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The Btudy dealB with the ejlect oj melting temperature, Band grain size, the 
type and concentration oj the rejining agent, the Bize oj the stagnant zone and 
agitation oj the melt by bubbling, on the specific energy consumption and output 
oj a model melting zone in the melting oj soda-lime glass. Dissolution oj sand 
and refining were considered as the main melting processes and the theoretical 
data jrom Part I [J] were uaed in the calculations. In most instances, sand 
dissolution was jound to be the controlling process, so that the concluaions con­
cerning the advantages oj high mean melting temperatures and a small stagnant 
zone, reached in Part II (2], also hold in the present part. Rejining controls 
the entire melting process only in the case oj low or medium melting tempe­
ratures, and when melting batch with fine-grained sand at these temperatures. 
Ij bubbling with gas is employed, the sand dissolution and refining have to be 
separated in terms oj space; however, even such an arrangement appears to be 
advantageous. 

INTRODUCTION 

]:>art II of the present study [2] included calculations of characteristics in a model 
melting zone, na.mely throughput and specific power consumption, for soda-lime 
sheet glass in terms of tempera.ture, sand grain size, type and concentration of re­
fining agent, size of the stagnant zone and mechanicaJ mixing of the melt by bubb­
ling. The calculations indicated above a.U the advantages of high melting tem­
peratures, srna.U stagnant zones, reducing the size of the largest sand grains and mix­
ing the melt. Refining will also be included in the present part . 

THEORETICAL AND EXPERIMENTAL 

W"ith refining included in the process, the solution represented by equations (7) 
through (11) in Part I [l] will hold. The equations provide the values of the mean 
time of residence, 't. If these valu es are determined or co-determined by refining, 
they are generally more difficult to obtain, a.s: 

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 [I]. 
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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 the model glass melt (74 wt. 
% Si02, 16 wt. % Na20, 10 wt. % CaO) the mean values of the bubble growth rate 
werc determined for the As203 + NaN03 refining agent at 1400 °C and 1450 °C, 
for Na2S04 at 1470 °C and for NaCl at 1530 °C. For the sheet glass melt, the tem­
perature dependence ofthe mean bubble growth rate was determined experimental­
ly over the range of 1300 to 1550 °C [4]. The measurement of bubble growt,h 
rate at low temperatures is within the limits of the sensitivity of the method 
(10-8 - 10-9 m s-1), 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 tempera.ture dependence of the 
hubble growth rate for the model glass melt in the range of mean tempera.tures, 
this dependence was considered similar to that obtained experimentally with the 
fiat glass melt. This is why the values of model chara.cteristics of the model glass 
melt over the medium and lower tempera.ture ranges should be regarded as very 
approximate onl,v. The values of the mean bubble growth rates employed are 
listerl in Tahle I. 

'l'able I 

Temperaturo dependence k (m s-1) for a model glass melt refined with As2O3 + NaNO3 

I-
-

% 
As203 

-�--------1250 
0.25 5.0 X 10-•0.5 5.0 X 10-·9 1.0 5.0 X 10- 9 1.5 5.0 X 10-9 2.0 5.0 X 10-• 2.5 5.0 X 10-9 

3.0 5.0 X 10-•

I 

i 
I 

1300 
4.0 X 10-• 7.5 X 10-•2.0 X 10-1 3.0 X 10-7 3.5 X 10-7 3.9 X 10-7 4.8 X 10-7 

!

Ternperature, °C 
--�----1350 ! 1400 

I 
I 5.0 X 10-• 6.3 X 10-•1.3 X 10-7 2.2 X 10-7 3.8 X 10-7 6.5 X 10-1 5.7 X 10-7 9.2 X 10-7 6.7 X 10-7 1.2 X 10-• 7.4 X 10-7 1.2 X 10-• 8.2 X 10-1 1.3 X 10-• 

1450 I 
9.9 X 10-• 5.8 X 10-7 1.0 X 10-•1.4 X 10-• 1.7 X 10-• 1.8 X 10-• 2.5 X 10-• 

·--------

,,_ 

1500 
·- ----

2.0 X 10-7 1.1 X 10-• 
l.!i X 10-• 2.4 X 10-• 2.8 X 10-•3.0 X 10-• 4.7 X 10-•

·-'---------

Tempera ture dependence k (m s- 1) for float glass (0.6 % Na2O as Na2SO4 

-----·----- - - - - - - - - - - -�- -- -- ----- ·-----� 

t, 0c I 1250 1300 
------- --

k (rns 1) 5.0 X 10-9 I 2.0 X 10-• 

1350 1400 1450

8.0 X 10-• 2.4 X 10-7 3.4 X 10-• 

1500 

1.1 X 10-5 

]'urther calculations of the Q a.nd P were ca.rried out according to equa.tions 
(1-2) and (6) in the same way as in Part II [2]. The conditions for the calcula­
tions and the experimental data on sand dissolution, as well as the model equipment, 
were the same as those used in Part II of the present study. 
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Table I continued: 

Temperature dependence k (m s-1) for a model glass melt refined with 
Na2SO4 

Ternperature, °C 
- -·--- ···-

1250 
-·--

5.0 X 1()-9 
5.0 X 10-9 
5.0 X 1()-9 
5.0 X 10-9 
5.0 X 1()-9 
5.0 X 10-9 
5.0 X 1()-9 

I 1300 ! 

