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The study deals with the eflect of melting temperature, sand grain size, the
type and concentration of the refining agent, the size of the stagnant zone and
agitation of the melt by bubbling, on the specific energy consumption and output
of a model melting zone in the melting of soda-lime glass. Dissolution of sand
and refining were considered as the main melting processes and the theoretical
data from Part I [1] were used in the calculations. In most instances, sand
dissolution was found to be the controlling process, so that the conclusions con-
cerning the advantages of high mean melting temperatures and a small stagnant
zone, reached in Part 11 [2], also hold in the present part. Refining controls
the entire melting process only in the case of low or medium melting tempe-
ratures, and when melting batch with fine-grained sand at these temperatures.
If bubbling with gas is employed, the sand dissolution and refining have to be
separated in terms of space; however, even such an arrangement appears to be
advantageous.

INTRODUCTION

Part IT of the present study [2] included calculations of characteristics in a model
melting zone, namely throughput and specific power consumption, for soda-lime
sheet glass in terms of temperature, sand grain size, type and concentration of re-
fining agent, size of the stagnant zone and mechanical mixing of the melt by bubb-
ling. The calculations indicated above all the advantages of high melting tem-
peratures,small stagnant zones,reducing thesize of the largest sand grains and mix-
ing the melt. Refining will also be included in the present part.

THEORETICAL AND EXPERIMENTAL

With refining included in the process, the solution represented by equations (7)
through (11) in Part I [1] will hold. The equations provide the values of the mean
time of residence, 7. If these values are determined or co-determined by refining,
they are generally more difficult to obtain, as:

1. The values of the time of refining depend on the shape of the melting zone
and on flow.

2. The required experimental values of bubble growth rate at low temperatures
are merely approximate.

3. The actual size of the smallest bubbles is unknown.

The assumed critical paths of the melt and bubbles are then indicated by line
BA in Fig. 2 of Part I [1].
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The mean rates of bubble growth determined by earlier measurements [3, 4]
were employed in calculating the time of refining. With themodel glassmelt (74 wt.
% Si0;, 16 wt. 9%, Na,0, 10 wt. 9%, Ca0) the mean values of the bubble growth rate
were determined for the As;0; -+ NaNO; refining agent at 1400 °C and 1450 °C,
for Na,SO4 at 1470 °C and for NaCl at 1530 °C. For the sheet glass melt, the tem-
perature dependence of the mean bubble growth rate was determined experimental-
ly over the range of 1300 to 1550 °C [4]. The measurement of bubble growth
rate at low temperatures is within the limits of the sensitivity of the method
(1078 — 10~° m s71), so that the value established experimentally for a glass melt
free of refining agents at 1400 °C was applied to glass melt containing refining
agents at 1200 °C and 1250 °C. In determining the temperature dependence of the
bubble growth rate for the model glass melt in the range of mean temperatures,
this dependence was considered similar to that obtained experimentally with the
flat glass melt. This is why the values of model characteristics of the model glass
melt over the medium and lower temperature ranges should be regarded as very
approximate only. The values of the mean bubble growth rates employed are
listed in Table I.

Table [

Temperature dependence k (m s~1) for a model glass melt refined with
As;03 + NaNO;

y
L e Temperature, °C
‘0
As20;3 T T i T T oo T T
1250 1300 ! 1350 | 1400 ‘ 1450 1500
. - .
0.25 5.0 X 10—° 4.0 x 108 5.0 x 108 6.3 X 10-8 | 9.9 x 10-3 2.0 X 107
0.5 5.0 X 109 7.5 X 108 1.3 x 10-7 2.2 X 107 5.8 X 10-7 1.1 x 10-¢
1.0 5.0 X 10— 2.0 X 107 3.8 X 107 6.5 x 1077 1.0 X 10-¢ 1.6 x 10-¢
1.5 5.0 X 10-° 3.0 X 107 5.7 X 1077 9.2 x 1077 | 1.4 x 10— 2.4 X 10-¢
2.0 5.0 x 10~-° 3.5 X 1077 6.7 x 1077 1.2 x 10-¢ 1.7 x 10-6 2.8 X 10-¢
2.5 5.0 X 10—° 3.9 x 1077 7.4 x 107 1.2 x 106 1.8 x 10—¢ 3.0 X 10-¢
3.0 5.0 x 10-* 4.8 x 107 8.2 x 107 1.3 x 10-¢ ; 2.5 X 106 4.7 X 10-¢
|

Temperature dependence k& (m s~1) for float glass (0.6 9, Na,() as Na,S0,

| i ! 4
t, °C . 1250 ] 1300 ‘ 1350 1400 ' 1450 } 1500
i

|
a 5.0 X 109 | 2.0 % 108 | 8.0 X 10-8 | 2.4 X 107 | 3.4 % 10-6 |

|
i
P
1
i
0
i
i '

Further calculations of the @ and P were carried out according to equations
(1—2) and (6) in the same way as in Part II [2]. The conditions for the calcula-
tions and the experimental data onsand dissolution, as well as the model equipment,
were the same as those used in Part II of the present study.

