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ABSTRACT : 

In this paper the properties of Soda-lime glasses 

are determined by using linear multi-variate regress- 

ion. The technique was applied to a specific glass 

composition range for Soda-lime glasses used in 

electrical appliances. By using this technique it was 

possible to find a linear formula for the most impor- 

tant physical properties which affects the application 

of glass and it was possible to express viscosity as 

function of glass forming oxides thus both forming and 

end product properties could be fore-cost. The 

technique was applied by many other researches but it 

is applied for the first time for this composition 

range which is of prime importance for the industrial 

Soda-lime glasses in the Egyptian Industry. 

Key words : Forming properties, Linear Multi-variate 

regression, Density, Thermal Expansion and 

Viscosity. 

The main properties which should be controlled 

for glass in glass-making industries are mainly the 

density, thermal expansion and specially viscosity. 

As we are interested finally to control the forming 

process and costs for glass it was necessary for our 



glass composition range to establish a relation ship 

between these properties and the glass forming oxides. 

The paper is to determine the regression constants 

for these main properties in the formula 

P = C a . x  + E  
1 i 

where : 

P - Property, 
ai 

- Regression constant for oxide (i) , 
x - Composition of oxide (i) , i 
E - Regression error. 

It was possible in this paper to find the 

regression constants by using least-square fit. m e  

source of data was the published properties of glass 

by previous researchers and the analysis of glasses 

and properties available from the philips research 

laboratories. 

For glass samples specially prepared by the 

authors for the composition range of glasses for 

electric industries. 

For viscosity as it is the main properties for 

glass forming technology we developed a new mathematic 

approach to express the viscosity of glass as a linear 

function of the oxides concentration specially for the 

glasses used in electrical industries (e .g) lamps 

and electronic values. 



GLASS FORMING PROPERTIES RELATI ON-SH I PS 

I .  COMPOSITION-DENSITY  R E L A T I O N S H I P S  : 

In an investigation of the properties of glasses 

of various compositions the data may conveniently be 

expressed as a table or matrix, in which each row rep- 

resents observations on one glass and each column 

observations of one variable. Many problems in this field 

may then be approached by carrying out mathematical 

operations (in particular, matrix operations) on this 

data set. Several such studies have been published, 

concerned with the relationship between changes in 

additive factors and features of the appropriate phase 

diagram, the design of an information retrieval system, 

the calculation of glass viscosity, and the classifi- 

cation of glass forming systems. 

Additive factors are the coefficients (ai) in an 

equation of the form : 

where : 

P represents the value of a physical property and the 

'i the relative abundances of the various components 

of the glass, preferably as molar percent of the 

component oxides. 

Several sets of additive factors for a variety of 

properties - have been published, however, such factors 

generally do not apply beyond the composition range for 

which they were calculated, and this can present a 

problem to those interested of new, possibly unusual, 

compositions. This paper describes statistical analysis 

of published density data for several binary and ternary 

systems. 

The problems of using data from the literature are 

well known, particularly in glass science(*) . Ideally 



t h e  d a t a  should cover  as wide a range of composi t ions  as 

p o s s i b l e ,  and t h e  d i s t r i b u t i o n  of p o i n t s  should be  f a i r l y  

uniform. Experiments may be  planned t o  prov ide  optimum 

u s e  of s t a t i s t i ca l  a n a l y s i s  b u t  much of t h e  o l d e r  publ i shed  

in format ion  i s  u n s u i t a b l e  f o r  t h e s e  techniques .  ( ) Where 

p o s s i b l e  t h e  d a t a  ana lysed  i n  t h i s  i n v e s t i g a t i o n  were 

checked a g a i n s t  o t h e r  sou rces  and a l s o  checked f o r  i n t e r n a l  

cons i s t ency .  A few p o i n t s  were d i sca rded  because t h e  

publ i shed  d e n s i t y  measurements were vary ing  from t h o s e  

f o r  neighbouring composi t ions .  I n  no c a s e  w e r e  d a t a  from 

d i f f e r e n t  exper imenters  combined, s o  it i s  hoped t h a t  

w i t h i n  each system t h e  e f f e c t s  of thermal  h i s t o r y  may 

be ignored.  