2.0 X 10-8 
2.0 X 1()-5 

2.0 X 10-8 
2.0 X 10-s 
2.0 X 10-5 

2.0 X 10-8 
2.0 X I0-8 

1350 I 1400 

2.2 X 10-8 3.0 X 10-5 

3.3 X 10-8 6.7 X 10-8 
6.5 X 10-8 1.8 X 1()-7 

7.ti X 10-8 2.3 X 10-7 

8.0 X 10-8 2.4 X 10-7 

9.3 X 10-8 2.8 X 1()-7 

1.1 X 10-7 3.2 X 1()-7 

I 1450

1.5 X 10-7 

7.3 X 10-7 

2.G X 10-6 
3.2 X 10-•
3.4 X 10-6 
4.0 X 10-• 
4.5 X 10-•

I 1500 

4.7 X 1()-
2.3 X 10-
8.0 X 10-
1.0 X 10-s 
1.1 X 10-s 
1.2 X 10-s 
1.4 X 10-s 

THE ltESULTS OF CALCULATIONS AND THEIR DISCUSSlON 

The effec t s  of acc u r a cy of a0 and k va lues  o n  the  res idence t i m e  -r'o 

Figs. I and 2 exemplify the temperature dependence of -ri:J values for fiat glass 
melt (Fig. 1) and for the model glass melt refined with As203 + NaN03 (Fig. 2) 
for three different initial bubble radii 110• The a0 value appears to affect very little 
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F'ig. 1. Temperature dependence oj r;, for fiat glass, r0 max = 0.6 mm, the mean ?Jalue oj k employed; 
• - a0 = JO-s m, X - a0 = 2.6 X J()-5 m, + - a0 = 6 X Jo-s m, o - a0 = Jo-s, without refining

agents, k = 2.6 X J0-9 rn s-1• 

the -ri1 over the given range. The larger the k value, the smaller the effect. No 
major error will therefore be introduced by choosing an arbitrary a0 value over the 
a.ssumed range of the smallest bubble size. The value a0 = I0-5 m was chosen for 
the calculation of Q and P.
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As demonstra.ted by the exa.mples in Figs. 3 a.nd 4, the k va.lue infiuences strongly 
the T' n time, pa.rticula.rly over the ra.nge of low a.nd medium tempera.tures. The 
experimenta.l bubble growth ra.te va.lues obtained in the region of medium a.nd 
pa.rticularly low tempera.tures a.re of course quite ina.ccura.te, a.nd so a.re subse­
quently the ca.lcula.ted Q a.nd P va.lues. In view of the current dispersion of experi­
menta.l bubble growth rate va.lues, the va.lues of k equa.I to one ha.lf of the mea.n 
experimenta.l values obtained a.re used in the calculations (the les.st fa.voura.ble 
ca.se).' 
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1300 tN 1400 t (oc) 1500

J!'ig. 2. Temperature dependence oj .� for the model gla8a, refining agent 0.25 % As203 , ro max =
0.25 mm, the mean value oj k employed, • - a0 = 10-s m, x - a0 = 2.5 X 10-s m, 

+ - a0 = 5 X 10-s m, o - without refining agenta, k = 2.5 X J0-0 m s-1• 
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Fig. 3. Temperature dependence oj.;, and Tn values for fiat glass. The value ro max = 0.5 mm waa 
uaed in the calculation oj -r;,,; + - k is the two-fold oj the average value, x - k has the mean value, 

• - k is one half oj the mean value, o - T� Jor the caae without the refining agenta, 
1 - •D for ro max = 0.5 mm, 2 - Tn for ro max = 0.4 mm, 3 - Tn Jor ro max = 0.3 mm. 
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Fig .. ,. Temperature dependence oj.;, for the model glaas melt, refining agent 1 % As2O3 + NaNO3, 
r0 max = 0.25 mm; + - k ia the two-fokl oj the mean value, x - k has the mean value, 

• - k ia one half oj the mean value, o - .� for the caae without refining agenta,

The effect  of t he indiv idua! factors  o n  the res idence  t ime  Tn if bot h 
sand d i sso lut ion  and r efin ing  a r e  cons idered 

The effect of temperature: Similarly to sand dissolution, the Tn values decrease 
very steepely with rising tempera.ture. Wherea.s at lower temperatures around the 
liquidus tempera.ture the values To_,. a,, the T' 0 va.lues are finite, but in the adj a.cent 
region of somewhat higher temperatures it frequently holds that Tn > To, especi­
ally with finer sands (cf. Fig. 3 for r0 max= 0.3 mm and Figs. 5 and 6). In the 
mean tempera.ture range, the decrease of TÍ> is faster than that of To, so that the 
following holds with the exception of the finest sands: Tn < To (cf. Figs. 3,4 
and 6). At high temperatures (above the nucleating tempera.ture) the sum of 
To and TRNiS used in the calculation ofQ and P (equation (4) and Part I).However 
the refining time mostly plays a less significant role, because TRN < To, or even 
TRN /4; To. If no refining agent is employed, the T'o values are high and decrease 
only slowly with increasing temperature (cf. Fig. 1-4). Under given conditions, 
sueh a ease is technologically inapplicable. 