1.1 x 10-5

(s 1)

106 silikaty é. 2, 1989



The Main Technological Characteristics of Glass Melting Zones...; 111

Table I continued:

Temperature dependence k (m st) for a model glass melt refined with

Na,;S0,
% NazO Temperature, °C
as — : e
Na;S0, 1250 1300 | 1350 1400 1450 1500
— - “ .
0.3 5.0 X 10| 2.0 X 10-8 | 2.2 X 10-8 | 3.0 X 10-8 | 1.5 X 107 | 4.7 x 1877
0.4 5.0 X 10| 2.0 X 108 = 3.3 X 1078 | 6.7 x 1078 | 7.3 X 10-7 | 2.3 X 10~¢
0.5 5.0 X 10=°| 2.0 X 1078 | 6.5 x 10-8 | 1.8 X 107 | 2.6 X 106 | 8.0 X 10-¢
0.6 5.0 X 10| 2.0 x 10-8 | 7.6 x 1078 | 2.3 x 107 | 3.2 X 107¢ | 1.0 X 10-5
0.7 5.0 X 10| 2.0 x 108 | 8.0 x 1078 | 2.4 X 10-7 | 3.4 X 106 | 1.1 X 103
0.85 5.0 X 102} 2.0 X 1078 | 9.3 X 108 | 2.8 X 10-7 | 4.0 x 10-¢ | 1.2 X 10-3
1.0 5.0 x 109} 2.0 X 1078 | 1.1 X 1077 | 3.2 x 107 | 4.5 X 10™° | 1.4 X 105

THE RESULTS OF CALCULATIONS AND THEIR DISCUSSION
The effects of accuracy of ap and k values on the residence time 17

Figs. 1 and 2 exemplify the temperature dependence of 7y, values for flat glass
melt (Fig. 1) and for the model glass melt refined with As,O3 + NaNO; (Fig. 2)
for three different initial bubble radii «o. The ao value appears to affect very little

.
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Fig. 1. Temperature dependence of ‘r{, for flat glass, ro max = 0.5 mm, the mean value of k employed;
e —ay=10"5m, X —ag = 25X103m, + —ap = 5X105m, o —ag = 10~5, without refining
agents, k = 2.5X10-°m s~1.

the 77, over the given range. The larger the k value, the smaller the effect. No
major error will therefore be introduced by choosing an arbitrary ao value over the
assumed range of the smallest bubble size. The value a, = 105 m was chosen for
the calculation of ¢ and P.
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As demonstrated by the examples in Figs. 3 and 4, the & value influences strongly
the 2'p time, particularly over the range of low and medium temperatures. The
experimental bubble growth rate values obtained in the region of medium and
particularly low temperatures are of course quite inaccurate, and so are subse-
quently the calculated @ and P values. In view of the current dispersion of experi-
mental bubble growth rate values, the values of k equal to one half of the mean
experimental values obtained are used in the calculations (the least favourable

case).'

(1)
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Fig. 2. Temperature dependence of Ty, for the model glass, refining agent 0.259, AszO3, To max =
0.25 mm, the mean value of k employed, @ —ap = 10-5m, X —ay = 2.5 X10~5m,
+—ap = §X10~5 m, o — without refining agents, k = 2.5 X 109 m s—1.
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Fig. 3. Temperature dependence of Ty, and Tp values for flat glass. The value ro max = 0.5 mm was

used in the calculation of th; + — k is the two-fold of the average value, X — k has the mean value,
o — k is one half of the mean value, o — Ty, for the case without the refining agents,

1 — 1p for ro max = 0.6 mm, 2 — Tp for ro max = 0.4 mm, 3 — Tp for ro max = 0.3 mm.
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Fig. 1. Temperature dependence of Ty, for the model glass melt, refining agent 1% As;0; + NaNOs,
7o max = 0.25 mm; + — k 18 the two-fold of the mean value, x — k has the mean value,
o — k is one half of the mean value, o — 7 for the case without refining agents,

The effect of the individual factors on the residence time 7y if both
sand dissolution and refining are considered

The effect of temperature: Similarly to sand dissolution, the 77, values decrease
very steepely with rising temperature. Whereas at lower temperatures around the
liquidus temperature the values 7p_. «, the 7'p values are finite, but in the adjacent
region of somewhat higher temperatures it frequently holds that 75, > p, especi-
ally with finer sands (cf. Fig. 3 for 7o max = 0.3 mm and Figs. 5 and 6). In the
mean temperature range, the decrease of 7y, is faster than that of 7p, so that the
following holds with the exception of the finest sands: 1, < 7p (cf. Figs. 3,4
and 6). At high temperatures (above the nucleating temperature) the sum of
7p and Try is used in the calculation of Q and P (equation (4) and Part I). However
the refining time mostly plays a less significant role, because Tgxy < 7p, or even
TrRN < Tp. If no refining agent is employed, the 7%, values are high and decrease
only slowly with increasing temperature (cf. Fig. 1—4). Under given conditions,
such a case is technologically inapplicable.

