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Meajor ghting manufacturers have been forced to
seok altenativs o load gless for environmental
reasons. The fact that today a groat number of lamps
stil partilly contain lead owide is de 1o the differances.
betwesn standard load glass and the "now lead-frea
lesses. These ssemingly minor ifferences have.
Initillylead to great cificulties or high speec
‘mechanised lamp manufacturing processes, such as
uUnexpected increases in the number of rejects and
mejor changes 1o processes and equipment

Some examplos of the differences that are
encountered when changing over from lead to feac
100 glass are explained in the tablo below. The
temperatures for the charactaristic viscosity points are
given for a typical load and barium glass, 85 used in
amp manufacturing

Toad glass___barum gloss
Viscoshy pornt_temperature °C__temperature °C
stain point 10 455
annealing point a5 90
softening point 635 675
‘working point 000 1020
‘meting! point 1505 1490

From this table it can be concluded tht the
important temperatures are higher for a ypical barum
glass, with the excoption of the ‘meing’ point

A major problem encountered when starting the
changeover is the sightly longer elasicty of leac-ee
glass. Due 1o the increased olasticty range (room
temperature nto the visco-slestc range), more
temporary sress bulds up when heating up (and
caoling down) the glass. This means that n al pre-
heating stations, the glass must be hested up more
quicky. Although the temperature diference is only
3bout SO°C, tleads to a significant increase in cracked
products (especially becauso expansion increases
rapicy n the viscoelastc arca.

From the definiton of viscosity we know that
glass starts to contract due to surface tension when 1t
s heated up to the softering point. This means that
glass, when heated to this viscosty, il contractinto
a sphore. For barium giass theso forces of surface.
tension are roughly 255% higher than for ead gass: at
the same viscosity point, bariun glass wel contract
25% more than lead glass. Cambined with the fact
that earier in the proess, all pre-heating stations have.
increased in tomperature, it is sasy to ‘overshoo’ the
desired temperature (and thus contract the glss 100
much due to increased surfac tension)

1f we take a piecs of barium glass and a piece of
fead glass and heat both pieces in the samo flame at
the same time, we wil see that the barium giass will
remain colder than the lead gass. A reason for this
behaviour can be found i the lead leyer tha s formed
on the ead glass: the lead layer forms a hoat shild

that causes more heat 1o be
absorbed into the glass. The barium
glass has igher heat conductiviy
than Jead giass 0 heat can conduct
mors easiy thiough . Itis
estimated that heat conductiviy for
barium glass is approximately 16%
higher than for lea glass.

When cooling down a hot pieco
of gass, anther difference
becomes obvious: barium glass
‘cools down at a slower ate. This
indicates that the heat capaciy of
barium gass is igher. Since the
olass has a longer elastic range and
we need 1o cool it faster, the risk of
cracks dve to temporary stiess is
again increased During cooling, the
outer surface of the glss is under
temporary tensde strain and
thersfore even more prone to cracks
~ s0 much for viscosily ifferances.

COPPER OXIDE DIFFUSION
INTO GLASS

For a proper and vacuumght glass
o metal seal with a copper ciad wite
in soft glass (incandescent lamps),
Some copper exide (Cu;0) in the
wite needs to Gifuse ino the glass.
During stemmaking a connection
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between the glass and the wire is
mace: a piecs of mesl the copper
mantle), then a monolayer of coppar
‘oxido and subsequently @ piece of
glass, of which a very small layer is
satureted with copper oride.

Ater a stem mads of lesd glass
‘cools down, we can judge the qualty
of the glass to metal connction by
ooking at the colour o the wie,
which should be red (copper oxide)
with a yellow gare (copper). This
indicates that some of the copper
oddo i diffused into the glass. A
stom mado of barium glass,
howover, will give less yellow lare
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because copper oxide dfuses more.
slowy into berium gass than into
lead glass. Vsual inspecion of the
glass to metal connection s
therefore diffeent.