The effect of the largest sand grain radius: In the ca.se of sands with very coarse 
grains ( cf. Fig. 3) it may hold over the entire tempera.ture range up to the nucleation 
tempera.ture that TD > Tn, while for fine sands with a low refining agent concen­
tration (slow refining), Tn > To over the entire tempera.ture range (Fig. 5). Other­
wise, the points given in the paragraph above hold also for this case. Above the 
nucleating tempera.ture, the Tn value Ís strongly affected by the value of ro max,

since, as already mentioned, To is almost always larger than TRN where To is 
proportional to Tomax• However, at these temperatures the Tn values are mostly 
srna.li. 

The effect of refining agent concentration: The concentration of the refining 
agent ÍS given by the value k, SO that, at a given temperature, the Tn value may 
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JNg. 5. Temperature dependence oj T;,, and To for the model glass melt, refining agent 0.25 % 
As203 + NaN03 , r0 max = 0.20 mm, the mean value oj k was used.
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Fig. 6. Temperature dependence oj T;,, and To for the model glass melt, 1 % As203 + NaNOJ . 
r0 max = 0.20 mm, mean value oj k was used. 

be significantly affected by this faetor. 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 •RN values are quite small for all the refining agent con­
centrations. There also appears the additional effect of the -rn and •RN sum, while 
in most cases •RN < •D· 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). 
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Fig. 7. 'l'emperature dependence oj r;, for the model glass melt, refining agent As2O3 + NaN03, 

romax = 0.25mm; o- 0.2.5% As203, +-0 . .5%As203 , x-1.0%As203, e-2%As203, 

"-3% As2O3 • 
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Fig. 8. Temperature dependence oj r;, for the model glass melt, refining agent Na2SO4 , r0 max = 
0.2,i mm; o -0.3% Na2O "s Na2SO4 , "-0.4% Na2O as Na2SO4 , • -0 . .5% Na2O as Na2SO4 , 

+ - 0.7 % Na2O as Na2SO4 , " - 0.8% Na2O as Na2SO4 , x - 1.0% Na2O as Na2SO4 • 

T h e  effect of the  individua! factors  o n  spec ific p o w e r  c o n s um ption 
a n d  t hr oughput 

The •Í> valu es calculated for a0 = 10-s m and for k equal to one halí of the experi­
mentally established bubble growth rate were compared with the •D values in 
the temperature range below the nucleation temperature, and the larger of the 
values compared was used in the calculation of Q and P. In the region above the 
nucleation tempera ture, <lirect use was made of the -r0 value, which already inclu<les 
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Fig. 11. Q and P till sand dissolution and refining in terms oj temperature, model glass, refining agent 
As203 + NaN03 ; m = 0.9, ro max = 0.20 mm, o - without refining agent, X - 0.25 % As2O3 , 

+-l.0%As2O3 , 1:.-2.0%As2O3 • 

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

The effect of the largest sand gra.in radius: Here again similar conclusions hold 
a.s for the dissolution of sa.nd 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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saml <lissolution and this is why a decrease of r0 max in this region has favourable 
effocts. The size of r0 max does not affect the Q an<l P values only in the case of finer 
sand in the lower temperature region (cf. Fig. 9 at 1250 °0) where the melting pro­
cess is controlled by refining. At high temperatures (above the nucleation tempe­
ra.ture) the extent of losses is co-determined above all by the r0 max value. However, 
the losses being small, the effect on Q is likewise slight. 

Fig. 9b demonstrates an increase in throughput with decreasing r0 max ,alue o,er 
the entire temperature interval, quite in agreement with case of san<l dissolution 
alone. As a result of heterogenous nucleation of bubbles, a discernible decrea.se 
of throughput occurs at the nucleation temperatura (Figs. 9 and llb). 

The effect of refining agent concentration: There is a major difference compared 
to sole dissolution of Eand. Jf the sand is coarse-grained (e.g. with fiat 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 <loes not differ significantly from that of sand dissolution alone. However, 
a discernible difference between the two tases arises with :finer sand in the low 
temperature region (cf. Fig. lla). 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 
temperatures (around the nucleation tempeiature) an<l with fine rnnds, the value 
of r'n, and thus also that cf Q, 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 refining agent concentration over the temperatura 
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
pu t considerably, but the results show very poor accuraey as a result of errors in 
determining the time of residence. 

The effect of the stagnant zone size: The dependence of Q and P on the size of 
the stagnant zone for fiat glass (Fig. 10) is shown as an example. At low melting 
temperatures, the Q value increases with increasing stagnant zone m over the entire 
interval of m values (for m -+ I, Q - ro). At high melting temperatures, Q is 
almost independent of this quantity over a wide range of m values, and begins to 
increase rapidl_v only from m > 0.s-o: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 Q 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 temperatureR 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 f'and dissolution alone. 

