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ABSTRACT: The inner surface of a soda-lime-silicate glass 
envelope for a ?uorescent lamp or similar mercury-discharge 
device is coated with a thin ?lm of submicroscopic ?brous 
crystals of boehmite (A10(OH)) prior to the phosphor coat 
ing operation. The envelope is subsequently heated to ther 
mally decompose the boehmite crystals in situ and transform 
them into ?brils and rodlike particles of gamma alumina 
(A1203) that are bonded to the glass surface. The heating is ad 
vantageously achieved during the bulb-lehring operation after 
the bulb is coated with phosphor. The gamma alumina parti 
cles chemically react with the sodium and other alkali con~ 
stituents of the glass to form inert compounds and thus pro 
vide a transparent “buffer" ?lm which, in the ?nished lamp, 
inhibits the formation of black alkali-mercury deposits on the 
inner surface of the envelope during lamp operation. The 
lumen maintenance of the lamp is accordingly enhanced. 

Deposition of the boehmite crystals is achieved by coating 
the envelope interior with a 0.5 percent to 5 percent aqueous 
solution of a colloidal boehmite complex that consists of 85 
percent by weight crystalline boehmite, having 13 percent by 
weight of acetic acid and 2 percent by weight of water at 
tached to the boehmite ?brils. Transformation of the 
boehmite into rod-shaped gamma alumina is achieved by heat 
ing the envelope to a temperature of at least 400° C. percent 
by weight of acetic acid and 2 percent by weight of water at 
tached to the boehmite ?brils. Transformation of the 
boehmite into rod-shaped gamma alumina is achieved by heat 
ing the envelope to a temperature of at least 400° C. 
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CROSS-REFERENCE TO RELATED APPLICATION 

This application is a division of pending application Ser. No. 
776,624 ?led Nov. 18, l968, now Pat. No. 3,541,377. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to electric lamps and has particular 
reference toan improved vitreous envelope for a ?uorescent 
lamp or similar device that generates light by means of a low 
pressure mercury-vapor discharge. 

2’. Description of the Prior Art 
As is well known, the light output of ?uorescent lamps 

gradually decreases as the lamps are burned. lt‘hasbeen found 
that one of the contributing factors to this progressive loss of 
light output is the discoloration of the inner surface of the en 
velope produced by the reaction of mercury with sodium that 
is present within the soda-lime-silicate glass from which the 
envelope is fabricated. The sodium apparently diffuses outof 
the glass to the inner surface of the envelope during the 
lehringoperation when the envelope is heated to a tempera 
ture of around 600° C, in order to remove the binder from the 
phosphor coating. As the ?nished lamp is burned, mercury 
ions, from the discharge combine with the sodium and 
(possibly other alkali ions) on the inner surface of the en 
velope and form a mercury-alkali amalgam that is brown 
black in color and thus reduces the amount of light trans 
mitted by the envelope. 

In order to prevent theformation of such mercury-alkali 
amalgam deposits and the resultant loss of light output, barrier 
layers of ?nely divided refractory oxides such as Al,0,_ Sit), 
and Ti02 in transparent thicknesses have heretofore been ap 
plied to the inner surface of the glass envelope. Such barrier 
layers are formed by suspending the refractory oxide particles 
in an organic vehicle, such as nitrocellulose or ethylcellulose, 
to form a lacquer which is coated onto the inner surface of the 
bulb and dried. The glass envelopes are then baked or lehred 
at a temperature just below the temperature at which the glass 
envelope deforms (550° C. to approximately 600° C. for soda 
lime-silicate glass) to vaporize the organic vehicle and af?x a 
protective layer of refractory oxide particles to the glass. The 
inner surface of the bulb was then phosphor coated and lehred 
in the usual fashion. The barrier layer was thus interposed 
between the phosphor coating and the inner surface of the en 
velope and prevented the mercury ions from contacting and 
combining with sodium that may have diffused to the inner 
surface of the bulb during the high-temperature lchring opera 
tions. 
A ?uorescent lamp having a barrier layer of the aforesaid 