The effect of the largest sand grain radius: In the case of sands with very coarse
grains (cf. Fig. 3) it may hold over the entire temperature range up to the nucleation
temperature that tp > 7p, while for fine sands with a low refining agent concen-
tration (slow refining), 7y > Tpover the entire temperature range (Fig.5). Other-
wise, the points given in the paragraph above hold also for this case. Above the
nucleating temperature, the 77, value is strongly affected by the value of 7y max,
since, as already mentioned, tp is almost always larger than try where 7p is
proportional to 7o max. However, at these temperatures the 7y, values are mostly
small.

The effect of refining agent concentration: The concentration of the refining
agent is given by the value %, so that, at a given temperature, the 3, value may
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Fig. 5. Temperature dependence of t, and tp for the model glass melt, refining agent 0.259%,
As;0; + NaNOj, 7o max = 0.20 mm, the mean value of k was used.
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Fig. 6. Temperature dependence of Tt and tp for the model glass melt, 1%, As;0; + NaNO;,
7o max = 0.20 mm, mean value of k was used.

be significantly affected by this factor. As indicated by Figs. 7 and 8, this effect is
strong particularly over the medium temperature range and around the nucleation
temperature.. At low tempertures, the k values decrease markedly and their size
begins to be virtually independent of the refining agent concentration. At very
high temperatures, the Tgryx values are quite small for all the refining agent con-
centrations. There also appears the additional effect of the Tp and 7gry sum, while
in most cases Trxy < Tp. Determination of the optimum refining agent concen-
tration is therefore significant particularly in the region of higher medium or mildly
high temperatures (in the neighbourhood of the nucleation temperature).

110
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Fig. 7. Temperature dependence of Ty, for the model glass melt, refining agent As,O; + NaNOj,
Tomax = 0.25mm; o — 0.25% As;03, + — 0.5% As;03, x — 1.09%As,0;3,
a — 3% Asz03.
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Fig. 8. Temperature dependence of Ty, for the model glass melt, refining agent Na;SO4, 7o max =
0.25 mm; o — 0.3 % Na;O as Na,S0,, a — 0.4% Na;0 as Na,SO,, ¢ — 0.5 % Na,0 as NaSOQy,
+ — 0.79% N2az0 as Na,804, » — 0.8% Na,0 as Na,S0,, x — 1.0% Naz0 as NazS0,.

The effect of the individual factors on specific power consumption
and throughput

The 73, values calculated for ¢

10-5 mandfor k equal to one half of the experi-
mentally established bubble growth rate were compared with the tp values in

the temperature range below the nucleation temperature, and the larger of the
values compared was used in the calculation of @ and P. In the region above the
nucleation temperature, direct use was made of the 7}, value, which already includes
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Fig. 11. Q and P till sand dissolution and refining in terms of temperature, model glass, refining agent
As20; + NaNO;; m = 0.9, romax = 0.20 mm, o — without refining agent, x — 0.25 %, As,0;,
+—1.0% As03, o —20% As;0s3.

The trends of tank throughput are the same as those in the case of sand dissolut-
ion alone.

The effect of the largest sand grain radius: Here again similar conclusions hold
as for the dissolution of sand alone. Fig. 9 indicates that at lower and medium
temperatures the specific power consumption is for the most part determined by
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sand dissolution and this is why a decrease of 7o max in this region has favourable
effects. The size of 7y yax does not affect the @ and P values only in the case of finer
sand in the lower temperature region (cf. Fig. 9 at 1250 °C) where the melting pro-
cess is controlled by refining. At high temperatures (above the nucleation tempe-
rature) the extent of losses is co-determined above all by the 7 max value. However,
the losses being small, the effect on @ is likewise slight.

Fig. 9b demonstrates an increase in throughput with decreasing 7o max value over
the entire temperature interval, quite in agreement with case of sand dissolution
alone. As a result of heterogenous nucleation of bubbles, a discernible decrease
of throughput occurs at the nucleation temperature (Figs. 9 and 11b).

The effect of refining agent concentration: There is a major difference compared
to sole dissolution of sand. If the sand is coarce-grained (e.g. with flat glass), the
technological time of melting at lower temperatures is controlled by sand dissolut-
ion, and in the medium and high temperature ranges the case involving both
processes does not differ significantly from that of sand dissolution alone. However,
a discernible difference between the two cases arises with finer sand in the low
temperature region (cf. Fig. 11a). The technological time of melting is determined
by refining, which is much slower than dissolution of sand, and virtually indepen-
dent of refining agent concentration. In the region of medium and midly high
teruperatures (around the nucleation temperature) and with fine sands, the value
of 1%, and thus also that of ¢, depends significantly on the refining agent concen-
tration, and determination of the optimum refining concentration is therefore very
important. The losses are very small at very high temperatures, and the differences
in the refining agent concentration hardly ever affect the specific power consumpt-
ion, ).

The throughput is affected by reﬁnmg agent concentration over the temperature
range of medium to high temperatures. At high temperatures, where the mean time
of residence is very short, the refining agent concentration will effect the through-
put considerably, but the results show very poor accuracy as a result of errorsin
determining the time of residence.

