VISCOSITY AND ELECTRICAL CONDUCTIVITY :
* OF MOLTEN GLASSES.OVER A WIDE TEMPERA-
TURE RANGE

. R. 8. Saringyulyan, et al ’

Foreign Technology Division
Wright-Patterson Air Force Base, Ohio

! |
17 November 1972

AD-753 480

N |

v

L

R ey

A S SRt S Y b Wi

National Technical Informatinn Service - !

U. S. DEPARTMENT OF COMMERCE '
5285 Port Royal Road, Springfield Va. 22151 ’

jg

g

.

5

|

]

]

J ) g
DISTRIBUTED BY; -
' i
i

!

:

i

4

:




e - 1 =
S T T L AT D T e e e R R R S R A

*D-HT-23-1101-72

ol

B o)

FOREIGN TECHNOLOGY DIVISION

aat
AD753480

i
i

s
sfé%%

)

o

J”

i
e

A «/K ¥

%

Ly
i

A
D

AL
@ﬂ%@’f@;«&%y

% VISCOSITY AND ELECTRICAL CO:IDUCTIVITY
& . OF MOLTEN GLASSES OVER A %I1DE
i TEMPERATURE RANGE
by
R. §. Saringyulyan, X. A. Yostanyan
and Ye. A. Verzngian E
g
i;_é
T~y ™ _cf-‘ : g
& LN 3 E |
E ~ I L
2 . E; . g
Hi i %
o, G |
;ft‘ 5 ..?Q%
.. Bt

av; reved for public release; |
" -Lribution unlimirad,

eproduced b
NATIONAL TECHNICAL @

[NFORMATION SERVICE

tment of Commerce
U S e afield VA 22151

b

W deﬂ;wmm Sinhankn et v bR
i




QEBECT oI = R e

UNCLASSIFIED
Security Classificetion

R

DOCUMENY CONTROL DATA-R& D

of abatract and index. muat bo

(Security classitication ol title,

d when the on‘:it; f; et {s elaseiiied,
1. ORIGINATING ACTIVITY {

28, REPORT SECURITY CLASSIFICATION

SSIFIED

7]
Foreign Technologv NDivision
Alr Force Systems (Command

U, S, Air Force
3. REPOARY TITLE

VISCOSITY AND ELECTRICAL CONDUCTIVITY OF MOLTEN GLASSES OVER
A WIDE TEMPERATURE RANSE
4. ORICRIPTIVE NOTES (Type of repert and inclusive dates)

Translation
9. AUTHORS) (ﬂm AN, siddie Hlﬁb fast name)

Saringvulvan, R.S.; Kostanvan, K.A.; Yerznkvan, Ye.A.
[¢. AEPORT DATE 78. TOTAL NO. OF PAGES 75, NO. OF REF3

| 1970 F [P 9
08. CONTRACTY OR GRANT NO.

98. ORIGINATON'S REPORT NUMBER(S)

| s smoszcTNo. 7343 ATD-T=23-1101-72

8). OTHER REPORT NOLS) (Any sther numbers that mey be ssasigned
this ropert) (Any y

10. ISTRIBUTION STATEMENT

Aporoved for public release; q;stribution unlimited.

AN
S A
11. SUPPLEMENTARY NOTES _ J12. APONSORING MILITARY ACTIVITY

. ’ o Foreipn Technoloev Division
Wri~ht-Patterson AFB, Chio

T TR — m

Exptl, data indicate the absence of a rectilinear relationshin
between lor sipgma (elec, cond.) and lor eta (viscosity). This

! correlation holds food in the hirh temn, repions. THe values of

: n and © (consts, in Littleton equation lor eta + n lor

§ sigma = C) for different glasses are nresented. Glasses bescome

3 inhomosrenecus in anomalous temo. rerions. at firinr temn,
rerions the .correlation between sipma and &ta develop an
exponential function.

| AP1154230

P
E)

