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Special glass

Flat panel display
substrates

The production of ultra- and super-thin sheet glass by the
down-draw process has reached high technological

levels in the last fifteen years. These levels have been reached
with the evolution of furnaces from an original daily output
of 0.7 tons in 1983 to a capacity of 30 tons/day for multiple

production lines today. The contribution of Germany’s Eglass
to this particular field has been in the construction

of turnkey production lines using platinum technology.

In the very beginning, non-alkali
glasses with a thickness of 1.1 mm
and a width of 250 mm were

manufactured.1 In 1998, new glass
compositions and higher output from down-
draw production lines are common. These
production lines receive an output of 5 tons/day
with a glass width of 1,200 mm and a thickness
of 0.6 mm. Glass sheets with a width of 700
mm and 50 micron glass thickness are also
standard. Through the demand for ultra-thin
sheet glass for the production of PDPs (plasma
display panels), glasses with a thickness of 50
microns are also used in display technology.2,3

A yearly increase in the demand for these
products of about 30 per cent up to the year
2005 is forecast.

Turnkey lines
Eglass is in a position to deliver the complete

production line on a turnkey basis. The
following description of the down-draw
process, developed by Eglass itself, is the most
common process for the production of the glass
substrates. The delivery programme on a
turnkey basis includes:
• furnace with platinum electrodes;
• Eglass Direct Heated Platinum System

(DHPS)® platinum refiner, working at
temperatures of around 1,650°C;

• DHPS® stirring equipment;
• DHPS® distributor equipment;
• drawing machine and further glass

processing equipment.

Diether Böttger*

EGLASS TREK GMBH
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The process
The down-draw sheet glass process for the

manufacturing of ultra- and super-thin sheet
glass has been well-known for a long time and
was installed by Eglass between 1985 and 1997
at four world-renowned glass manufacturing
companies. This process is used mainly for the
production of non-alkali glasses. It is very
difficult to melt these glasses with good quality
levels. Therefore, only furnaces of the youngest
generation in combination with platinum
systems are used in order to produce bubble-
free and completely refined glass.

Non-alkali glass compositions
The requirements for glass substrates used in

TFT (thin film transistor) LCDs in thicknesses
of 0.6 mm and for isolation foil made out of
glass in thicknesses of 0.05 mm for PDPs are
mainly for the same glass composition.

The latest generation of glass substrates and
glass isolation foils have a low thermal expansion
(alpha = 3.7-3.9 x 10-6/K instead of 4.5 x 10-6/K),
a higher softening point and a lower specific
density, which is today approximately 2.5 x 103

kg/m3 instead of 2.76 x 103 kg/m3.
Typical glass composition for the latest

generation of glass substrates for display
applications is shown in Table 1.

Glass melting furnaces
Modern glass melting furnaces are built with

two chambers: one chamber for the melting of
the batch material, one chamber for the
prefining of the glass.

The batch charging is done with the help of
batch chargers which are also used in other
glass production facilities if very fine batch is
used. Mainly, oxy-fuel heating systems for the
furnaces are used. The melting and fining
temperatures are around 1,640-1,660°C. The
glass melt is boosted additionally through
geometrically suitable platinum electrodes
which support the glass melting process.

In the centre line of the furnace, mushroom-
shaped platinum electrodes are installed on the

bottom in order to decrease the electrical
voltage within the glass melt to the lowest
possible level. The installed electrical power is
about 30-35 kW per ton of glass.

The reason for using platinum electrodes for
this kind of glass is the very good thermal shock
resistance, the sufficiently high strength and good
erosion resistance of the platinum material. Above
all, the material is inert towards glass, has a
different molecular structure to glass, and does not
react with the melt.

Furthermore, platinum is characterized by a
high thermal load and if used correctly, is not
subject to wear and tear. During the electrical
melting  of  non-alkali  glass,  colloidal
atomization of the platinum electrode occurs of
a 50 Hz junction in the glass melt, so that
platinum electrodes necessitate the use of
medium-frequency alternating current of up to
10 kHz in order to prevent the platinum from
atomizing.4,5

The glass level inside the furnaces can be up
to 1 metre. Ideally, a height of 0.8 metres is
used. In the second chamber, a glass level
height between 250 and 350 mm is common.

Furthermore, overflow and bottom drain
equipment are installed in order to take out the
zircon containing glass. Therefore, the
equipment is opened from time to time.

The refractory material used in the furnace
has special parameters, since the electrical
resistance of the melt has to be considered.

