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Glass composition suitable for use in electric lamps, stem manufactured from this glass

PHN 14.314 : 1” ﬂliﬁ

composition and fluorescent lamp having a lamp envelope of this glass composition.

The invention relates to a glass composition for use in electric lamps.

The invention further relates to a stem f(I)r' an electric lamp manufactured
from such a glass composition. _ _ |

The invention also relates to a fluorescent lamp combrising a vacuum-t_ighf
glass lamp envelope manufactured from such a glass composition.

In electric lamps, such as incandescent lamps and fluorescent lamps, the
lamp envelope generally consists of a cheap glass of the soda-lime type. However, the
electric resistance of soda-lime glass is insufficient for use in the part of the lamp where
the current supply conductors enter the lamp envelope, so that leakage currents may
occur in said part. Said part of the lamp is termed “stem” and comprises a glass flare, a
glass exhaust tube, a glass support rod, current supply conductors, support wires and a
coiled filament. Usually lead-containing glass comprising, for exa;ﬁiﬁte,,_. 20% by weight
of PbO is used for making stems. PbO causes an increase of the electric resistance of -
glass and it softens glass, which has a favourable effect on the workability of glass.

A disadvantage of the use of PbO is its toxicity. In the preparation of lead
glass, PbO is l:éleased into the atmosphere by dusting and evaporation, which is harmful
to the environment and the operators. Also when lead glass is subjected to a hot
working operation such as bending, moulding and fusing, PbO is released.
Consequently, in order to avoid exposure to PbO the working environment has to be
adapted drastically. Another disadvantage of PbO is the high cost of the raw material. A
further disadvantage of PbO is the reduced light output in compact fluorescent lamps,
which is caused by evaporation followed by condensation of PbO on the fluorescent
powder during hot working the lead-containing tube glasS and/or fusing the lead-
containing stems. Therefore, the search for a low lead or rather lead-tree glass which
can be used for the manufacture of stems and which nevertheless has the desired
physical properties as regards meltability, softening, expansion, electric resistance,
transparency, strength and chemical resistance, has been going on for a considerable
length of time.

United States Patent Specitication US-A-3,723,790 discloses low lead and
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lead-free glasses for use in électric lamps. The glass compositions d_escribéd therem
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contain 0-8% by weight of PbO. However, the known lead-free glass compositions have
a number of disadvantages. The known lead-tree glass has too high-a liquidus
temperature (T};o) of 888° C. The liquidus temperature is the te_mp'erature above which
the glass no longer crystallizes. The lower this temperature, the smaller the risk that the
glass crystallizes during the moulding process, for example the Vello process of
drawing glass tubing. To lower the liquidus temperature to 837° C, 1.2% by weight of
B,05 is added to the known léad-free glass. A disadvantage of the use of B,O; isits
high price and the agressiveness relative to the refractory material of the glass furnace.
Other disadvantages of the known lead-free glass are the high content of Li,O (> 1.5%
by weight) and K,O (> 9% by we{ght), as a result of which the raw materials are
expensive, and the high content of BaO (> 12% by weight) which leads to a substantial
increase of the crystallization tendency of the glass. To the known lead-free glasses is
also added an antimony-containing or arsenic.-containing compound as the refining
agent. However, these substances are very toxic and remain in the glass predominantly
as Sb,0; or As,04, respectively. |

It is an object of the invention to provide, inter alia, a glass composition
for components of glass lamps, which glass composition is lead-free and, in addition,
does not comprise the toxic components F, As,05 and Sb203; which glass composition
does not have the above-mentioned disadvantages and the physical pfoperties of which
are comparable to those of the known lead-containing glasses.

‘ The invention further aims to provide a lead-free stem glass and a

fluorescent iamp having a lamp envelope manufactured from such a glass composition.

According to the invention this object is achieved by a glass composition

which comprises the following essential constituents, expressed in percentages by

weight:

Si0, 60-72
AlL,O; I-5
Li,O 0.5-1.5
Na,0 5-9
K,0 3-7
MgO 12
CaO I3
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This glass composition does not contain the above-mentioned disadvantageous

