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magnesi um alum nium titanium zirconium. and the rare earths is provided
at a surface of the discharge vessel facing towards the discharge
space, which protective |layer is substantially free fromparticles
greater than 1 [err]m while the lanp further conprises neans for

mai ntai ning an electrical discharge in the discharge space. 10

The protective layer counteracts deterioration of the discharge vessel wall
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gadol i ni substaptially free fronn particlascgreater thainel um, while the lamp further comprises means
. for maintaining an electrical discharge in the discharge space.

10
The protective layer counteracts deterioration of the discharge vessel wall
caused by interactions with mercury, and thus favourably affects lumen maintenance of the
lamp during its life. The term "rare earths” in the present description and claims is
understood to cover the elements scandium, yttrium, lanthanum, and the lanthanides. -

15 Mercury is capable of passing through a protective layer made up from particles having a
diameter greater than 1 um, thus coming into contact with the wall in spite of the presence of
the protective layer. | _

US 4,544,997 discloses a lamp in which the protective layer is a film-
type, substantially closed layer of an oxide of at least one of the elements from the group

20 formed by scandium; yttrium, lanthanum, gadolinium, ytterbium, and lutetium. The
brotective layer was obtained in that a solution of an organometallic compound was flushed
over the inner surface of the discharge vessel and the film remammg behind on the inner
surface after flushing was dried and sintered.

‘ It was found in known low-pressure mercury vapour discharge lamps that

25 the quantity of mercury available for lamp operation decreased comparatively quickly.
Although the decrease in the available quantity of mercury, also called mercury consumption
hereinafter, in lamps provided with a protective layer is relauvely small in comparison with
other known low-pressure mercury lamps, a comparatively high mercury dose is still -
necessary for the lamp known from the cited US Patent for realising a sufficiently long lamp
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That mereury i s 1 ost T mvensyrs have found that mercury i 8P dinife ol BB fhe' 0"
excllusiknown lamp, ovith exclusi arpromut'e layler,amer alimin thakalkali meetals suchiat as
sodium and potassium originating from the glass wall diffuse through the protective layer and
~ subsequently form amalgarnswuh mercury from the filling. Mercury is bound thereby, and
is thus available to a lesser degree, or not at all, for lamp operation. In‘the lamp according
to the invention, the intermediate layer repelling alkali metals prevents alkali metals from

20 reaching the protective layer. :The. mercury consumption is partly caused by mercury. being
bound also in other locations than the discharge vessel wall. Wet-chemical analysis of lamps
with electrodes has demonstrated that approximately 150 ug mercury is lost in locations other
than at the wall during 5000 hours of operation. The effect of the measure according to the
invention on the total mercury consumption is accordingly reiaﬁvely_ greatest in lamps whose

25 discharge vessels have a comparatively large _int_efnal surface area. The measure according to
the invention is of particular importance for highly loaded lamps, i.e. lamps having a wall
load of 500 W/m? and higher. Without a layer which repels alkali metals; a comparatively
strong diffusion of alkali metals through the protective layer can occur under the influence of
the temperatures prevailing in such lamps.

30 - In an attractive embodiment, the mtermedlate layer which repels alkali
metals is made of silicon oxide. Silicon oxide forms a very good barrier against alkali metal
ions. The manufacture of the lamp is-comparatively simple. It suffices to flush the inner
surface of the discharge vessel with a solution of tetraethyl orthosilicate, after which the -
silicate remaining on the surface hydrolyses in the air. The protectiile. layer may be provxded :

\‘-'
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whereby polymerization takes place, and the layer is oxidized. Although the layer repelling

20 alkali metals contributes to lumen maintenance during lamp life, the reduction in the mercury
consumption is only limited. In this lamp, which has no protective layer, comparatively much
mercury available for lamp operation is lost because mercury atoms are partly bound by the
layer repelling alkali metals and, after diffusion through the layer repelling alkali metals,
partly form amalgams with alkali metals originating from the glass wall.

25 In-the lamp according to the invention, the protective layer and the
intermediate layer repelling alkali metals cooperate. On the one hand, the protective layer
‘prevents mercury from reaching the layer repelling alkali metals. On the other hand, the
layer repelling alkali metals hampers the diffusion of alkali metals towards the protective
layer. Absorption of mercury in the layer repelling alkali metals and amalgamation with

30 alkali metals are thus counteracted, so that the mercury consumption is considerably reduced.
Itis essentiel for the protective layer and the intermediate layer repelling alkali metals to be
present in the order mentioned above. If the protecﬁ\?e layer were present between the
surface of the discharge vessel and the layer repelling alkali metals, there would be no
cooperation between the protective layer and the layer repelling alkali metals.
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20 the dlscharge space is converted into visible radiation by a luminescent layer, a particular
embodiment is also favourable wherein the protective layer comprises titanium oxide and/or
zirconium oxide. The use of oxides of these metals in such lamps has the advantage' that they
absorb radiation of a wavelength below 350 nm comparatively strdngly ‘This countéracts that
any UV radiation not converted by the luminescent layer could reach the wall. UV radiation