TYPICAL
GLASS SUBSTRATE COMPOSITION

WITHOUT ALKALI (WA 37)

Weight % on Oxidbase
SiO

2
58-59

B
2
0

3
9-11

Al
2
0

3
14-15

CaO 5-7
MgO 0-1
BaO 7-9
ZrO

2
0-1

SrO
2

0-5
As

2
O

3
0-0.5

Sb
2
O

3
0-0.5

Expansion 3.7 x 10-6/K
Density 2.46 x 103 kg/m3

Table 1
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The use of platinum
Platinum and its alloys are used in the glass

industry because of their high melting point, their
extraordinary scaling  resistance, their insolubility
in melted glass and the possibility to manufacture
the platinum materials with a uniform composition
and continuously under the same conditions.
Precious metals have a relatively high investment
cost but, due to the economical consideration that
glass can be melted at high quality without failure,
the glass manufacturing companies are using
platinum production lines. The alloys formed by
platinum and rhodium are used especially for high
temperatures. The liquid point is continuously
increasing, from the melting point of platinum
(1,769°C) to the melting point of rhodium
(1,969°C). The strength of the alloy increases with
a higher percentage of rhodium. If pure platinum is
too weak for some applications, alloy with the
content of 10, 20 or 30 per cent of rhodium is used.
Platinum material and its alloys are ductile and easy
to weld if some important points are obeyed.

Direct Heated Platinum Systems
The construction of the direct electric-heated

feeder tubes is of critical importance, so as to obtain
temperatures constant to within 1°C over the total
tube cross section, and has been the subject of
several patents and patent applications by Eglass or
Böttger.

The complete system is built in a modular way,
which means that different independently-
controlled temperature zones are heated up
electrically according to Joule’s law. After the
heating up is completed, the total feeder system will
be brought together. A special sealing technology is
used to avoid leakage of the molten glass at the
joints. Most important is the construction of the
electrodes, which are patent protected. According to
the invention, a tube made out of platinum material
is used on which, over the diameter of the tube, one
or more electrodes are installed.

With Eglass’s DHPS® concept, platinum tubes
with a diameter between 10 mm and 500 mm and a
length of up to 4,000 mm are manufactured and
heated directly. The tube diameter and the length
are calculated in relation to the daily output of the

system. Temperatures of 1,650°C and higher are
used, for example, in the so-called refining cells.

The DHPS® concept is based on a current of
300-5,000 ampere and a voltage of 2-20 volts.
Controlled power supply units are used to heat the
platinum feeder. They are connected directly to the
platinum tube activity carriers. The described down-
draw production line uses a special electrical circuit
with a total of 30 heating zones, which are
connected with the phases L1-L2.

By controlling the power output, the temperature
in different areas of the platinum tube can be varied.
Thyristors  and/or transducers may be used to
monitor power output during the direct electrical
heating process. Temperature feedback sensing is
carried out by thermo-elements installed in
geometrically suitable positions on the platinum
tube feeder. Temperature control is optimum as the
reaction caused by the readjustment of the said
value is over within two minutes.

The DHPS® tube is encased in steel with an
insulating layer of between 50 and 200 mm around
it. Because energy effects the platinum tube
directly, the energy consumption is considerably
low.

The complete platinum system is made of
approximately 220 kg of precious metal. It should
be remembered that platinum keeps its value for a
long time, the investment is not to be considered as
potential scrap, as may be the case with refractory
materials.

With the purchase of precious metal, the glass
manufacturing company creates a real capital
investment visible as assets in the company’s yearly
balance sheet.

Platinum refiner cell
After the glass melt leaves the second chamber

of the furnace (refractory finer), it still has a low
content of bubbles. The glass melt then enters the
refiner and meets the conditions that correspond to
the usual refining temperatures.

The refiner consists of a direct heated platinum
tube of a suitably geometrical measurement. The
platinum tube is bricked in a steel casing. The
thickness of the different ceramic insulating layers
and the corresponding material will be adjusted to
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the physical properties of the platinum alloy, the
required range of glass temperature and flow rate,
and in accordance with the electrical heating
equipment.

Inside the platinum tube, there are special
insertions made of platinum alloy so that the
flowing glass melt can be turned and mixed several
times. Furthermore, the refining cell is controlled by
the heating zones with different temperatures. At a
pull of 5 tons/day with a velocity of 3 cm/minute
and a resistance time of more than two hours in the
platinum refiner cell, a glass with zero bubbles can
be produced. Due to the right precious metal alloys
used in the refining cell, temperatures of around
1,650°C at a viscosity of about 100 Poise ensure the
high quality of the non-alkali glass melt.

Platinum stirrer cells
After the glass melt is refined, it passes to the

platinum stirring equipment. The equipment
consists of a double stirrer cell also using the
DHPS® concept. This stirring equipment has the
task of producing a chemical- and temperature-
homogeneous  glass  melt. Especially for the
production of non-alkali ultra- and super-thin sheet
glass, total homogeneity of the glass melt is
necessary, a condition which can be reached
through intensive stirring.

