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@ Polymer coated lamps and their production.

Disclosed is a polymer layer coating on the outer surface of the envelope of high intensity discharge
lamps, halogen lamps and similar lamps whose envelope can become heated, in use, to temperatures in

excess of 200°C.

A first (overcoated) layer (39) is provided for preventing glass pieces of the envelope (11) from

scattering should the glass envelope (11) break.

A strengthened layer comprises a fluorocarbon polymer containing metal oxide grains dispersed
therein. For strengthening the first (overcoated) layer (39), it may have an even density of metal oxide

grains in the fluorocarbon polymer, by means of an electrostatic coating step.
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The present invention relates to a lamp having a
layer, which is made of fluorocarbon polymer, coated
on an envelope thereof, and also relates to a method
for forming the layer.

Alamp having a layer, which is made of fluorocar-
bon polymer, coated on a glass envelope of the lamp
is known in this field. The layer is formed so as to pre-
vent glass pieces of the glass envelope from scat-
tering when the glass envelope of the lamp is broken.
The fluorocarbon polymer is used as a material of the
layer since the fluorocarbon polymer has a high melt-
ing temperature. Therefore, the layer of the fluorocar-
bon polymer is adapted especially to high intensity
discharge lamps such as metal halide lamps whose
outer envelopes have high temperature of more than
200 °C.

However, the conventional layer of the fluorocar-
bon polymer is not sufficient in its strength for high in-
tensity discharge lamps. Therefore there is a demand
to increase the strength of the layer of the fluorocar-
bon polymer on the outer glass envelope of the high
intensity discharge lamp.

A strengthened layer of the fluorocarbon polymer
is obtained by way of increasing the thickness of the
layer of the fluorocarbon polymer. However in this
case the lamp has a shortcoming in that the luminous
flux of the lamp emitted from the outer glass envelope
of the lamp decreases, because of light absorption by
the layer of the fluorocarbon polymer.

Further lamps having an improved layer of the
fluorocarbon polymer are shown in the Japanese
Patent Laid Open Publications No, 60-71546 and No.
64-21855. The lamp shown in the 60-71546 publi-
cation has a layer of fluorocarbon polymer containing
glass fibers. But the glass fibers are mixed into the
fluorocarbon polymer for increasing the adhensive
strength between the layer of the fluorocarbon
polymer and the outer glass envelope of the lamp, and
not for increasing the strength of the layer of the
fluorocarbon polymer itself, in other words not for ten-
sile strength. The layer of the fluorocarbon polymer of
this lamp is not improved in its tensile strength.

The lamp shown in the 64-21855 publication has
an under layer between the layer of the fluorocarbon
polymer and the outer glass envelope of the lamp. The
under layer is generally called a primer layer. The
under layer shown in the 64-21855 publication con-
tains metal oxide grains dispersed therein and is
coated for the same reason as the glass fibers mixed
into the fluorocarbon polymer. The layer of the
fluorocarbon polymer of this lamp is not improved in
its strength.

Accordingly, it is an object of the present inven-
tion to provide a strengthened layer of fluorocarbon
polymer coated on the outer envevope of the lamp
and to provide a method for manufacturing thereof.

In order to achieve the above mentioned object,
the lamp according to the present invention com-
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prises:

means for emitting light and heat;

an envelope surrounding said means and
heated at more than 200 °C by said means; and

an first layer coated on the ouside of said
envelope, said layer comprising a fluorocarbon
polymer containing metal oxide grains dispersed the-
rein.