The goodness of f i t  of t h e  v a r i o u s  equa t ions  w a s  

measured by c a l c u l a t i n g  a s t a t i s t i c  s i m i l a r  t o  a s t anda rd  

d e v i a t i o n ,  ( A r m s )  , 
E ( X o  - X c I 2  

( A  l 2  = r m s  n 

where : 

( X  ) and (Xc)  a r e  t h e  measured and c a l c u l a t e d  v a l u e s  
0 

r e s p e c t i v e l y  and (n )  i s  t h e  number of p o i n t s .  An 

except ion  t o  t h i s  occu r s  i n  Table  ( 2 )  and i s  expla-  

ined  when d e s c r i b i n g  Equation ( 4 )  

Although i n  some i n s t a n c e s  t h e  square  of t h i s  v a l u e  

h a s  been used t o  c a l c u l a t e  a v a r i a n c e  r a t i o ,  (F) t o  

i n d i c a t e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of t h e  d i f f e r e n c e s  

between t h e  goodness of f i t  of e q u a t i o n s ,  t h i s  procedure 

i s  of  l i m i t e d  a p p l i c a b i l i t y .  I n  p a r t i c u l a r  such compar- 

is'ons should be  l i m i t e d  t o  t h e  same set of d a t a  and no t  

used f o r  comparing t h e  a p p l i c a t i o n  of t h e  same equa t ion  

t o  d i f f e r e n t  sets of d a t a  : 

?i 2 - 5  =a0 - S 0 d a t a  : 
L i 2 

Using t h e  176 d a t a  p o i n t s  of t h e  fol lowing equa t io r  

w a s  ob ta ined  on t h e  assumption t h a t  t h e r e  was a l i n e a r  

r e l a t i o n s h i p  between ( V  ) and t h e  molar pe rcen t  of t h e  
s 

ox ides  : 



with a  Arms of 0.004. The e r r o r  a s soc ia ted  with one po in t  

w a s  t e n  t i m e s  l a r g e r  than t h e  o t h e r  e r r o r s  and t h i s  po in t  

was t h e r e f o r e  d e l e t e d  and t h e  remaining 175 p o i n t s  used 

t o  f i t  equat ions  of t h e  form : 

The r e s u l t s  a r e  s u m a r i s e d  i n  Table ( 1 )  and t h e  ( A m s )  

value obtained f o r  Equation ( 3 ) ,  0.001, i n d i c a t e s  a  sign- 

i f i c a n t l y  b e t t e r  f i t  than t h e  Arms of 0.004 obtained f o r  

Equation ( 2 ) .  
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Table  ( 2 ) :  C o e f f i c i e n t s  For U s e  With Equation ( 4 )  

Sect ion 1-20 P o i n t s  

2 760.4 -23.62 

3 857.0 -27 -75 

4 677.6 -13.88 

5 -91.82 18.77 

Sect ion 2-11 P o i n t s  

2 784.9 -26.14 

3 101.6 -36 -85 

4 602.6 - 0.03351 
5 677.4 -13 -73 

Sect ion 3-11 P o i n t s  

2 539.1 -17.91 

3 1558 -61.88 

4 1086 -30.07 

5 -1837 92-48 

Sect ion 4-16 P o i n t s  

2 679.4 -21.82 

3 1656 -63.49 

4 1114 -31.85 

5 -1564 106.60 

s e c t i o n  5-12 P o i n t s  

-22.26 

- 5.028 
318.4 - 5.254 
-987.2 63.13 

The v a r i a t i o n  of t h e  s p e c i f i c  volume may how be i n v e s t i g a t e d  

us ing  equa t ions  of t h e  fo l lowing  form. 