This instance, decreasing the m value an<l 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 glaDs melt by bubbling reduces 
the rn 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 necceseary to 
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Fig. 12. Q and P till sand dissolution and reftning in terms oj stagnant zone m, model glass, reftning 
agent 0.7% Na20 as Na2S04 , r0 max= 0.20 mm. 

seek an arrangement involving dissolution of sand in the original melting zone, 
provided with bubbling, a.nd refining in another zone of similar shape, separated 
bv 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 
varia.nts of conditions for this zone. In the first melting zone, the suitable melting 
temperature should correspcmd to the minimum on the Q = Q(t) 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 (t � iN), 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 pistou flow: 

QL2 = QV

.
Ll T2 l 
1(! 1 - m2 • 

(1) 

The r2 value (the time of refining) is calculated for the least favourable case, when 
the smaUest bubble must rise from the bottom to the surface. The total speciti.c 
power consumption in the second melting zone can then be calculated from the 
equation: 

(2) 

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

(3) 

The dependence of the Q 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 Q 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 consumption in the rncond 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 As203 + NaN03 

1,0 2,0 3,0 

Na2o j NaCl(%)

Fig. 13. Q and Pin terms oj NaCl concentration, model sodalime glass, r0 max = 0.25 mm; 
a) o - without buhbling, till sand dissolution, m = 0.9, 1300 °C, • - without bubbling till sand 
dissolution, m = 0.9, 1550 °C, x -Q for two melting zanes, bubbling and subsequent refining, 

m1 = O, t, = 1300 °C, ,. -Q Jor the second melting zone, m2 = O, 1530 °C. 
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Fig. 13. b) o - without bubbling, 1300 °0, • - without bubbling, 1550 °0, x - with bubbling, 
2 melting zones. 

refining agent and for the refining tempera.ture of 1470 or 1450 °0, will be about 
300 to 350 kJ kg-1. 

As indicated by Fig. 13a, the tota.l specific power consumption for melting a.ml 
refining in two sepa.rate zones corresponds roughly to sole dissolntion of sand at 
high temperatures (without bubbling), i.e. to the ca.se favourable from the stand­
point of power conserva.tion. A variant less a.dvantageous from the standpoint of 
power consumption, i.e. melting till sand dissolution without bubbling and showing 
low utilization of the melting zone (au actual case) at 1300 °0, is Rhown 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
rnent using controlle<l 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 stan<lpoint of the furnace throughput. 

CONCL USIONS 

The results presented in the present part include the two rnain processes in­
volved in the melting stage, namely dissolution of sand and refining. As has 
already been assumed in part II [21, the dissolution of sa.nd is a process for the mm;t 
part decisive for specific power consumptin a.nd 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 adual 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 ternperatures with fine sand and an unsuitable concentration 
of refining agents, or when the refining agents are not u sed il.t all. The most sensitive 
tempera.ture range with respect to refining agent concentration is that close below 
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the nucleating tempera.ture and in its neighbourhood. Suppression of the sta.gna.nt 
zone a.ppears to be a significant intensification fe.ctor, just a.s in the ca.se of sa.nd 
dissolution only. Appliction of bubbling requires the two ma.in melting processes 
to he separated into their own melting zones, a.nd the ca.lcula.tion indica.tes tha.t 
such a.n arra.ngement could be adva.nta.geous. The power consumption of refining 
is lower by roughly one order than tha.t required for sa.nd dissolution. The results 
published so far indicate only the main trends in the development of the cha.ra.cte­
ristics. A further work will be a.imed a.t a.pplying the results to a.ctua.l melting zones, 
specifying their ma.in pa.ra.meters, a.nd ma.king theoretical melting conditions as 
close a.s possible to the actua.l ones. 

R e fe r e n ce s :  

[I] Němec L.: Silikáty 32, 193 (1988). 
[2] Němec L., Laurentová S.: Silikáty 32, 313, '.(1988). 
[3] Němec L.: Jour. Am. Ceram. Soc. 60, 436 (1977). 
[4] Němec L., Miihlbauer M.: Glastechn. Ber. 54, 99 (1981). 
[5] Němec L., Laurentová S., Freivolt Š.: Main Melting Procesaes with Respect to Power Con­

sumption. Unpublished Research Report DÚ IV-4-3/04, ,Joint Laboratory of Silicates, Czecho­
slovak Academy of Sciences, and Institute of Chemical Technology, Prague (1985). 