In the accompanying drawings:

Fig. 1 is a front view of a metal halide lamp

according to a first embodiment of the present

invention;

Fig. 2 is a partial sectional view of Fig. 1;

Fig. 3 is a graph for explaining a relation between

tensile strength of the overcoated layer of the

lamps and the weight ratio of the metal oxide
grains dispersed in the overcoated layer;

Fig. 4 is a graph for explaining a relation between

luminous flux of the lamps and the weight ratio of

the metal oxide grains dispersed in the over-
coated layer;

Fig. 5 is a graph for explaining a relation between

intensity of UVB emitted from the lamps and an

amount of the metal oxide grains dispersed in the
overcoated layer;

Fig. 6 is a graph for explaining a relation between

luminous flux of the lamps and an amount of the

metal oxide grains dispersed in the overcoated
layer;

Fig. 7 is a front view of a metal halide lamp

according to a second embodiment of the present

invention;

Fig. 8 is a partial sectional view of Fig. 7; and

Fig. 9 is a partial sectional view of a third embo-

diment of the present invention.

Referring to the accompanying drawings, embo-
diments of the present invention will be described.
However, in the drawings, the same numerals are
applied to the similar elements in the drawings, and
therefore the detailed descriptions thereof are not
repeated.

Fig. 1 is a front view of a metal halide lamp
according to the first embodiment of the present
invention.

The metal halide lamp has an outer envelope 11
made of hard glass. The outer envelope 11 forms a
shape, so called BT-shape, swelling around a centre
thereof and forms thin portions at both ends of the
outer envelope 11 as compared with a portion around
the cenire of the outer envelope 11. One thin portion
is a neck portion 13 and the other is a top portion 15.
The neck portion 13 has a base 17 for aftaching the
lamp to lighting equipment (not shown) and for reciev-
ing electric power.

The outer envelope 11 includes an inner tube 19
therein The inner tube 19 is made of quartz glass. A
pair of electrodes 21 and 22 are provided at both ends
in the inner tube 19. A rare gas as a starting gas such
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as argon and a discharge gas such as may be derived
from mercury, sodium halide and scandium halide are
sealed in the inner tube 19.

The inner tube 19 is supported in the outer
envelope 11 by a pair of supporting wires 23 and 25
and a pair of insulated holders 27 and 29. The one
supporting wire 23 is fixed by elastic members 31 and
31 at the top portion 15 and the other supporting wire
25 is connected with and supported by the lead wire
33 which is mounted to a stem portion 37. The elec-
trode 21 is connected electrically with the other lead
wire 35 through a connecting wire 38. The other efec-
trode 22 is connected electrically with the other sup-
porting wire 25. Both of the lead wires 33 and 35 are
connected electrically with the base 17. Accordingly,
both of electrodes 21 and 22 are are connected elec-
trically with the base 17.

An overcoated layer 39 is coated on an outside
outer glass envelope 11 shown in Fig. 2 which indi-
cates a partial sectional view of the outer glass
envelope 11 of the lamp. The overcoated layer 39
essentially conxists of fluorocarbon polymer contain-
ing metal oxide grains (not shown) dispersed therein
and has a thickness of about 100 um. An undercoated
layer 41 is formed between the overcoated layer 39
and the outer surface of the outer glass envelope 11.

The fluorocarbon polymer of this embodiment

essentially consists of tetrafluoroethylene -
perfluoroalkylvinylether copolymer (called PFA) (MP-
103: available  from MITSU! DUPONT

FLUOROCHEMICAL CO., LTD in Japan), but other
fluorocarbon  polymers, for example tetraf-
luoroethylene -hexafluoropropylene copolymer (cal-
led FEP),
tetrafluoroethylene -hexafluoropropylene-perfiucroa
Ikylvinylether copolymer (called EPE) (available from
MITSUI DUPONT FLUOROCHEMICAL CO., LTD in
Japan) and so on, may be used. The metal oxide
grains of this embodiment consist of zinc oxide (ZnO)
(available from SUMITOMO SEMENTO CO., LTD in
Japan) and titanium oxide (TiO,) (available from
SUMITOMO SEMENTC CO., LTD in Japan), but
other metal oxide, for example tantalum oxide
(Taz0s), silicon oxide (SiO,), alminium oxide (Al,05)
and so on, may be used. The weight of metal oxide
grains is 1 % by weight of fluorocarbon polymer. An
average particle size of grains of zinc oxide (ZnO) and
titanium oxide (TiO,) is about 0.02 um, and the weight
of zinc oxide (Zn0O) and the weight of titanium oxide
(TiOy) are the same as each other.

