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(57)  There is provided a fluorescent lamp (10) com-
prising a glass tube (1) filled therein with an electric dis-
charging medium, a protective film (4) formed on an inner
surface of the glass tube, a phosphor layer (5) formed
on an upper surface of the protective film, and electrode
means (3) attached to the glass tube. The protective film
comprises, as a major component, SiO, fine particles
exhibiting not more than 0.3 at a temperature of 600°C
in integrated value of absorbance spectrum of hydroxyl
group absorption band in wave number ranging from
2500-3800 cm! as measured by infrared spectroscopy

%

Fluorescent lamp comprising a protective film, and lighting fixture therewith

on the assumption that the integrated value of absorb-
ance spectrum of hydroxyl group absorption band at a
temperature of 100°C is 1.

Alternatively, the SiO, fine particles contain carbon at a
content confined within the range of 0.09% to 0.3% by
mass.

Alternatively, the SiO, fine particles exhibit a spectrum
having peaks at a wave number ranging from 590 to 610
cm1and at a wave number ranging from 490 to 500 cm-1
as measured by laser Raman spectroscopy and at a tem-
perature of 700°C.
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Description

[0001] This invention relates to a fluorescent lamp and to a lighting fixture wherein this fluorescent lamp is employed.
[0002] A fluorescent lamp generally emits light according to the following mechanism. First of all, a mercury vapor
sealed into a glass tube is exited by an electric discharge to generate ultraviolet rays. The ultraviolet rays thus generated
are converted into visible rays using a phosphor layer which is coated on the inner surface of the glass tube, thus enabling
the visible rays to be emitted from the glass tube.

[0003] Inrecent years, there has been increasing concern about the global environment, so that it is now demanded
to prolong the life of a fluorescent lamp to save resources and to reduce the quantity of mercury to be employed.
[0004] The lighting life of a fluorescent lamp can be generally classified into two types. One of the types is the life that
depends on the disconnection of electrodes or on the exhaustion of thermoelectron-emitting substance (emitter) coated
on the electrodes. The other is the life that depends on the coloring or darkening of the surface of the glass tube or
phosphor or on the lowering of luminous flux due to the deterioration with time of the phosphor itself.

[0005] Among them, the limit of life due to lowering of luminous flux is greatly influenced by the coloring or darkening
of the surface of the glass tube. The coloring or darkening of the glass tube is assumed to be caused by the following
phenomena. Namely, they include, for example, the generation of amalgam through a reaction between the mercury
sealed into the fluorescent lamp and alkali components contained in the glass tube, the generation of mercury oxide
through a reaction between the impurity gases entrapped in the glass tube and the mercury sealed into the glass tube,
the penetration of mercury into the glass tube, and the solarization of the glass tube due to ultraviolet rays.

[0006] These phenomena become more prominent as the lightening time of the fluorescent lamp is increased. If these
phenomena proceed faster, the coloring or darkening of the glass tube becomes more prominent, thus degrading the
luminous flux of the fluorescent lamp at an early stage. Therefore, there has been generally practiced to form a protective
film comprising, as a major component, metal oxide fine particles at an interface between the inner surface of the glass
tube and the phosphor layer.

[0007] Itis possible, with the provision of this protective film, to suppress the reaction between the glass tube and
mercury or the phosphor layer. As a result, the coloring or darkening of the glass tube can be inhibited from being
generated, thus making it possible to inhibit the lowering of luminous flux at an early stage. Further, due to this protective
film, the quantity of mercury to be reacted with other substances existing inside the fluorescent lamp during the lightening
time can be minimized, thus also realizing the effects that the consumption of mercury can be minimized. Therefore, it
is also possible to reduce the quantity of mercury to be sealed into the glass tube to the minimum.

[0008] As the fine particles to be employed for forming the protective film, fine particles of metal oxide such as. Al,O4
and SiO, are known useful. Although SiO, is effective in absorbing ultraviolet rays and in preventing the implantation
of mercury into the glass tube, it is impossible to prevent the darkening of the glass tube due to the lightening of the
lamp from being prominently caused to occur. For this reason, Al,O3 is extensively employed in recent years as a material
for forming the protective film. However, SiO, has possibilities of exhibiting advantageous properties compared to Al,Os.
For example, it is suggested that when SiO, is inactivated, function of adsorbing impurity gases is degraded. Up to the
present, various proposals have been made with a view to improve the flux life of the fluorescent lamp where a protective
film comprising SiO, is employed.

[0009] JA-A 2000-113856 (KOKAI) describes a method of improving the flux life of the fluorescent lamp wherein the
volume fraction of metal oxide particles such as SiO, and Al,O3; and the magnitude of electrification are optimized in
order to achieve the improvement. However, even with this method, it is impossible to sufficiently improve the limit of
life resulting from the lowering of luminous flux. It is already known that the formation of mercury oxide through a reaction
of residual hydroxyl group or carbon dioxide gas left in the fluorescent lamp with mercury causes the darkening. No one
has however succeeded as yet to find techniques to effectively remove these residual hydroxyl group or carbon dioxide
gas.

[0010] The present invention has been made in view of the above problems and hence an object of the present
invention is to provide a fluorescent lamp which is capable of inhibiting impurities which may become a cause for the
generation of darkening from being entrapped and left in the glass tube, thereby making it possible to improve the
luminous flux life thereof. A further object of the present invention is to provide a lighting fixture wherein this fluorescent
lamp is utilized.

[0011] The fluorescent lamp according to the present invention comprises a glass tube filled therein with an electric
discharging medium, a protective film formed on an inner surface of the glass tube and comprising, as a major component,
SiO, fine particles, a phosphor layer formed on an upper surface of the protective film, and electrode means attached
to the glass tube, wherein the protective film is provided with the following characteristics.

[0012] According to a first embodiment, the SiO, fine particles constituting the protective film are selected from those
exhibiting 0.3 or less at a temperature of 600°C in integrated value of absorbance spectrum of hydroxyl group absorption
band in wave number ranging from 2500 to 3800 cm'l as measured by infrared spectroscopy on the assumption that
the integrated value of absorbance spectrum of hydroxyl group absorption band at a temperature of 100°C is 1.
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[0013] According to a second embodiment, the SiO,, fine particles constituting the protective film are selected from
those containing carbon at a content ranging from 0.09% to 0.3% by mass.

[0014] According to a third embodiment, the SiO, fine particles constituting the protective film are selected from those
exhibiting a spectrum having peaks at a wave number ranging from 590 to 610 cm! and at a wave number ranging from
490 to 500 cm'! as measured by laser Raman spectroscopy and at a temperature of 700°C.

[0015] The fluorescent lamp according to the present invention can be applied to a lamp of any optional configuration
such as a straight type, a circular type, a U-shaped type, a W-shaped type, a bended type where a plurality of straight
tubes are angularly connected with each other, or a plate type.

[0016] The electrode means of the fluorescent lamp of the present invention may be a hot cathode type electrode
where a filament coil is employed, or a cold cathode type electrode. Since the electrode means is only required to be
such that it is capable of generating discharge in the glass tube, the electrode means may be an outer electrode for
instance.

[0017] The present invention is applicable not only to the ordinary fluorescent lamp but also to a rapid start type
fluorescent lamp. Namely, the present invention is applicable to a fluorescent lamp wherein a transparent conductive
film is disposed inside the tube, and a protective film and a phosphor layer are successively deposited on the surface
of the conductive film which faces the air-tight space of the tube.

[0018] Further, a light-reflecting film may be interposed between the protective film and the phosphor film or between
the protective film and the inner surface of the glass tube.

[0019] The invention can be more fully understood from the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a front view of a fluorescent lamp representing one embodiment of the present invention, wherein a portion
thereof is sectioned and enlarged;

FIG. 2 is a cross-sectional view illustrating a main portion of the fluorescent lamp shown in FIG. 1;

FIG. 3is a graph showing a comparison with regard to the luminous flux maintenance factor between a fluorescent
lamp representing one embodiment of the present invention and the conventional fluorescent lamp;

FIGS. 4Ato 4C are graphs each showing the results measured, while variously changing the temperature, of infrared
absorption spectrum of a protective film representing one embodiment and of the conventional protective film;
FIG. 5 is a graph showing the relationships between the temperature and the integrated value, in hydroxyl group
absorption band, of infrared absorption spectrum shown in FIGS. 4A to 4C;

FIGS. 6A to 6D are graphs each showing the results measured of the infrared absorption spectrum of SiO, fine
particles wherein the content of carbon is varied,;

FIG. 7 is a graph showing the relationships between the temperature and the integrated value, in hydroxyl group
absorption band, of infrared absorption spectrum shown in FIGS. 6A to 6D;

FIG. 8 is a graph showing the relative values of integrated values measured at a temperature of 700°C in relation
to the content of carbon;

FIGS. 9A and 9B are graphs each showing spectrum obtained by laser Raman spectroscopy;

FIG. 10 is an electron microscopic photograph illustrating the cross-section of the fluorescent lamp representing
one embodiment;

FIG. 11 is a front view of a circular fluorescent lamp according to a second embodiment of the present invention;
FIG. 12 is a cross-sectional view of the tube of a circular fluorescent lamp shown in FIG. 11;

FIG. 13 is a cross-sectional view of a circular fluorescent lamp wherein the construction of layered film shown in
FIG. 12 is differentiated; and

FIG. 14is aside view schematically illustrating a lighting fixture representing one embodiment of the presentinvention.

