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Application of electrical heating in forehearth channels
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Electrical heating of forehearth channels can be either indirect with radiant heating elements installed above the glass surface, or
direct utilizing immersed electrodes. Two types of heating elements are used, made of either silicon carbide or molybdenum disilicide.
Electrodes are normally made of molybdenum, but tin oxide is also used, and platinum alloy may be required for some special
applications. Direct electrical heating is also used in forehearths to supplement the traditional gas heating, and can provide a
significant improvement in the thermal homogeneity of the glass at the end of the channel. Excellent results can also be obtained
with full electrical heating. Whatever type of electrical heating is used, the relevant safety standards must be applied.

1. Introduction

There are many advantages in using electrical heating sys-
tems to introduce energy into the glass in forehearth chan-
nels:

= accurate glass temperature control;

= significantly better thermal homogeneity than with gas
heating systems;

= prevention or reduction of volatilization of glass compo-
nents when the glass bath surface is covered;

= no waste gases, therefore energy is used efficiently, and
consumption is low;

= lower environmental emissions;

= no noise production;

= stable energy source (at least in Europe).

However, the higher energy and investment costs in-
volved must be seen as disadvantages.

2. Application in forehearths

There are various methods for applying electrical energy in
forehearth channels, either using heating elements for in-
direct heating, or with the use of electrodes for direct heat-

ing.

Three different types of heating elements are available
for indirect superstructure heating. These are silicon carbide
elements, Kanthal Super elements and so-called heating cas-
settes.
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Silicon carbide elements have the advantage that they
can be installed in almost any situation. Different designs
are available, such as rods, U-shapes or elements with both
connections at one end. A special glaze can be applied for
operation above an open glass bath surface. One disadvan-
tage of elements made from this material is an ageing pro-
cess, whereby the electrical resistance increases with use.
This means that the operating voltage increases (typically
by up to 100 %) and so the supply transformer must be
designed with a higher nominal power. The ageing process
often limits the practical life of these elements, and a typical
operating period will be 18 to 24 months.

Figure 1 shows a cross section of a typical electrical fore-
hearth utilizing rod-type silicon carbide heating elements.

Kanthal Super elements are made of molybdenum disil-
icide. They are normally U-shaped and are installed verti-
cally through the roof refractories. These elements have the
advantage that they have a long operating life of approxi-
mately 3 to 6 years, whilst maintaining a constant electrical
resistance. The elements can be used in air at temperatures
up to 1850°C. However, when elements are installed above
an open glass bath, care must be taken that no pieces of
broken element can fall into the melt. A cross section of an
electrical forehearth heated with these elements, in this case
with a covered glass bath, is shown in figure 2.

These elements are also suitable for heating forebays.
They can also be installed horizontally, suspended from
fibre blocks, to form so-called heating cassettes or modules.

Three main types of material are used for immersed elec-
trodes = molybdenum, tin oxide and platinum.

Molybdenum is the material most widely used, especially
for reduced glasses. As reported in numerous technical pub-
lications, the maximum current density should not exceed 2
to 3 A/cm?. A disadvantage of molybdenum, however, is the
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Figure 1. Cross section of an electric forehearth utilizing silicon
carbide heating elements; 1 = refractory channel block, 2 =
refractory substructure insulation, 3 = glass, 4 = heating ele-
ment, 5 = superstructure refractory, 6 = superstructure insu-
lation, 7 = bracing steelwork.

Figure 2. Cross section of an electric forehearth with a covered
glass bath, utilizing molybdenum disilicide heating elements;
1 = refractory channel block, la = channel refractory cover
block, 2 = refractory substructure insulation, 3 = glass, 4 =
heating element, 5 = superstructure refractory, 6 = superstruc-
ture insulation, 7 = bracing steelwork.

fact that it oxidizes in air at temperatures above about
450°C. Various methods of applying protective coatings to
prevent the oxidation have been developed. Nowadays the
use of these relatively expensive coatings is increasing, but
although this technology has the advantage that it simplifies

electrode installation, the higher price must be considered
a disadvantage.

Tin oxide is used for oxidized or lead crystal glasses.
The current density should not exceed 0.7 A/cm?. The main
disadvantage of this material is that it is very susceptible
to damage by thermal shock. Furthermore, the electrical
connection can cause problems.

Platinum or platinum alloy electrodes are mainly used
for optical glasses. The current density should not exceed
2 A/em?. The high price of this material is, of course, a
major disadvantage. It should also be noted that platinum
used as an electrode material should be operated at a me-
dium frequency of 1 to 10 kHz, and not 50 Hz. This is an
additional and significant cost factor.

An alternative is offered by a heating system that utilizes
the forehearth channel material as an electrical conductor.
Heat-resistant metallic contact plates are installed on the
outside of the channel refractory, so that the current flows
through the refractories and the energy is dissipated in both
the blocks and the glass bath. This can only be achieved
because of the relatively good electrical conductivity of fu-
sion-cast and chrome refractory materials. Ceramic-bonded
alumina-silica or zirconia-alumina-silica refractories such as
zircon mullite cannot be heated in this way. This type of
heating was installed recently in SORG® forehearths for
lead crystal glass and basalt.

Directly heated platinum tubes are often used as fore-
hearths for the manufacture of optical glasses. This means
that the glass does not have any contact with refractory
materials once it has left the furnace.

Forehearths for special glasses with highly volatile com-
ponents, such as lead crystal, opal and hard borosilicate
glasses, normally feature covered channels and a combi-
nation of direct and indirect heating.

3. System design

System design of electrically heated installations is more
critical than for gas-heated systems. In the latter, a change
in the distribution of energy, or even a significant increase
in the maximum available quantity of energy can often be
made with comparative ease and at little cost. This is not
the case with electrical heating systems.