The undercoated layer 41 is formed by coating a
mixed agent, generally called a primer, of a noionic
surface active agent (458-500: available from MITSUI
DUPONT FLUOROCHEMICAL CO., LTD in Japan), a
cerfain amount of silicon oxide (SiO,) grains and
alminium oxide (Al,O3) grains on the outer surface of
the outer glass envelope 11 and drying the coated
agent. It is necessary to eliminate fats and oils from
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the outer surface of the outer glass envelope 11, for
example, by washing or baking before coating the
mixed agent.

After coating the undercoated layer 41, the over-
coated layer 39 is formed by steps including a well
known electrostatic coating method. The first step is
preparing a mixed powder containing the powder of
the fluorocarbon polymer, the powder of zinc oxide
(Zn0) grains and the powder of titanium oxide (TiO,)
grains. The detail of each powder is described above.
The next step is coating the mixed powder on the sur-
face of the undercoated layer 41 in an area of the
undercoated layer 41 by the electrostatic coating
method. In this case, the undercoated layer 41 works
as an electrode attracting charged particles of pow-
der. Therefore, the overcoated layer 39 is formed only
on the undercoated layer 41. The next step is heating
the powder coated on the surface of the outer glass
envelope 11 at a temperature of 310 °C to 400 °C in
order that the powder of the fluorocarbon polymer
melts and forms a continuous layer of the fluorocar-
bon polymer, i.e. the overcoated layer 39. As is under-
stood from the above description, the undercoated
layer 41 is coated not only in order to increase the
adhesive strength of the avercoated layer 39 with res-
pect to the outer surface of the outer glass envelope
11 but also in order to form the overcoated layer 39.

According to the above described method, the
overcoated layer 32 has an even density of the metal
oxide grains at any position thereof because the
above described method does not use liquid, and is
not wet coating. Therefore the metal oxide grains do
not collect or aggregate unevenly during forming of
the overcoated layer 39. In other words, the above
described method does not have the disadvantage
that the metal oxide grains would collect at one side
of the envelope during drying of the coating liquid
because of the effect of gravity. Moreover the over-
coated layer 39 has an even thickness at any position
thereof since the above described method does not
use liquid and therefore does not have the defect that
coating liquid would flow and drop toward one side of
the envelope during the step for drying the coating
liquid.

Fig. 3 shows measured results of tensile strength
of the overcoated layer 39 of the lamps when the
weight ratio of the metal oxide grains dispersed in the
overcoated layer 39 is varied. In Fig. 3, a horizontal
axis indicates the weight ratio of the metal oxide
grains and a vertical axis indicates relative value of
the tensile strength of the overcoated layer 39, and
100% means the tensile strength in case of the over-
coated layer 38 without the metal oxide grains. As
described above, an average particle size of the metal
oxide grains is 0.02 pm and the thickness of the over-
coated layer 39 is about 100 um.

According to the measured results of Fig. 3, the
tensile strength increased, accompanied by an
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incease of the weight ratio of the metal oxide grains
in the range of more than 0.05% of the metal oxide
grains.

The reason why the tensile strength increased is
thought to be that the metal oxide grains dispersed
between overlapped fluorocarbon polymer molecules
of the overcoated layer 39 prevent slipping between
fluoracarbon polymer molecules. Moreover, the fol-
lowing is supposed. As the overcoated layer 39 for-
med by the above described method has the even
density of the metal oxide grains at any position
thereof and there is no position that has extremely low
density of the metal oxide grains, there is no position
that has an extremely weak tensile strength as com-
pared with other positions. Itis thought that the tensile
strength increased because of the above described
reason.

Similar results were obtained in cases of other
kinds of metal oxide grains and different particle sizes.