[0020] The present inventors have taken,notice of the hydroxyl group on the surfaces of metal oxide particles to be
employed for forming the protective film and have made extensive studies on this hydroxyl group. More specifically, the
present inventors have made investigations to select metal oxide fine particles which easily dissociate hydroxyl group
therefrom as they are heated up to a predetermined temperature. As a result, it has been found that fine particles which
are capable of dissociating a definite quantity of the hydroxyl group adsorbed on the surfaces of the fine particles as
they are heated to a predetermined temperature are useful. When the protective film is formed using such fine particles,
it is possible to minimize the hydroxyl group left inside the fluorescent lamp, thus making it possible to suppress the
generation of mercury oxide. As a result, it is possible to prolong the life time of the fluorescent lamp that might have
been caused due to the lowering of luminous flux. The present invention has been made based on these findings.

[0021] The measurement based on infrared spectroscopy can be performed by a Fourier transform infrared (FT-IR)
spectrometer. The principle of this measurement is as follows. First of all, infrared ray wherein wave number continuously
changes is irradiated from the FT-IR and to pass through a predetermined sample. The infrared ray that has passed
through the sample is then measured and analyzed, thus obtaining a spectrum of wave number vs absorbency. The
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absorbency spectrum to be analyzed is confined within the range of 2500 to 3800 cm-1 in wave number. This range of
wave number is considered to indicate the absorption band of hydroxyl group. As the absorbency of this wave number
zone becomes higher, the quantity of adsorption of hydroxyl group will be increased. In this experiment, the measurement
is conducted in vacuum while changing the temperature of sample from ordinary temperature to about 700°C.

[0022] By the expression of "the integrated value at 100°C", it is intended to mean an integrated value to be obtained
through the integration of the wave number vs absorbency spectrums in the range of a wave number of 2500 to 3800
cm-1 that can be obtained from the infrared spectrometry which is performed in a reduced pressure of about 400 Pa
while keeping the temperature of a sample at 100°C. The integrated value at 600°C can be determined from an integrated
value of the wave number vs absorbency spectrums that can be calculated in the same manner as described above
and obtained when the sample is increased in temperature up to 600°C and brought into a stable state while keeping
the degree of vacuum. The sample to be used in this measurement is once exposed to air atmosphere of ordinary
temperature to allow hydroxyl group to adsorb onto the sample prior to the installation of the sample in the infrared
spectrometer.

[0023] From the experiments performed by the present inventors, it has been confirmed that a fluorescent lamp when
SiO, fine particles exhibiting 0.3 or less in integrated value at a temperature of 600°C (assuming that the integrated
value measured at a temperature of 100°C is 1) are employed in the protective film, the resultant fluorescent lamp is
capable of improving luminous flux maintenance factor as compared with the conventional fluorescent lamp where Al,O4
fine particles are employed as a raw material for forming the protective film.

[0024] Further, the correlation between the kinds and concentration of impurities contained in the SiO, fine particles
and the luminous flux maintenance factor of the fluorescent lamp was investigated. As a result, it has been found that
the content of carbon depends is correlated with the luminous flux maintenance factor. The content of carbon should
preferably be 0.09% or more. When the content of carbon is regulated in this manner, the hydroxyl group to be adsorbed
onto the SiO, fine particles can be minimized as compared with the conventional SiO, fine particles, thereby making it
possible to enhance the luminous flux maintenance factor. However, when the content of carbon is increased to 0.3%
or more, problems such as the deterioration in transmittance of light generates due to the precipitation of carbon, thus
rendering the protective film unsuitable for use in the fluorescent lamp. The fluorescent lamp wherein the protective film
thereof is formed by SiO, fine particles having a carbon content ranging from 0.09% to 0.3% is capable of enhancing
the luminous flux maintenance factor as compared with the fluorescent lamp wherein the protective film thereof is formed
by the conventional SiO, fine particles.

[0025] Moreover, the correlation between the difference in structure of SiO, fine particles and the adsorption of hydroxyl
group has been investigated. And the fact has been found that when the SiO, fine particles are formulated to have a
specific fine particulate structure, the luminous flux maintenance factor can be enhanced. In the identification of this
particulate structure, the measurement by laser Raman spectroscopy was employed. This laser Raman spectroscopy
is a method for measuring the Raman-scattering light which has been generated from the interaction between laser
beam and the molecules of sample as monochromatic laser beam passes through the sample. It has been found from
this measurement that the SiO, fine particles where spectrums change as follows due to the rise in temperature are
effective in reducing the quantity of hydroxyl group which is inclined to adsorb onto the surface of SiO, fine particles,
thereby making it possible to enhance the luminous flux maintenance factor.

[0026] Specifically, above-mentioned SiO, fine particles change the structure thereof in such a way that a broad
spectrum having a wave number ranging from 200 to 500 cm! indicating an amorphous structure is disappeared and
peaks are created at a wave number of about 494 cm-1 representing a peak of a four-membered ring and at a wave
number of about 606 cm1 representing a peak of a three-membered ring. These changes may be assumably attributed
to the fact that the structures of three-membered ring and four-membered ring are smaller in structure as compared with
many-membered ring and with the crystal structure of SiO,, thereby enabling hydroxyl group to easily dissociate from
SiO, fine particles.

[0027] The SiO, fine particles constituting the protective film according to the present invention should preferably be
created by the physical vapor synthesis (PVS) method.

[0028] This PVS method is a method of creating the fine particles of oxide through a process wherein a raw material
such as silicon and metals is vaporized through the application of thermal energy thereto and then allowed to take place
oxidation reaction in an oxygen-containing atmosphere, thus creating the fine particles of oxide. As the method of creating
the SiO, fine particles, a high-temperature hydrolysis method is generally employed, wherein silicon tetrachloride, oxygen
and hydrogen are concurrently reacted with each other to manufacture SiO,. The SiO, fine particles that have been
manufactured according to the conventional method contain a minute amount of hydrogen chloride (HCI).

[0029] Whereas, the SiO, fine particles that have been manufactured according to the PVS method are free from HCI.
Further, the pH of a slurry (suspension) having SiO, fine particles dispersed therein is dependent on the content of HCI.
Namely, as the content of HCI in the SiO, fine particles is increased, the slurry tends to indicate stronger acidity. Since
the isoelectric point of SiO, is as low as pH=2-3, when the slurry of SiO, fine particles indicates a strong acidity, the
aggregation of SiO, fine particles is more likely to occur. As a result, the dispersibility of the slurry is degraded, thus
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making it difficult to form a protective film of high density. Further, HCI may be reacted with mercury, thus raising
possibilities of generating the darkening of the glass tube. Therefore, the concentration of HCI in the SiO, fine particles
should preferably be as low as possible.

[0030] Further, the present inventors found a fact that SiO, is less liable to adsorb CO, CO, gases than Al,O,.
Therefore, a protective film comprising SiO, seems not to liable coloring due to CO, CO, gases than a protective film
comprising Al,O5. Moreover, it was conformed that SiO, fine particles prepared by PVS method can be hardly adsorb
CO, CO, gases.

[0031] In the fluorescent lamp of the present invention, it is preferable to use, as a binder of the phosphor layer, the
SiO, fine particles which are also employed in the formation of the protective film.

[0032] The glass tube of the fluorescent lamp of the present invention can be formed from glass having a thermal
expansion coefficient a ranging from 85 to 105. The electric discharging medium should preferably be filled into the
glass tube after evacuating the glass tube subsequent to heating of the glass tube at a temperature ranging from 500
to 650°C while maintaining the inner pressure of the glass tube.

[0033] In this step of evacuation in the manufacture of the fluorescent lamp, as the temperature of the glass tube
becomes higher, the impurity gas being adsorbed onto the inner wall of the glass tube can be more effectively removed.
As a result, the quantity of impurity gas left in the glass tube after the evacuation thereof can be minimized. However,
since the soft glass having a thermal expansion coefficient a ranging from 85 to 105 and constituting the glass tube is
relatively low in softening point, the glass tube may be collapsed by the pressure of atmospheric pressure if the temper-
ature of the glass tube is increased 500°C or more while continuing the evacuation of the glass tube.