constituents PbO, B,0,, F, Aszd3 and Sb,0;. In addition to a high electric resistance,
a glass of this composition has other favourable properties which will be mentioned
hereinafter and is very suitable for use as stem glass in electric lamps. The SiO, content
of the glass according to the invention is limited to 60-72% by weight. These contents,
in combination with the other constituents, lead to a readily meltable glass. SiO, serves
as a network former. If the content is below 60% by weight, the cohesion of the glass
and the chemical resistance are reduced. [f the content is above 72% by weight the glass
formation is impeded and the risk of surface crystallization increases. Al,O5 improves
the chemical resistance and the corrosion resistance of the glass. Below 1% by 'vi/eight
the effect is too small and the crystallization tendency of the glass increases. Above 5%
by weight the viscosity and the softening temperature (T,,;) of the glass increase too
much, which adversely affects the workability of the glass. The alkaline metal oxides
Li;O, Na,0 and K5O are used as melting agent and reduce the viscosity of the glass. If
only one of said alkaline mét_al oxides is added the electric resistance is too low for the
intended application. If all three alkaline metal oxides are used in the given
composition, the electric resistance is sufficiently high (mixed-alkali effect). Below the
indicated limits, T, increases too much and above the indicated limits the electric
resistance decreases too much. The alkaline metal oxides. are also used to adapt the
coefficient of expansion (a) of the glass to that of the glass of the lamp envelope (bulb)
and to that of the current supply conductors. The current supply conductors generally
consist of copper-coated iron-nickel wires (copper-clad wire). BaO has the favourable
property that it increases the electric resistance of the glass and reduces Tg;. Below
S T

7% by weight the melting temperature (T «wit and the working temperature

mel
(Twork) increase too much. Above 11% by weight the liquidus temperature (Tj;q) and
hence the crystallization tendency increase too much. The alkaline earth metal oxides

melt- BEIOW

SrO, MgO and CaO have the favourable property that they reduce Tiiq and T
the indicated limits, Ty;, increases too much. Above the indicated limits, T, increases
too much.

The lead-tree glass composition in accordance with the invention can be

refined with Na,SQy,, so that the glass may contain up to 0.1% by weight of SO;. The

THIS SHEET HAS BEEN




10

15

20

25

30

This Sheel Has Been Rep lace

glass may additionally contain up to 0.02% by weight of Fe,05 as an impurity

PHN 14.314 16.02.1993

ormnatmg from the raw materials used.

By virtue of the high electric resistance and other tavourable physical
properties the glass composition in accordance with the invention is very suitable for the
manufacture of glass components of stems for incandescent lamps and fluorescent
lamps. The components in question are the ﬂére. exhaust tube and support rod.

For certain applications extra Fe,04 is added up to a content of 0.05% by
weight. If necessary, also CeO, is added up to a content of 0.2% by weight. Such '
percentages serve to absorb undesired UV rays in glass for lamp envelopes of compact
fluorescent lamps. These lamp envelopes are tubular and are usually bent so that they
are U-shaped. By virtue of the absence of PbO in the glass, no evaporation and
condensation of PbO on the fluorescent powder occurs during the bending of the tube
glass at an increased temperature and/or during fusing the stems, so that the light
efficiency of the lamp is not reduced.

It is noted that United States Patent Specification US-A-4,089,694 states
glasses containing either PbO or the environmentally harmful and corrosive F. The
known glass also contains toxic As,O;. Owing to the high Na,O content the electric
resistance of the known glass without PbO is too low.

The invention will be explained in greater detail by means of an
exemplary embodiment and with reference to the accompanying drawings, in which

Fig. | diagrammatically shows a perspective elevational view of a stem
for an electric lamp, and

Fig. 2 diagrammatically shows a cross-section ot a fluorescent lamp.

Exemplary embodiment

A glass composition is melted having a composition in accordance with
the invention, as is indicated under "glass 1" in the following Table. The glass is melted
in a platinum crucible in a gas-heated furnace. The starting materials used are quartz
sand, spodumene, dolomite and the carbonates of Li, Na, K, Sr and Ba. Na,SO, is used
as the refining agent. During melting and further processing no particular problems
occur.

By way ot comparative example, a customary lead-containing glass composition (glass

THIS SHEET HAS BEEN
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2) is shown in the Table: The Table also includes a lead-itee and B,0;-free glass
composition (glass 3), as is known from Table Ii. example 5 of the above-mentioned

United States Patent Specification US-A-3.723,790.
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TABLE
composition in wt. %
constituents glass | according glass 2 glass 3
to invention

Si0, 68.0 62.8 67.6
AL O, 3.4 2.1 3.5
Li0 1.2 . 2.1
Na,0 7.4 6.8 2.2
K,0 5.0 7.3 11.4
BaO 8.7 - 13.3
Sr0 2.9 ; -
MgO 1.3 - -
Ca0 1.9 - -

| SO, 0.1 - -
PbO - 20.5 -
MnO - 0.2 -
Sb,04 - 0.4 yes

—

|| 108,055 300 9.25 9.30 9.20
Torsin (CC) 450 410 445
Ton (O 485 445 -

I T €O 675 635 -
Twork (C) 1020 1000 -

“ T, (O 1490 1505 i
Teoo (O 290 285 -
Tho (O 380 375 -
log(rho),s50 8.85 8.6 10.0
log(rho);5q 7.00 6.8 -
Tig (O 840 800 838
s.w.  (kg/dm?) 2.62 2.84 -
¢ (mN/m) 300 250 -