Fig. 4 shows measured results of luminous flux of
the lamps, varing the weight ratio and the average
particle size of the metal oxide grains dispersed in the
overcoated layer 39. in Fig. 4, a horizontal axis indi-
cates the weight ratio of the metal oxide grains and a
vertical axis indicates relative value of the luminous
flux of the lamps, and 100% means the luminous flux
ofthe lamps in case that the overcoated layer 39 does
not have the metal oxide grains. The three lines (a),
(b) and (c) correspond to the average particle size of
0.02 um, 0.1 pm and 0.2 pm respectively.

According to the measured results of Fig. 4, the
luminous flux decreased, accompanied by an
increase of the weight ratio of the metal oxide grains.
This indicates that the metal oxide grains of the over-
coated layer 39 absorb the light. In this case, the dec-
rease of the luminous flux was not so much within the
range of 3 % of the weight ratio of the metal oxide
grains, but it was too much beyond the range of 3 %
of the weight ratio of the metal oxide grains. It is also
understood that the decrease of the luminous flux was
too much when the particle size was more than 0.1 um
even if the weight ratio of the metal oxide grains was
small. When the weight ratio of the metal oxide grains
is too much, the overcoated layer 39 may have the
defects of apacity or non-transparency.

Similar results were obtained for other types of
metal oxide grains.

Accordingly, the preferable range of the particle
size of the metal oxide grains was determined to be
not more than 0.1 pm and the preferable range of the
weight ratio of the metal oxide grains was determined
to be from 0.05 to 3 %.

Fig. 5 shows measured results of intensity of
ultraviolet rays emitted from the lamps, varying the
weight ratio (M wi%) of the metal oxide grains dis-
persed in the overcoated layer 39 and the thickness
(t um) of the overcoated layer 39. The metal oxide
grains of the lamps comprise titanium oxide (TiO,)
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and zinc oxide (ZnO) as described above. The
ultraviolet rays of wavelength 280 - 320 nm, which is
called UVB, was measured. In Fig. 5, a horizontal axis
indicates an amount (Mxt) of the metal oxide grains
dispersed in the overcoated layer 39. The amount
(Mxt) of the metal oxide grains dispersed in the over-
coated layer 39 is defined as a multiple of the weight
ratio (M) of the metal oxide grains and the thickness
(t) of the overcoated layer 39. A vertical axis indicates
relative intensity of UVB emitted from the lamps and
100 % means the intensity of UVB where the over-
coated layer 39 does not contain the metal oxide
grains, '

As shown in Fig. 5, the intensity of UVB emifted
from the lamp decreased, accompanied by an
increase of the weight ratio (M) of the metal oxide
grains and the thickness () of the overcoated layer 39.
Especially, the intensity of UVB emitted from the lamp
which has, as described above, 100 um thickness of
the overcoated layer 39 containing 1 % weight of the
metal oxide grains of titanium oxide (TiO,) and zinc
oxide (ZnO) decreases under a hundredth as much as
the intensity of UVB emitted from the lamp having the
overcoated layer 39 not containing the metal oxide
grains. Further, the intensity of UVB emitted from the
lamp which has 5 wt%pm (=Mxt) of the amount of the
metal oxide grains is a half of the intensity of UVB
emitted from the lamp having the overcoated layer 39
not containing the metal oxide grains. In general, it is
understood that the effect of suppressing fading is
obtained by decreasing the intensity of the UVB by a
half. Therefore, preferred {amps have more than 5
wt%pum (=Mxt) of the amount of the metal oxide grains
in order to suppress fading. Similar results were
obtained with regard to the lamps which have the
overcoated layer 39 containing different particle sizes
of the metal oxide grains, and were also obtained in
lamps which have the overcoated layer 39 containing
different types of metal oxide grains such as only
titanium oxide (TiO,), only zinc oxide (ZnO) or a mixt-
ure comprising cerise oxide (CeO).