[0034] Therefore, on the occasion of exhausting the impurity gas that has been adsorbed onto the inner wall of the
glass tube by raising the temperature of the glass tube up to 500 to 650°C, it is required to introduce an inert gas into
the glass tube so as to maintain the inner pressure of the glass tube, after which the temperature of the glass tube is
decreased down to 450 to 480°C and then, the evacuation of the glass tube is performed under this temperature condition.
The temperature of the glass tube in the step of exhausting the impurity gas should more preferably be confined to the
range of 550 to 650°C, most preferably the range of 600 to 650°C.

[0035] In the fluorescent lamp of the present invention, a light-reflecting film may be interposed at least a part of the
interface between the protective film and the phosphor layer.

[0036] Preferably, the light-reflecting film is enabled to reflect most of the light having a visible wavelength range (about
380 to about 780 nm) and also is capable of permitting part of the visible rays to pass therethrough. The light-reflecting
film may be formed by at least one kind of fine particles of material selected from strontium pyrophosphate, calcium
pyrophosphate, titanium oxide and aluminum oxide (alumina). In addition to the aforementioned fine particles, barium
calcium borate, lanthanum oxide, etc. may be included in the light-reflecting film.

[0037] The light-reflecting film may not necessarily be formed throughout the entire region of an interface between
the protective film and the phosphor layer. For example, the light-reflecting film may be selectively formed at a prede-
termined peripheral portion of the glass tube so as to leave an opening portion which is high in light transmittance (light-
reflecting film-missing portion). In this case, the light to be emitted from the outer circumferential surface of the glass
tube may not become uniform even if the fluorescent lamp is lightened. The intensity of light (quantity of light) emitting
from the opening (light-reflecting film-missing portion) and passing along the axial direction of the tube would become
higher (larger) along with the light reflected by the light-reflecting film formed inside the tube, thus causing the irradiated
surface placed in the light irradiating direction of the opening portion to become brighter.

[0038] Inthe case of a rapid start type fluorescent lamp, the light-reflecting film may be formed on the protective film
which is formed on a transparent conductive film. In this case also, it is possible to expect almost the same effects as
described above.

[0039] The lighting fixture of the present invention is composed of the aforementioned fluorescent lamp, a main body
on which this fluorescent lamp is mounted, and a lightening device for lightening the fluorescent lamp.

[0040] In the fluorescent lamp of the present invention, the protective film mainly by using SiO, fine particles which
enable hydroxyl group to easily dissociate therefrom as they are heated. As a result, the hydroxyl group left in the glass
tube can be minimized, thus prolonging the life of the fluorescent lamp that may be affected by the deterioration of
luminous flux.

[0041] The SiO, fine particles which enable hydroxyl group to easily dissociate therefrom as they are heated can be
specified by any one of the following features. One of them is characterized in that they exhibit 0.3 or less at a temperature
of 600°C in integrated value of absorbance spectrum of hydroxyl group absorption band in wave number ranging from
2500 to 3800 cm1 as measured by infrared spectroscopy on the assumption that the integrated value of absorbance
spectrum of hydroxyl group absorption band at a temperature of 100°C is 1. Another feature resides in that the content
of carbon included in the SiO, fine particles is confined within the range of 0.09% to 0.3%. A further feature resides in
that they exhibit a spectrum having peaks at a wave number ranging from 590 to 610 cm 1 and at a wave number ranging
from 490 to 500 cm 1 as measured by laser Raman spectroscopy and at a temperature of 700°C.

[0042] The SiO, fine particles that have been manufactured by the PVS method are characterized in that the hydroxyl
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group being adsorbed thereon can be more easily dissociated therefrom at high temperatures as compared with the
SiO, fine particles that have been prepared by high-temperature hydrolysis method. Therefore, the darkening of the
glass tube can be inhibited and the luminous flux maintenance factor thereof can be certainly improved.

[0043] The SiO, fine particles prepared in this manner are also characterized in that CO and CO, can be hardly
adsorbed thereon. Therefore, when the SiO, fine particles are employed as a binder for the phosphor layer, the deteri-
oration of luminous flux can be more effectively minimized as compared with the case where Al,O4 fine particles are
employed in place of the SiO, fine particles. As a result, the luminous flux maintenance factor can be further improved.
[0044] Further, since the temperature of the glass tube is raised to 500°C or more on the occasion of manufacturing
the fluorescent lamp, the following advantages can be derived. Namely, even if the glass tube is manufactured from a
soft glass having a thermal expansion coefficient a ranging from 85 to 105, i.e., a glass which is low in softening point,
it is possible, while maintaining the inner pressure of the glass tube, to effectively eliminate hydroxyl group which is
being adsorbed onto the protective film without causing the deformation of the glass tube during the evacuation of the
glass tube. As a result, it is possible to more reliably minimize the residual hydroxyl group at the moment when the glass
tube is finally sealed.

[0045] When the light-reflecting film is formed at a predetermined location of the glass tube, the irradiated surface
placed in the light irradiating direction of the opening portion can be made brighter.

[0046] According to the present invention, there is provided a lighting fixture exhibiting the effects of the fluorescent
lamp as described above.

[0047] Next, embodiment of the present invention will be explained with reference to the drawings.

[0048] FIG. 1is a front view of a fluorescent lamp representing one embodiment of the present invention, wherein a
portion thereof is sectioned and enlarged; and FIG. 2 is an enlarged cross-sectional view illustrating a main portion of
the fluorescent lamp shown in FIG. 1.

[0049] A fluorescent lamp 10 comprises a glass tube having an outer diameter of 15 to 18 mm and employed as a
glass tube 1. This glass tube 1 is equipped, on the opposite ends 2 thereof, with filament electrodes 3 functioning as
electrode means and enclosed by the glass tube. A rare gas such as argon (Ar) is filled together with mercury in the
glass tube 1. This glass tube 1 is made of soda-lime glass having a thermal expansion coefficient a ranging from 90 to
100. A protective film 4 is formed on the inner surface of the glass tube 1 and a phosphor layer 5 is deposited on the
upper surface (the side facing the discharging space) of the protective film 4.

[0050] The thickness of the protective film 4 is confined to 0.8 um to 2.0 pm. The protective film 4 comprises, as a
major component, SiO,, fine particles having a specific surface area (BET value) ranging from 60 to 180 m2/g, more
preferably 90 to 160 m2/g and an average primary particle diameter ranging from 13 to 30 nm.

[0051] Next, the method of manufacturing this fluorescent lamp will be explained.

[0052] First of all, the SiO, fine particles having an average particle diameter of 25 nm and manufactured by the PVS
method are prepared. The SiO, fine particles are then dispersed in a dispersion medium to prepare a slurry (suspension).
The slurry thus obtained is used as a raw material for forming the protective film. Further, a slurry having a luminescent
compound dispersed therein is prepared to obtain a raw material for forming the phosphor layer. Then, a raw material
for the protective film is coated on the inner wall of the glass tube 1 and dried. Then, a raw material for the phosphor
layer is coated on the previously coated layer and dried. Subsequently, these coated layers are baked to form the
protective film 4 and the phosphor layer 5.

[0053] The phosphor layer 5 may contain a binder which is dispersed in the phosphor layer 5 and comprises, as a
major component, the SiO, fine particles that have been prepared by the PVS method. Then, an inert gas such as Ar
is introduced into the glass tube 1 so as to maintain the inner pressure of the glass tube 1 and, concurrently, the
temperature of the glass tube 1 is increased up to 600 to 650°C. Thereafter, the temperature of the glass tube 1 is cooled
down to 450°C and the evacuation of the glass tube 1 is performed without contacting the inner wall of the glass tube
1 directly with atmosphere, thus obtaining the fluorescent lamp as shown in FIG. 1.