25 can adversely affect the transmissivity of glass. - D '

o Very favourable results are achieved in an Mbod'i'ment-:in--whichithte-
protective layer is composed from particles having an average diameter which lies between
10 and 100 nm and the protective layer has a coatmg weight of at least 25 ug/cm?. The:

 particles may be provided on the layer repelling alkali metals in the form of a suspension. A

30 good adhesion to the layer repelling alkali metals is obtained owing to the comparatively

small dimensions of the particles, also without a heat treatment. = -

| In a favourable modification of this embodiment, the protective layer is
made of aluminium oxide particles. Although the initial mercury consumption is |
comparatively high with such a protective layer, the mercury consumption is comparable to
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repel I ng“gl kf.l ince aI y&slsoa{)inﬂdnﬁdﬁfm\'\f ts su%s&ngﬂff%gr parﬁ/cles greater than 1
| pm. The lamp in addition has means 20 for maintaining an electrical discharge in the

discharge space 11, here in the form of electrodes 21a, 21b arranged oppe'site one another in

25 the discharge space 11. A layer 15 repelling alkali metals is present between the surface 13
of the discharge vessel 10 facing towards the discharge space 11 and the film-type protective
layer .14. The intermediate layer 15 repelling alkali metals is formed by a silicon oxide layer
with a coating weight of 8 ug/cm?. A luminescent layer 16 with a coating weight of 3
mg/cm? is provided on the protective layer 14, in the embodiment shown composed from

30 green-luminescing cerium-magnesium aluminate activated by terbium (CAT), blue-
luminescing barium-magnesium aluminate activated by bivalent europium (BAM), and red-
‘luminescing yttrium oxide activated-by trivalent europium (YOX). In an alternative
embodiment of the lamp according to the invention, a luminescent layer is absent. This
embodiment of the lamp is suitable, for example, as a UV radiator for disinfection purposes.
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and t hevessel avasadridds A pﬁaealvaaywwwrﬁﬁd% lakiPs AB;CBB, &ifd BA in that a solution
of yttrium acetylacetonate in a mixture of butylacetate and butanol was flushed over the inner
surface of the discharge vessel.. Alternatively, the protective layer may be obtained by means
15 of an aqueous solution. The protective layer was dried and subsequently sintered. As a last
step, a luminescent layer was provided in usual manner in the form of a suspension of
luminescent materials, after which the luminescent layer was dried and subjected to & heat
treatment in order to drive out aunhary substancm present in the lummescent layer, ‘such as
20 . Lamps AB, BB, and BA were subje_cted-w an 'endim‘nce test. During the
endurance test, the lamps were operated in series with an inductive ballast at a frequency of
50 Hz. The test was interrupted after 100, 500 and 1000 hours for measuring the mercury
consumption of the lamps. During the measurement, the lamps were operated at an
alternating DC voltage. The test results are g1ven in Table 1. The measuring method used
25 was based on the plienomenon that free mercury maDC-operated lampmovestothe .
negative electrode. The mercury displacement is visible in the form of a decrease in intensity
of the light radiated by the lamp adjacent the end with the positive electrode. In the -
implemeritation of the measuring method during the test, the polarity of the DC voltage is

reversed the moment the luminous intensity adjacent the end with the positive pole has

30 dropped to 60% of the rated value. The time which elapses between this moment and the

~ moment the luminous intensity adjacent the opposite end has dropped to 60% of the rated
value is a measure for the quantity of free mercury"still-avail'able,-and thus for the mercury
consumption. The measuring. method was calibrated. by- means of results obtained with a wet-
chemical analysis. ' '
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di schar gwsseioa dg&) hgvvar o;;[el% dl. scharge space was flushed with a
15 Similar lamps (I) according to the invention were manufactured for a
further endurance test, this time having a protective layer of zirconium oxide with a coating
weight of 22 pg/cm? on an intermediate layer repelling alkali metals and made of silicon
oxide with a coating weight of 15 ug/cm?. The coating weight of the luminescent layer was 3
mg/cm?. For comparison, letnps (II) were manufactured with exclusively a protective layer
20 of zirconium oxide having a coating weight of 22 ug/cm?. In either case, the zirconium oxide

layer was provided in the form of an aqueous solution based on zirconyl nitrate. The

discharge space was provided with a filling of 1 mg mercury and a rare gas. The mercury

consumption of the lamps was measured after 100 and 500 hours of operation. The results

are given in Table 2. The consumption in the period from 100 to 500 hours of operation is
25 also given in the Table.
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TCh) Tab' e 1 Meginiiiar 16ABS (Ticboidg ﬁ\@ﬁﬁv}&hoh wm&cma fora
further endurance test, now with a protective layer of aluminium oxide and an intermediate
layer of silicon oxide for repelling alkali metéls.:The_-_inte’nﬁediate layer repelling alkali
metals was provided by flushing:the surface facing towards the discharge space with a

