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D u r i n g the forming process of a glass mel t the viscosity is the d o m i n a n t process parameter . U p to now in the industr ial C o n t a i n e r 

glass p r o d u c t i o n only t empera tu re -con t ro l l ed S y s t e m s have been used. Wi th these control elements only thermal ly induced variat ions 
of the viscosity are visible. Var ia t ions in the compos i t ion , the redox S t a t e , the water and the SO3 content in the melt ing process 
cause a shift in the viscosi ty U p to n o w these changes have no t been detectable and therefore, it has no t been possible to compensa te 
t hem. Α measu r ing device for the c o n t i n u o u s d e t e r m i n a d o n of the viscosity in the glass was developed and tested for several m o n t h s 
in a Container glass p lan t . All m e a s u r e d var ia t ions of the viscosity can now be corrected by the existing control elements for the 
the rmal ly cont ro l led glass cond i t ion ing . D e p e n d e n t on the pos idon of the viscosimeter in the feeder C h a n n e l , a feedforward or 
feedback C o n t r o l l i n g concep t is pract icable . 

Viskositätsgesteuerte Glaskonditionierung 

Beim F o r m g e b u n g s p r o z e ß einer Schmelze ist die Viskosität des Glaspos tens die physikalisch dominierende Prozeßgröße. In der 
industr ie l len Behäl terglashers te l lung wird b isher im R a h m e n der M e ß - u n d Regelungstechnik nur versucht, eine kons tan te Tem
p e r a t u r der Schmelze zu gewährleis ten. D a m i t k ö n n e n aber nur thermisch induzierte Viskosi tä tsveränderungen erfaßt werden. Die 
ü b e r Ve rände rungen im Bru t tochemismus , im Redoxzus tand , im Wasser- u n d SOs-Gehal t der Schmelze bewirkten Viskositätsver
schiebungen sind nicht e r k e n n b a r u n d werden d a m i t nicht ausgeregelt. Ein Aufbau zur kontinuierlichen Viskosi tätsmessung im 
G l a s b a d w u r d e entwickel t u n d k a m in einer Hoh lg la shü t t e für mehrere M o n a t e z u m Einsatz. Alle gemessenen Viskositätsabweichun
gen k ö n n e n d a m i t übe r die v o r h a n d e n e n E in r i ch tungen zur tempera turges teuer ten Glaskond idon ie rung thermisch korrigiert werden. 
A b h ä n g i g von der Einbaus te i le im F e e d e r k a n a l ist ein vorausschauendes oder ein rückwär ts ausgerichtetes Regelungskonzept 
mögl ich . 

1. Introduction 
D ü r i n g the forming process of a glass mel t the viscosity 

is the d o m i n a n t process parameter . T h e present Situation 

in the glass producing process is tha t the Controlling 

elements guarantee only a cons t an t t empera tu re control 

of the fusion. Wi th this Controlling strategy for constant 

process condi t ions only thermal ly induced variations 

of the viscosity are visible. But in pract ice several 

pa rame te r s addi t ional ly have an influence o n the varia

t ions of the viscosity. 

2. Influences on the viscosity 
Beside the tempera ture the var ia t ions in the compo

sition, the redox State, the water a n d the SO3 content in 

the mel t cause a change of the viscosity. Scholze and 
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Dietzel [1] estimated the water content to be in the ränge 

of 0.007 to 0.53 wt% in different glass composi t ions by 

infrared spectroscopy. The influences of small variations 

in the water content in a s o d a - l i m e - s i l i c a glass on the 

workabili ty were reported by Scholze [2]. The reduction 

from 0.03 to O.Ol w t% H 2 O in the same glass caused 

a difference in the transformation temperature of 18 K. 

Dreier [3] showed that the water content of a 

s o d a - l i m e - s i l i c a glass fused in the Container glass 

production by oil firing is in a ränge of 0.03 up to 

0.04 wt%. Variations up to 2 0 w t % are possible and 

induce a similar shifting of the viscosity of 2 K. Übel [4] 

confirmed the decreasing effect of the water content in 

the glass melt by laboratory tests and some further 

measurements in a forehearth in a Container glass plant . 