[0054] Tests on various kinds of SiO, fine particles were performed by the present inventors in an attempt to develop
a fluorescent lamp which is improved in the luminous flux maintenance factor as compared with the conventional fluo-
rescent lamp even if SiO, is employed for forming the protective film. As a result, it was confirmed that when the SiO,
fine particles prepared by the PVS method (for example, "NanoTek SiO,"; a trade name of Cl Kasei Co., Ltd.) was
employed as a raw material of the protective film, it was possible to enhance the luminous flux maintenance factor.
[0055] FIG. 3 is a graph showing the luminous flux maintenance factor of the fluorescent lamp wherein SiO, fine
particles prepared by the PVS method were employed for forming the protective film 4. For the purpose of comparison,
the luminous flux maintenance factor of the fluorescent lamp wherein SiO, fine particles prepared by high-temperature
hydrolysis method ("Aerogel MOX80", a trade name of Degxa Co., Ltd.) was employed as a raw material of the protective
film and the luminous flux maintenance factor of the fluorescent lamp wherein Al,O5 fine particles (Aluminum Oxide C,
a trade name of Degxa Co., Ltd.) was employed as a raw material of the protective film, wherein the evacuation of the
glass tube 1 was conducted in the same manner as described in this embodiment, are shown in this graph of FIG. 3 as
Comparative Examples 1 and 2, respectively.
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[0056] Further, using a protective film formed from Al,Oj fine particles (Aluminum Oxide C, a trade name of Degxa
Co., Ltd.) and by following the conventional evacuation method, a fluorescent lamp was manufactured. The luminous
flux maintenance factor of this fluorescent lamp is also shown in this graph as Comparative Example 3.

[0057] In this experiment, a glass tube having an inner diameter of 16.5 mm and a length of 500 mm was used. This
experiment was performed under the conditions wherein the thickness of the protective film was set to 1 um, Ar was
employed as a filler gas, and the inner pressure of the glass tube was set to 400 Pa. As the particle diameter of SiO,
or Al,O5 becomes larger, the specific surface area of these particles decreases proportionally, thereby making it possible
to reduce the quantity of hydroxyl group that adsorbs per unit mass. However, as the particle diameter of the fine particles
to be employed for the formation of the protective film of the fluorescent lamp becomes larger, it becomes impossible
to effectively prevent mercury from being implanted into the glass tube, thus easily causing the darkening of the luminous
tube. Therefore, itis required to increase the film thickness of the protective film if the particle diameter of the fine particles
is relatively large, resulting in an increase of the absolute quantity of hydroxyl group.

[0058] With respect to the specific surface area of the protective film to be formed in the fluorescent lamp and employed
in this experiment, it was set to 110 m2/g in the case of the SiO,, fine particles which were prepared by PVS method, to
80 = 20 m2/g in the case of the SiO, fine particles of Comparative Example 1, and to 100 = 15 m2/g in the case of the
Al,O4 fine particles of Comparative Examples 2 and 3. The film thickness of the protective film was set to 1 um in all of
the protective films. The physical properties of the SiO, fine particles (PVS method), of the SiO, fine particles of Com-
parative Example 1, and of the Al,Oj fine particles of Comparative Examples 2 and 3, all employed in this experiment,
are shown in the following Table 1.

Table 1
SiO, (PVS method) SiO, (Comp. Ex. 1) | Al,O3(Comp. EX. 2)
Specific surface area (m2/g) 110 80+20 10015
Average primary particle diameter (nm) 25 30 13
HCI Impossible to measure <0.025% <0.025%
pH of slurry 6.5 3.6-4.5 4.5-5.5

[0059] It is clear from FIG. 3 that the fluorescent lamp of Comparative Example 2 was improved in luminous flux
maintenance factor as compared with the fluorescent lamp of Comparative Example 3 that was manufactured by following
the conventional evacuation process. It will be also clear that the employment of the SiO, fine particles that was man-
ufactured by the PVS method for forming the protective film 4 tends to improve the luminous flux maintenance factor of
the fluorescent lamp. In order to examine the reasons for this tendency, the properties of the SiO, fine particles which
were prepared by the PVS method, of the SiO, fine particles of Comparative Example 1, and of the Al,O5 fine particles
of Comparative Examples 2 and 3 were investigated.

[0060] The kinds of impurities which may become a cause for generating the darkening of the glass tube are considered
as follows. Namely, they are hydroxyl group which is liable to adsorb onto the surface of SiO, or Al,O3 which are used
for the protective film, HCI which is liable to be mixed into SiO, or Al,O5 during the manufacturing process thereof by
high-temperature hydrolysis method, and CO and CO, which are liable to be generated when the thermal decomposition
of an emitter to be coated on the filament electrodes.

[0061] The problem that is considered to be raised on the occasion of using SiO, fine particles as a major raw material
for forming the protective film is the adsorption of hydroxyl group. The SiO, fine particles that have been conventionally
employed are not surface-treated before use. Therefore, the surfaces of the fine particles are covered with silanol group
in air atmosphere, thus indicating hydrophilicity due to the hydrogen bond thereof. When this silanol group is heated
and dehydrated, isolated hydroxyl group and siloxane generate and the silanol group is separated in the form of H,O.
Ifitis impossible to separate these impurities in the form of H,O as in the case of isolated hydroxyl group, these impurities
can be hardly eliminated from the surfaces of SiO, fine particles even if they are heated.

[0062] On the other hand, since siloxane is inactive, if many a number of siloxane is formed on the surfaces of SiO,
fine particles, hydroxyl group cannot be easily adsorbed onto the surfaces of SiO, fine particles. This reactionis considered
reversible under a condition of 400°C or less but becomes irreversible under a condition of higher than 400°C. In this
manner, the adsorption of hydroxyl group onto the SiO, fine particles is highly influenced by the conditions of the surfaces
of SiO, fine particles.

[0063] While changing the temperature, the measurement of infrared absorption spectrum was performed on the SiO,
fine particles which were prepared by the PVS method, on the SiO, fine particles of Comparative Example 1, and on
the Al,Oj fine particles of Comparative Example 2. The results of the measurement are shown respectively in FIGS.
4A, 4B and 4C. The measurement was performed using a transmission FT-IR under a reduced pressure of about 400
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Pa with the temperature of samples being made variable. In these graphs, the ordinate thereof represents absorbency
to the light entered into samples and the abscissa thereof represents wave number.

[0064] Ineach of these graphs of FIGS. 4A, 4B and 4C, a relatively wide peak which is observed in the range of wave
number 2500 to 3800 cm-! represents the absorption band of hydroxyl group. Incidentally, as long as the absorbency
per unit mass is the same with each other, the absorbency varies in proportion to a product of density and the thickness
of sample. It will be recognized from these graphs that as the temperature is raised, the hydroxyl group being adsorbed
onto the fine particles will be more easily dehydrated.

[0065] In the spectrums shown in FIGS. 4A and 4B, a sharp peak (a first peak) can be recognized at wave number
of 3740 cm1. This peak is an infrared absorption peak representing isolated hydroxyl group, from which it will be
recognized that it cannot be dehydrated even at a measured temperature of about 700°C. Further, FIG. 4A shows that
most of hydroxyl group other than the isolated hydroxyl group was dehydrated at a temperature ranging from 400 to
500°C. Whereas, in the case of FIG. 4B, a fairly large quantity of hydroxyl group other than the isolated hydroxyl group
adsorbs onto the fine particles. It was assumed from these results that when SiO, fine particles (PVS method) were
heated up to 450 to 480°C (which is the conventional evacuating temperature), the quantity of hydroxyl group being
adsorbed onto the SiO, fine particles could be minimized as compared with the SiO, fine particles of Comparative
Example 1.

[0066] Inthe spectrums shown in FIGS. 4A and 4B, a broad peak (a second peak) can be recognized at wave number
of 3680 cm™1. The intensity ratio between the first peak and the second peak (the second peak/the first peak) is 70% or
more. In the case of FIG. 4A, as the temperature was raised up to 500°C or more, this intensity ratio decreases down
to 30% or less. It will be recognized that when the temperature was raised up to 700°C, the second peak was mostly
vanished. Whereas, in the case of FIG. 4B, it will be recognized that since the intensity ratio was 50% or more, a large
number of hydroxyl group, other than isolated hydroxyl group, adsorb onto the SiO, fine particles.

[0067] Iltwasassumed from these results thatthe reason for the lower luminous flux maintenance factor of Comparative
Example 1 as compared with that of Example of the present invention could be attributed to the following facts. Namely,
the larger the quantity of residual hydroxyl group that could not be dehydrated even if the SiO, fine particles were heated
up to high temperature, the larger the quantity of compounds that could be created on the surfaces of the SiO, fine
particles. Otherwise, for some reasons such as radiation of ultraviolet rays from mercury, hydroxyl group is gradually
dissociated as H,O and, after the preparation of the fluorescent lamp, the hydroxyl group is released into the glass tube.
[0068] The integrated value of each of the spectrums of FIGS. 4A, 4B and 4C was determined with respect to the
range of wave number of 2500 to 3800 cm-1 corresponding to the hydroxyl group absorption band. The relative value
of the changes in integrated value to temperatures is shown as logarithmic values in the graph of FIG. 5. Each of these
integrated values represents a relative value as calculated for every sample based on the integrated value at 100°C
which was defined as 1. In FIG. 5, "Example” represents the SiO, fine particles which were prepared by the PVS method,
"SiO, (Comp. Ex.1)" represents the SiO, fine particles of Comparative Example 1, and "Al,O5 (Comp. Ex.2)" represents
Al,O5 fine particles of Comparative Example 2.