type is disclosed in U.S. Pat. No. 3,067,356, issued Dec. 4, 
I962 to J. G. Ray. A more recent proposal involves the use of 
a thinner barrier layer of titanium dioxide or zirconium diox 
ide that contains an additional material such as magnesium ox 
ide, barium oxide, lead oxide or zinc oxide. The titanium or 
zirconium oxide is applied to the envelope in the‘form of a 
metallic-organic compound which is then converted to the 
oxide of the respective metal. A ?uorescent lamp having such 
a modi?ed barrier layer is disclosed in U.S. Pat. No. 
3,3 77,494, issued Apr. 9, 1968 to R. W. Repsher. 
While the aforementioned barrier layers achieve the desired 

result of physically shielding the alkali-containing inner sur 
face of the bulb from the mercury ions in the discharge, they 
require an organic binder such as nitrocellulose or ethyl-cellu 
lose, or a plurality of refractory oxides and metallic-organic 
compounds, thus complicating the lamp manufacturing opera 
tions and increasing the cost of the lamps. 

SUMMARY OF THE INVENTION 

It is accordingly the general object of the present invention 
to provide a simple and inexpensive means for preventing the 
envelope of a ?uorescent lamp or similar mercury discharge 
device from becoming discolored as the lamp is burned. 
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A more speci?c object is the provision of a lamp envelope 
that contains an alkali-metal oxide constituent, such as Na,0 
or K20, and can be coated with phosphor and subjected to the 
other lamp-making operations without causing such con 
stituents to subsequently form ,discoloring deposits within the 
?nished lamp in the presence of mercury ions. 
The foregoing objects of the invention and other advantages 

which will become apparent are achieved by forming an in 
tegral film of material on'the inner surface of the lamp en 
velope that provides a buffering action at the phosphor-glass 
interface. More speci?cally, a thin transparent ?lm of rod 
shaped gamma alumina (A1203) particles if formed on the 
inner surface of the glass envelope which chemically reacts 
with the alkali constituents of the glass, such as sodium or 
potassium, that diffuse to the inner surface of the envelope 
during or after lamp fabrication and converts such alkalis into 
sodium aluminate (NaAl02) or potassium aluminate (KAlO,). 
The buffer film of rod-shaped A1203 particles thus renders the ‘ 
inner surface of the envelope chemically stable and resistant 
to attack by the mercury ions in the electric discharge. 
The integral film of rod-shaped gamma alumina particles is 

preferably deposited on the inner surface of the envelope by 
coating the latter with an aqueous colloidal solution of 
boehmite crystals, drying the resulting coating, coating the - ;_ 
treated bulb with phosphor-containing lacquer in the regular“- . 
manner and then baking the envelope at approximately 600° 
C. to remove the organic binder from the phosphor and ther 
mally decompose the boehmite crystals and convert them into 
rodlike gamma alumina particles that are bonded directly to 
the glass surface. The colloidal boehmite crystals are. ac 
cordingly, converted in situ into rodlike gamma alumina ?brils 
during the normal sequence of operations required to make‘ 
the lamp. The thermal conversion of the boehmite crystals 
into rodlike gamma alumina particles can, of course, also be 
achieved by heating the envelope before it is coated with 
phosphor and lehred. Satisfactory results have been obtained 
by treating the bulbs with a 0.5 to 5 percent aqueous solution 
of colloidal boehmite and a 2.5 percent solution is preferred. 
From 0.1 percent to 1 percent by weight of barium acetate 
(Ba(C2H3O2)2 - H2O) can 2 - be added to the colloidal solu 
tion of boehmite to remove any sulfates that may be present 
on the glass surface by converting them to nonreactive 
@lQSl1lfit<lZ*B3§Q4l'__ 

BRIEF DESCRIPTION OF THE DRAWING 

A better understanding of the invention will be obtained by 
referring to the accompanying drawing, wherein: 

FIG. 1 is a front elevational view of a ?uorescent lamp hav~ 
ing an envelope that includes a transparent "buffer" v?lm of 
rod-shaped gamma alumina particles in accordance with the 
present invention; 