The effect of the stagnant zone size: The dependence of @ and P on the size of
the stagnant zone for flat glass (Fig. 10) is shown as an example. At low melting
temperatures, the () value increases with increasing stagnant zone m over the entire
interval of m values (for m -> 1, @ — o0). At high melting temperatures, @ is
almost independent of this quantity over a wide range of m values, and begins to
increase rapidly only from m > 0.8—0.9 upwards. For fine sand, the Q depends
very little on this quantity over a wider range of m values in the medium tempera-
ture range (cf. Fig. 12a). As in this case the ¢ values are very close to the theore-
tical heat consumption values, this provides evidence for the advantages of a layout
which would ensure the smallest possible stagnant zone size in the range of medium
melting temperatures by controlling convection in the melting zone.

The throughput decreases in direct proportion to increasing m value, and the
decrease is steeper at higher temperatures (cf. Figs. 10b and 12b), similarly to the
case of sand dissolution alone.

This instance, decreasing the m value and choosing a suitable refining agent
concentration, appears to be the most significant intensification factor besides
temperature.

The effect of bubbling: Although the mixing of the glass melt by bubbling reduces
the 7p values and improves utilization of the melting zone, it dces not contribute
to refining. If the bubbling process is to be utilized properly, it is neccessary to
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Fig. 12. Q and P till sand dissolution and refining in terms of stagnant zone m, model glass, refining
agent 0.7 Y% Na,O as Na,S0y, 7o max = 0.20 mm.

seek an arrangement involving dissolution of sand in the original melting zone,
provided with bubbling, and refining in another zone of similar shape, separated
by a barrier.

As the evaluation of the first melting zone (sand dissolution) is already known
from the previous diagrams, it is possible to choose directly the advantageous
variants of conditions for this zone. In the first melting zone, the suitable melting
temperature should correspond to the minimum on the @ = @Q(¢) curve, and at
the same time a suitable concentration of a refining agent should ensure the fastest
possible refining in the second melting zone. A high temperature should be em-
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ployed in the refining melting zone (¢ 2 ¢x), to ensure a high efficiency of the
refining agent.

The following equations hold for the calculation of losses in the refining zone
having the same shape as the melting zone (with only the length of the former
being adjusted to the requirements of refining) on the assumption of piston flow:

_me 1
B V]Q zl—mz'

Qr: (1)
The 7, value (the time of refining) is calculated for the least favourable case, when
the smallest bubble must rise from the bottom to the surface. The total specific
power consumption in the second melting zone can then be calculated from the
equation:

Q2 = Q12 + AQu (2)

The total specific power consumption for the entire melting area is then given by
the equation:

Q=0+ @ 3)

The dependence of the @ and P values on refining agent concentration (NaCl)
is given in Fig. 13 as an example. To dissolve the sand with bubbling, the advan-
tageous temperature of 1300 °C was chosen while the refining in the second zone
proceeded at 1530 °C, since the experimental values of bubble growth rate for
this temperature are known. Calculation according to equations (1) and (2) indi-
cated that the resulting values of ¢ will be only little affected by the size of the
stagnant zone in the second melting area, as this exhibits small specific losses
(except for the case of not employing refining agents). Over a wider concentration
range of the refining agent, the energy consumpticn in the second melting zone is
generally lower by almost one order of magnitude than that in the first zone. The
energy consumption in the second melting zone for the sulphate or As;0; + NaNOs

¥ 1 T
Q
(kJ kgD
5000 B
4000 _
2000 4
T ' —d
0 10 2 30

0
Na,O j NaCl (%)

Fig. 13. Q and P in terms of NaCl concentration, model sodalime glass, 1o max = 0.25 mm;
«) o — without bubbling, till sand dissolution, m = 0.9, 1300 °C, ¢ — without bubbling till sand
dissolution, m = 0.9, 1550 °C, x — Q for two melting zones, bubbling and subsequent refining,
my = 0,t = 1300 °C, s — Q for the second melting zone, my = 0, 1530 °C.
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Fig. 13. b) o — without bubbling, 1300 °C, e — without bubbling, 1550 °C, x — with bubbling,
2 melting zones.

refining agent and for the refining temperature of 1470 or 1450 °C, will be about
300 to 350 kJ kg-1.

As indicated by Fig. 13a, the total specific power consumption for melting and
refining in two separate zones corresponds roughly to sole dissolution of sand at
high temperatures (without bubbling), i.e. to the case favourable from the stand-
point of power conservation. A variant less advantageous from the standpoint of
power consumption, i.e. melting till sand dissolution without bubbling and showing
low utilization of the melting zone (an actual case) at 1300 °C, is shown in Fig. 13a
for the sake of comparison.

High mean melting temperatures are technically viable in small melting furnaces
and no additional intensifying measures are required. However, high mean melting
temperatures: cannot be attained in large tanks using classical fuel. The arrange-
ment using controlled convection (by bubbling) would then be justified.

Fig. 13b indicates that the application of glass melt mixing and two melting
zones would be advantageous even from the standpoint of the furnace throughput.