Li st of symbol s 

a0 - initial hubble radius (m)
k - mean bubble growth rate (m s-1)
m - proportion of stagnant areas in the melting zone
r0 max - initial effective radius of the largest sand grain in the given set (m) 
lN - tempera.ture at which bubbles nucleate heterogeneously on sand grains

(OC)

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

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

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

QL1 - specific energy flux through walls of the first melting zone (kJ kg-1 s-1) 

QM - 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 tempera.ture 
in the second melting zone (kJ kg-1) 

P - the output of the melting zone (kg s-1) 

V1 - the volume of the first melting zone (m3) 

-rn - the time required for dissolving the solid sand particles (s)
•Í> - the shortest time during which the glass melt can pass over the length

of the critical path if refining is employed (s) 
iR:-; - the time required for refining heterogenously nucleated bubbles (s)
-r2 - the mean time of residence in the second melting zone (refining time) (s)
f! - glass melt density
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HLAVNÍ TECHNOLOGICKÉ CHARAKTERISTIKY SKLÁŘSKÝCH TAVICÍCH 
PROSTORŮ Z HLEDISKA PRŮBĚHU TAVICÍHO PROCESU: 

ČÁST III. HLAVNÍ CHARAKTERISTIKY DO OKAMŽIKU 
ROZPUŠTĚNÍ PÍSKU A VYČEŘENÍ 

Lubomír Němec, Simona Laurentová* 

Ústav chemie skelných a keramických materiálů ČSA V, 120 00 Praha 
* Katedra technologie sirikátů, VŠCHT, 166 28 Praha

Měrná spotřeba energie a výkon tavicího zařízení jsou do značné míry určovány průběhem 
hlavních tavicích dějů - rozpouštěním písku a čeřením. V této práci byl vzhledem k průběhu 
obou dějů zkoumán vliv teploty, zrnitosti písku, druhu a koncentrace čeřiva, velikosti mrtvého 
prostoru a probublávání skloviny na tavicí charakteristiky modelového tavicího prostoru. 
Výsledky ukázaly, že hlavní tendence jsou podobné jako v případě, kdy uvažujeme pouze roz­
pouštění písku. Spotřeba energie klesá a výkon roste především se zvyšováním průrnčrné tavicí 
teploty a snižováním mrtvého prostoru. Kontrolujícím dějem je většinou rozpouštění písku. 
Čeření se stává kontrolujícím dějem především v oblasti nízkých a středních teplot a při použití 
jemnějších písků. V celém teplotním rozmezí se čeření stává kontrolujícím dějem pouze tehdy, 
není-li použito čeřivo; v tomto případě spotřeba energie značně narůstá a výkon klesá. Určení 
optimální koncentrace má největší význam v teplotní oblasti těsně pod nukleační teplotou. Použití 
probublá vání vyžaduje rozdělení tavicího prostoru na dvě části -tavicí a čei"icí -toto uspoř,ídání 
se ukazuje jako výhodné, spotřeba energie na čeření je zde zhruba o řád nižší než spotřeba na 
rozpouštční písku. 

Obr. 1. Závislost hodnot ,;, na teplotě pro plochou sklovinu, r0 max = 0,5 mm, použita průměrná 
hodnota k; 
• -ao = 10-s m,
x -ao = 2,5. 10-s m, 
+ -ao = 5. 10-s m, 
0 - a0 = 10-s m, bez čeřiv, k = 2,5. 10-• m .  s-1• 

Obr. 2. Závislost hodnot,;, na teplotě pro modelovou sklovinu, čeřivo 0,25 % As203 , r0 max = 0,25 mm, 
použita průměrná hodnota k; 
• -a0 = 10-s m,
X - a0 = 2,5 . 10-s m, 
+ -ao = 5 . 1 o-s m,
o -bez čeřiv, k = 2,5. 10-9 m. s-1• 

Obr. 3. Závislost hodnot ,;, a ,n na teplotě pro plochou sklovinu. Pro výpočet ,;, byla použita hod­
nota ro max = 0,5 mm; 
+ - k je dvojnásobek prům. hodnoty, 
x -k má průměrnou hodnotu 
• -k ie polovinou průměrné hodnoty,
o -,;, pro případ bez čeřiv,
1 -•D pro romax = 0,5 mm,
2 - •D pro ro max = 0,4 mm,
3 -Tn pro r0 max = 0,3 mm.

Obr. 4. Závislost hodnot,;, na teplotě pro modelovou sklovinu, éeři•Jo 1 % As203 + NaN03 , r0 max = 

= 0,25mm, 
+ - k je dvojnásobek průměrné hodnoty, 
X - k má průměrnou hodnotu 
• -k je polovinou průměrné hodnoty,
o - ,;, pro případ bez čeřiv.

Obr. 5. Závislost ,;, a ,n na teplotě pro modelovou sklovinu, éeřivo 0,25 % As203 + N aN03 , 

r0 max = 0,20 mm, použita průměrná hodnota k. 
Obr. 6. Závislost hodnot ,;, a Tn na teplotě pro modelovou sklovinu, 1 % As203 + NaN03, r0 max 

= 0,20 mm, použita průměrná hodnota k. 
Obr. 7. Závislost hodnot ,;, na teplotě pro modelovou sklovinu, čeřivo As203 + N aN03 , ro max =

120 

= 0,25mm; 
o - 0,25 % As203 , 

+ -0,5% As203 , 

x -1,0 % As203 • 

• -2% As,03 , 

,, -3 % As20,. 
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Obr. 8. Závislost hodnot r;, na teplotě pro modelovou sklovinu, čeřivo Na2SO4, r0 max = 0,25 mm; 
0 -0,3% Na2O j. Na2S04, + -0,7% Na20 j. Na2SO4, 

,. -0,4 % Na2O j. Na2SO4, ,. - 0,8 % Na2O j. Na2SO4, 

• -0,5% Na2O j. Na2SO4, x -1,0o/o Na,O j. Na2SO4• 

Obr. 9. Q a P do rozpuštění písku a vyčeření v závislosti na teplotě, plochá sklovina, m = 0,9; 
• -ro max = 0,6 mm, X - romax = 0,3 mm,
o -ro max = 0,5 mm, + -romax = 0,3 mm.