FIG. 2 is an enlarged fragmentary cross-sectional view of 
the phosphor-coated envelope taken along the line ll-ll of 
FIG. 1; 

FIG. 3 is a block diagram illustrating the sequence of opera 
tions followed in forming the ?lm of gamma alumina on the 
inner surface of the envelope in accordance with a preferred 
embodiment of the invention; and, 

FIGS. 4 and 5 are photornicrographs illustrating the physi 
cal characteristics of the rod-shaped gamma alumina particles 
formed in situ according to the present invention and the ?ne 
ly divided alumina particles employed in the prior art barrier 
layers, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

While the present invention can be used in various types of 
mercury discharge devices which have vitreous envelopes that 
contain alkali-oxide constituents, it is especially adapted for 
use in conjunction with ?uorescent lamps and has accordingly 
been illustrated and will be described in this form. ‘ 
With speci?c reference to the drawing, in FIG. 1 there is 

shown a ?uorescent lamp 10 having a tubular glass envelope 
[2 that is hermetically closed at each end by the usual mount 



3 
assemblies consisting of glass stems 14 that are sealed to the 
envelope and support suitable electrodes I5 that are attached 
to the respective stems by lead wires 16 and 17. The elec 
trodes 15 comprise tungsten wire coils coated with electron 
emissive material, as is well known in the art, and the lead 
wires 16 and 17 are sealed through the glass stems 14 and 
electrically connected to contact pins 18 carried by base 
members 20 fastened to the sealed ends of the envelope 12. 
Prior to being sealed, the envelope 12 is charged with a ?lling 
of suitable inert ionizable starting gas, such as argon at a pres 
sure of4 millimeters, and a small dose of mercury. 

In accordance with the present invention, the inner surface 
of the envelope 12 is provided with a thin transparent ?lm 22 
of rodlike particles of gamma alumina that are bonded to the 
surface of the glass. As is shown more clearly in FIG. 2, the 
?lm 22 ofgamma alumina is located between the inner surface 
of the envelope 12 and a layer 24 of a suitable ultraviolet 
responsive phosphor such as calcium halophosphate activated 
by manganese and antimony. In accordance with standard 
lamp-making practice, the envelope I2 is composed of soda 
lime-silicate glass that contains up to 16 percent by weight of 
Na20 and up to 3 percent by weight K20. 
The ?lm 22 of rodlike gamma alumina is formed by prepar 

ing an aqueous colloidal solution of boehmite crystals and 
flushing the envelope interior with this solution and drying it 
to form a thin ?lm of boehmite crystals on the glass surface. 
Boehmite is a mineral found in bauxite and, more speci?cally, 
is an orthorhombic form of aluminum oxide and hydroxide 
A10(OI'I). Boehmite is thus hydrous aluminous oxide. The 
crystals of boehmite are needle-shaped, submicroscopic in 
size (0.1 micron or less) and ?brous and, when suspended in 
water, produce a colloidal solution having a positive ionic 
charge. The pore diameter of the boehmite crystals is only 47 
A. and, by virtue of their small size and the positive charge on 
the colloid, a very thin coherent and microporous ?lm of these 
crystals is produced on the glass. A colloidal boehmite com 
plex which has these properties, is soluble in water and con 
sists of 85 percent by weight A10(OH) crystals with 13 per 
cent by weight acetic acid (CH3COOH) and 2 percent by 
weight H20 attached to the crystals is commercially available 
under the trade name “Baymal“ (DuPont de Nemours & 
Company). Satisfactory results have been obtained by using 
an 0.5 to 5 percent solution of the aforementioned colloidal 
alumina complex in distilled water and a 1 percent to 2.5 per 
cent solution is preferred. Aqueous solutions containing more 
than 5 percent by weight of the aforesaid boehmite complex 
produces ?lms of too great a thickness resulting in a glassy or 
smooth surface to which the phosphor coating did not adhere 
readily. 