CONCLUSIONS

The results presented in the present part include the two main processes in-
volved in the melting stage, namely dissolution of sand and refining. As has
already been assumed in part 1T [2], the dissolution of sand is a process for the most
part decisive for specific power consumptin and throughput of the furnace. One
should not be led astray by the fact that bubbles and seed are the limiting factor
in increasing the throughput of actual tank furnaces. High melting temperatures
are advantageous with respect to sand dissolution as well as to refining; the former
is of course the controlling process in most instances. The controlling effect of
refining arises at low temperatures only. Refining further controls the throughput
at lower and mean temperatures with fine sand and an unsuitable concentration
of refining agents, or when the refining agents are not used at all. The most sensitive
temperature range with respect to refining agent concentration is that close below
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the nucleating temperature and in its neighbourhood. Suppression of the stagnant
zone appears to be a significant intensification factor, just as in the case of sand
dissolution only. Appliction of bubbling requires the two main melting processes
to be separated into their own melting zones, and the calculation indicates that
such an arrangement could be advantageous. The power consumption of refining
is lower by roughly one order than that required for sand dissolution. The results
published so far indicate only the main trends in the development of the characte-
ristics. A further work will be aimed at applying the results to actual melting zones,
specifying their main parameters, and making theoretical melting conditions as
close as possible to the actual ones.
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List of symbols

ap — initial bubble radius (m)

k — mean bubble growth rate (m s-1)

m — proportion of stagnant areas in the melting zone

7o max — initial effective radius of the largest sand grain in the given set (m)

In — temperature at which bubbles nucleate heterogeneously on sand grains
(°C)

Q — specific power consumption for melting and refining (kJ kg-1)

Q1 — mean power consuption in the first melting zone (kJ kg-1)

Q12 — specific losses in refining melting zone (kJ kg-1)

QL. — specific energy flux through walls of the first melting zone (kJ kg-1s-1)

@m  — the amount of energy required for the heating of 1 kg of glass melt from

melting temperature in the first melting zone to the refining temperature
in the second melting zone (kJ kg-1)

P — the output of the melting zone (kg s!)

Vi — the volume of the first melting zone (m3)

7p  — the time required for dissolving the solid sand particles (s)

7p  — the shortest time during which the glass melt can pass over the length
of the critical path if refining is employed (s)

Trxy — the time required for refining heterogenously nucleated bubbles (s)

T2 — the mean time of residence in the second melting zone (refining time) (s)

0 — glass melt density
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HLAVNI TECHNOLOGICKE CHARAKTERISTIKY SKLARSKYCH TAVICICH
PROSTORU Z HLEDISKA PRUBEHU TAVICIHO PROCESU:
CAST I11. HLAVNI CHARAKTERISTIKY DO OKAMZIKU
ROZPUSTENI PISKU A VYCERENI{

Lubomir Némec, Simona Laurentova*

Ustav chemie skelngjch a keramickyjch materidki CSAV, 120 00 Praha
* Katedra technologie silikdtu, VSCHT, 166 28 Praha

Mérna spotieba energie a vykon taviciho zafizeni jsou do znagné miry uréovany prub&hem
hlavnich tavicich d&ji — rozpoudténim pisku a &efenini. V této praci byl vzhledem k prub&hu
obou dé&ju zkouman vliv teploty, zrnitosti pisku, druhu a koncentrace &efiva, velikosti mrtvého
prostoru a probublavéani skloviny na tavici charakteristiky modelového taviciho prostoru.
Vysledky ukazaly, Ze hlavni tendence jsou podobné jako v pripadé, kdy uvazujeme pouze roz-
pousténi pisku. Spotfeba energie klesa a vykon roste predevsim se zvysovanim pramérné tavici
teploty a snizovéanim mrtvého prostoru. Kontrolujicim d&jem je vétsinou rozpoudténi pisku.
Cefeni se stavé kontrolujicim d&jem predevsim v oblasti nizkych a stfednich teplot a pFi pouziti
jemnéjsich piska. V celém teplotnim rozmezi se &efeni stava kontrolujicim d&jem pouze tehdy,
neni-li pouZito &efivo; v tomto pfipadé spotfeba energie zna&né narustd a vykon klesa. Uréeni
optiméalni koncentrace ma nejvétsdi vyznam v teplotni oblasti t&sné pod nukleaéni teplotou. Pouziti
probublavani vyzaduje rozdéleni taviciho prostoru na dveé éasti — tavici a éefici — toto uspofidani
se ukazuje jako vyhodné, spotieba energie na &efeni je zde zhruba o Fad niZ%di nez spotieba na
rozpousténi pisku.

