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W i t h regard to chemical stability, great demands are made on neutral glasses because o f their pharmaceudcal appUcation, which
requires a high standard of the quality parameters: bubble numbers, homogeneity, and reboil stability. Nowadays, acceptable results
are only reached by fuel-fired special furnaces wi th very high specific energy consumption and engineering efforts. The economical
and ecological advantages o f all-electric glass melting could contribute to considerable cost cutting. A t present, however, certain
quality criteria are not wi th in reach when using this melting technology. The main disadvantages are the comparatively h igh residual
gas contents and bubble numbers. U p to now, efforts have been unsuccessful to melt neutral glass w i t h sufficient glass qual i ty a l l -
electrically. The possible advantages, however, are wor th treating this problem further.

The present conception is based on a separation in melting and f ining basin. By using knowledge o f all-electric mel t ing o f
borosilicate glass 3.3, the disadvantages in respect o f gas solubility and bubble numbers w i l l be removed in a separate f in ing cell by
use o f bubbling.

Various laboratory experiments led to the concept o f a combination o f chemical and physical refining. The parameters for
optimizing the refining process have been investigated. As a result o f this work, a technical realization is proposed.

Untersuchungen zur vollelektrischen Schmelze von Neutralglas mit verbessertem Reboilverhalten

A n Neutra lg läser werden wegen ihres Einsatzes in der Pharmazie sehr hohe Anforderungen hinsichtlich chemischer Bes t änd igke i t
gestellt, die ihrerseits einen hohen Standard bei den Qua l i t ä t spa ramete rn Blasigkeit, H o m o g e n i t ä t und Reboilfestigkeit voraussetzen.
Gegenwär t ig werden akzeptable Ergebnisse nur durch fossilbeheizte Spezialschmelzwannen unter sehr hohem Einsatz an Energie
und technischem Aufwand erzielt. Die bekannten ökonomischen und ökologischen Vorteile der vollelektrischen Schmelze k ö n n t e n
hier zu erheblichen Kostensenkungen beitragen. Jedoch sind gegenwärt ig b e s ü m m t e Qua l i t ä t sk r i t e r i en mi t dieser Schmelztechnologie
nicht erreichbar. Wesendiche Nachteile sind dabei die vergleichsweise hohen Gasrestgehalte und Blasenzahlen. Al le bisherigen Versu-
che, Neutralglas auf vollelektrischem Wege bei ausreichender G la squa l i t ä t zu erschmelzen, waren erfolglos. Die zu erwartenden
Vorteile sind es jedoch wert, diese Aufgabe weiter zu bearbeiten.

Die vorliegende Konzeption geht von der Trennung von Schmelz- und Läu t e rbas s in aus. Bei Ausnutzung des K n o w - h o w zur
vollelektrischen Schmelze von Borosilicatglas 3.3 sollen die hier vorhandenen Nachteile bezügl ich Gaslös l ichkei t und Blasigkeit in
einer nachgeordneten separaten Läuterzelle unter Bubblingeinsatz beseitigt werden.

Vielfältige Laboruntersuchungen führten zum Verfahrenskonzept einer Kombina t ion chemischer und physikalischer L ä u t e r u n g .
Die Einf lußparameter zur Optimierung des Läuterprozesses wurden untersucht. Ergebnis dieser Arbeiten ist ein Vorschlag zur
technischen Umsetzung der Konzeption.

1. Introduction
All-electric cold top technology represents the state of

the art to melt special glass groups, such as lead glass,

opal glass, C-glass and - above all - borosihcate glass.

Borosilicate glass 3.3 is melted almost exclusively in this

way because of a multitude of advantages in quality, effi-

ciency, and profitability. Several efforts have been made

to transfer this advantageous melting technology to re-

lated borosilicate glasses, e.g. neutral glasses which are

important to pharmacy. But no success could be achiev-

ed so far. Glass quahty and - above all - bubble fre-
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quency and reboil behaviour, as known from fuel-fired

furnaces have not been reached wi th electric melters.