N
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In this Table the symbols have the tollowma meanmv

025:300

Tstrain (o C)

Tan O
.Tsot’t O
Twork (€ ©O)
Tger (°C)

rho (ohm.cm)
Txio C O
Tao (O
log(rho),sq

log(rho);59
Tliq (o C)

S.W. (kg/cm3)
o (mN/m)

average coetticient of expansion between 25° C
and 300° C.

temperature at which n =(viscosity) 10'43dPa.s,
termed low stress relief temperature.
temperature at which § = 10'>-%dPa.s, termed
high stress relief temperature.

temperature at which: = 107-6dPa.s, termed -
softening temperature.

temperature at which n = 10*%dPa.s, termed
working temperature.

temperature at which n = 102%dPa.s, termed
melting temperature.

electric resistivity.

temperature at which rho = 10%hm.cm.

0%-20hm.cm.

temperature at which rho = 1
logarithm to the base 10 of rho at 250°C.
logarithm to the base 10 of rho at 250°C.
temperature above which the glass no longer

crystallizes.

~ specific mass.

surface tension.

The transmission of the glass (including reflection losses at the surface) in the range

between 400 and 700 nm, measured on a 10 mm thick glass plate which is polished on

both sides ranges between 87% and 91%. The glass composition in accordance with the

invention (glass 1) is free of lead and has physical properties which are comparable to

those of a customary lead-containing glass (glass 2). A known lead-free glass (glass 3)

has an 48° C higher liquidus temperature, as a result of which this glass has a stronger

crystallization tendency. The Li,O content and, particularly, the K,O content of the

known lead-free glass are relatively high. Owing to the high cost price of these

constituents, the price of the known glass is increased considerably. By virtue of the

high resistivity and other favourable physical properties the glass composition in
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accordance with the invention is very suitable for the manufacture of stems for electric

lamps, such as incandescent lamps and fluorescent lamps. The glass is compatible with
soda-lime glass of the lamp envelopes (bulbs) and the metals of the current supply
conductors. The glass can also very suitably be used for the manufacture of lamp
envelopes (bulbs) of compact fluorescent lamps because Pb.OI, which would reduce the
light output, is absent.

Fig. | diagrammatically shows a perspective elevational view of a stem 1 for an
electric lamp. Said stem comprises a flare 3, current supply conductors 5 of copper-clad
wire, an exhaust tube 7 and a filament 9. Flare 3 and exhaust tube 7 consist of glass
having the composition in accordance with the invention. When the lamp envelope
(bulb), not shown, is provided the edge of the aperture of the lamp envelope and the
edge of the flare 3 are fused together. The lamp envelope is vacuum exhausted via the
exhaust tube 7 and, next, inert gas is introduced into said envelope. The exhaust tube is
heated and sealed up at the location of reference numeral 11, thereby forming a
vacuum-tight pinch.

Fig. 2 diagrammatically shows a cross-section of a fluorescent lamp having a
lamp envelope 10. Through the wall of the lamp envelope 10 there are provided current
supply wires 12 which are connected to coiled filaments 13. A layer of a fluorescent
powder 14 is present on the inner wall of the lamp envelope 10. Inside the lamp
envelope 10 there is metallic mercury 15 which evaporates after switching on the lamp.
Prior to sealing off, such a lamp is filled with, for example, a gas mixture of 9% by
volume of Ne and 1% by volume of Ar, the overall pressure being 730 Pa. The glass of

the lamp envelope 10 also contains 0.05% by weight of Fe,0; for the absorption of UV

light. Both coiled filaments at the ends of the lamp envelope can also be provided by

means of stems as shown in Fig. 1. In compact fluorescent lamps the lamp envelopé 10

'is bent once or several times so as to be, for example, U-shaped. By virtue of the

absence of PbO, no evaporation and, hence, no condensaiion of PbO on the fluorescent
powder layer 14 takes place during hot working, such as the bending of the lamp

envelope and the fusing of the stems, so that the light output of the lamp is not reduced.
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1. A glass composition for components of glass lamps, in which the glass
comprises the following essential constituents, expressed in percent by weight:
Si0, 60-72

AlL,O; 1-5
- Li,O 0.5-1.5

Na,O 5-9

K,0 3-7

MgO 1-2

CaO 13

StO 15

BaO 7-11. _

2. A stem for an electric lamp, the glass components of which are

manufactured from a glass having a composition in accordance with Claim 1.

3. A fluorescent lamp comprising a vacuum-tight lamp envelope which is
manufactured from a glass having a composition in accordance with Claim 1, said glass
additionally containing 0.02-0.05% by weight of Fe,0,.
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