4  n  
i 

Avs x 10 = a i  (Si02) ( 4  
i = O  

Where: (AV ) i s  t h e  d i f  f e r e n c r  between t h e  observed v a l u e s  and 
S 

t h e  c a l c u l a t e d  v a l u e s  u s ing  Equation ( 2 ) .  Equation ( 4 )  i s  thus  

only  e s t i m a t i n g  t h e  n o n l i n e a r  v a r i a t i o n  of V . 
s 

The r e s u l t s  a r e  summarised i n  T a b l e ( 2 ) ,  the(Arms) v a l u e s  

a r e  now an o r d e r  of magnitude s m a l l e r  and ,  i n  a d d i t i o n ,  t h e r e  

is  c o n s i d e r a b l e  s c a t t e r  i n  t h e s e  v a l u e s .  
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Table ( 4 ) :  E q u a t i o n s  f i t t e d  t o  b i n a r y  d a t a ,  P = R20 

or RO, r = S.0 (mol % ) ,  S = P + 2 r. 
1 2  

N a 2 0  - S i 0 2  - 3 6  Points. 

K20 - Si02 - 10 Points. 

Capo - S i o 2  - 6  Points. 



I G ( 1 )  Plot of resu l t s  f rom Section 1 - 



Plot of r e su l t s  from Section 4 
of Table (2 )  



I I I .  COMPOSITION-THERMAL EXPANSION R E L A T I O N S H I P S  MATHEMA- 

T I C A L  METHODS : 

M i l l e r  & White have used  an exp re s s ion  

Where : Xi a r e  molar  pe r cen t ages  of o x i d e s  o t h e r  than  

s i l i c a ,  t o  relate d e n s i t y  and composi t ion and t h i s  paper  

d e s c r i b e s  t h e  u s e  of compute r i sed  s t a t i s t i c a l "  a n a l y s i s  t o  

f i t  e q u a t i o n s  of t h e  same g e n e r a l  form t o  the rmal  expansion 

d a t a .  

S i l i c a t e  Glasses (R20-R;O-S 0  and Na2-RO-Si02) i 2 

Data f o r  t h e  sys tems (Li20 - Ma20 - S . 0  ) , ( L i 2 0  - K20 - 1 2  

S . 0  , and (Na20 - 1 2  
K20 - S 0 ) w e r e  o b t a i n e d  by Shebany and 

i 2 
t h e  a d d i t i v e  f a c t o r s  c a l c u l a t e d  from t h e s e  d a t a  a r e  g iven  

i n  Tab le  ( 1 ) .  Fo r  t h e  (Li20 - Na20 - S 0 sys tem Shebany 
i 2 

r e p o r t e d  d e v i t r i f i c a t i o n  of t h e  t h r e e  g l a s s e s  wi th  85 mol % 

Si02, SO t h e s e  r e s u l t s  shou ld  be  t r e a t e d  wi th  c a u t i o n .  

A s  on ly  n i n e  p o i n t s  a r e  g iven  f o r  each system t h e  d a t a  a r e  

b a r e l y  adequa t e  f o r  t h i s  t y p e  of a n a l y s i s .  

The (Na20 - BaO - S 0  d a t a  w e r e  ob t a ined  by Yasuhara 
i 2 

and taken  f o r  t h i s  i n v e s t i g a t i o n  from karkhanava la .  The 

f i r s t  se t  of f a c t o r s  i n  Tab le  ( 1 )  was o b t a i n e d  u s i n g  a l l  

t h e  d a t a ,  w h i l e  t h e  second was computed a f t e r  t h e  p o i n t s  - 

w < t h  t h e  l a r g e s t  v a l u e s  of A = [ ( a  - a obs. c a l c .  10'1 

had been omi t t ed .  The r e s u l t s  a r e  s t i l l  u n s a t i s f a c t o r y ,  

a s  it h a s  n o t  been p o s s i b l e  t o  check t h e  o r i g i n a l  r e f e r e n c e s  

t h e s e  r e s u l t  shou ld  be  t r e a t e d  wi th  c a u t i o n .  