The reasons are as follows:

a) Oxidic agents (e.g. A S 2 O 3 and Sb203) which are well-

established in refining neutral glasses, lead to an enhanc-

ed corrosion o f the molybdenum electrodes w i t h all-elec-

tric melting.

b) When melting borosilicate glass 3.3 ail-electrically,

N a C l is a typical refining agent. But there is a h igh solu-

bihty o f chlorides and other gases in neutral glass, which

has excluded the use o f sodium chloride so far. As an

additional effect improving the gas solubility i n the mo l

ten glass, one must state the rather closed surface cover-

ing by the cold top layer, which enlarges the equi l ibr ium

partial pressure closely below the batch melting region.

I n summation, using N a C l as a refining agent i n cold

top melting of neutral glass has a contradictory effect:

-
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Table 1. Condit ions and methods o f investigation

Experimental conditions

 mix ing o f batch w i t h addit ion o f fining agents (NaCl , C a F 2 )
 premelting i n a special crucible at cold top conditions

(figure 1) at 1550°C; 200 m i n
 refining i n a bubbling cell (figure 2) at 1600°C and wi th

varied bubbhng conditions ( N 2 ; O 2 ; H 2 O vapour)
 melting at different regimes

• discontinuous conditions i n crucibles ( in most cases)
• continuous laboratory melt ing apparatus

Methods o f investigations

 determination o f bubble numbers by counting and compar-
ing the samples

 determination o f gas emission and reboil stability by means
of vacuum extracdon at rising temperatures
• numbers and intensifies o f peaks caused by escaping o f

bubbles; mult ipl icadon o f these parameters (GBZXGBH) 
• temperature o f first bubble escape (^BA) 

 quantitative determination o f C l ~ , F ~ , O H , SO3, B2O3
 investigation o f gas content remaining i n bubbles by means

of mass spectrometry

Figure 1. Schematic arrangement o f the special crucible to real-
ize cold top conditions. 1: Pt crucible, 2: mixture o f glass pow-
der and fine-grained quartz sand, 3: crucible made from opaque
silica glass, 4: induct ion coil .

Figure 2. Schematic arrangement o f the fining cell wi th bub-
bling treatment. 1: flowmeter, 2: thermostat, 3: bubbler for
water vapour addit ion, 4: laboratory furnace, 5: heating,
6: thermometer, 7: electrical heating, 8: thermocouple, 9: Pt
tube w i t h nozzle, 10: P tRh crucible, 11: glass melt.

 The high chloride solubility needs an enlarged NaCl
content in the batch. A reduction o f its concentration
would lead to more blisters and bubbles in the mol-
ten glass.

 The addition of more NaCl to the batch produces a 
higher content of dissolved gases in the melt, which
makes i t more sensitive to reboiling. Presence of wa
ter may improve this behaviour.

2. Conception of a combined fining method
The Jenaer Schmelztechnik Jodeit G m b H has been using
its knowledge in all-electric melting of borosiUcate glass 
3.3 in large-scale furnaces to develop a new concept of
electric melting of neutral glasses. The idea was to keep
the NaCl refining principle, but to remove the dissolved
chloride in an effective way as well. I n order to achieve
this, a special refining cell wi th a bubbling equipment
was installed behind the melting basin of the furnace;
i.e., a combination of chemical and physical refining
was intended.

The basic principle, used in the process, was to gen
erate  a diffusion of gases dissolved in the melt into bub
bles produced inside the refining cell. The partial pres-
sure of the gases to diffuse starts on a minimum level in
the produced bubbles, and it was necessary to improve
the process by an intensive mixing o f bubbles and mol-
ten glass. The mixing effect can be improved by an en
larged bubble generation, but this increases the danger
of remaining blisters in the glass. The secondary bubbles
are mainly responsible for this negative tendency, which
has made them undesirable in glass refining.