[0069] The graph of FIG. 5 indicates that as the inclination of line in downward direction becomes larger, the hydroxyl
group adsorbed onto the sample is more liable to be dissociated. It will be recognized from the comparison between the
SiO, fine particles (PVS method) and the SiO, fine particles (Comp. Ex. 1) that the hydroxyl group adsorbed onto the
SiO, fine particles (PVS method) was more strongly dependent on temperature, enabling the hydroxyl group to be more
easily hydrated. It can be assumed from this comparison that the surface condition or structure of SiO, fine particles
differs depending on the manufacturing method thereof and hence the temperature dependency of the dehydration of
hydroxy! group is also caused to differ. It was assumed from the comparison between the SiO, fine particles (PVS
method) and the SiO, fine particles of Comparative Example 2 that since the variation of integrated value due to the
rise of temperature was very small, the temperature dependency of the dehydration of hydroxyl group was almost the
same with each other.

[0070] As already explained above, according to the PVS method, a raw material is vaporized by the application of
thermal energy and then subjected to an oxidation reaction in an oxygen-containing atmosphere to produce oxide fine
particles. For example, in the case of producing SiO, fine particles, silicon is employed as a raw material and at the
same time, a binder comprising carbon as a major component is included, for solidifying silicon, in the raw material prior
to the vaporization of raw material. Therefore, the SiO, fine particles produced by the PVS method contains a very small
amount of carbon. When impurities are included in the SiO, fine particles, there are possibilities of modifying the structure
of the SiO, fine particles. Thus, the present inventors have taken notice of the content of carbon included in the SiO,
fine particles produced by the PVS method and the infrared absorption spectrum of SiO, fine particles was measured
while changing the content of carbon, thus investigating the relationship between the temperature and the adsorption
of hydroxy! group.

[0071] Fourkinds of SiO, fine particles each differing in the content of carbon were prepared and the infrared absorption
spectrum thereof was measured while changing the temperature thereof. The content of carbon was set to 0.28% by
mass (Example 1), 0.09% by mass (Example 2), 0.07% by mass (Comparative Example 4), and 0.02% by mass (Com-
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parative Example 5), respectively. The results obtained are shown respectively in FIGS. 6A, 6B, 6C and 6D.

[0072] The integrated value of each of the spectrums of FIGS. 6A to 6D was determined with respect to the range of
wave number of 2500 to 3800 cm® corresponding to the hydroxyl group absorption band. The relative value of the
changes in integrated value to temperatures is shown as logarithmic values in the graph of FIG. 7.

[0073] The graph of FIG. 8 shows the relative values of the integrated value at 700°C, which are plotted relative to
the content of carbon.

[0074] As shown in FIGS. 6A and 6B, in the case of the SiO, fine particles of Examples 1 and 2, a second peak can
be recognized in the vicinity of the peak of isolated hydroxyl group. This kind of peak cannot be recognized in the
spectrums of Comparative Examples shown in FIGS. 6C and 6D. Therefore, it was assumed that there was some sort
of difference in structure of SiO, fine particles between Examples 1 and 2 and Comparative Examples 4 and 5.

[0075] Further, it will be recognized from FIG. 8 that it was possible, in the case of the SiO, fine particles produced
by the PVS method, to confine the integrated value at 700°C to 0.15 or less as long as the content of carbon can be
limited within the range of 0.09% to 0.28%. When the content of carbon is less than 0.09%, the quantity of hydroxyl
group being adsorbed increases as compared with the SiO, fine particles of Comparative Example 1, so that it is
impossible to expect any enhancement of luminous flux maintenance factor. On the other hand, when the content of
carbon is increased higher than 0.3%, the precipitation of carbon or the deterioration of transmittance be undesirably
occur as the SiO, fine particles are applied as a protective film to the fluorescent lamp. It has been confirmed that a
fluorescent lamp where SiO, fine particles having a carbon content ranging from 0.09% to 0.28% are employed for the
formation of the protective film tends to enhance the luminous flux maintenance factor as compared with a fluorescent
lamp where SiO, fine particles having a carbon content of less than 0.09% are employed for the formation of the protective
film.

[0076] In an attempt to study the relationship between a difference of the structure of SiO, fine particles and the
adsorbency of hydroxyl group, the measurement was performed using laser Raman spectroscopy. This laser Raman
spectroscopy is a method for measuring the Raman-scattering light which has been generated from the interaction
between laser beam and the molecules of sample as monochromatic laser beam passes through the sample. Since it
is possible, through this Raman-scattering light, to selectively observe the vibration mode of absorption band of molecule,
the laser Raman spectroscopy is generally employed for the analysis of the structure of molecule. This measurement
was performed using a sample formed from the compression molding of SiO, fine particles at ordinary temperature and
a sample formed from the compression molding of SiO, fine particles and heated at 700°C, and using laser beams
having a wavelength of 633 and 758 nm, respectively.

[0077] Three kinds of SiO, fine particles produced by the PVS method and each differing in content of carbon were
prepared and the spectrums thereof were measured at ordinary temperature and by laser Raman spectroscopy. The
content of carbon of three kinds of SiO, fine particles was set to 0.28% by mass, 0.07% by mass (Comparative Example
4) and 0.02% by mass, respectively. The results obtained are shown in FIG. 9A as (1), (3) and (4). In FIG. 9A, the
abscissa thereof represents the wave number (cm1) of Raman-scattering light and the ordinate thereof represents the
intensity of Raman-scattering light (intensity/A.u.).

[0078] FIG. 9B shows the spectrums measured of the same three kinds of SiO, fine particles at a temperature of 700°C.
[0079] As shown in FIG. 9A, a broad spectrum was recognized at wave number of 200 500 cm in all of three kinds
of SiO, fine particles at ordinary temperature. This indicates the existence of an amorphous structure having a many-
membered ring in the SiO, fine particles.

[0080] As shown in FIG. 9B, when the SiO, fine particles of Comparative Example 5 (shown by (4)) were heated up
to 700°C, the spectrum thereof change. More specifically, the broad spectrum of 200 to 500 cm-1 was caused to vanish
and a sharp peak was formed at a wave number of about 464 cm-1. This sharp peak formed at a wave number of about
464 cm-1 was considered as being a peak of the crystal structure of SiO,, so that it will be recognized that the SiO, fine
particles were caused to change from the amorphous structure to the crystal structure as the temperature was increased.
[0081] Whereas, the SiO, fine particles of Example 1 (shown by (1)) were caused to change as follows as the tem-
perature thereof was raised. The SiO, fine particles of Example 1 were produced by the PVS method, the content of
carbon included therein being 0.28% by mass. Although the broad spectrum of 200 to 500 cm-1 was caused to vanish
as the temperature thereof was increased, a sharp peak was not formed at a wave number of about 464 cm1. Peaks
were formed at a wave number of about 494 and 606 cm1, respectively. The peaks formed at a wave number of about
494 and 606 cm-1 were considered as being the peaks of four-membered ring and three-membered ring, respectively.
These four-membered ring and three-membered ring are characterized in that the intervals between neighboring hydroxyl
groups being adsorbed on the surface are made smaller as compared with many-membered ring as well as with the
crystal structure of SiO,. Namely, it was assumed that due to the transformation of amorphous structure into a smaller
structure such as four-membered ring and three-membered ring in conformity with the rise in temperature, the hydroxyl
group was enabled to be easily dissociated.

[0082] Further, in the case of the SiO, fine particles of Comparative Example 4 (shown by (3)), the broad spectrum
of 200 to 500 cm-1 was not substantially vanished. The SiO, fine particles of Example 4 were produced by the PVS
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method and the carbon content thereof was 0.07%. Although it was possible to recognize the peak of four-membered
ring at a wave number of about 494 cm-1. the peak of three-membered ring at a wave number of about 606 cm-1 could
be hardly recognized. When the temperature was raised, four-membered ring was formed but three-membered ring was
not formed. Further, it was contemplated that due to a large number of many-membered ring existed in the SiO, fine
particles, the structure thereof was such that the hydroxyl group was hardly enabled to dissociate. As described above,
there is a correlation between the structure of SiO, and the dissociation of hydroxyl group, so that when there is a
relatively large peak at a wave number of 490 to 610 cm-1, the resultant structure is such that the hydroxyl group is easily
enabled to dissociate.