The (Na20 - Be0 - S 0  ) d a t a  w e r e  ob t a ined  by Rencker, 
i 2 

The a d d i t i v e  f a c t o r s  c a l c u l a t e d  from t h e s e  d a t a  a r e  a l s o  

g iven  i n  Tab le  ( I ) ,  t h e  f i r s t  set be ing  c a l c u l a t e d  f r o m  

t e r n a r y  d a t a  on ly  and t h e  second i n c l u d i n g  d a t a  f o r  f i v e  
- b i n a r y  s o d a - s i l i c a  g l a s s e s .  The (Na20 - CaO - Si02) d a t a  



w e r e  o b t a i n e d  by Schmidt ,  F inn & Young a g a i n ,  t h e  f i r s t  

set of f a c t o r s  w a s  computed from t e r n a r y  d a t a  on ly  wh i l e  

t h e  second set i n c l u d e s  d a t a  on b i n a r y  Soda-S i l i ca  g l a s s e s .  

Fo r  each set of d a t a  t h e  v a l u e s  of A w e r e  p l o t t e d  

a g a i n s t  composi t ion on a t e r n a r y  diagram,  i n  no c a s e  was 

it p o s s i b l e  t o  i d e n t i f y  r e g i o n s  i n  which t h e  thermal  

expansion c o e f f i c i e n t  was a s t r i c t l y  l i n e a r  f u n c t i o n  of 

composi t ion.  T h i s  sugges ted  t h e  u s e  of n o n l i n e a r  e q u a t i o n s ,  

s i m i l a r  t o  Equat ion ( I ) ,  and f o r  each se t  of d a t a  c o e f f i -  

c i e n t s  w e r e  ob t a ined  f o r  two such e q u a t i o n s .  For  a  g l a s s  

of composi t ion [pR 0 .  q (RIO o r  R '  0 )  . r S i 0 2 1 ,  where ( p , q )  2 2 
and ( r )  r e p r e s e n t  t h e  molar  pe r cen t ages  of t h e  o x i d e s ,  t h e s e  

7 e q u a t i o n s  a r e  : ( a x  10 = a  + a p  + a q  + a ; p / r  + a ; q / r . . ( 2 ) .  
7 0 1 2 

and ( a  x 1 0 '  = bo + b l p  + b2q + b; p/S + b; q /S .......... ( 3 )  

where ( S  = p + q + 2 r )  r e p r e s e n t s  t h e  t o t a l  oxygen c o n t e n t  

of t h e  g l a s s  and t h e  c o n s t a n t  terms ( a  ) and ( b  ) r e p r e s e n t  
0 0 

t h e  e x t r a p o l a t e d  the rmal  expansion c o e f f i c i e n t  of v i t r e o u s  

s i l i c a .  

The r e s u l t s  of t h e s e  a n a l y s e s  a r e  summarised i n  Tab le  

( 2 )  and ( 3 )  . I n  each case t h e  f i r s t  set of (Na20 - Be0 - 
Si02) r e s u l t s  w a s  computed from t e r n a r y  d a t a  on ly  wh i l e  

b i n a r y  s o d a - s i l i c a  d a t a  were inc luded  f o r  t h e  second set .  

Fo r  t h e  (Na20 - CaO - Si02) system bo th  b i n a r y  and t e r n a r y  

d a t a  w e r e  used .  I n  a l l  t h e  sys tems t h e  v a l u e s  were 

lower than  t h e  l i n e a r  ones  and i n  most c a s e s  t h i s  was 

s t a t i s t i c a l l y  s i g n i f i c a n t .  



Table(1) : Additive factors for silicate glasses. 

I Components Cornposi%lon 

range (mol %) 

4 - 26 
4 - 26 
65 - 85 

0.17 1 1 6 p o i n t s  

0.23 9 p o i n t s  

3.80 

0.18 15 p o i n t s  

4.34 

0.22 1 1 49 p o i n t s  

0.35 49 points 

2.99 
2.64 50 - 300 4 * 3  
Q 34 26 points 
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I I I .  CALCULATION OF THE V I S C O S I T Y - T E M P E R A T U R E  RELATION 

The viscosity-temperature relation is expressed by 

the Fulcher equation. 