15 solution of 4.1% by volume of tetraethyl orthosilicate and 3% by volume 1N hydrochloric
acid in ethanol, after which the silicate remaining on the surface was hydrolysed in air. The
aluminium oxide layer was: then provided as a suspension of Alon-C particles. The
suspension was prepared. thfou_gh'- homogeneization of a mixture of 50 g Alon-C from
Degussa with 6 ml ‘acetic acid as a stabilizer in 500 mg water during 24 hours in a ‘vessel

20 with steatite balls on a roller table. After this, another 80 ml water and 16 ml of the flow
promoter Antarox were added to the suspension;: The s'ixspensi_oﬂ of aluminium oxide
particles remaining on the silicon oxide layer after flushing was subsequently dried, after
which a luminescent layér was provided in usual manner in the form of a suspension of
luminescent materials. The lamp was then subjected to a heat treatment for driving ‘out any

25 auxiliary substances present in the aluminium oxide and in the luminescent layer. The
protective layer and the intermediate layer had respective coating weights of 60 pglem? and -
15 pg/cm?. The luminescent layer had a coating weight of 3 mg/cm?. For comparison, lamps

Lo
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given in tdifivbAPidw mercury consumption compared with a lamp having a protective layer only.
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Al t hough the type | and I Ianps have apprOX|nater ‘the sane mer cury
consunption in the short term (100 hours), the nmercury consunption of
the l.anps according to the.invention (1) - is.considerably snaller in the.
| onger term (500 hours). The mercury consunption in the . . period from 100

to 500 Hours is reducAdoMpmemmy mpauﬁdﬂéliﬁ-gémﬁ)bohbﬁmﬂg%sﬁﬂ&nm-
according to,the ventj on. Ssmlar'la

accor di ﬁ%ﬂ%@ﬂ h%é#d‘wwe&el &%Q)Lw@sb&n@esqsa% dachargemr(énfmmmshe
test, ?!’H:A\Wf.f W d edi ate
Iayer of silicon oxl dﬁ or repeﬁl M@%M &fﬁg%{éfhé' 1ae | ayer

r epel | i prptedtivel layer (14)re0npnsmgsatﬂeast/auled1&wffdtlldst ofie element ffoat the' @%iedd
t owar.ds th%ﬂl?schar%g spg]ue MWth a 15 solutjon of 4.1% by volume of |
tetr et A’HH“%’%MG (RAXCORjum, ANdthe sanecearths is prayided at a

o ai . SPAS3yr Bl m&rﬁ% VEREOT il Bdts WS a8 T D WAL C0,
Al on-C pmtectmedayeﬂﬁé) is substantialiy; fma from part@argdaﬁeh deangh pmmwmampon (
of a'm i“urﬁ:r t c%;np?xgseg m,g!c‘)g\ (é{) Haczﬂb) for mamtalmng an electrical discharge in the’ dlscharge
space (11), characterized in that an mtermedmte layer- (15) which repels alkali metals is
10 present between the surface (13) of the discharge vessel (10) facmg towards the discharge
space (11) and the protective layer (14). |

2, A low-pressure mercury dlscharge lamp as clmmed in Claim 1,
characterized in that the intermediate layer (15) which repels alkali metals is made of silicon
oxide. L '

15 3. A low-pressure mercury vapour discharge lamp as claimed in Claim 1 or

2, characterized in that the intermediate layer (15) repelling alkali metals has a coating
weight which lies between 5 ug/cm? and 250 pgfem?,
4. A low-pressure mercury vapour discharge lamp as claimed in Claim 1, 2
or 3, characterized in that the protective layer (14) has a coating weight which lies between
20 10 pg/em? and 250-ug/cm?. -
5. A low-pressure mercury vapour discharge lamp as claimed i in any one of
the Clalms 1 to 4, characterized in that the protective layer (14) comprises at least an oxxde
of at least one element from the group formed by scandium, yttrium, lanthanum, gadolinium,
ytterbium, and lutetium. | _ |
25 6. A low-pressure mercury vapour discharge lamp as claimed in any one of
the Claims 1 to 4, characterized in that the protective layer (14) comprises titanium oxide or
zirconium oxide. o
. A low-pressure mercury vapour discharge lamp as claimed in any one of
the Claims 1 to 4, characterized in that the protective layer (14) is composed from particles
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(54) Title: LOW-PRESSURE MERCURY VAPOUR DISCHARGE LAMP
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(57) Abstract

A low-pressure mercury vapour discharge lamp according to the invention comprises a radiation-transmitting, glass discharge vessel
(10) which encloses a discharge space (11) in a gastight manner and which is provided with a filling (12) of mercury and a rare gas. The
lamp in addition comprises means (20; 21a, 21b) for maintaining an electrical discharge in the discharge space (11). An intermediate layer
(15) which repels alkali metals and which is made of, for example, silicon oxide lies on a surface (13) of the discharge vessel (10) facing
towards the discharge space (11), which intermediate layer (15) supports a protective layer (14) of at least an oxide of at least one element
from the series formed by magnesium, aluminium, titanium, zirconium, and the rare earths, this protective layer (14) being substantially
free from particles greater than 1 um. The lamp according to the invention has a comparatively low mercury consumption.