[0083] The aforementioned structural change due to the rise in temperature of SiO, is assumed as being caused by
the effects of the impurities contained in the SiO,-Especially in the case where carbon is contained in the SiO, fine
particles produced by the PVS method, it is considered effective to regulate the content of carbon.

[0084] Next, HClwillbe studied. The SiO, fine particles and Al,O5 fine particles to be produced by the high-temperature
hydrolysis can be manufactured according to the following chemical formulas (1) and (2), respectively.

SiCl, + 2H, + O, — SiO, + 4HCI )
4AICI; + 6H, + 30, - 2Al,04 + 12HCI @

[0085] As shown in the right side of the formula (1), HCI will be included in the product. Since HCI is caused to be
included in a sample, HCI will be included, as shown in Table 1, in the components of the Al,O4 fine particles and the
SiO, fine particles to be produced by the high-temperature hydrolysis. If this HCI is left in the glass tube 1, this HCl is
considered to react with the mercury that has been sealed into the glass tube, thus raising possibilities of generating
one of the causes for darkening the glass tube. The HCI left in the glass tube 1 is originated from those adsorbed onto
the Al,O5 and the SiO, of the protective film. Anyways, since this HCI mingles into the Al,O; and the SiO, in the
manufacturing process thereof, it has been very difficult to completely eliminate it.

[0086] In the case where the SiO, fine particles are produced by the PVS method, there is no possibility of permitting
HCI to be mingled into the SiO, fine particles, since the vapor of Si is directly reacted with oxygen. Further, the pH of
the slurry of SiO, fine particles that has been manufactured by high-temperature hydrolysis is 3.6 to 4.5, i.e., the slurry
is acidic. Since the isoelectric point of SiO, is as low as pH=2-3, the SiO, fine particles in the slurry are liable to aggregate
and hence poor in dispersibility. Therefore, on the occasion of coating this slurry on the inner surface of luminous tube
to form a protective film, it may become difficult to obtain the protective film having uniform thickness. Because of this,
it is required to adjust the pH of the aqueous solution, thus rendering the control of aqueous solution very troublesome.
[0087] Whereas, the pH of the slurry of the SiO, fine particles produced by the PVS method is 6.5, i.e. neutral.
Therefore, it is possible to obtain the protective film having uniform thickness without necessitating accurate control of
the pH of aqueous solution.

[0088] Next, the correlation between CO and CO, left in the luminous tube and the protective film will be explained.
These CO and CO, left in a glass tube mostly generate on the occasion of forming an emitter substance of electrode.
These CO and CO, react with the mercury filled into the glass tube to form HgO, thus giving rise to the darkening of the
glass tube. Since CO and CO, are capable of being adsorbed onto Al,O,, it is difficult to eliminate the cause for this
darkening by the effects of CO and CO, when Al,Oj; fine particles are employed for forming the protective film.

[0089] Whereas, it has been suggested through experiments that CO and CO, are not liable to adsorb onto SiO,. It
is assumed that it is possible, through the employment of SiO, fine particles for the formation of the protective film, to
improve the luminous flux maintenance factor as compared with the protective film formed using Al,O4.

[0090] The SiO, fine particles of Examples which were produced by the PVS method were found more advantageous
as compared with the SiO, fine particles produced by the high-temperature hydrolysis in the case where the evacuation
temperature was set higher. The reason for this will be explained as follows.

[0091] Inthe case of the conventional manufacturing method of the fluorescent lamp, a protective film and a phosphor
layer are deposited on the inner surface of a glass tube and then the evacuation of the glass tube is performed with the
temperature of the glass tube being raised to 450 to 480°C. Whereas, in the evacuation step of the embodiments of the
present invention, after finishing the deposition of a protective film and a phosphor layer on the inner surface of a glass
tube and prior to the evacuation step, the temperature of glass tube 1 is raised to 600 to 650°C while introducing an
inert gas into the glass tube 1. Subsequently, the temperature of the glass tube is lowered to 450 to 480°C and the
evacuation is performed without the inner wall of the glass tube 1 being directly contacted with air atmosphere.

[0092] Since the temperature of the glass tube immediately before the evacuation step can be raised higher than the
temperature to be employed on the evacuation, the fluorescent lamp according to the present invention contains a
smaller quantity of residual hydroxyl group as compared with the conventional fluorescent lamp. Furthermore, as com-
pared with the SiO, fine particles produced by the high-temperature hydrolysis, the SiO, fine particles produced by the
PVS method are higher in temperature dependency with regard to the dehydration of hydroxyl group. Because of this,
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the dehydration efficiency at high temperatures can be enhanced. Namely, it is possible, through the heating of about
600 to 700°C, to dehydrate most of the hydroxyl group excepting the isolated hydroxyl group. Therefore, the employment
of high temperature higher than the aforementioned range may be of no merit. Further, an upper limit of the temperature
which makes it possible to adjust the pressure inside the glass tube through the introduction of inert gas may be 650°C.
Taking these conditions into consideration, the heating of glass tube prior to the evacuation step should preferably be
confined to the range of 500 to 650°C, more preferably 550 to 650°C, most preferably 600 to 650°C.

[0093] FIG. 10 shows an electron microscopic photograph illustrating an enlarged cross-section of the fluorescent
lamp according to one embodiment of the present invention. As shown in this photograph, a protective film and a phosphor
layer are successively deposited on the inner surface of a glass tube 1. The protective film is formed so as to have a
thickness ranging from 0.1 to 2.0 um using slurry comprising, as a major component, the SiO, fine particles granulated
by the PVS method and having an average particle diameter of 25 nm. In the phosphor layer is dispersed particles of
luminescent compound.

[0094] FIG. 11 is a front view of a circular fluorescent lamp according to one embodiment of the present invention;
and FIG. 12 is a cross-sectional view of the tube of the circular fluorescent lamp shown in FIG. 11. In these FIGs., the
film thickness of each of the films and the configuration of the films are partially exaggerated for the convenience of
explanation and hence the dimensional ratio of one constituent member relative to other constituent members may differ
from the actual dimensional ratio.

[0095] In the circular fluorescent lamp 20 herein, the numeral 21 represents a circular tube which may be formed by
bending a cylindrical glass tube formed of soda-lime glass or lead glass, and the numeral 22 represents a stem. The
numeral 21a represents a sealed portion formed between a terminal portion of the tube 21 and the stem 22, thus
constructing an airtight container constituted by the tube 21 and a couple of stems 22.

[0096] The stem 22 is formed of a glass tube having a flare-like configuration and disposed to crushingly seal the
junction between a pair of lead wires 24 and an exhaust tube (not shown). Further, between these lead wires 24, there
is interposed an electrode 25 formed of a coil-like filament made of a winding of tungsten wire so as to interconnect
these lead wires 24. The stem 22 may not be formed of a flare stem but may be formed of a button stem or a bead stem.
[0097] The numeral 26 represents a protective film having the same features as described above and being coated
substantially all over the inner surface of the tube 21 in order to prevent the darkening of the tube that may be caused
by mercury or ultraviolet rays and also to prevent the precipitation of alkaline metals from the tube 21. Specifically, the
protective film 26 comprises, as a major component, SiO, fine particles produced by the PVS method, having an average
particle diameter ranging from 0.01 to 0.05 wm and a BET value ranging from 90 to 160 cm2/g, and containing carbon
at ratio of 0.09 to 0.3% by mass, the thickness of the protective film 26 being about 0.1-0.5 pm.

[0098] On the protective film 26 is formed a light reflecting translucent film 27 for reflecting visible rays. This light
reflecting film 27 is coated along the entire length of the tube 21 but limited to a specific region of the tube 21, i.e., an
upper inner wall portion of the tube 21, which corresponds to a predetermined angle region in the circumferential direction
of the tube. This light reflecting film 27 is composed, as a major component, of at least one selected from a luminescent
compound, aluminum oxide, titanium oxide and calcium pyrophosphate, each having an average particle diameter of
about 0.5-10 pum. The film thickness of the light reflecting film 27 may be 1-40 pm, preferably about 3-30 wm, though it
may vary depending on the particle diameter thereof. Incidentally, this light reflecting film 27 is provided with an opening
27a where this light reflecting film 27 is not deposited, thus exposing the surface of the underlying protective film 26.
[0099] On all over the surface including the light reflecting film 27 and the opening 27a, there is deposited a phosphor
layer 28. This phosphor layer 28 can be formed by coating fine particles of luminescent compound such as three-
wavelength emission type luminescent compound and calcium halophosphate (white emission luminescent compound).
[0100] The tube 21 can be fabricated by, at first, heating a straight tube up to the softening point thereof after finishing
the successive deposition of the protective film 26, the light reflecting film 27 and the phosphor layer 28 on the inner
surface thereof and then by subjecting it to bending work. From the viewpoints of workability and cost, soda-lime glass
or lead glass is generally employed for the manufacture of the tube 21. The softening point of these glass materials is
around 600 to 700°C, so that they are preliminarily heated up to about 800°C and then subjected to the bending work
thereof.