Hessenkemper and Brückner [5] showed that the vis

cosity of a s o d a - l i m e - s i l i c a glass is influenced by the 

Fe^"^ concentrat ion, the Fe^^ /Fe^^ ratio and the total 

iron content . Brown [6] compared the different in

fluences of water in air-fuel and oxy-fuel melts on melt

ing process and workability. The variat ions of the water 

content result from variable moisture of recycled cullet. 
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Figure 1. Schematic set-up of the viscosity measur ing head. 

viscosity of the mol ten glass increases (decreases), t he 
ampl i t ude of Vibration has a tendency to decrease (in
crease) a n d the feedback cur ren t suppl ied by a n elec
t ron ic uni t automat ical ly increases (decreases) Con
t ro l l ing the ampl i tude of Vibration (figure 2). Α l inear 
re la t ion between viscosity a n d feedback cur ren t is o b 
ta ined a n d the Output 4 to 20 m A can be used for indi 
ca t ion, cont ro l or recording purposes . T h e technica l 
character is t ics of the viscosimeter a re listed in table 1. 

T h e whole measur ing head is fixed to a n elec
tronically control led l inear slit t o vary the Immers ion 
d e p t h of the measur ing rod in the glass melt . T h e presen t 
p r o t o t y p e is control led by a P C wi th a p r o g r a m for the 
m o v e m e n t of the measur ing head a n d for the ca lcu la t ion 
of a corrected viscosity signal. 
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amplifier 

phase detector 

Figure 2. Schematic figure of the viscosity measur ing circuit. 

input of hydroxidic raw materials (filter dust) , variations 
in dwell time and ba th flows, a tmosphere above the melt 
and different amoun t s of crystal water in soda. 

3. Viscosimeter 
The used viscosimeter was developed in Portugal within 
the scope of an Esprit program. The principle of Opera
t ion is vibrational. Α ceramic rod mechanically con
nected to the vibrating shaft of a head sensor is con
tinuously controlled in ampl i tude and frequency (fig
ure 1). The resonance frequency and ampli tude of ultra-
sonic Vibration are controlled automatically. When the 

4. Methodical problems and modifications of 
the viscosimeter 
A t the beginning of the test per iod in the feeder Channel 
several p rob lems h a d to be solved. A n enlarged h o l d i n g 
device for the measur ing head h a d to be cons t ruc ted . 
T h e insulat ion against heat rad ia t ion a n d the coo l ing air 
supply were improved. 

T h e first used mulli te rod was co r roded in a few 
hours . A n a lumina rod resisted cor ros ion by the Con
ta iner glass melt for several weeks, bu t the surface 
reduc t ion of the rod was t oo high a n d caused a drift in 
the viscosity signal. 

Α Solution is to take a mulli te rod which is coa ted 
by a plat inum/rhodium layer. T h e resistance t o the glass 
mel t is very good a n d if there is a defect in the layer the 
cor ros ion rate of the mulli te rod is so high tha t t he drift-
ing of the viscosity signal is obvious. 

O n the original measur ing e q u i p m e n t only the vis
cosity signal is recorded as a funct ion of time. I n practice 
this integral viscosity signal is insufficient for t he use as 
a control inpu t signal for the glass cond i t ion ing . 

Varia t ions in the glass level caused a var ied c o n t a c t 
a rea between glass a n d measur ing rod. T h e viscosity 
signal is p ropor t iona l to the con tac t a rea be tween glass 
mel t a n d measur ing rod. A n add i t iona l glass level 
measu r ing sensor beside the viscosity m e a s u r i n g h e a d 
is indispensable. 

To differentiate between a purely thermal ly i nduced 
change of the viscosity and a change caused by n o n 
t h e r m a l sources, a qu in tup le t h e r m o c o u p l e is ins ta l led 

Table 1. Technical characterist ics of the viscosimeter 

related t o 1 2 0 P a s a n d 1200°C for a Container glass c o m p o s i t i o n 

viscosity t empera tu re equiva len t 

viscosity ränge (measured) 50 to 500 Pa s 
resolut ion ± 0 . 5 % 
repeatibility ± 0 . 2 5 % 
accuracy ± 2 . 5 % 

±0.6 P a s 
±0 .3 P a s 
±3 .0 P a s 

±0 .5 Κ 
±0 .25 Κ 
±2.5 Κ 
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Figure 4. M e a s u r e d viscosity a n d averaged t empera tu re pres
en ted over a 14 day interval in a m b e r glass. 

nea r by the viscosimeter (figure 3). In relat ion to the 
Immers ion dep th of the rod in the glass mel t the corre
spond ing n u m b e r of the rmocoup les is used to get an 
averaged tempera ture . T h e thermal ly caused change of 
the viscosity can be calculated by the V F T function as 
the change of t empera tu re is k n o w n . 