Obr. 1. Zdvislost hodnot t(, na teploté pro plochou sklovinu, romax = 0,5 mm, pousita primérnd

hodnota k;

® — Qg = 10-5 m,

X —ag = 2,5.10"5m,
+ —ao 5.10~5m,

Il

o —ag = 10-5m, bez éefiv, k = 2,5. 109 m . s~1.
Obr. 2. Zdvislost hodnot t[, na teploté pro modelovou sklovinu, éefivo 0,25 Y As;03, ro max = 0,25 mm,
poutita prumérnd hodnota k;
o —ag = 10-5m,
X —ao=2,5.10"5m,
+—ag=4.10"5m,
o — bez Sefiv, k = 2,5.10°m .81,
Obr. 3. Zdvislost hodnot T{, a Tp na teploté pro plochou sklovinu. Pro vypodet Ty, byla poufita hod-
nota ro max = 0,5 mm;
+ — k je dvojndsobek prim. hodnoty,
X — k md pramérnou hodnotu
o — k je polovinou prumérné hodnoty,
o — T pro pFipad bez defiv,
1 — Tp pro romax = 0,5 mm,
2 — Tp pro romax = 0,4 mm,
3 — Tp pro romax = 0,3 mm.
Obr. 4. Zavislost hodnot T(, na teploté pro modelovou sklovinu, éefivo 1%, As;0; + NaNOj, 7o max =
= 0,25 mm,
+ — k je dvojndsobek priumérné hodnoty,
X — k md pramérnou hodnotu
o — k je polovinou prumérné hodnoty,
o — Tp pro pFipad bez efiv.
Obr. 5. Zdvislost T(, a Tp na teploté pro modelovou sklovinu, defivo 0,25% As;0; + NaNO;s,
romax = 0,20 mm, poufita priumérnd hodnota k.
Obr. 6. Zdvislost hodnot tf, a Tp na teploté pro modelovou sklovinu, 1 % As:0; + NaNOj, romax =
= 0,20 mm, poutita prumérnd hodnota k.
Obr. 7. Zdvislost hodnot t{, na teploté pro modelovou sklovinu, Sefivo As;O3 + NaNOs, romax =

- = 0,25 mm;
o — 0,25 9% As:03, o — 29, As;0;,
+ — 0,59 As203, s — 39 As;0;.

x — 1,0% As0;.
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Obr. 8. Zdvislost kodnot Ty, na teploté pro modelovou sklovinu, feFivo NaS0y, 70 max = 0,25 mm;
o — 0,39 NayO j. Na,SO,, + — 0,7 % Na,0 j. Na,SO,,
s — 0,4% Na,0 j. Na,SO,, a — 0,89% Na,0 j. Na,S0,,
o — 0,5% Nay0 j. Na,SO0,, x — 1,0 % Na,0 j. Na,SO,.
0Obr. 9. Q a P do rozpusténi pisku a vydefeni v zdvislosti na teploté, plochd sklovina, m = 0,9;
® —Tomax = 0,6 mm, X — romax = 0,3 mm,
o —romax = 0,5mm, +—romax = 0,3 mm,
Obr. 10. Q a P do rozpusténi pisku a vyéefeni v zdvislosti na mrtvém prostoru m, plochd sklovina,
romax = 0,5 mm,
Obr. 11. Q a P do rozpusténi pisku a vybereni v zdvislosti na teploté, modelovd sklovina, Sefivo As;O3 +
# + NaNO;, m = 0,9, ro max = 0,20 mm;
o — bez defiv, + — 1,0 Y% As20;3,
X — 0,25 % A5203, A — 2,0 % AS;O3.
Obr. 12. Q a P do rozpusténi pisku a vyéefeni v zdvislosti na mrtvém prostoru m, modelovd sklovina,
defivo 0,7 % Naz0 j. NaxSOs, 7o max = 0,20 mm.
Obr. 13. Q a P v zdvislosti na koncentraci NaCl, modelovd sodnovdpenatd sklovina, ro max = 0,25 mm;
a) o — bez probubldvdni do rozp. pisku, m = 0,9, 1300 °C,
o — bez probubldvini do rozp. pisku, m = 0,9, 1550 °C
X — @ pro dva tavici prostory, probubldvini a ndsl. defeni, m, = 0, t, = 1300 °C,
2 — Q pro druhky tavici prostor, my; = 0, 1530 °C;
b) o — bez probubldvdni, 1300 °C,
o — bez probubldvdni, 1550 °C,
X — 8 probubldvdnim, 2 tavici prostory.

OCHOBHBE TEXHOJOTHYECKHUE XAPAKTEPUCTUKMN
CTERJOHNJABUJBHbBIX ITPOCTPAHCTB C TOUYKH 3PEHUHA
XOOJA ITJABUJABHOTO INPOULECCA III. OCHOBHBIE
XAPAKTEPUCTUKN JIO MOMEHTA PACTBOPEHHUA IIECKA
N OCBETJEHUA

Jly6omup Hemen, Cumona JlaypeHToBa*

Hremumym zumuu cmexoavnblr u kepamuneckur mamepuanoe {CAH, 120 00 IIpaza
*Kagedpa mexnoaozuu cusuramos Xumurxo-merrosozuueckozo uwcmumyma, 166 28 Ilpaza