Obr. 10. Q a P do rozpuštěni písku a vyčeření v závislosti na mrtvém prostoru m, plochá sklovina, 
Tomax = 0,5 m1n. 

Obr. 11. Q a P do rozpuštění písku a vyčeření v závislosti na teplotě, modelová sklovina, čeřivo As203 +

li + NaNO3 , m = 0,9, ro max = 0,20 mm;
0 -bez čeřiv, + -1,0 % As2O3 , 
x -0,25% As,O3 , "'-2,0% As2O3• 

Obr. 12. Q a P do rozpuštění písku a vyčeření v závislosti na mrtvém prostoru m, modelová sklovina, 
čeřivo 0,7% Na2O j. Na2s0., romax = 0,20 mm. 

Obr. 13. Q a P v závislosti na koncentraci NaCl, modelová sodnovápenatá sklovina, romax = 0,25 mm; 
a) o - bez probubláváni do rozp. písku, m = 0,9, 1300 °C,

• -bez probublávání do rozp. písku, m = 0,9, 1550 °C 
x -Q pro dva tavicí prostory, probublávání a násl. čeření, m1 = O, t, 1300 °C, 
,. -Q pro druhý tavicí prostor, m2 = O, 1530 °C;

b) 0 - bez probublávání, 1300 °C,
• -bez probublávání, 1550 °C,
x - s probubláváním, 2 tavicí prostory.

OCH OBH hl E TEXH OJIOťl14ECI-aIE XAPAKTEP liCTHKH 
C TE K JI O IT JI A 13 H JI h H hl X IT POCT PA H C T B C TO 4 K H 3 PE H H H 

XO,l.l,A fIJIAl3H,JlbHOťO IIPOI�ECCA III. OCHOBHhIE 
XAPAKTEPHCTHI-tl1 JlO MOMEHTA PACTBOPEHHH ITECKA 

H OCBET.:;IEH HH 

,lly6oMHp HeMen;, CHMOHa JiaypeHTOBa* 

lh-tcmumym xu.uuu 1,mei:0J1,b1tbix u i:epa.Mu'l{eci:ux .uamepuaJ1,oe TJCAH, 120 00 Ilpa2a 
*xagjeopa mexNOJ1,02uu CU.i1,UXamoe Xu.uui:o-mex1toJ1,oeu'l{ec1.020 uNcmumyma, 166 28 Ilpaea

°Y}];eJibHhlll pacXOA :meprHH H MOID;HOCTb rmaBHJibHOH ycTaHOBKH AO 3HaqnTeJibHOH 
CTeneHH orrpe,n;eJIHIOTCH xo,n;oM OCHOBHbIX IIJiaBHJibHbIX rrpou;eccoB - pacTBOpeHHeM rrecm1 
11 oeBeT:ieHHeM. B rrpeµ:JiarneMoií: pa6orn, HMeH B an,n;y xo,n; o6onx npou;eccon, aBTopaM11 
UCCJieAYIDTCH BJI11HH11e TeMIIepaTypu, rpaHyJI0MeTp11qecKl1H COCTaB rrecKa, B11Aa 11 KOHl.\8HT­
pau:1rn OCBeT;mTeJIH, pa3Mepa MepTBOro rrpocTpaHCTBa 11 6ap60T11poBaH11H CT0KJIOMaCChl 
Ha xapaKTepHCTl1Hll IIJiaBJieHIUI MOAeJibHOro IIJiaBIIJibHOro rrpocTpaHCTBa. Pe3yJibTaTbl 
IIOKa3aJIH, '!TO OťHOBHbie TeH/.1;0Hl\11ll IIOA06Hbl Kai-; B cJiyqae, r<or,n;a yqlfTbIBaeTCH TOJlbHO 
pacTBOpemrn rrecrm. PaťXOA :meprHH IIOHIURa0TCH li MOID;HOCTb pacTeT rrpemAe Bcero C IIOBhl· 
IIIeHH0M cpeAHeií: TeMrrepaTypbl IIJiaBJI0HHH H IIOHHlR0HH0M MepTBOro rrpocTpaHCTBa. KOHTpO· 
JI11pyroru;11M rrpou:eccOM B 6om,IDHHCTBe cJiyqaeB HBJIH0TCH pacTBOpeHHe rrecr<a. 0cBeTJI0HH0 
cTaHOBHCTCH HOHTpom1pyIOil.\l-lM npol(eCCOM rrpemµ;e Bcero B o6JiaCTll HH3KHX H cpe,\HJ-!X 
TeMnepaTyp H npH IIpHMeHeHHH neCKOB C Hll3HHM rpaHyJIOMeTp11tJeCKHM COCTaBOM. 13 n;eJIOM 
TCMnepaTypHOM AHamt30He OťBCTJI0HHe CTaHOBHTCH KOHTPOJIHPYIDil.\1-!M npou:eccOM TOJibHO 
TOI'/\a, KOI'/�a He rrpHMeHHeTCH OCBeTJIHT0Jib. B TaKOM cJiytJae pacxop; ::rneprHH 3HatJHT0JibHO 
Ha pacTaeT li MOin;HOCTb IIOHHJRaeTcH. -y CTaHOBJieH11e OIITHMaJibHOH KOHIWHTpal\HH HMeeT 
mrn6oJibIIIee 3HatJemrn B TeMrrepaTypHOM p;nana3oHe He3HatJHTeJibHO H11me TeMnepaTyphI 
H.)'KJiear�HII. IT pHMeHeHHC 6a p6ornma Tpe6yeT pa3/].eJieHne rmaBHJibnoro npou:ecca Ha nae 
'!aťTll - 'JaCTb IWaBJIBHHH H 'IaCTb OCBBTJieHHH. IlpHBOAHMOe ynopHJ{oqeHne Ol{a3bIBaeTCH 
na1160.nce npHI'OAHI,lM, pacXOA :meprHH Ha OCBBT;IeHHe npn6mrnHTBJJbHO Ha nopnp;OK Hnme, 
'JeM pacxo;\ Ha panBopcmrn necKa. 