[0101] The SiO, fine particles to be employed for the formation of the protective film 26 in the present invention are
characterized in that when they are heated up to around 800°C at which the glass material is subjected to bending work,
most of hydroxyl group excepting isolated hydroxyl group can be dissociated. Therefore, the dissociation of hydroxyl
group that has been adsorbed onto the protective film 26 can be accomplished concurrent with the bending work of the
tube 21. After finishing this bending work, the gas existing inside the tube 1 is discharged therefrom and then the end
portions thereof are sealed. As described above, in the case of a circular fluorescent lamp, it is not required to perform
the introduction of an inert gas into the tube concurrent with the evacuation of the tube, thus facilitating the manufacture
thereof.

[0102] The deposition of the protective film 26, the light reflecting film 27 and the phosphor layer 28 can be achieved
by the coating of a suspension containing predetermined components. This suspension can be prepared by mixing a

11



10

15

20

25

30

35

40

45

50

55

EP 1798 754 A2

main component with a binder based on fine particles of metal oxide such as alumina and silica or a binder based on a
low-melting point compound such as boric acid and phosphoric acid, and with an organic solvent such as nitrocellulose
or a water-soluble solvent such as methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, ammonium polyacrylate,
polyethylene oxide, etc. Incidentally, the fine particles of metal oxide to be employed as a binder may be the same
material to be employed for the formation of the protective film 26.

[0103] In this embodiment, the protective film 26 having a thickness of about 0.4 pm was deposited almost all over
the inner surface of the tube 1. In the formation of this protective film 26, there was employed a suspension of fine
particles comprising, as a major component, SiO, fine particles produced by the PVS method, having an average particle
diameter of 0.03 wm and a BET value of 160 cm2/g, and containing carbon at ratio of 0.28% by mass.

[0104] The light reflecting film 27 having a thickness of about 30 wm was formed on a limited region of the protective
film 26, i.e., aregion confined by a predetermined angle, for example about 150° in an opening angle in the circumferential
direction of the tube (inclined in each side by about 75° from the vertical center line). The formation of this light reflecting
film 27 was performed using a suspension comprising fine particles including, as a major component, strontium pyro-
phosphate having an average particle diameter of about 5 um. This suspension also contained, as a binder, 4.0% by
mass (based on the strontium pyrophosphate) of barium calcium borate (average particle diameter: 4.5 um), and also
nitrocellulose.

[0105] Incidentally, the barium-calcium borate to be incorporated, as a binder, in the aforementioned fine particles is
effective in obtaining a desired adhesion strength if it is incorporated at a ratio of 3 to 6% by mass (preferably, 3.5 to
5.5% by mass) based on strontium pyrophosphate having an average particle diameter ranging from 1.0 to 8.0 pm. It
has been found that if the barium calcium borate is incorporated at a ratio falling outside this range, it will lead to the
peeling of the light reflecting film 27 or the deterioration of emission properties of the lamp.

[0106] The phosphor layer 28 having an average thickness of about 25 pm was formed by using a suspension of
mixed fine particles of luminescent compounds and by coating this suspension on the surfaces of the light reflecting film
27 and of the opening portion (light reflection film-missing portion) 27a. As the luminescent compound, it is possible to
employ three kinds of luminescent compounds such for example as europium-activated barium- calcium- strontium
halophosphate (blue emission luminescent compound), cerium-terbium-activated lanthanum phosphate (green emission
luminescent compound), and europium-activated yttrium oxide (red emission luminescent compound), each having an
average particle diameter of 3.3 to 4.0 pm.

[0107] The tube 21 is further filled with liquid or alloyed mercury and 250 to 360 Pa of rare gas such as argon (Ar),
krypton (Kr) and neon (Ne), these rare gases being employed singly or in combination of two or more. In FIG. 11, the
numeral 29 represents a G10q type base provided with terminal pins 30 and fixed to the opposite sealed ends of the
tube 21, thereby bridging these sealed ends.

[0108] The circular fluorescent lamp 20 constructed in this manner can be connected, through the base 29, to a lighting
circuit and the lightening thereof is performed by applying electric current, through the base 29 and the lead wires 24,
to the electrodes 25. In this lamp 20, the light emits from the entire circumferential surface of the circular tube 21.
However, the light cannot be uniformly emitted from the outer peripheral surface located perpendicular to the length of
the tube 21. As shown in FIG. 12, the light reflecting film 27 which is high in light reflectance is selectively formed in a
circumferentially limited region of the tube 21 which is confined to an angle of 180° or more in the circumferential direction
of the tube 21. The rest of the tube 21 is occupied by the opening portion 27a which is not provided with the light reflecting
film 27. This opening portion 27a is low in light reflectance and high in light transmittance.

[0109] As aresult, the intensity of light (quantity of light) that can be emitted from this opening portion 27a located on
the underside of the tube and extending along the length of the tube will be intensified (or increased) due to the addition
of the light which is reflected by the light reflecting film 27 of the tube and directed toward the opening portion 27a, thus
further brightening the surface being irradiated by the light emitted from the opening portion. Further, the light also passes
through the translucent light reflecting film 27, thus permitting the light to emit also from the upper side of the lamp. In
the case of the fluorescent lamp where the distribution of light is controlled as described above, it is possible to utilize
the light emitted upwards for enhancing the magnitude of downward illumination by the light reflecting film 27. As a result,
even if dustis accumulated on upper side of the tube during the use thereof, the luminous flux would not be so prominently
degraded. Further, the light reflecting film 27 is expected to be effective in preventing the implantation of mercury, thus
making it possible to enhance the luminous flux maintenance factor.

[0110] However, for the purpose of increasing the intensity of light emitting downwards and to effectively control the
distribution of light, the film thickness of the light reflecting film 27 should preferably be 20 um or more. When the light
reflecting film 27 is combined with the phosphor layer 28, a total thickness thereof would become 40 to 50 um, thus
rendering them to be easily peeled off. Especially, when the thickness of the protective film 26 is increased to 0.9 um
or more, the light reflecting film 27 would become easily peelable. On the other hand, when the thickness of the protective
film 26 is decreased to 0.1 pm or less, it would be impossible to effectively prevent the implantation of mercury into the
tube. Therefore, the thickness of the protective film should preferably be confined within the range of 0.3 to 0.7 pm.
[0111] The light reflecting film 27 can be formed, for example, by coating a suspension containing a reflecting film
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material on the inner surface of the tube. If a suspension is to be employed, the suspension containing a reflecting film
material is at first poured into the tube of a straight glass tube until the tube is filled up with the suspension to a prede-
termined level as the tube is installed horizontally. For example, straight glass tube is obliquely disposed and then a
suspension is poured into the tube from the upper open end while rotating the tube in the circumferential direction thereof.
Then, the suspension is disposed in a predetermined range and a redundant portion of the suspension is discharged
from the lower open end. Then, the tube is installed horizontally and the suspension disposed in a predetermined range
is allowed to dry.

[0112] Alternatively, a spray nozzle is introduced into the tube and the spray nozzle is moved linearly or rockingly
along the axis of the tube while ejecting a coating material from this nozzle. Then, the coating liquid coated on and
adhered to the inner surface of the tube is allowed to dry. After finishing the drying, the coated liquid is baked to form
the light reflecting film 27.

[0113] When at least one of strontium pyrophosphate, titanium oxide and calcium pyrophosphate is to be employed
as a major component of the light reflecting film 27, it is preferable to employ the major component whose surface is
adhered with at least one kind of fine particles selected from oxides of magnesium, calcium, strontium, barium and zinc.
It is possible, through the employment of such a major component, to prevent the formation of a mercury compound
through the reaction of the major component with mercury, thus preventing the coloring or to prevent the shortening of
life of the lamp due to the premature consumption of mercury.

[0114] Strontium pyrophosphate, titanium oxide and calcium pyrophosphate are relatively liable to react with mercury
or a mercury compound. When fine particles of magnesium oxide, calcium oxide, strontium oxide, barium oxide or zinc
oxide are adhered onto the surface of strontium pyrophosphate, titanium oxide and calcium pyrophosphate, it is possible
to control the electrification tendency, etc. As a result, it is possible to inhibit the coloring that may occur due to the
reaction between the light reflecting film 27 comprising strontium pyrophosphate, titanium oxide or calcium pyrophosphate
with mercury or a compound thereof.