Trying to use them now in enabling the combined
refining process, their composition must be effected spe-
cifically. One possibiHty to do so is the variation o f the
bubbling gas, which must meet two requirements:

a) a maximum possible diff'erence of gas solubility be-
tween high and low temperatures in the melt,

b) a chemical affinity to the gases dissolved in the melt
to accelerate their decay.
According to investigation results, this process should be
handled either by using a single gas or several gases
(both mixed and in a consecutive application). Further-
more, the bubble content of the glass is influenced by
the atmosphere above the melt.

3. Results
Table  1 gives a survey of experimental conditions and
investigation methods. A l l melting and refining tests
were conducted on laboratory scale, mostly disconti-
nuously, but in some cases in a continuously operating
apparatus, too. Both melting o f the batch charges and
refining of the glass melts were carried out under varied
conditions (different bubbhng gases and bubbling times)
in platium crucibles.

Figures  1 and 2 show schematic drawings of the ex
perimental arrangement of the discontinuous tests. The
special arrangement (figure 1) was used to simulate the
cold top furnace during the step-by-step batch charging
to the crucible. For all tests the same batch composition
(of  a typical neutral glass wi th a constant concentration
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Figure 3. Residual contents o f C l  and F  as a function of
bubbling time for bubbling gases N 2 and O2 (dry and wi th ad-
di t ion o f water vapour).

both of chloride and fluoride) was used to study the pos-
sibilities of effecting some important glass parameters by
varied operation conditions in the bubbling cell. Fluo-
rides and chlorides generate a good refining and melting
behaviour, but they worsen the reboil stability.

Figure 3 displays the influence o f bubbling treatment
on the reduction of the chloride and fluoride concentra-
tions in the glass samples. The effect of water vapour
addition to the bubbling gas is evident, improving the
chloride and fluoride withdrawal during bubbling. In
comparison to this effect, the type o f bubbling gas (ni
trogen, oxygen) made rather little difference.

When using dry bubble gas, the O H  concentration
of the glass is reduced, but an addition of water vapour
to the gas enlarges the 0 H  content (figure 4). This
result was also obtained in [1]. According to Stelzner
et al. [2 and 3], the product GBHX GBZ (GBH  sum
of peak intensities caused by escaping of bubbles;
G B Z  sum of bubbles escaped, counted peak numbers)
measured from vacuum gas extraction treatment, is a re
presentative value of the overall residual gas content of
a glass. The clear effect of bubbling on decreasing this
parameter can be seen from figure 5.

The temperature of beginning bubble escape ^^A 
from a sample heated under vacuum conditions gives a 
suitable value to evaluate the reboil stability of glasses.
I t was improved by bubbling treatment (figure 6), rather
wi th dry than with wet bubbling gas. Consequently, the
negative influence o f water vapour addition to the bub-
bling gas on reboil stability could be established. As wi th
the effect on chloride and fluoride reduction, the water
addition dominates the type of the bubbling gas.
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Figure 4. O H concentration o f neutral glass as a funct ion o f
bubbling time for different bubbling treatments.
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Figure 5. Dependence o f vacuum extraction parameters
(GBHX GBZ) on bubbling time at various extraction tempera-
tures. (GBH  sum o f peak intensities caused by escaping o f
bubbles, GBZ  sum of bubbles escaped, counted peak num-
bers).

The number o f residual bubbles BZ is influenced i n
a rather different way (figure 7). Bubbling treatment
makes i t decrease, but the type o f gas dominates the wa
ter vapour addition. The curves o f each treatment condi-
t ion start w i th a maximum number o f bubbles, which
may origin from

a) remelting o f the crushed glass samples produced, ac
cording to cold top conditions,

b) premelting o f the batch,

c) bubbling by imbibi t ion (i.e. "secondary bubbles"),
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d) refining by means o f chloride and fluoride.
, D u r i n g treatment all these bubbles and blisters are car-

ried wi th in the glass by convection due to the bubble
gas buoyancy. Both gases dissolved in the melt and the
bubbling gas are able to diffuse into them, as long as the

; part ial pressure indide the bubbles allows this [4] . I n this
^ way bubbles grow and escape w i t h time. This tendency
^ dominates the generation o f new bubbles during bub-
 bl ing treatment. A later equil ibrium state may be as-
sumed, which strongly depends on the k i n d o f bubbling,
gas (due to different gas solubilities).