Puc. 1. 3aeucu.1wc111b eeJiu<tuN r;, om me.M,nepamypbi e C.il,y'l{ae Jl,Ucnweoii cmeXJ1,0.M.accbi, 
r0 �mne = 0,5 .lut, npu npu.ueNeNuu cpe0Ne11 ee.il,U'l{Ultbi x; • -ao = 10-s M, x -ao =

= 2,5. J0-5 .:.r, + - a0 = 5. 10-5.u, o - a0 = 10-5.u, 6ea oceem.�umeJ1,1t, K= 2,5 .
. JO-•. c- 1• 
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Puc. 2. Ba11ucu.Mocmb 11e.au11,uH, r;, om me.Mnepamyp&i a.Ml, .,uorJe.ablioii cme,;.ao.Macc1,1,, oc11em­
.aume.ab 0,25 �{, As20J, ro Ma«c = 0,25 .M.M, npu npu.Meneliuu cpeolieii 11e.au11,u1i&r, 
,;;; • - ao = J0-5 .11, + - ao = 5 .  J0-5 .M, o - óea oc11em.aume.aeii, 1. = 2,5. 10-9 .11,
• c-1,

Puc. 3, Ba11ucu.1tocmb 11e.au11,un r;, u Tn om me.1tnepamyp1,1, 11 c.ay11,ae .aucmo11oii cme,;,.ao.MacChl. 
J{.a11, paC'l,ema r:, npu.Mťli!/,Jl,U 11e.au11,uny ro Ma1<c = 0,5 M.M; + - i. = rJ11oiinoe 1;;O.au-
11,ecm11O cperJneii 11e.au11,unbt, x - K U.Meem cperJn1010 11e.au11,uny, • - ,;; = no.aoeutta 
cperJneii 11e.au11,unb1, o - r;, e CJ1.y11,ae 6ea npu.«.enenu11, oc11em.aume.aeii, 1 - Tn a,n,11, 
ro Ma«c = 0,5 .M.M, 2 - Tn aJL,R, ro Ma«c = 0,4 .M.«-, 3 - Tn rJ.a11, ro Ma11c = 0,3 MM. 

Puc, 4. Ba11ucu.1tocmb 11e.au11,un r;, om me.,unepamyp1,1, a,n,11, Moae.abnoi'i cme,;;.aOMacc&1, oceem­
.aume.ab 1 % Al½OJ + NaNOJ, r0 Ma«c = 0,25 .M.M,' + - ,;; = rJ11oiinoe ,;;o,n,ucec'lnBo 
cpeaneů 11e.au1411,nb1, x - i. = no11,O11una cperJneů 11e11,u11,11,nb1, o - r;, 11 c11,y11,ae 6ea 
npu.Menenu11, oc11em11,ume.ae1'i. 

Puc, 5. Ba11ucu.Mocmb r;, u Tn om me.Mnepamypbi O.Ml, .MorJe11,b1ioů cme,;;.ao.Maccb1, oc11em.aume.ab 
0,25 % As203 + NaNOJ, ro Ma«c = 0,20 .M.M, c npU.Menenue.M cperJnea 11e.au11,u11,&1 K:. 

Puc. 6. Ba11ucu.Mocmb Be11,u11,un r:, u Tn om me.1tnepamyp&1 aJI,!/, .Mooe11,bnoii cme,;;11,O.MaCChl, 
1 % As20J + NaNOJ, ro Ma«c = 0,20 .M.M, c npU.Menenue.M cpeaneii 11e.au14un&i ,;;. 