Fig. 6 shows the relation between luminous flux
of the lamp and the amount (Mxt) of the metal oxide
grains. In Fig. 6, a horizontal axis indicates the
amount (Mxt} of the metal oxide grains and a vertical
axis indicates relative value of the luminous flux of the
lamp, and 100 % means the luminous flux of the lamp
whose overcoated layer 39 does not have the metal
oxide grains, or 100 % means the luminous flux of the
lamp which does not have the overcoated layer 39.
Fig. 6 was obtained under the condition that the metal
oxide grains consisted of the same amounts of
titanium oxide (TiO,) and zinc oxide (ZnO) which had
an average patrticle size of about 0.02 uym and that the
overcoated layer 39 had a thickness of about 100 um.

As shown in Fig. 6, the intensity of the luminous
flux emitted from the lamp decreased, accompanied
by an increase of the weight ratio (M) of the metal



7 EP 0 452 133 A1 8

oxide grains and the thickness (1) of the overcoated
layer 39. These results coincide with the measured
results shown in Fig. 4. In this case, the decrease of
the luminous flux was not so much within 300
(wt%xpum) of the amount of the metal oxide grains, but
itwas too much beyond 300 (wi% x pm) of the amount
of the metal oxide grains. Further the overcoated layer
39 may have defects of opacity or non-transparency
where the amount (Mxt) of the metal oxide grains is
beyond 300 (wt% x um), the same as the results
according to Fig. 4.

Similar results were obtained for other types of
metal oxide grains and for different particie sizes of
the metal oxide grains.

According to the measured results regarding to
Fig. 5 and Fig. 6, the preferred amount of the metal
oxide grains satisfies the following relationship:

5§<Mxt<300

Fig. 7 and Fig.8 show a second embodiment of
the presentinvention. In the drawings, the same num-
erals are applied to the similar elements to the first
embodiment, and therefore detailed description
thereof is not repeated.

The weight ratio (or density) of the metal oxide
grains of the overcoated layer 38 of the lamp of this
embodiment varies according to positions of the over-
coated layer 39. This is the only difference between
the lamp of this embodiment and the lamp of the first
embadiment. The weight ratio of the metal oxide
grains of the overcoated layer 39a is 0.75 wt% at the
top side area A of the lamp including the top portion
15 of the envelope 11, and the weight ratio of the
metal oxide grains of the overcoated iayer 39b is 1
wt% at the base side area B of the lamp including the
neck portion 13 of the envelope 11. A boundary be-
tween the top side area A and the area base side B
is positioned at the thickest portion of the envelope 11.
The thickness of the overcoated layer 39 is 100 umon
both sides, as in the first embodiment. The other ele-
ments of this embodiment are the same as the first
embodiment.

The lamp having two kinds of overcoated layers
is obtained by preparing two kinds of coating mixtures
having different weight ratios of the metal oxide grains
and by coating each mixture on the specific area of the
envelope 11 in two steps.

It was found that the metal oxide grains dispersed
in the overcoated layer 39 disturbed radiation of heat
from the lamp. Considering this fact, it is preferred that
the weight ratio {or density) of the metal oxide grains
at the portion of the envelope 11 tending to have high
temperature be lower than that at the portion of the
envelope 11 tending to have low temperature. Gener-
ally, these kinds of lamps, having a single base, are
frequently attached to lighting equipment for use
where the base is upward, and accordingly the top
side area A of the envelope 11 tends to have high tem-
perature. Therefore, the weight ratio of the metal
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oxide grains at the top area A of the envelope 11 is
preferably lower than that at the base area B of the
envelope 11, so as to radiate heat effectively from the
lamp.

As shown in Fig. 9, instead of varying the weight
ratio of the metal oxide grains according to the area
of the envelope 11, it may be possible to vary the
thickness of the overcoated layer 39 according to the
fop area A and the base area B, keeping a set value
of the weight ratio of the metal oxide grains in both
areas. In this case, thickness of the overcoated layer
39a at the top area A of the envelope 11 is thinnerthan
that of the overcoated layer 39b at the base area B of
the envelope 11.

