge 
of the metal cap 19 to serve as an auxiliary source of 
amalgam and facilitate starting of the lamp. 

In accordance with the present invention, the main 
mercury-vapor prQSSLll'Q QQIlLFOI means comprises an an 
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nular band 22 of suitable amalgam-forming metal that 
is sprayed onto the ?ared portion 13 of the stem 12 in a 
manner such that it extends around the circumference of 
the ?are at a region that is spaced inwardly from the rim 
of the ?are that is sealed to the envelope neck. 

While the amalgam-forming metal layer 22 can be 
sprayed onto the ?ared portion 13 of the stem 12 in 
various Ways, the stem 12 is preferably rotated about its 
longitudinal axis and the liquid metal is sprayed onto the 
?are by means of a nozzle that is inclined at an angle of 
about 45° with respect to the axis of rotation. The noz 
zle aperture and its distance from the stem are such that 
the annular strip of deposited metal is of the desired 
width. The thickness of the metal layer is controlled by 
varying the time of spraying and, in the case of the em 
bodiment here shown, a layer of indium about 30 microns 
thick was spray-deposited in an annular strip such that 
the total quantity of indium applied to the stem Was 
about 60 milligrams. This provided an indium-mercury 
amalgam in the ?nished lamp which contained at least 
90% indium. 
The thickness of the layer 22 of amalgam-forming 

metal is critical in that if it is too great the amalgam 
forming metal may drop off the stem due to its own 
weight when the metal is in a liquid condition. This is 
avoided according to the invention by utilizing a thin 
layer, preferably one having a thickness less than 100 
microns and preferably from 20 to 50 microns. In the 
case of indium, a layer of this thickness enables the metal 
to adhere tightly to the ?are by virtue of the high sur 
face tension, even when the indium becomes liquid dur 
ing the sealing in of the stem 12. This is a great advan 
tage insofar as stems with such spray-deposited thin lay 
ers of amalgam-forming metals may be processed and 
sealed into the envelopes in the usual manner without 
any detrimental a?ects on the metal layer. Lamps uti 
lizing such stems can also be exhausted in the usual man 
ner, and upon the dosing of the required amount of mer 
cury into the lamp, the desired amalgam composition is 
formed within the ?nished lamp. 
The invention provides the additional advantage of 

permitting the amalgam to be applied to a large surface 
within the lamp at places which are not located in the 
direction of radiation and which thus do not prevent light 
rays from leaving the envelope. Since the indium is lo~ 
cated at a region within the lamp which has a relatively 
high operating temperature, a ?atter light output versus 
temperature curve is achieved. Thus, compared to stand 
ard lamps the amalgam-containing lamp of this invention 
may be operated at high light output over a considerably 
broader range of ambient temperatures. At the most, the 
light output of the amalgam lamp decreases by 10% over 
an ambient temperature range of 25° C. to 75° C., with 
the maximum light output occurring at 45° C. 
Another advantage of the invention is that a smaller 

quantity of amalgam~forming metal is required compared 
to that required heretofore, as, for example, when the 
metal is placed within a wire mesh holder. It has been 
found that only one-third to one-fourth as much indium 
is required if it is sprayed onto the stem in accordance 
with the present invention. In addition, the method of the 
present invention eliminates the need for special stems 
or elongating the length of the stem and the need for cool 
end chambers so that the shortening of the arc length and 
darkened lamp ends produced by these structures are 
completely eliminated. 

Since special stems are no longer necessary and only 
small quantities of amalgam-forming metal are required 
to achieve proper regulation of the mercury vapor pres 
sure, the present invention permits amalgam type lamps 
to be bent in any desired shape and thus permits the 
manufacture of lamp types heretofore unavailable. Due 
to the fact that only a small quantity of amalgam-form 
ing metal is used and it is sprayed onto the stem in a very 
thin layer, the metal does not drop off of the stem even 
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‘when it becomes liquid during the heating of the lamp 
envelope and the manipulation thereof required to bend 
it into the desired shape. Hence, high output ?uorescent 
lamps and high ambient temperature lamps containing 
amalgams can be made in shapes heretofore unavailable, 
as for example, in the form of well-known circleline type 
and U-shaped lamps. 
A U-shaped amalgam-containing ?uorescent lamp 10a 

embodying the invention is shown in FIG. 2. As shown, the 
envelope 11a is bent into the shape of a U after the stems 
12a have been sealed into the envelope and the fabrica 
tion of the lamp is completed. Suitable terminals 23 are 
connected to the lead-in wires at each end of the lamp 
and the legs of the envelope are joined together by a suit 
able strap 23 to improve the rigidity of the lamp. The 
use of an auxiliary source 20a of amalgam on the metal 
cap 19a in conjunction with the main reservoir of amalgam 
22a sprayed onto the stem ?are is also advantageous in 
that it facilitates lamp starting. 
A U-shaped lamp of the type shown in FIG. 2 manu 