T h e viscosimeter is no t cal ibrated because the ab
solute viscosity is n o t essential. T h e relative change of 
the viscosity corrected to glass level var iat ions, the Im
mers ion d e p t h of the rod in the glass a n d the thermally 
reduced viscosity value is of interest for the control of 
glass condi t ion ing . 

5. Results of viscosity measurements 
Figure 4 shows the measured viscosity signal and the 
averaged tempera ture over a 14 day interval in amber 
glass. After the fourth day there was a j o b change com
bined wi th a new pull rate a n d glass tempera ture . After 
eight days there was a second j o b change. T h e viscosity 
signal correlates with the t empera tu re signal, but there 
are some remarkable var ia t ions in the viscosity signal 
w i thou t a t empera ture change. In spite of the reduced 
t empera tu re after the first j o b change, the viscosity 
signal decreases. After the second j o b change the tem
pera tu re was set to the same value as four days before. 
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Figures 5a and b. C o m p a r i s o n of measured and corrected vis
cosity shown over a 7 day interval (after the 5th day alkali re
duc t ion by 0.16%) in amber glass; a) with glass level variat ions, 
b) wi th averaged temperature . 

but the viscosity signal increased to a higher value. The 
noncorrela t ion between viscosity and temperature is 
caused by greater glass level variations because of strong 
changes in the pull rates. 

In figure 5a the glass level variations, the measured 
and corrected viscosity over a 7 day interval are shown. 
After the first half day of the interval there is a j o b 
change with an increased pull rate from 110 to 132 t /d. 
The decrease of the glass level of more than 3 m m causes 
a significant change in the measured viscosity signal. 
The corrected viscosity signal qualifies the measured 
signal. In figure 5b the averaged temperature, the meas
ured and corrected viscosity are shown for the same time 
period as in figure 5a. After the fifth day the R2O per
centage of the batch composi t ion was reduced. After two 
days the R2O percentage was 0 .16% less. The corrected 
viscosity obviously indicates the increase of the viscosity. 

In figure 6a the measured viscosity and temperature 
are shown over a 7 day interval in amber glass. After the 
third day in a time interval of about 8 h the addi t ion of 
recycled flint glass cullet increased from 0 to 7 % of the 
batch composi t ion with 6 0 % cullet and 4 0 % raw mate
rials. In figure 6b the corrected viscosity curve indicates 
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Figures 6a and b. C o m p a r i s o n of average tempera ture shown 
over a 7 day interval (after the 3rd day flint cullet addi t ion of 
7%) in amber glass; a) with measured viscosity, b) with cor
rected viscosity 

unmistakably the decreasing viscosity caused by the ad
dit ion of flint glass cullet. The temperature equivalent to 
this decreasing viscosity is 5 K. 

The possibility to measure at different posit ions in 
the glass ba th up to now has shown insufficient results. 
The Separation between the viscosity and the rest signal 

is l imited. T h e op t ima l measur ing condi t ions a re found 
at a s ta t ionary rod posi t ion a b o u t 3 c m above the fore
h e a r t h b o t t o m . T h e viscosity signal represents an 
integral viscosity over the glass b a t h dep th . T h e present 
forehear th cont ro l Systems c an cont ro l only the whole 
forehear th . It is impossible t o con t ro l the viscosity at 
different glass levels separately. 

6- Summary and outlook 
It is shown that an on-line de t e rmina t ion of the glass 
viscosity in an industr ia l process is pract icable wi th an 
equivalent precision c o m p a r e d to the present t empera 
ture measurements . Addit ional ly, all var ia t ions of the 
viscosity no t only those caused by t empera tu re changes 
are visible. This present in format ion gap for t he com
plete cont ro l of the glass cond i t ion ing can be closed. 

T h e next s tep in the further deve lopment will be the 
j u n c t i o n of the new sensor to the existing forehear th p ro 
cess con t ro l System. T h e viscosity m e a s u r e m e n t will be 
the mas t e r value for the existing cont ro l e lements for the 
thermal ly control led glass condi t ion ing . 
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