[0115] The average particle diameter of strontium pyrophosphate, titanium oxide or calcium pyrophosphate to be
employed as a major component of the light reflecting film 27 should preferably be confined to the range of 1.0 to 8.0
p.m, more preferably about 3.0 to 6.0 wm. The oxides of Mg, Ca, Sr, Ba and Zn should preferably be adhered onto the
surface of strontium pyrophosphate, titanium oxide or calcium pyrophosphate particles at a ratio of 0.01 to 5.0% by
mass, more preferably at a ratio of 0.02 to 3.0% by mass based on the these major components.

[0116] Fine particles of magnesium oxide, calcium oxide, strontium oxide, barium oxide or zinc oxide may be adhered
also onto the surface of luminescent compound constituting the phosphor layer 28 other than the aforementioned major
components employed for forming the light reflecting film 27. Even when these oxides are adhered onto the surface of
luminescent compound, it is possible to inhibit the coloring of the phosphor layer 28 due to the effects of mercury or a
compound thereof and also to inhibit the exhaustion of mercury, thus obtaining almost the same effects as described
above.

[0117] These oxides may be adhered onto the surface of particles of major components in the form of fine particles
having an average particle diameter ranging from 5 to 100 wm or in the form of homogeneous coated layer.

[0118] Incidentally, in the above-described embodiment, the protective film 26, the light reflecting translucent film (or
light reflecting film) 27 and the phosphor layer 28 were successively deposited, as a laminate, on the inner surface of
the tube 21. However, when the light reflecting film 27 is formed at first using reflecting film-forming materials including
an organic binder and then the phosphor layer 28 is formed using a slurry of luminescent compound containing an
organic solvent, the underlying light reflecting film 27 sometimes dissolves into the organic solvent of the slurry of
luminescent compound. In order to avoid this phenomenon, it has been considered necessary to use the light reflecting
film 27 and the phosphor layer 28 in different formulations, for instance, as an organic slurry and a water-soluble slurry,
respectively. Otherwise, it has been required to undertake troublesome process as follows. Namely, at first, a light
reflecting film-forming material is coated and then baked to form the light reflecting film 27, after which a luminescent
compound suspension is coated over this light reflecting film 27 and then baked to form the phosphor layer 28. Further,
when a boron-based binder is to be employed for forming the light reflecting film 27, the luminescent compound chemically
react with this binder, thereby deteriorating the luminescent compound. As a result, the luminous flux may be degraded.
[0119] In order to overcome the aforementioned problems, the laminate may be formed by successively depositing
the light reflecting translucent film 27, the protective film 26 and the phosphor layer 28 in the mentioned order as shown
in FIG. 13. If the laminate is constructed in this manner, both of the light reflecting film 27 and the phosphor layer 28
may be formed using an organic slurry. Further, when the protective film 26 is formed using an aqueous colloidal solution,
the manufacture of the laminate can be facilitated and at the same time, the generation of reaction between the binder
to be incorporated in the light reflecting film 27 and the luminescent compound can be prevented.

[0120] The laminate having the aforementioned structure can be formed by the process as described below. First of
all, calcium pyrophosphate is dispersed in a butyl acetate solution containing 1 wt% of nitrocellulose to prepare a
suspension to be employed as a raw material for forming the light reflecting film. Then, this suspension was coated to
form a coated layer having a thickness of about 30 um on a specific region of the inner surface of the tube 21, i.e., a
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region which is confined to an angle of about 200° in radial direction of the tube 21, the coated layer being subsequently
dried to form the light reflecting film.

[0121] As the raw material for the protective film, a predetermined SiO, fine particles is dispersed in water to prepare
a colloidal solution. This colloidal solution is coated on the light reflecting film and on the exposed inner surface of the
tube and dried to form the protective film having a thickness of about 1 pm. As the raw material for the phosphor layer,
a luminescent compound is dispersed in a butyl acetate solution containing 1 wt% of nitrocellulose to obtain a raw
phosphor material, which is then coated on the protective film to a thickness of about 20 pum and dried.

[0122] Thereafter, the resultant tube 21 is placed in a kiln and baked to form a three-ply film. Then, a stem is sealingly
attached to the opposite ends of the tube 21 and the tube 21 is bentinto a circular configuration. Thereafter, the evacuation,
the attachment of a base and the aging of the tube are performed to accomplish a circular fluorescent lamp 20.

[0123] Inthe manufacture of the laminate mentioned above, an organic slurry was employed for the formation of both
of the light reflecting film 27 and the phosphor layer 28, while a water-soluble slurry was employed for the formation of
the protective film 26 interposed between the light reflecting film 27 and the phosphor layer 28. As a result, the number
of baking steps which has been conventionally performed for each step of forming each of these films was reduced,
thus making it possible to simplify the manufacturing process. Moreover, it was possible to inhibit the thermal deterioration
of these films and hence to obtain a fluorescent lamp which was high in productivity and was improved in quality.
[0124] Although the explanation was made on one example wherein a light reflecting film was formed in a circular
fluorescent lamp, it should not be construed that the present invention is limited to such a configuration. Namely, the
present invention can be applied also to a straight fluorescent lamp, a compact fluorescent lamp, a U-shaped fluorescent
lamp, and a bulb type fluorescent lamp wherein a plurality of U-shaped fluorescent lamps are connected with each other
to form a composite luminous tube.

[0125] FIG. 14 shows a schematic view of one example of lighting fixture wherein the aforementioned straight fluo-
rescent lamp is employed. This lighting fixture D shown in FIG. 14 is a ceiling surface-mounting type lighting fixture. In
FIG. 14, the symbol D1 represent a main body of lighting fixture, in which an attachment (not shown) for mounting the
lighting fixture on a ceiling, a power source connecting mechanism and a ballast D2 are disposed. A pair of lamp sockets
D3 are attached below the main body D1 and a fluorescent lamp 10 is mounted between these lamp sockets D3. This
fluorescent lamp 10 is sustained by these lamp sockets D3. Electric power is applied to this fluorescent lamp 10 through
the ballast D2 and the lamp sockets D3, thus enabling the fluorescent lamp 10 to be lightened stably.

Claims

1. Afluorescent lamp (10) comprising a glass tube (1) filled therein with an electric discharging medium; a protective
film (4) formed on an inner surface of the glass tube; a phosphor layer (5) formed on an upper surface of the protective
film; and electrode means (3) attached to the glass tube;
characterized in that the protective film comprises, as a major component, the SiO, fine particles exhibiting 0.3
or less at a temperature of 600°C in integrated value of absorbance spectrum of hydroxyl group absorption band in
wave number ranging from 2500 to 3800 cm! as measured by infrared spectroscopy on the assumption that the
integrated value of absorbance spectrum of hydroxyl group absorption band at a temperature of 100°C is 1.

2. Afluorescent lamp (10) comprising a glass tube (1) filled therein with an electric discharging medium; a protective
film (4) formed on an inner surface of the glass tube; a phosphor layer (5) formed on an upper surface of the protective
film; and electrode means (3) attached to the glass tube;
characterized in that the protective film comprises, as a major component, the SiO, fine particles which contain
carbon at a content confined within the range of 0.09% to 0.3% by mass.

3. Afluorescent lamp (10) comprising a glass tube (1) filled therein with an electric discharging medium; a protective
film (4) formed on an inner surface of the glass tube; a phosphor layer (5) formed on an upper surface of the protective
film; and electrode means (3) attached to the glass tube;
characterized in that the protective film comprises, as a major component, the SiO, fine particles which exhibit a
spectrum having peaks at a wave number ranging from 590 to 610 cm'! and at a wave number ranging from 490
to 500 cm1 as measured by laser Raman spectroscopy and at a temperature of 700°C.

4. The fluorescent lamp according to any one of claims 1 to 3, characterized in that the SiO, fine particles are
manufactured by physical vapor synthesis method.

5. The fluorescent lamp according to any one of claims 1 to 4, characterized in that the SiO, fine particles employed
in the protective film are also employed as a binder in the phosphor layer.
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The fluorescent lamp according to any one of claims 1 to 5, characterized in that the glass tube is formed of glass
having a thermal expansion coefficient a ranging from 85 to 105, and filled with an electric discharging medium
which is filled into the glass tube subsequent to the evacuation of the glass tube which is performed while heating
the glass tube at a temperature ranging from 500 to 650°C and maintaining the inner pressure of the glass tube.

The fluorescent lamp according to any one of claims 1 to 6, characterized in that a light-reflecting layer is interposed
between the protective film and the phosphor layer.

A lighting fixture (D) comprising a fluorescent lamp; a main body (D1) on which the fluorescent lamp (10) is mounted,;

and a lightening device (D3) for lightening the fluorescent lamp;
characterized in that the fluorescent lamp is any one of claims 1 to 7.
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