After the thin ?lm of boehmite crystals has been deposited 
on the inner surface of the envelope 12 as above described, 
the envelope is coated with a phosphor paint or lacquer con 
sisting ofa suitable vaporizable vehicle, such as ethylcellulose, 
and suspended phosphor particles. The phosphor lacquer is 
then dried and the bulb is lehred or baked at a temperature of 
about 550° to 650° C. for about one minute to vaporize the 
ethylcellulose binder and thermally decompose the boehmite 
crystals and convert them in situ into rodlike particles of 
gamma alumina. This material has an area of 300 to 350 
square meters per gram and thus forms a very thin continuous 
?lm on the inner surface of the envelope 12. The thickness of 
the ?lm 22 ofgamma alumina does not exceed about 1 micron 
(10,000 A. units) and coatings much thinner than this can be 
readily formed by reducing the concentration of the colloidal 
boehmite crystals in the aqueous solution. It is important to 
note that such thin ?lms are possible as a practical matter in 
production by virtue of the fact that the ?brous boehmite 
crystals are decomposed in situ during the bulb-lehring opera 
tion and that no organic vehicles or binders or separate lehring 
operations are required to accomplish this. It should also be 
noted that since the boehmite is transformed in situ by heat 
into the rod-shaped gamma alumina particles, the latter are 
bonded directly to the glass surface and comprise an integral 
part of the envelope 12. 
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4 
It is believed that during the thermal transformation of the 

A10(OI-l) into gamma alumina some of the A10(OH) chemi 
cally reacts with Na that has diffused to the inner surface of 
the envelope l2, and other alkali constituents such as K which 
may be there present, to form NaAlOz and other compounds 
which prevents the alkali ions from reacting with mercury ions 
and producing black alkali-mercury amalgams. The ?lm of 
colloidal A10(OH) and resulting film of gamma alumina thus 
act as buffers on the inner surface of the envelope 12 which 
prevent the formation of discoloring deposits within the 
?nished lamp. 

In FIG. 3 there is illustrated a speci?c example of the vari 
ous steps involved in treating a lamp envelope to form a thin 
tenacious ?lm of gamma alumina on its inner surface in ac 
cordance with the invention. As shown, the envelope is ?rst 
washed to remove surface dirt and other contaminates. A 1 
percent solution of hydro?uoric acid can be used for this pur- ' 
pose. The washed envelope is then dried by heating it to ap 
proximately l50° C. This can be achieved by passing a stream 
of heated air through the envelope. The dried envelope is then 
?ush coated with the aqueous colloidal solution of the 
boehmite complex, and the envelope is again heated to ap 
proximately 150” C. to dry the coating and form a thin ?lm of 
boehmite crystals on the inner surface of the envelope. The 
envelope is then ?ushed with the phosphor lacquer, the result 
ing layer of binder and phosphor particles is dried and the bulb 
is then lehred at approximately 650° C. for one minute to 
vaporize the organic binder and transform the boehmite 
crystals into the rod-shaped gamma alumina particles. 
As shown in the photomicrograph which constitutes FIG. 4 

(magni?cation 40,000 X), the discrete rod-shaped particles 
26 of gamma alumina formed on the inner surface of the en 
velope range from 2,000 A. to about 7,000 A. in length and 
are approximately 500 A. in width. In contrast, the 
photomicrograph (magni?cation 50,000 X and reproduced as 
FIG. 5) of a prior art barrier layer made in accordance with 
the teachings of the aforementioned Ray Patent US. Pat. No 
3,067,356 shows that the ?nely divided particles 28 of 
pre?red A1203 are regularly shaped particles (mostly hex 
agonal) and about 500 A. in diameter. The barrier layer of 
pre?red alumina also had a milky powdery appearance and 
the ?ne granules ofAl203 could very easily be removed simply 
by rubbing the coating. 
As indicated in table I below, ?uorescent lamps having en 

velopes provided with in situ formed ?lms of gamma alu 
minum in accordance with the present invention have a higher 
light output compared to conventional lamps of the same type 
without such coatings. 

