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ELECTRIC INCANDESCENT LAMPS 

Such lamps have a tungsten ?lament enclosed within 
a light-transmitting envelope containing a fill of non 
reactive gas, such as N2, Ar, Kr or Xe, and a small 
quantity of halogen, for example iodine. 
The simpli?ed mechanism of the reactions occurring 

during operation of such a lamp is that tungsten escap 
ing from the incandescent ?lament, which would nor 
mally diffuse to the bulb wall, reacts with the iodine to 
form tungsten iodide. When the tungsten iodide dif 
fuses into the high temperature zone surrounding the 
?lament it dissociates, liberating the tungsten and io 
dine. This regenerative cycle effectively prevents radial 
diffusion of tungsten, and the bulb wall remains clean 
throughout life. Consequently, bulb surface area is not 
important in a lamp where a regenerative cycle is oper 
ating and this allows very compact lamps with mechani 
cally strong tubular fused silica envelopes to be used, 
so permitting ?lling to a pressure of several atmo 
spheres, which gives improved ?lament life. 

In certain tungsten-halogen lamps where bromine or 
chlorine is part or whole of the halogen content in the 
lamp, it is often advantageous to include an additional 
component, such as hydrogen, which can combine with 
the halogen in the cold parts of the lamp interior and 
effectively control the activity of the tungsten-transport 
cycle. The hydrogen may also reduce or prevent arcing 
between adjacent components at different ‘electrical 
potentials. It has been proposed that a convenient 
method for introducing the halogen and hydrogen is by 
a gaseous compound, for example HBr, CllzBrz or 
Ch3Br. However, we have found that is is difficult to in 
troduce an accurate dose in a gaseous form and have 
investigated alternative systems based upon a low va 
pour pressure halogen-containing solid. An alternative 
system has previously been described in our US. Pat. 
No. 3,712,701 wherein it is shown that the activity of 
the tungsten-transport cycle can be controlled by phos 
phorus, added with the halogen in the form of a halo 
phosphonitrile dissolved in a suitable solvent. In this 
case the phosphorus also acts as a getter for water va 

pour and oxygen. 
It has now been discovered that the advantages of in 

troducing a halogen as a low vapour pressure solid, and 
having hydrogen as an arc suppressant can both be 
realised by employing a solid partially halogenated, ar 
omatic halide as a means of introducing a halogen into 
tungsten-halogen incandescent lamps. The preferred 
aromatic halides have a low vapour pressure of not 
more than 1 X 10_3torr at 25°C and are introduced into 
tungsten‘halogen incandescent lamps as a solution in a 
volatile non-polar solvent, such as petroleum~ether (es 
pecially 60°-80°C b.pt), ether and cyclic, aromatic or 
chlorinated hydrocarbons, e.g. benzene which is re 
moved from the lamp envelope by evacuation or by 
flushing with a dry non-reactive gas, (e.g. nitrogen). 
The following partially brominated aromatic com 

pounds are of particular interest: 
1,2,4 - tribromobenzene, m.pt 44, b.pt 275 giving 
HzBr ratio 1:1 

1,2,3 - tribromobenzene, m.pt 87, giving I-IzBr ratio 
1:1 

1,3,5 - tribromobenzene, m.pt 119, b.pt 271 giving 
HzBr ratio 1:1 

1,2,3,5 - tetrabromobenzene, m.pt 98, b.pt 329 giv 
ing ratio I-IzBr ratio 1:2 
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l,2,4,5 - tetrabromobenzene, m.pt 180, giving HzBr 
ratio 1:2 
pentabromobenzene, m.pt 293, giving HzBr ratio of 

1:5 
(m.pt and b.pt are in °C). 

1,3,5 - tribromobenzene and 1,2,4,5 - tetrabromo 

benzene are the preferred isomers of tribromo 
benzene and tetrabromobenzene, respectively. 