factured in accordance with the invention produces a light 
?ux of 3300 lumens when operated on a line Voltage of 
220 volts, at an ambient temperature of about 45° C., 
and a power input of 65 watts. Its operating voltage was 
85 volts its operating current was 885 milliamps. The e?i- “ ' 
ciency of the lamp was, accordingly, in excess of 50 
lumens per watt compared to an ef?ciency of 43 lumens 
per watt and an output of 2800 lumens for conventional 
U-shaped lamps of the same type. 

It will be appreciated from the foregoing that the ob 
jects of the invention have been achieved in that a very 
simple and convenient method of incorporating an 
amalgam-forming metal or amalgam in a ?uorescent lamp 
has been provided which permits the lamps to be manu 
factured with a minimum amount of amalgam-forming 
metal and in the usual manner utilizing techniques and 
operations now employed in the mass production of such 
lamps. In addition, a high output ?uorescent lamp which 
contains an amalgam and is of nonlinear con?guration has 
been provided which can be manufactured in the usual 
manner by heating the ?nished lamp and bending the 
envelope into the desired shape. 
While several embodiments have been illustrated and 

described, it will be understood that various changes in 
both the method of manufacture and construction of the 
lamp may be made without departing from the spirit and 
scope of the invention. 
We claim as our invention: 
1. In the manufacture of a low-pressure mercury dis 

charge lamp having a vitreous stem at one end that is 
joined to the lamp envelope, the method of‘incorporating 
an amalgam-forming metal as an integral part of the 
lamp and at a location therein such that the metal will 
regulate the mercury-vapor pressure when the lamp is 
operated, which method comprises; 

heating the amalgam-forming metal until it is in the 
liquid state, 

spraying the liquid metal onto a selected portion of the 
vitreous stem and depositing a thin layer of said 
metal thereon before said stem is joined to the lamp 
envelope, and then 

joining said stem to the lamp envelope and completing 
the fabrication of the lamp. 

2. The method of claim 1 wherein the spraying time 
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is regulated so that the thickness of the formed metal 
layer is less than 100 microns. 

3. The method of claim 1 wherein: 
said stem is terminated at one end by an outwardly 

?ared portion, and 
said amalgam-forming metal is spray-deposited on the 

?ared portion of said stem inwardly from the rim 
of said ?ared portion. 

4. The method of claim 3 wherein said amalgam-form 
ing metal is sprayed onto the ?ared portion of said stern 
while the stem is being rotated about its longitudinal axis 
so that the metal is deposited in a layer of annular con 
?guration that extends around the circumference of said 
?ared portion. 

5. The method of claim 3 wherein the metal is sprayed 
onto the ?ared portion of the stem until the thickness of 
the formed metal layer is between 20 and 50 microns. 

6. In a low-pressure mercury vapor discharge lamp 
having a tubular glass envelope which is hermetically 
closed by glass stems that are located at the respective 
ends of said envelope and have outwardly ?ared portions 
that are sealed to the envelope, the improvement com 
prising a layer of amalgam-forming metal that (a) is lo 
cated on the ?ared portion of one of said stems, (b) has a 
thickness less than 100 microns, and (c) contains a suf? 
cient amount of said metal to regulate the mercury-vapor 
pressure within the lamp during the operation thereof. 

7. The lamp of claim ‘6 wherein the thickness of said 
layer of amalgam-forming metal is between 20 and 50 
microns and said layer extends around the ?ared portion 
of said stem and is spaced inwardly from the juncture 
thereof with said envelope. 

8. The lamp of claim 6 wherein; 
said envelope is of nonlinear con?guration, and 
said layer of amalgam-forming metal extends around 

the ?ared portion of said stem and constitutes an 
annular strip that is spaced inwardly from the junc 
ture between said ?ared portion and envelope. 

9. In the manufacture of a low-pressure mercury dis 
charge lamp having a vitreous stem at one end that is 
joined to the lamp envelope, the method of incorporating 
an amalgam composed of mercury and a selected metal as 
an integral part of the lamp and at a location therein such 
that the amalgam will regulate the mercury-vapor pres 
sure when the lamp is operated, which method comprises; 

heating the amalgam until ‘it is in the liquid state, 
spraying the liquid amalgam onto a selected portion of 

the vitreous stem and depositing a thin layer of said 
amalgam thereon before said stem is joined to the 
lamp envelope, and then 

joining said stem to the lamp envelope and completing 
the fabrication of the lamp. 
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