B Log 71 = -A + - O ~ T = T  + B 
T-To o 

log r! + A 
where : Log Q = Log 

10 
viscosity in poises, 

T = the temperature in O C  

T~,B, and A are c onstants. 

The Fulcher equation was optimised for minimum temperature 

deviations by least squares techniques, as the deviations 

of log viscosities are not normally distributed. There is 

no direct method to optimis this form of an equation, and 

the Fulcher equation was first transformed into the form 

To* Log n -  A. T + A. To + B = T. log 1 . 
with multiple regression analysis techniques for two indepen- 

dent variables, the values for A, To, and B could be 

calculated. 

The equation corresponds to the general form 

values for A were 

T = T  + 
0 

which corresponds 

where : y = T, a 
0 

a + alxl + a2x2 
0 = Y 

where: a = To, a = A, a. = A. To, x = log Q ,  x2 = T, 1 2 1 
and Y = T. log . The solution gives values for the 
constants A, To, and B which in many cases are accurate 

enough for practical industrial use, but does not give 

the best fit to the curve. In the second step, different 

put into the equation : 

B 
1 

Log : + A 

with the general form [ y  = a + a - x] 
0 1 

- - To, a = B and x = 1/Log + A. 1 

The value of A was changed until a minimum residual 

variance was achieved. The value was then determined 

to three decimals, and this procedure usually needs 



8 - 10 ryns with different values of A .  The time needed 

for this~calculation depends on the equipment available, 

but witp' a Hewlett-Packard 9 100 B programmable desk 

calculater a complete calculation could be finished in 

about one hour. 

The Fulcher equation gives a very good description 

of the viscosity-temperature relations in spite of 

certain limitations. The curve of deviations shows a 

systematic S-shaped form, independent of measuring 

techniques, apparatus, or viscosity-range. This in- 

dicates that the real viscosity-temperature function 

is no& identical with the curve described by the Fulcher 
I 

equation, and the Fulcher equation was discussed by 

Mecrlpnder. A cubic equation of the form 

T = a  + a l  ( 
1 

0 
) + a  ( -  2 + a2( - 

log .I 
I 3  

Log r Log r 

gives standard deviations one - half to one - third of 
the Fulcher equation Despite this it was decided to use 

the Fulcher equation because of its simplicity and general 

acceptance. A linearised viscosity-temperature function 

for a typical glass is shown on Figure (3) . 
The standard deviations for the present measurements in 

the high temperature region were less than 1 deg C, usually 

0.7 - 0.8 deg C ,  and were approximately 1.0 - 1.5 deg C 

for the complete viscosity curve from 102 to lo3 poise. 

As this accuracy is fully satisfactory for determining 

the viscosity - temperature relations of a glass, there 
is -no need for more accurate formulae. 



Temperature Fn degrees Celsius 

BIG. ( 3 ): Linewised viscosity-temperature 
function f o r  glass 4; standmd 

deviation = 1.16 O C .  
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I .  "COMPARATIVE A f l A L Y S I S  OF SAME I N D U S T R I A L  GLASS F O R  

ELECTRICAL INDUSTRIAL " 
- 

Table For The Industrial Glass Properties 

Table (1 ) : Constants and coeffkient for the effect of 

glass oxides. 

Viscosity h e a l .  

temp . 
tk/lOO 

O C  

where : L.0.t. = Low operating temp. 

5.o.t. = Hight operatin7 temp. 

Ph.v.t. = Philips viscosity temp. 

Pm.v.t. = American viscosity temp. 