VYienpHubl pacxoj, 3HePIrHM M MONIHOCTH INIABIJIBHOM YCTAaHOBKHM JI0 3HAYMTEJILHOM
cTeNeH! ONpejelIsAoTcs XOZOM OCHOBHEIX INIABHIILHHIX IMPOIECCOB — pacTBOPEHHMEM IeCKA
i ocBeT:IeHMeM. B mpejitaraemoit pabore, umess B BHAY Xo0j 06OMX INpolleccoB, aBTOpaMu
UCCIIeYIOTCA BIIMAHNE TeMIIepaTypht, IPaHyJIOMETPUIECKUIA cOCTaB IeCKa, BUJA M KOHIEHT-
panaA OcBeT:IMTesIsi, pa3Mepa MepTBOTO NIpOCTPaHcTBA M 6apOOTHPOBAHHMA CTEKJIOMACCH
Ha XapaKTePUCTHKU INIABJIEHHS MOJIEJILHOr0 ILUIaBHJIILHOTO IPOCTPaHCTBA. Pe3ylbraThl
IIOKAa3aJIM, YTO OCHOBHHIE TeHJMEHINM 10JOOHLI KAk B ciydae, KOTJA YYATHLIBAETCH TOJIBLKO
pacTBopeHMe necka. Pacxof 9Hepruy IIOHRKAaeTCs M MONIHOCTEL pacTeT ITPe/ie BCero ¢ IOBLI-
IeHUeM cpefiHeli TeMnepaTypsl 1IaBIeHUs U IIOHM)KeHHeM MepTBOro npocrpascrsa. KoHTpo-
JIMpyIiomuM npoileccoM B 00JILOIMHCTBe ciydaeB sIBIIsAeTCs pacTBopeHue Iecka. OcBeTiieHHe
CTAHOBUCTCA KOHTPOJMPYIONIMM MpoOIleccOM INpeie Bcero B 00JacTH HHM3KUX U CPeAHHX
TeMiIepaTyp ¥ NMPH IPUMEHEHUH TEeCKOB ¢ HUBKMM TIDaHYJIOMETPUYECKUM cocTaBoM. B 1enxom
TeMIlepaTypPHOM [HAlli30He OCBCTIIEHHE CTAHOBUTCS KOHTPOJIMPYIOLUIMM IPOLECCOM TOILKO
TOTJ{a, KOT;la He NIpUMEeHseTcs1 OCBeTINTeNb. B TakoM cilydyae pacxo;| 9HeprMM 3HAUUTENbLHO
HapacTaeT M MOINHOCTHL NOHMIKAETCs. VYCTAHOBJIEHHE OITUMAJILHON KOHIIEHTPAIlMM HMeeT
Haubosiplllee 3HAaYeHHe B TeMNepaTyPHOM [uala3oHe He3HAUYUTEILHO HUMKE TeMIepaTyphl
HyrkJearuu. IlpumeHenue GapGoraxka TpeGyeT pasjeileHMe IIaBHIILHOrO Ipoilecca Ha j(Be
yacTM — 9YacTh IGTaBIIEHUS U vacTh ocBeTieHus. IIpumBoaumoe ymopsijioueHne OKa3hIBaeTcs
HanboJice MPUIOMHLM, PAcXojl BHEPTUU HA OCBeT.IeHHe NMPUOIH3UTELHO HA NMOPAJOK HHIKe,
yeM pacxo;i Ha pacTBOPeHHe IecKa.

Puc. 1. Basucumocmd cedunun Ty, OM MEMNEPAMYPbL € CaYwae AUCINOGON CMEKA0MACCHL,
romake = 0,9 ma, npu npumenenuu cpedreil eeauduibl k; @ —ao = 1075 M, X — ag =
=2,0.107%4, + — a0 = 5 .105m, 0 — ao = 105 m, ez oceemaumean, ¥k = 2,5 .
L1070 . ¢
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Puc. 2. Basucumocmdv eeaunur Ty, om memnepamyps das modeavioli cmexaomaccsl, oceem-
aumead 0,25 % As;03, romaxc = 0,256 mm, npu npumenenuu cpedHeil eeaUNUHbL
k;e—ao = 10"5m,+— ao =§.10-5m, 0 — Hez oceemaumeaneli, i = 2,5.10~° m .
el

Puc. 3. Basucumocmbd 6eaunun Tp U TD 0OM MeMNEPAMypbl 6 CAYNAe AUCMOEOL CIMEKAOMACCHL.
Hdas pacuema T, npumensau seaununy romaxc = 0,5 mm; + — K = 0deoiinoe Koau-
wecmeo cpedHell 6eAUMUMbL, T — K UMeEEm CPEOHIOND 6EAUNUNY, @ — K = NOI0GUHA
cpedneil geaunurnvl, © — T, 6 cayuae 6e3 npumeHenus oceemaumeneii, 1 — Tp 0an
romaxc = 0,5 mm, 2 — Tp das romaxc = 0,4 mm, 3 — Tp daa romaxe = 0,3 mm.

Puc. 4. 3asucumocmyv seaunun T om memnepamyps 0.48 ModeabHOlL CIMEKAOMACCH, O0CGem-
aumeav 1 % As;03 + NaNOs, romaxe = 0,25 mm; + — K = 0eolinoe Koaucecymso
cpedHell 6eausanbl, X — K = noA08UHA CpedHeli geaunmbl, o — Tp 6 cayuae 6e3
npuMmeHeHus oceemaumenel.