The partially halogenated aromatic compounds can 
be used individually or mixed so as to adjust the HzBr 
ratio within the range 1:1 to 1:5. 
The advantages of the use of solid aromatic halides 

include accuracy and repeatability of dosing and rela 
tive insensitivity to moisture. 
Tungsten-halogen lamps in accordance with the in 

vention will now be more fully described by way of ex 
ample only with reference to the accompanying draw 
ings, in which:- ' 

FIG. 1 shows a single-ended lamp in the course of 
manufacture; and 
FIG. 2 shows a completed single-ended, twin fila~ 

ment, tungsten-halogen lamp. 
Referring to the accompanying drawings, like refer 

ence numerals indicate similar portions of the lamps. 
In each of the lamps shown, there is a quartz enve 

lope 1 surrounding a tungsten ?lament 2, with lead-in 
wires 4, which are press-sealed through the ends of the 
envelope 1, for supplying electrical current to the fila 
ment 2. 1 

In the lamp shown in FIG. 1 the ?lament 2 is con 
nected to electrically conductive foils 6 press-sealed 
within the material of the lamp envelope 1, and the foils 
6 are in turn connected to the lead-in wires 4. The en 

velope 1 has an exhaust tube 7 connected thereto, giv 
ing access to vthe interiorlof‘ the envelope. 

In FIG. 2, a completed lamp. has twin ?laments 2 con 
nected through ?lament supports 8 and foils 6 to the 
lead-in wires 4, vThe foils6 are‘wpress-sealed within the 
material of the envelope, 1. A shield 9 is attached 
to one of the ?lament support '8- adjacent the upper of 
the two ?laments 2'; The ?lament supports 8 are lo 
cated relative to one another by insulating bridge 11 
through which they pass. 
A sealed-off exhaust tube is indicated at 12 at the 

upper end of the envelope 1. 
Examples of methods of making lamps according to 

the invention will now be described. 

EXAMPLE 1 

A 12V 55W single ended automobile lamp of the 
type shown in FIG. 1 is dosed with tetrabromobenzene 
by inserting the needle of a hypodermic syringe into the 
unsealed exhaust tube 7 of the lamp, and injecting 
0.025 cm3 of a solution containing 0.05g of tetra 
bromobenzene in 100 cm3 of petroleum-ether (b.pt 
60—80°C) into the lamp envelope 1. The solvent is re 
moved by ?ushing with a stream of dry nitrogen (pref 
erably containing less than 10ppm of water vapour) 
passed through the exhaust-‘tube 7, after which the en 
velope l is exhausted and gas-?lled with argon to a 
pressure of 3.5 atmospheresat room temperature in the 
usual manner, and the exhaust tube 7 sealed off. On op 
eration of the lamp, or otherwise raising it to a high 
temperature, the tetrabromobenzene dissociates to 
yield bromine for supporting the regenerative cycle, to 
gether with carbon and hydrogen. 
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EXAMPLE 2 0.1g 

A 12V 60/55W twin filament single ended tungsten 
halogen automobile lamp of the type shown in FIG. 2 
is produced by injecting 0.04 cm3 of a solution contain 
ing 0.1g of tetrabromobenzene in 100 cm3 of pe 
troleum-ether (b.pt 60—80°C) into the lamp envelope 
1 through the exhaust tube, and after flushing with a 
stream of dry nitrogen and exhausting, the envelope 1 
is inert gas-?lled to 3.5 atmospheres pressure with Kr. 
The exhaust tube is then sealed off, giving the sealed 
off portion indicated at 12 in FIG. 2. In this particular 
example, the hydrogen, which is released when the tet 
rabromobenzene is dissociated on heating or operating 
the lamp, is desirable to minimise the risk of arcing be 
tween adjacent components at different electrical po 
tentials. 