As the contents o f SO3 and CO2 i n the glass samples
were on a rather low level, i t was impossible to get reh-
able information on a possible effect o f the bubbling
treatment. But the analysis o f bubble contents (figure 8)
showed the possibihty o f a high SO2 concentration ( 20
to 30 wt%) when nitrogen was the bubbling gas. In cases
o f oxygen bubbhng a lower content was found, because
oxidation to SO3 may be assumed, leading to a dissolu-
t ion in the melt. I n all cases, the SO2 concentration of
the bubbles is decreasing wi th time, indicating a conti-
nuous removal. The addition o f water vapour accelerates
this process, in agreement w i th [5 and 6].

I n all cases, also those wi th pure oxygen bubbling,
nitrogen was the main component of the bubbles. This
may be due to the imbibit ion of bubbles from the air
above the melt, which would confirm the decisive in
fluence of the atmosphere above the melt in the bubbling
cell on bubble number and content. A considerable de
crease of the bubble number could be reached, when
using dry oxygen at least during the last time of bub-
bhng, both as bubbling gas and in the above atmosphere.

I n all cases, during bubbling treatment the residual
gas content in the melt decreased, and the water vapour
addition to the bubbling gas played the most important
role. Water vapour helps to remove undesirable residual
gases, i.e. hahdes, but, on the other hand, i t worsens the
reboil stability due to enlarged 0 H  concentration.
Therefore a two-step bubbling process was designed,
which led to a considerable improvement of glass qual-
ity. For the bubbling treatment in a first step wet gas and
in  a second step dry oxygen are used. This may be seen
from figures 9a to d.

A l l important parameters are on their best level wi th
combined bubbling (c.b.). The bubbling times were
200 min and 2 x l 2 0 m i n , respectively. The temperature

Bubbfing fime in min

Figure 6. Temperature o f beginning bubble escape from the melt
i ^ B A as a function o f bubbUng time for different bubbling con- Figure 7. Number o f residual bubbles BZ as a function o f bub
ditions. bling time for different bubbhng conditions.

Figure 8. Representation o f residual gas content remaining in bubbles as a funcdon of several bubbhng conditions.
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Figures 9a to d. Survey o f the influence o f different bubbUng
treatments on various glass parameters for a) the temperature
of beginning bubble escape I ^ B A and the number o f residual
bubbles BZ, b) the parameter GBHX GBZ, c) O H  and C\~ 
contents, d) F  and B2O3 contents.

Table 2. Comparison o f chemical parameters o f an electrically
molten laboratory sample w i t h an industrially produced neu-
t ra l glass

c
13
>>

chemical parameter F I O L A X laboratory

1
melt

-e
0 F - 0.17% 0.45 % 
c O H - 560 p p m 162 p p m

N SO3 0.06 % 0.02 % N
c r 0.01 % 0.03 % 

Table 3. Comparison o f vacuum extraction parameters o f an
electrically molten laboratory sample w i t h an industr ial ly pro-
duced neutral glass

parameter F I O L A X laboratory
melt

temperature
range o f vacuum
extraction i n C

^ B A i n ° C 930 1012 800 to 1100

r 130 up to 1000
1 190 1 000 1000 to 1100

GBZXGBH ' 4 984 4 840 1100 to 1200
11 120 11030 1200 to 1300

. 57 096 56 960 1300 to 1400

Table 4. Different steps o f an op t imum treatment for all-electric
melt ing o f reboil-stabilized neutral glasses

a) adaption o f batch composition (no As or Sb; o p t i m u m con-
tents o f F  and C r )

b) premelting (cold top) at relative low temperatures
c) considerable increase o f temperature after premelting (ca.