The special construction of the stirring cell and
the stirrer itself guarantees that every particle of the
glass melt will be subjected to maximum shear
force within the stirring cell. In order to reach a
cord-free and temperature-homogenous quality of
the glass melt,5 intensive stirring of the alkali-free
glass melt should take approximately 15-20
minutes.

Platinum cooling zone
The glass melt coming out of the stirring cell has

a relatively low viscosity (about 300-500 dPas)
using an easy-to-vary temperature profile in the

cooling tube to cool down a glass melt to a viscosity
of approximately 800,000 Poise (8 x 104 Pas).

It is very important that the cooling zone is
closed on all sides due to the fact that different glass
components have different  partial pressure. In
combination with the atmosphere, a depletion of
easy evaporating components could occur.

The cooling zone has a cooling capacity of about
20 kW without electrical heating. Therefore, the
electrical heating is only used to control the cooling
energy.

Practical experience has shown that, inside the
cooling tube, an excessively high temperature
gradient between the boundary glass and the inner
glass can occur. In this case, the boundary glass has
a slower velocity than the inner glass, which is
flowing too fast through the cooling zone. In order
to avoid a high temperature gradient, the inner glass
is brought to be mixed with the boundary glass
within the cooling tube, with the help of specially
designed buffles.

Platinum distributor
After the glass is cooled down to the required

temperature, it enters the distributor, situated
approximately 1.0-1.5 metres underneath the
glass level.

As is known from the Hagen Poiseuille
equation, a higher hydrostatic pressure on the
nozzle is built up if the distance between the
nozzle and the glass level (glass column)

DHPS® refiner for
optical glass type 610

Thin sheet glass
feeder

type 310
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increases. With a higher glass column, a higher
output is achieved, and therefore, a higher
efficiency of the production line can be reached.6

It is to be considered that, through a higher
output and a high viscosity, the head-lost can be
important.

Furthermore, it is necessary to ensure a constant
viscosity of the glass melt, because even the
smallest variation of the viscosity parameter can
disturb the complete process, and the  production
yield will decrease dramatically.

The width of the distributor is in accordance
with the customers’ required glass sheet width. At
present, Eglass is in a position to produce a width
up to 1,200 mm.

Through the possibility of heating the dis-
tributor with several heating zones, the necessary
flexibility for the required viscosity for the
forming process can be obtained.

At the bottom of the distributor, the changeable
nozzle is installed.

Platinum nozzle
The specially developed direct heated platinum

nozzle is designed for the slot down-draw process.
The changeable nozzle can be varied for different
glass sheet thicknesses and different glass sheet
widths.

The design is based on the experience of Eglass
and is constructed in such a way that a uniform
glass thickness over the whole width of the nozzle
and, with this, of the glass sheet can be achieved.

The geometrical shape and the height of the slot
are most important. In particular, the corner areas of
the slots are very critical. If the corner areas of the
nozzle are too wide, the out-flowing glass melt is
too hot, and will therefore not cling at the slot. If the
corner areas of the nozzle are too narrow, the out-
flowing glass melt is cooled down too fast. The
result is that the out-flowing velocity of the corner
areas is slower than the out-flowing velocity in the
middle of the nozzle. In this case, inner stress of the
glass sheet will occur and distortion of the glass
sheet will take place.

After the glass melt leaves the nozzle, different
forces influence the conformity of the glass sheet.
First, the downwards directed tensile force; second,

the Earth’s gravity and also the surface tension all
influence the glass sheet. For these reasons, an
attenuation of the glass sheet will happen. Through
special cooling devices which are installed
underneath the nozzle, this attenuation can be
mostly eliminated.

Especially for ultra-thin sheet glasses, the cooling
down temperatures of the glass sheet after leaving
the nozzle have to be considered (see Table 2).

Annealer and drawing machine
Before the cooled down glass sheet reaches the

drawing machine, it passes through the annealer.
On the one hand, the annealer is necessary to cool
down the glass sheet in a controlled, uniform and
fast way; on the other, the viscosity of the glass
sheet has to be increased in such a way that,
through the drawing force, the glass sheet will hold
the required shape and will not be destroyed.

After the annealer, commercially-known
drawing machines are installed in order to draw the
glass in the required thickness downwards. After
the drawing machine, further processing machines
can be installed: inspection equipment, cutting
devices, corner cutting equipment and washing
machines.
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COMPARISON OF GLASS SUBSTRATES FOR FPD

Super-thin Ultra-thin
0.6 mm 0.05 mm

Density x 103 kg/m3 2.46 2.46
Pull t/day 4-5 2.1-2.5
Glass width mm 900 700
Velocity m/min 2.0-2.5 15-18
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