EXAMPLE 3 

A further advantage of aromatic halides is that they 
are compatible with halophosphonitriles (the use of 
which is described in the above-mentioned US. Pat. 
No. 3,712,701). A mixture of these can be added to a 
lamp either as separate solutions or as a mixture in a 
single solution. This enables the ratio of phosphorus to 
halogen to be regulated to suit the particular lamp, or 
a mixture of halogens to be added in accurately con 
trolled proportions. The mixture of a halophosphoni 
trile and aromatic halide gives'an additional advantage 
since excess phosphorus will getter water vapour and 
oxygen impurities. 
A 12V 60/55W twin ?lament single ended tungsten~ 

halogen automobile lamp of the type shown in‘FIG. 2 
is produced as described in Example 2, where a quan 
tity of 0.04 cm3 of a solution containing 0.09g of tetra 
bromobenzene and 0.01 of bromophosphonitrile in 100 
cm3 of petroleum-ether (b.pt 60—80°C) is injected into 
the lamp envelope 1 and the inert gas-?lling is again 3.5 
atmospheres pressure of Kr; ' " 

We claim: ' 

1. A tungsten—halogen cycle electric incandescent 
lamp comprising: a light-transmitting, high tempera 
ture-resisting envelope; a tungsten ?lament within said 
envelope; lead-in wires sealed through said envelope 
and connected to said ?lament; and a ?ll within said en 
velope capable of supporting a tungsten-halogen regen 
erative cycle in co~operation with said filament, said fill 
comprising a non-reactive gas, carbon, hydrogen, and 
halogen, said carbon hydrogen and halogen having 
been formed by dissociation of a solid, partially haloge 
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4 
nated, aromatic halide within said envelope. 

2. A lamp as claimed in claim 1 wherein said carbon, 
hydrogen (and halogen have'been formed by dissocia 
tion of a partially halogenated benzene. 

3. A lamp as claimed in claim 2 wherein said partially 
halogenated benzene is a partially brominated benzene. 

4. A lamp'as claimed in claim 3 wherein said partially 
brominated benzene is selected from the group consist’ 
ing‘ of tri-, tetra- and penta-bromobenzenes. 

5. A lamp as claimed in claim 4 wherein said bromi 
nated benzene is 1,3,5 - tribromobenzene. 

6. A lamp as claimed in claim 5 wherein said bromi 
nated benzene is 1,2,4,5 - tetrabromobenzene. 

7. A lamp as claimed in claim 1 wherein said solid ar 
omatic halide has a vapour pressure of at the most 1 X 
10-3 torr at 25°C. 
8. A lamp as claimed in claim 1 wherein said ?ll in 

cludes a halogen, phosphorus andnitrogen formed by 
dissociation of a halophosphonitrile within said enve 
lope. ' 

9. A tungsten-halogen cycle electric incandescent 
lamp comprising: a light-transmitting high tempera 
ture-resisting envelope; a tungsten filament within said 
envelope; lead-in wires sealed through said envelope 
and connected-to said filament; and a fill within said en 
velope ‘comprising a non-reactive gas and a solid, par 
tially halogenated, aromatic halide. 

10. A method of makingja tungsten-halogen cycle 
electric incandescent lamp comprising the steps of: 
providing a light-transmitting high-temperature re 

sisting envelope having an aperture therein, a tung 
sten ?lament therewithin, and lead-in wires con 
nected to said ?lament and sealed therethrough, 
introducing a normally solid, partially halogenated, 
aromatic halide into said envelope through said ap 
erture; exhausting said envelope, gas-?lling said en 
velope with a non-reactive gas; sealing said aper 
‘ture; and raising said envelope to a high tempera 

_ iture suf?cient to dissociate said aromatic halide. 
11. A method as claimed in claim 10'wherein a solu 

tion of a solid aromatic halide in a volatile non-polar 
solvent is introduced into said envelope, said solvent 
being volatilised from said envelope before said gas 
filling step. 

12. A method as claimed in claim 11 wherein said 
solvent is selected from the group consisting of pe 
troleum-ether; cyclic hydrocarbons; aromatic hydro 
carbons and chlorinated hydrocarbons. 

* * * >|= * 