1600°C)
d) two-step bubbling

 w i t h addit ion o f water vapour to bubbling gases ( O 2 ;
C O 2 ; N 2 ; . . . ) ; needed time: > 1 2 0 m i n

 applicadon o f dry oxygen; needed time: > 1 5 0 m i n
e) separation o f the two bubbling steps (no back f low; sepa-

rated atmospheres)
f) condit ioning wi thout any atmospheric influences

of the meh was 1600 C. The influence o f bubbling treat-

ment on the B 2 O 3 content in the glass is also illustrated.

I t is rather low, and water vapour addit ion caused the

major part o f B 2 O 3 loss:

balance of B 2 O 3 melting (cold top) 3.1 w t %

wet bubbling 2.7 w t %

(dry bubbling 0.8 wt%)

total loss 5.8 w t %

This is a relatively low value, compared wi th B 2 O 3 losses

of 10 w t % and more in fuel-fired furnaces. Furthermore,

figures 9a to d illustrate the relations between reboil sta-

bility, bubble numbers, halide content, water vapour ad-

di t ion , and B 2 O 3 content.

The comparison o f the laboratory samples w i t h a 

commercial neutral glass ( F I O L A X , Schott Glaswerke,

Mainz (Germany)) is also o f interest (tables 2 and 3).
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Figures 10a and b. Proposal o f technical realization to all-elec-
tr ic melt ing o f neutral glass, presented schematically; a) longi-
tudinal cross-section, b) horizontal cross-section. E: batch feed-
ing, ST: melt ing basin, D L : throat, B Z I , B Z I I : bubbling cells,
K : condit ioning. A : discharge to feeder, B D : bubbling nozzles,
V E : vertical electrodes, G D : batch layer, T : tuckstone, T W : se
parating wal l , BE : block electrodes.

installation of the bubbling nozzles was optimized using
mathematical models o f the basin. I t was confirmed to
arrange the nozzles wi th minimum distances [7] in the
middle axis of the canal to produce a screw-like convec
tion through the cell. Thus, a considerably longer mini -
mum (i.e. critical) residence time of the glass can be
achieved, than wi th nozzles in pairs and other installa
tions.

4. Recommendations
Figures 10a and b illustrate a possibihty of an all-electri-
cally heated plant to produce neutral glass. Besides the
details mentioned in section 3., the separation of the two
bubbling steps is necessary in the superstructure and any
atmosphere should be excluded in the conditioning sec-
tion by means o f a submerged cover block.

When melting about  8 t per day, a total energy con-
sumption of 2.0 to 2.2 kWh/kg glass was calculated for
such a plant. I n comparison wi th the energy requirement
of  6 to  8 kWh/kg glass, as it is known from real neutral
glass furnaces, this reduction would mean a success.
Considering the savings alone from minimized waste
emission due to cold top melting [8], there are evident
advantages of this conception.

There are small differences in gas extraction. But the
temperatures o f bubble escape differ notably. The diffe-
rent O H  content may explain this.

The possibiUties o f accomplished bubbling treatment
can be seen as follows: The present state o f the art im
plies a procedure according to table 4 as the optimum
way. I t should be noted that all reliable ingredients for
melting and refining the glass may be used in a careful
way. A separation o f the bubbling treatment into two
steps is also important. A t least in the second step, the
crown athmosphere must be checked w i t h respect to in
soluble gases. The bubbling temperature should be at a 
maximum possible level to minimize the oxygen solubi-
Hty. On the other hand, corrosion o f refractory and mo
lybdenum electrodes w i l l occur.

Trying to operate a large-scale apparatus, there wi l l
be such problems o f corrosion and others in meeting the
necessary melting conditions, most o f all during the two
step bubbling. I t w i l l be hard to design an appropriate
continuous plant. But a canal-like basin seems to be the
best variant, which should be heated by means of special
electrodes immersed through the side walls. Directly
cooled block electrodes offer  a min imum corrosion. The

The authors wish to thank the Bundesminister für W i r t -
schaft for sponsoring this work (project no. 331/92).
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