Puc. 5. Basucumocmyv T U Tp om memnepamypst 048 modeabHOL CMEKAOMACCHL, 0CEEMAUMERD
0,25 % As;0; 4+ NaNOs, ro makc = 0,20 mm, c npumereruem cpedreli 6eAUNUHEL K.

Puc. 6. Basucumocmv eeaunun Ty u Tp om memnepamypbi 0an mo0eabHOl CMEKAOMAcchHl,

. 1 % As;0; + NaNOs, ro maxe = 0,20 mm, ¢ npuseneruem cpedneii ceausunst K.

Puc. 7. Basucumocmd seaunun Ty om mempepamypbl dan modeabHoll cmeraomaccss, oceem-
aumeav As;O; + NaNOs, romane = 0,26 mm; o — 0,25 As;05, + — 0,6 As;03,
X — 1,0 % As;05, ¢ — 2 % As;03, s — 3 % AS:0;.

Puc. 8. Basucumocmv seaunur Ty, om memnepamypsl 0as modeavHoli cmekaomaccyl, oceem-
aumead Na2SO0s, romare = 0,26 mm; o — 0,3 % Naz20 k. Na2SO4,4 — 0,4 % NazO .
Na;SO4, e — 0,6 % Na20 «x. NazSO4, + — 0,7 % Na20 x. Na;SO., a— 08 %
Na20 k. Na2SO4, x — 1,0 % x. Na2SO,.

Puc. 9.Q u P 0o pacmsoperus nccka U 0C6EMACHUR 6 3ABUCUMOCIMU OM MEMNEPAMYPbl.
aucmosas cmeraomacca, m = 0,9; « — romanc = 0,6 mm, o — romarc = 0,5 mm,
X — romarc = 0,5 mm, + — romavc = 0,3 mm.

Puc. 10. Q u P 0o pacmsopeHua necka u 0C6eMAEHUR 8 3ABUCUMOCMU OM MEPMEO20 NPOCM~
paHcmea m, aucmosas cmekaomacca, romaxe = 0,3 mm.

Puc. 11. Q u P 0o pacmseopenus necka U 0C6EMACHUR & 3ABUCUMOCIU OM MEMNEPAmMmypet,
Mmodeavnas cmekaomacca, oceemaumend As;0; + NaNOs, m = 0,9, ro marc = 0,20 mm;
o — 6esoceéemaumeaneti, x — 0,25 % As203, + — 1,0 % As203, a — 2,0 % Asz0s.

Puc. 12. Q u P do pacmeoperus necka u 0c6emMaeHUR 8 3ABUCUMOCIMU OM MEDMBO20 NPOCIM-
parcmea m, modeavras cmekaomacca, oceemaumens 0,7 % Naz0 x. Na2SOs, romanc =

= 0,20 mm.

Puc. 13. Q u P ¢ sasucumocrmu om ronyenmpayuu NaCl, modervhan nampuecoraavyuesasn
cmeraomacca, romaxc = 0,25 mm; a) o — 0Oez 6apbomuposarHus 00 pacmeoperun
necka, m = 0,9, 1300 °C, ¢ — 6e3 6ap6omuposarus do pacmeoperusn necka, m = 0,9,
1560 °C, x — Q 0Oas deyx naasuabHblx npocmpamcms, 6apbomuposarnue U nocaedy-
1wwee oceemaenue, my = 0, t, = 1300 °C, s — Q 0a% 6mopoz0 naasuavHoz0 n.po-
cmpancmea, ma = 0, 1630 °C; ») o — 6ea 6ap6omupocarus, 1300 °C, ¢ — 6e3

6apbomuposarus, 1650 °C, x — c 6ap6omuposarues, 2 naaeUALHHIE NDOCMPAKCINGA

KOORDINACE CINNOSTI V OBLASTI VYZKUMU SUPRAVODICU V ZA.-
PADNI EVROPHK. V oblasti supravodiéia dochézi v Evrops k hore&né &innosti. Pro jeji usmar-
néni pfijaly instituce odpovédné v jednotlivych zemich za vyzkum, a to zdpadon&mecké Deutsche
Forschungsgemeinschaft a Max-Planck-Gesellschaft zur Férderung der Wissenschaften, fran-
couzsky Centre National de la Recherche Scientifique, italsky Consiglio Nazionale delle Ricerche
a britsky Science and Engineering Research Council, nskteré opatfeni. Patf{ mezi n&:

-— vymeéna informaci o narodnich vyzkumnych programech a zpusobu jejich financovéni,

— vyména informaci o jednotlivych specialistech a zarizeni,

— organizovéni spolednych laboratori,

— poskytovéani zahrani¢nich stipendii,

— vyména vysledkt vyzkumu pred jejich publikovdnim a

— zahdjeni celoevropskych vyzkumnych projektu se stanovenymi tidastnickymi vklady.
Zarukou provadéni t&chto opatfeni bude staly vybor slozeny ze zastupcu ztdastn&nych zemi.
Ogekavé se, ze k tomuto déni se pripoji i védecké instituce Svycarska a Holandska.

Interceram 1988, &. 3, 40
Douskovd
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