There s an advantage o this
phenomenon: in lsad glss stoms the
diffusion of copper oxide continues
duing lamp operation up to a point
where alloxide i diffused into the
qlass; we now have a pure copper 1o
lass connection which s sensiive
1o loaks or cracks. With barium glss,
however, ciffusion s much siower so
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hat the glass used in the

lighting industry is not the

normal window or bottle
glass is known, but the resson
why might not be so clear. There
are specil requirements for lamp.
glass which mainly focus on the
partof the lamp that is known as
the ‘stem’. The expansion, heat
conductivity, colour,light
transmission and most importantly
the electrcal resistance have o
fulfl specifc requiremens for
specific lamps.

The glass used for the bulb of
anincandescent lamp can be any.
Kind of gass, the only important
reauirement is the price. An
example of 3 special las for
lemp-making is the so-alled stem
gloss, where the stem is the
electical foed through the lamp
and therefore has to have a high
electrical resistance. To increase
the electrical resistance, large and
heavy metal oxices are mixed nto.
the glass. Until recently the easily
avalable (and therefore cheap) fead
oxide was used to make & lead
glass with the required electrical
properties.

HOW DOES THE LEAD OXIDE
IN LEAD GLASS PREVENT
ELECTRICAL CONDUCTION?
Electrical conductiviy in metals is
based on electrons, butin glass itis
based on the migration of ions,
‘esoecislly sodium ions. At low
temperatures, due to the viscosiy,
itls difficul for the fons to move,
but the higher the temperature the
easier it gts. Therefore glass ata
low temperature (e.g. oom
temperature) can be considered to
be an insulator and at a high
temperature loperating
temperature) to be a conductor.

Lot us look at two examples.
for an incandescent stem: DC and
AC operated lamps.

By GEERT VAN MOL, glass consultant

The use of lead
glass for hghtlng
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One of the addtions to the glass is sodium, which
acts as a softener to decrease the softening point (and
increase the coefficient of expansion). With a direct
current, the relatively small and positive socium ions
migrate gradually from the positive to the negative pole.
(The smll sodium ions have the largest mobilty and are
therefore ‘free’ to migrate to the negative electrode.) This
means a deplation of sodium near the positive electrode
and an accumulation of sodium on the negative

electrode. This causes a change of the glass composition
on both sides and consequentiy a change i the.
coefficient of expansion, through which high stresses will
be generated. These stresses can lead to unwanted
micro damages, causing an early end of lamp ffe.

With aiternating current the sodium ions cannot
‘migrate from one electrode to the other, but electrolysis
will st oceur. In lamps that opeate at AC, electrons
(negative charge) from the coil are emitted onto the outer
surface of the stem glass. The surface gets 3 negative
charge and the positive sodium ions migrate from the
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THE INTRODUCTION OF OTHER CONPONENTS SLOWS DOWN THE PROCESS.
& elzcraans

electrodes to the surface. Again
due to the gradual changing of the
glass composition, the coefficient
of expansion changes, which can

lead 10 cracks during lamp fe.

This phenomenon is called
“electrolysis' and it occurs during
normal use of an incandescent
lamp. Standard incandescent
lamps are expested to have
fifetime of 1,000 hours. The
higher the operating temperature
of the lamp, the faster this
electrolysis can take place.
Depending on the lamp type and
the application conditions, some
lamps may reach the end of ife
100 early due to sodium migrat
in the stem glass.

As the conductivity also tends
0 rise with an increase in sodiur
content, the obvious solution
would be to reduce the sodium
Howver this would rasultin an
increase of the softening
temperature, which would
therefore have a negative impact
on the lamp menufacturing
process.

The solution is found in using
other stem glass which is less
sensitive o electrolysis. The
introduction of other compone
such as fead or barium, both
being 'big” atoms, hinders the
‘migration of the sodium ions and
therefore siows down the
process of electrolysis

This is the reason that initally
lead glass was used for stem
‘making. The original lead glass
contains up to 21% lead oxide. In
leacree stem glass the lea
replaced by other components
such as barium, fufiling the same
function of slowing down
electroysis.

It may be clear now that
‘conductiviy or inversely resistan
can vary with the type of glass.

WHY DO WE WANT TO
CHANGE FROM LEAD TO
BARIUM GLASS FOR LAMP
MAKING?

W Environmental restrictions: in
the process of making lead
glass, there will be an excess
of lead oxide in the glass
factory aumosphere - fitering
the vapour that contains lezd
oxide is very expensive.