Puc. 7. Ba11ucu.,uocmb 11e.au11,un r;, om me.1tpepamyp1,1 a11,11, .Mooe.abnoů cme1..ao.Macc&1, oceem-
11,ume.ab As203 + N aN 03 , ro Ma«c = 0,25 .M.tt; o - 0,25 As203, + - 0,5 As203, 
x - 1,0 % As203, • _._ 2 % As20J, A - 3 % As20J. 

Puc, 8. Ba11ucu.Mocmb ee11,u11,un r:C, om me.,unepamyp&r O.Ml, .Mooe11,bnoů cme,;11,o.Macc&1, oc11em-
11,ume.ab Na2S04, ro Ma1<c = 0,25 .M.M,' o -0,3 % Na20 ,;. Na2S04,• - 0,4 % Na20 ,;, 
Na2S04, • - 0,5 % Na20 i.. Na2S04, + - 0,7 % Na20 ,;. Na2SO., 1;, - 0,8 % 
Na20 ,;;, Na2S04, x -- 1,0 % ,;, Na2S04. 

Puc, 9, Q u P ao pacmeopenu11, neci.a u oc11em11,enu11, 11 aa11ucu.Mocmu om me.Mnepamypb!. 
11,ucmoea11, cnie,;.ao.Macca, m = 0,9; • - roMaRc = 0,6 M.M, o - ro Ma«c = 0,5 .«..tt, 
x - ro MaHC = 0,5 .M.M, + - ro MaHC = 0,3 .MM. 

Puc. 10. Q u P ao pacnwopenu11, nec,;;a u oceem.aenu11, 11 aa11ucu.Mocmu om .,uepmeoeo npocm­
pancm11a m, .aucmoea11, cme,;;.ao.,uacca, ro Ma«c = 0,3 .M.M, 

Puc. 11. Q u P ao pacm11openu11, neci.a u oc11em.aenu11, li aa11ucu.Mocmu om me.Mnepamyp&1, 
.Moae11,bna11, cme,;.ao.Macca, oc11em11,ume.ab As203 + NaN OJ, m = 0,9, ro Ma«c = 0,20 .M.M; 
o - 6eaoc11em.aume.aeů, x - 0,25 % As203, + - 1,0 % As20J, 1;, - 2,0 % As203.

Puc. 12, Q u P ao pacmeopenu.q, neci.a u oceem11,enu11, 11 aa11ucu.41,0cmu om .Mepm11oeo npocm­
pancm11a m, .Moae.abna.q, cme,;Jio.Macca, oc11em.aume.i1, O, 7 % N a20 ,;, N a2S04, ro Mam, =

= 0,20 .M.M. 
Puc. 13. Q u P e aa1Jucu.,uocmu orn ,;on4enmpa4uu NaCl, .11,08e.i1,na11, Harnpueeo,;a,iblfUťllllJt 

cmei.JLo.ttacca, r0 Ma1<c = 0,25 .M.tt,; a) o - óea 6ap6omupoeanu11, ao pacmeope11,u11, 
neci.a, rn = 0,9, 1300 °C, • - 6e:1 óap6omupoeanu1t oo pacmeopenu1t neci;a, m = 0,9, 
1550 °C, x - Q a.a1t 811yx n.aa11u.ibn&1x npocmpancme, 6ap6ornupo11anue u noc.aeay-
10Ufee of'eern.aenue, rn1 = O, t, = 1300 °C, ,. - Q a.1,11, emopo2O n.aaeu.a1,no2O npo­
cmpancrnea, m2 = O, 1530 °C; 1,) o - 6ea 6ap6onwpoeanun, 1300 °C, • - 6ea 
6ap6omupoe1mun, 1550 °C, x - c 6ap6ornupoeanue.u, 2 n.aaeu.abHblX npocmpanctntla 

KOORDINACE ČINNOSTI V OBLASTI VÝZKUMU SUPRAVODIČŮ V ZÁ­
P ADNÍ EVROPĚ. V oblasti supravodičů dochází v Evropě k horečné činnosti. Pro její usměr­
nění přijaly instituce odpovědné v jednotlivých zemích za výzkum, a to západoněmecké Deutsche 
Forschungsgemeinschaft a Max-Planck-Gesellschaft zur Forderung der Wissenschaften, fran­
couzský Centre National de la Recherche Scientifique, italský Consiglio Nazionale delle Ricerche 
a britský Science and Engineering Research Council, některá opatření. Patří mezi nč: 
-- výměna informací o národních výzkumných programech a způsobu jejich financování, 
- výměna informací o jednotlivých specialistech a zařízení, 
- organizování společných laboratoří, 
- poskytování zahraničních stipendií, 
- výměna výsledků výzkumu před jejich publikováním a 
- zahájení celoevropských výzkumných projektů se stanovenými účastnickými vklady. 
Zárukou provádění těchto opatření bude stálý výbor složený ze zástupců zúčastněných zemí. 
Očekává se, že k tomuto dění se připojí i vědecké instituce Švýcarska a Holandska.

Interceram 1988, č. 3, 40 
Domková 
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