W.t. = Work temp., tkjlOC = Annealing temp. 
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Table (2) : Standard analysis of physical property 

Standard 
dev ia t -  
ion 

Oxide 

s io2 
Na20 

K2° 
CaO 

~tandard dev ia t -  
ion of  Measured 

property 

Property 

a train 

Density 

L..o. t . 
Phm~eto 

Am.v.t. 

working 
temp. 
tk  100 

Standard error  o f  the Measured 

Table ( 3 )  : Results of standard deviation and 

physical propertes :- 

Physical property 

strain 

Density 

" 

A m o r .  t .  bi Z=10 7 . 6  

work temp. b i j z  = 10 4.0 

Annealing Temp- tk/100 



where 

E = physical property. 

C = constant, 'i = Percentage of oxide (i) 

n = No. of components 

f = effect of oxide (i) i 

where 

Ss = standard deviation of error. 

S = standard deviation of the analysis of element 
pi 
S = standard deviation of the physical property. 
W 

where : 
- 
A = mean deviation 

W = physical property "reel" 

E = Physical property "Calculated" 

n = No. of components. 

where : 

Ssl 
= standard deviation of sample. 

A = deviation. 

n = no. of reading for oxide (i) i 
n = no. of components. 

where : 

S~ 
= Total standard deviation. 

fi = effect of oxide (i) 

S = standard deviation of the analysis of element. 
pi 



where : 

= log  po i se  v i s c o s i t y  

= cons tants .  

= temperature i n  OC. 

= temp. cons tan t .  

100 C1 

where : 

= concent ra t ion  a s  l i n e a r  funct ion  of R 
i 

= cons tan t  f o r  oxide (i) 

= I n t e n s i t y  r a t i o  

= cons tan t  

= Inf luence  f a c t o r  of e l e m e n t ( i )  on e lement ( j )  . 
= cons tan t s  

= f a c t o r  f o r  element. 

Example f o r  sample = No. (1 - Table ( 4 )  , Table (5 )  f o r  

Na 0 t h e  ( K )  f a c t o r  i s  : 2 

Ai = a  + bRi and C i = a + b R i  



where : 

r = c o r r e l a t i o n  f a c t o r  

= standard dev ia t ion  

= 4 e (cN - Ci) 1 (11-11 ' 

= Average . 
= No. of samples. 

= c o n s t a n t s .  

= I n t e n s i t y  r a t i o .  



Table ( 4 )  : Composition of sar~~ples 

- 
No. 

- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

- 



Element 

Table (5) : Coefficients "Resultsn : 





\ 

T a b l e  ( 7 )  T a b l e  of A, = K C, 
I 

CaO 



Oxide 

Fe203 

Pb O 

AL203 

Na2D 

K2° 

cao 

Si02 

Sb203 

-273- 

Table ( 8 )  : C4 = a + bR, - concent ra t ion  as  l i n e a r  

function 

Table ( 8 )  Ai = a + bR 
i 











APPENDIX 

V i s c o s i t y  measurements a t  low tempera tures  : 

V i s c o s i t i e s  a t  low tempera tures  were measured by 

t h e  beam bending method, desc r ibed  by Hagy i n  t h e  v i s -  
8 c o s i t y  range 1 0  - 10 13 p o i s e .  

The a p p a r a t u s  i s  shown diagrammatical ly  i n  F i g u r e ( 1 )  

v i s c o s i t y  w a s  determined by measuring t h e  midpoint  

d e f f e c t i o n  of a g l a s s  beam supported a t  each end and 

was c a l c u l a t e d  from t h e  equa t ion .  

q' . L3 
r l =  
5 

[ M +  A . L  I p o i s e  
2 .4  x Ic. v 1.6 

where ( g )  i s  t h e  c o n s t a n t  of g r a v i t a t i o n  i n  cm/sec2 . 
( L)  i s  t h e  suppor t  span i n  cm, 

(Ic) i s  t h e  c r o s s - s e c t i o n  moment of i n e r t i a  of 
4 t h e  tes t  beam i n  Cm . 

( v)  is  t h e  speed of d e f t e c t i o n  i n  cm/min, 

( M) i s  t h e  a p p l i e d  load  i n  grames, 

( v )  is  t h e  s p e c i f i c  weight of t h e  g l a s s  i n  g/cm3 

( A) i s  t h e  c r o s s - s e c t i o n  a r e a  of t h e  beam i n  cm2. 