TABLE I 

Lumens per Wat Ii.— 

Lamp type 0 hours 100 hours 1,000 hours 

A10 (OH) treated ____ ._ 77.6 77.3 76. I 7:1. 2 
Standard _____________ _ _ 76. 7 75. 7 75. ‘J. J 

Gain ___________ __ O. 0 1. 6 1. 3 0. 5) 
Percent inl- _ 
provement ____ __ 1.1 .2 1 l.’ 1 2 

The data shown in table I was obtained on lamps that were 
treated with a 2.5 percent aqueous solution of “Baymal." As 
will be noted, the use of the thin ?lm ofdiscrete particles ofin 
situ formed gamma alumina increased the lamp ef?ciency by 
2.1 percent after 100 hours burning and 1.2 percent after 
l000 hours of burning. 
Since the sodium on the inner surface ofa soda~lime~silicate 

glass envelope is normally combined with sulfates to form 
Na2SO4"8“'”20, it would also be desirable to remove such 
sulfates from the glass surface and also the sulfate which 
results from the oxidization of the ethylcellulose binder in the 
phosphor lacquer which may contain as much as 0.4 percent 
sodium sulfate. This is accomplished in accordance with the 
present invention by adding a small amount of barium acetate 
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_(VBa(_QZAI_-I3O2)2 - H2O) to the colloidal solution of AlO(OH) so 
that, upon lehring, nonreactive barium sulfate (BaS04) is 
formed on the bulb surface. This compound is insoluble and 
very stable, even under very high energy radiation such as X 
rays, and has thus been used in intensifying X-ray screens. 
Hence, the aforesaid mixture of colloidal A10(Ol-l) and 
Ba(CzH1O2)z - H2O in a water solution provides an inexpen 
sive practical means for converting sodkum and sulfates 
which may be present on the inner surface of the lamp en 
velope into inert compounds that do not impair lamp per 
formance. As a speci?c example, from 0.1 percent to 1 
percent by weight of barium acetate is added to the aqueous 
colloidal solution of the boehmite complex (Baymal). Any 
excess of barium salt that remains in the ?lm will combine 
with A1203 to form BaAlO4, an inert compound. 

It will be appreciated from the foregoing that the objects of 
the invention have been achieved in that a very simple means 
for chemically stabilizing the inner surface of a fluorescent 
lamp envelope has been provided which prevents diffused 
sodium and other alkali constituents in the glass from combin 
ing with mercury ions and forming amalgam deposits which‘ 
impair the light output and efficiency of the finished lamp. 
The use of an aqueous colloidal solution of boehmite to 
deposit a thin film of boehmite crystals on the inner surface of 
the bulb which is subsequently transformed in situ into an in 
tegral ?lm of rodlike gamma alumina particles eliminates the. 
organic vehicle and costly organo-metallic materials required 
to form the prior art barrier layers. 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

6 
ing from the spirit and scope of the invention. 

I claim as my invention: 

1. A ?uorescent lamp envelope that is composed of a glass 
which contains an alkali constituent and has a thin transparent 
?lm of rodlike gamma alumina particles bonded to its inner 
surface. 

2. The ?uorescent lamp envelope of claim 1 wherein said 
rodlike particles of gamma alumina are from about 2,000 A to 
about 7,000 A in length and approximately 500 A in width. 

3. The ?uorescent lamp envelope of claim 1 wherein; said 
glass is a soda-lime-silicate type glass, and said film of rodlike 
gamma alumina particles has a thickness of up to approxi 
mately 10,000 A. 

4. The ?uorescent lamp envelope of claim 1 wherein said 
film of gamma alumina particles includes BaS0_,. 

5. A soda-lime-silicate glass envelope adapted for use in a 
fluorescent lamp or similar device, said envelope having a film 
of ?brous boehmite crystals deposited on and bonded directly 
to the inner surface thereof. 

6. The lamp envelope of claim 5 wherein said ?lm of fibrous 
boehmite crystals is microporous and extends over the entire 
inner surface of the envelope. 

While one embodiment of the invention has been illustrated 
and described, it will be appreciated that various modi?ca 
tions in the types and quantities of materials used and in the 
method of treating the envelopes can be made without depart 

It! lit It * I? 


