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The economy of glass-making is strongly correlated with the energy expended per unit of
molten glass. With modified DTA equipment it is possible to get information about the
energy consumed to heat the raw materials to the melting temperature, including the energy
effects in a batch reaction. The influence of different concentrations of batch materials
(cullets and slags) on the energy expended was investigated.

The increasing use of waste materials in the gass batch, and the increasing
changes in the quality of the raw materials, require that laboratory test methods for
the evaluation (before industrial use) of the behaviour of such materials in the glass-
melting process should be as simple and quick as possible.

A simple criterion for improved performance is the energy E consumed per day
divided by the number of tons produced per day [1]. The energy required to heat the
glass batch up to the melting temperature T, can be written as follows:

E=(c*T, « M)+ (y*T,)+(E*+ T, *y)

(cis a type of heat capacity, which includes the energy effects in batch reactions, M is
the batch mass, y is the thermal conductivity and E* is the energy content of the flue
gases.) In our further discussion, we shall ignore the last two summands, the energy
lost to the environment through the thermal insulation and the energy lost with the
flue gases, and we shall concentrate on the first summand. The calorimetric
determination of such energy is quite difficult, because the thermodynamic values
give information only on the equilibrium state. However, the decomposition of
marble or limestone for example, is quite different from glass-making.

The use of traditional calorimeters not only requires considerable time and
financial efforts, but also involves low effectiveness for industrial problems.

The aim of our investigations was to test a modified thermal analysis instrument

John Wiley & Sons, Limited, Chichester
Akadémiai Kiado, Budapest



616 HEIDE et al.;: INVESTIGATION OF THE ENERGY EXPENDED

for the determination of the energy expended (“summarer Wiarmebedarf™) to heata
glass batch up to the melting temperature under conditions similar to those in
industry.

Experimental

Figure 1 schematically outlines the modified DTA apparatus, which permits the
determination of the energy expended to heat a 750 mg glass batch with original
consistency from room temperature up to 1400°.
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Fig. 1 Scheme of the apparatus for measurement of the energy expended
(A) Typical T vs. t curve

1 - Lid, 6 — Sample holder,
2 — Furnace, 7 — Interface,

3 — Crucible, 8 — Y-t recorder,
4 — Specimen, 9 - Computer unit

5 — Thermocouple,

The raw material mixture components were weighed into a corundum crucible.
After the sample had been introduced into the hot furnace, the process of thermal
equilibration between the sample and the furnace (i.e. the temperature vs. time
curve of this sample) (Fig. 1, insert A) was monitored. Tests showed that the
hatched area under this curve, from the introduction into the furnace up to the
thermal equilibration, is roughly proportional to the expended energy. The
equipment was calibrated with silica sand and corundum powder.
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Fig. 2 Variation of the energy expended as a function of the cullet ratio (%)
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Fig. 3 Energy expended when different batch materials are used
1 — batch mixture with foamed slag (Hiittenbims)
2 — batch mixture slag from the phosphorus furnace (Phosphorofenschlacke)
3 — standard batch mixture

Results
As can be seen in Fig. 2, the energy expended decreases with increase of the cullet
ratio in the glass batch. The curve passes through a minimum at a ratio of

approximately 70-80%. This is in good agreement with practical experience.
Figure 3 presents results for batch mixture containing different waste materials:
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slag from the phosphorus furnace (Phosphorofenschlacke) and foamed blast
furnace slag (Hiittenbims). The 10-15% decrease in the energy demand corre-
sponds with the first observations in industry.

A special advantage of the method is the possibility of characterizing the
influence of the reaction rate on the energy expended.

A disadvantage at present is the level of the standard deviation, with a mean value
of 10-15%.
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Zusammenfassung — Die zur Schmelze eines bestimmten Glasvolumens notwendige Energie bestimmt
in starkem Masse die Okonomie des technologischen Prozesses. Es wird ein Verfahren beschrieben, wie
mit Hilfe eines modifizierten DTA-Gerits der summare Wirmebedarf zur Aufheizung eines
Glasrohstofigemisches bis zur Schmelze bestimmt werden kann. Am Beispiel des Einsatzes von Scherben
bzw. Schlacken als Gemengebestandteil wird die Leistungsfihigkeit der Methode demonstriert.

Pe3ziome — JKOHOMHS B CTEKJIONPOU3BOACTBE TECHO CBA3AHA C 3HEPrHeH, PaCXONyeMOil Ha euHULLY
pacitapaennoro crekna. C. momoibio mogudpunuposannoil JTA annapatypsi upeactapisercs
'BO3MOXKHDBIM TIOJIY4HTb AaHHBLIE 06 3HEPruM, PacxollyeMmoil HA HArpeB HCXOHBIX MATEPHANOB 10
TeMIepaTypbl MIABEHHs, BKIIOYas sHepreTHaeckie HpheKTsl B PeaKLMOHHOM WHXTE. Hccnenosano
BAMSHHE PA3HBIX KOHUEHTPALK IIMXTOBbIX A00ABOK (CTEKAAHHBIX GOH M LLIAKK) Ha PACKOJL FHEPTHH.
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