For r e c t a n g u l a r  beams 

where : ( a )  i s  t h e  width and ( b )  i s  t h e  h e i g h t  of t h e  

beam i n  c m ,  whi le  f o r  c y l i n d r i c a l  beams, 

4 = n d / 6 4  cm 4 
I C  

where : (d) i s  the d iameter  of t h e  beam i n  cm. 

By t h e  u s e  of d i f f e r e n t  beams and l o a d s ,  v i s c o s i t i e s  
13 could be measured i n  t h e  range of lo8 - 1 0  p o i s e ,  bu t  

h i g h e r  v i s c o s i t i e s  need very long t i m e s ,  s e v e r a l  hours  

f o r  s t a b i l i s a t i o n .  



Rectangular beams with a = 7 mm and b = 2 mm, 

c y l i n d r i c a l  beams = 7 mm diameter and c y l i n d r i c a l  

beams = 13 mm diameter w e r e  used. Loads of 40, 140, 510 

grams w e r e  app l i ed  and t h e s e  included t h e  weight,  of t h e  

loading rod, the t ransformer c o r e ,  and t h e  weight support .  

The temperature measured near  t h e  midopoint of t h e  beam 

and t h e  output  of t h e  t ransformer w e r e  recorded on a two 

channel recorder  : with zero supression and 1 mv/250 mm 

s e n s i t i v i t y ,  t h e  temperatures were recorded with an 

accuracy of 0.2 deg. C and d e f t e c t i o n  r a t e s  were measured 

accura te ly  by choosing t h e  s e n s i t i v i t y  and paper speed of 

t h e  recorder  t o  g i v e  a l i n e  of nea r ly  45, A s  t h i s  method 

g ives  abso lu te  v i s c o s i t y  va lues ,  no c a l i b r a t i o n  is  

necessary and a smooth t r a n s i t i o n  between t h e  low and 

high temperature curves i s  an e f f e c t i v e  c o n t r o l  f o r  t h e  

accuracy of t h e  measurements. 

The g l a s s e s  f o r  low temperature determinat ions were 

remelted i n  a platinum 2% rhodium c r u c i b l e  of 160 m l  

volume, s t i r r e d  f o r  2h, he ld  overnight  a t  1400 - 1425 OC 

and cooled i n  t h e  c r u c i b l e .  

Several  rods of 7 and 13 mm diameter w e r e  d r i l l e d  

ou t  d i r e c t l y  from t h e  c r u c i b l e  with diamond core  d r i l l s ,  

and some 7 mm rods were ground down t o  2 mm. 



\ 
Core 

/--- 
i/' &inear v a r i  
7 
J Load 

Sil1.t.mRnite r i n g  

F ibre  msulation 

Glass beam 

S i l i c a  g l a s s  support 

S i l i c a  g l a s s  rod 

t I n s u l a t i n g  b r i c k  

Thermocouple 

e differential transforme: 

FIG. ( 1 ): Viscometer f o r  measuring v i s c o s i t y  
L 

at  l o w  temperatures . 



C O N C L U S I O N  

I t  h a s  been proved t h a t  i t s  p o s s i b l e  t o  f o r e c a s t  t h e  

impor tan t  p r o p e r t i e s  of g l a s s  f o r  t h e  produc t ion  and 

p roces s  engineer  as l i n e a r  f u n c t i o n  of t h e  ox ides  composing 

i t s  s t r u c t u r e .  

W e  s t r o n g l y  recommend o u r  Egyptian i n d u s t r i e s  of g l a s s  

making t o  encourage r e sea rch  i n  t h i s  a r e a  s o  t h a t  t h e  

c o n t r o l  of f i n a l  product  s p e c i f i c a t i o n  could  be c o n t r o l l e d  

by proper  c o n t r o l  of t h e  glass-Mix. 
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