The present invention may be applied not only to
the metal halide lamps described above, but also to
high intensity discharge lamps such as high pressure
sodium lamps, high pressure mercury discharge
lamps and so on. Further, the present invention may
be applied to halogen lamps. In this case, a tungsten
filament emits light and heats an envelope, which is
usually made from quartz glass, at more than 200 °C.
Therefore the present invention is also suitable for
halogen lamps.

In summary, it will be seen that the present inven-
tion overcomes or otherwise mitigates the disadvan-
tages of the prior art and provides an improved layer
for preventing glass pieces from scattering should the
glass envelope of the lamp be broken.

Claims

1. Alamp comprising:

means (19), (21), (22) for emitting light and
heat;

an envelope (11) surrounding said means
{19), (21), (22) capable of being heated to a tem-
perature greater than 200 °C by said means (19),
(21), (22); and

a first layer (39) coated on the ouside of
said envelope (11), said layer (39) comprising a
fluorocarbon polymer containing metal oxide
grains dispersed therein.

2. A lamp according to claim 1, wherein said metal
oxide grains comprise at least one of the follow-
ing:

TiO4, Zn0O, , SiO,, Taj; Os, Al; O3 and CeO.

3. A lamp according to claim 1 or 2, wherein the
average particle size of said metal oxide grains is
not more than 0. 1 um

4. Alamp according to any preceding claim, wherein
the weight ratio of said metal oxide grains to
fluorocarbon polymer is 0.05 % to 3%
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Alamp according to any preceding claim, wherein
said means emits ultraviolet rays and said metal
oxide grains suppress said ultraviolet rays.

A lamp according to claim 5, wherein said metal
oxide grains comprise at least one of the follow-
ing:

TiO,, Zn0O, and CeO.

A lamp according to claim 5 or 6, wherein the
weight ratio (M wt%) of said metal oxide grains
and the thickness (t um) of said overcoated layer
(39) satisfy the following relation:

5 <M x t<300.

A lamp according to any preceding claim, further
comprising a second layer (41) formed between
said envelope (11) and said first layer (39) for
increasing the adhesive strength of said first layer
(39) to said envelope (11).

A lamp according to any preceding claim, being
a high intensity gas discharge lamp wherein said
means (19), (21), (22) is a light emitting tube hav-
ing an inner tube (19), a discharge gas contained
in or capable of being generated in said inner tube
(19) and a pair of electrodes (21}, (22) disposed
in said inner tube (19), so as to emitlight and heat
generated by discharge of said discharge gas.

Alamp according to any preceding claim, wherein
said first layer has a plurality of portions of varying
thichness and/or varying weight ratic portions of
said metal oxide grains, such as one or more thick
portions optionally (39b) of high weigt ratio and
one or more thin portions optionally of low weight
ratio of said metal oxide grains

A lamp according to claim 10, further comprising
a base (17), attached to a position of said
envelope (11) comresponding to said thick portion
(39b) of said first layer (38), so as to obtain elec-
tric power and to supply said electric power to
said means (19), (21), (22).

A method for forming a layer comprising a
fluorocarbon polymer containing metal oxide
grains onto an envelope (11) of a lamp, compris-
ing:

preparing a mixed powder containing said
metal oxide grains and powder of said fluorocar-
bon polymer;

coating said mixed powder to said
envelope (11) by electrostatic coating means;
and

melting said powder of said fluorocarbon
polymer by heating so as to form a continuous
layer comprising said fiuorocarbon polymer con-
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taining metal oxide grains.

A method for forming a layer according to claim
12, further comprising forming a primer layer (41),
which is electroconductive, on said envelope
(11), before coating said mixed powder.

A method for forming a layer according to claim
12 or 13, wherein said primer layer (41) contains
metal oxide grains.

Use of a method for forming a layer as claimed in
any one of claims 12 to 14 in the production of a
lamp as claimed in any one of claims 1 to 11.
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