All electrical heating systems utilize transformers, the
design of which limits the power available. The nominal
power of the transformer provides an absolute limit, but the
transformer specification = basically the secondary voltage
and current = can reduce the power available, in the worst
case by 50 % or more, if it is incorrect. Several types of
electrical heating system effectively work with variable load
resistances. Silicon carbide heating elements age and the
electrical resistance increases with time. In the case of direct
electrical heating systems the load resistance is provided by
the glass, and the value changes with the glass temperature.
These factors must be taken into account when trans-
formers are specified.

Experience of the design and operation of electrical
heating systems is an important asset, but this is often sup-
plemented by the results of model tests. In the past physical
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Figure 3. Temperature distribution at the end of a gas-heated
forehearth producing 85 t/24 h green containers.
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Figure 4. Temperature distribution at the end of a gas-heated
forehearth producing 85t/24 h green containers, after instal-
lation of the electrical heating system.

models were used, but these have now been almost com-
pletely superseded by mathematical models.

4. Experience

Electric booster heating has been applied successfully for
more than 30 years to improve the thermal homogeneity of
gas heated forehearths in the container industry. The molyb-
denum or tin oxide electrodes are installed horizontally and
require no cooling. They can also be installed on an existing
forehearth during operation.

A typical system consists of 12 electrodes and four
single-phase transformer/thyristor units, whilst a smaller
system comprises six electrodes and two transformer/thyris-
tor units. Under normal circumstances three triplex thermo-
couples are installed in front of the feeder bowl to measure
the temperature distribution, and from these results the
thermal homogeneity index is calculated.

One of the major advantages of the direct electrical heat-
ing compared with gas heating is the ability of the former
to heat those areas of the glass bath which are difficult to
heat with gas, namely the sides and bottom of the glass
bath. This effect is clearly shown by the results from a typi-
cal installation, that were recorded on a line producing
85 t/24 h of green container glass. The maximum tempera-
ture difference recorded by the three triplex thermocouples
before the installation of the electrical heating system was
39 K, with considerably lower temperatures in the bottom
corners of the glass bath, as shown in figure 3. The thermal
homogeneity index was 90.7 %.

After the installation and commissioning of the electri-
cal heating system the temperature distribution improved
significantly, with the maximum temperature difference be-
ing reduced to only 6°C and the thermal homogeneity index
increasing to 98.5 %. These results are shown in figure 4.

Figure 5. Temperature distribution at the end of a directly
heated electric forehearth producing 73 t/24 h amber containers.

Figure 6. Temperature distribution at the end of an electric fore-
hearth producing Pyrex® tubing.

A comparison of figures 3 and 4 reveals the preferential
heating of the glass at the sides of the channel achieved by
the electrical heating system.

Experience has shown that it is often difficult to control
all-electric forehearths for container glasses when too few
electrodes are used. We at SORG® have chosen another di-
rection and have developed a concept that employs many
small electrodes. Two examples taken from actual operation
demonstrate the success achieved with this concept.

One typical forehearth is designed for the production of
amber containers and is heated by 44 electrodes, with the
addition of a small indirect heating system with silicon car-
bide heating elements at the front of the channel. An excel-
lent temperature distribution with a maximum temperature
difference of only 8 K and a resulting thermal homogeneity
index of 98.0 % have been achieved at a pull of 73 t/24 h.
These results are shown in figure 5.

The next example refers to an installation for Pyrex®-
type borosilicate glass. This forehearth also features a com-
bination of indirect and direct heating, with molybdenum
disilicide elements in the superstructure and molybdenum
electrodes immersed in the glass bath. The forehearth entry
temperature is about 1540°C. The forehearth supplies a
tube drawing line operating the Vello process, and a tem-
perature of approximately 1180°C is required at the extrac-
tion point. The temperature distribution at the end of the
forehearth, reproduced here as figure 6, shows a maximum
temperature difference of 6 K, and a thermal homogeneity
index of 98.1 %. Incidentally, the special requirements of
this particular glass lead to the use of a rectangular channel
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section rather than the conventional wide and shallow sec-
tion.

5. Safety aspects

Safety factors play an even more important role with electri-
cally heated installations than with gas heating systems.
With direct electrical heating the glass bath is live and, in
the case of indirect heating, there are numerous electrical
connections around the system, which are often at a high
voltage relative to earth.

During maintenance and service work attention must be
paid to the fact that feedback can occur, even if the equip-
ment is partially switched off. Therefore, electrode systems
must be completely disconnected when such work is car-
ried out.

The following European standards and regulations are
applicable to electrically heated installations: EN 746, parts
1, 2 and 6 [1 to 3] EN 60519, parts 1, 2 and 21 [4 to 6]
and DIN VDE 0848 [7]. In addition, there may be local
regulations applicable in the country of installation.

The supplier is obliged to provide a system that con-
forms to the above-mentioned regulations, so that it can be
operated in a safe manner. It is the responsibility of the
operating company to provide any additional safety systems
and equipment that may be required, to maintain all safety-
related equipment in correct working order, and to establish
safe operating procedures. The operating company must
also ensure that these operating procedures are always ob-
served.

6. Conclusions

Natural gas and LPG are available in many parts of the
world as stable and acceptably priced fuels for forehearth
heating. In addition, the normal gas heating system is both
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simple and reliable, and therefore the majority of fore-
hearths are gas heated.

However, electrical heating systems offer a range of solu-
tions, including both indirect and direct heating of the glass
bath. Currently, such systems are most commonly used on
forehearths for more unusual glasses. Nevertheless, there is
a growing realization of the benefits of electrical heating for
forehearths. For instance, an increasing number of electrical
boosting systems are applied to gas heated forehearths and,
as a result, thermal homogeneity is greatly improved and
operation simplified.
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