B

fiti i i

| .
{ -18 -

W

DD V.1473 _ I LANIFTED

4

N

i

Secunty Classification

A

i TR




" ey venes

_Fluid Viscosity

Electric Conductivity -
Molten Glass

High Temperature Effect

ICTASSIFIED

Security Classification




e et {30 o Mgt 7 wr s

e
= T

PRI e - O e LR R SR
e i = = = 3

zﬁuﬁv’gwqﬂﬁgp = e T

TS R Vesorcieres

=2 .
% 3 -

FID-HT- 23-n01-72

EDITED TRANSLATION

FTD-HT-23~1101-72

VISCOSITY AND ELECTRICAL
CONDUCTIVITY OF MOLTEN GLASSES
OVER A WIDE TEMPERATURE RAMNGE

By: R. S. Saringyulyan, X. A.
Kostanyan and Ye. A. Yerznkyan

Erglish pages: 7

Source: Stekloobraznove Sostoyaniye,
Izd-vo Akademii Nauk Armyanskoy
SSR, Vol. 5, No. 1, 1070
pp 206-213.

Requester: ASD

Translated by: Alc Paul J. Reiff .Jp,

Avnroved “or nublic release;
distribution unlimited.

THIS TRANSLATION 1S A RENDITION OF THE ORIGH.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:

ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP.AFB, OMIO.

-

FID-HT- . 23-1101-72 Date_17 lov]g 7.




P

_———

U, S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration
A, a

o]
far}
o}
[
P
b=
ot

al

e

Sh, sh
Shch, shech
n

¥, y

E, e

Yu, yu

{a, ya

QOoOXXxIXWEMRTIBN>
=O::=:ax'*onﬁ-au
QOO EMI™SOWLE
=°xkhnm=“*~w“-qn

N
NBOTC L EELEXOKHOT
asur‘essanxew"“v
HNJIOCPERELONSRCHNOY
"’6"'!".55"&"'9'*§h.°

@)

=z

0

=

t
-
TOBEHFY N

* ye initially, after vowels, and aiter %, b; € elsauh-re,
When written as & in Russian, trans!iterate as y& or U,

The use of diacritical marks is preferred, but zuch mari:.
may be omitted when expediency distates.

FI'D-HT-23-1101-72 i

T milmsmmememess

¢ Transliteration

T

il

[l bl

It s
it

A

iy b B

i el i i

)

it




R

VISCOSITY AND ELECTRICAL CONDUCTIVITY
OF MOLTEN GLASSES OVER A WIDE
TEMPERATURE RANGE

R. S. Saringvulyan, K. A. Kosanyan
and Ye. A. Yerznkyan

The relationship between viscosity (n) and electrical con-

ductivity (x) of molten glasses and salts is usually given by the
Littleton-Yevstrop'yev equation [1]

1“11-_._- C' ( l )

g where n and C are constants.

Data have recently been published ~oncerning molten glasses

whose viscosity does not exceed 105 noise [1, 2]. TFrenkel,

Yevstrop'yev, and other researchers consider relationship (1) to
pe the formal corollary of identical temrerature dependences of
viscosity and electrical conductivity [1, 3];
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There is another point of view which has beer discussed in
tha literature, one which analyses equation (1) as a corollary

of the great physical connection between viscosity and electrical
conductivity [2, 4].

Establisiment of the actual functionzl dependence Le¢:wsen
viscosity and electrical conductivity requires a review not of
the motten state separately, but of the entire temperature range
encompassing a change in viscosity frcm lO2 to lO1u poise in
which equations (2) are no longer valid. The temperature
dependences of viscosity and electrical conductivity within the
indicated interval are described by more complex equations
containing three or more constants. He.'~ the equations for
viscosity and electrical conductivity are also similiar in form.
It is a known fact that, for example, electrical conductivity
in the temperature interval encompassing the molten and highly-

viscous states (the temperature range of annealing) satisfies
the equations [5]

Y B
lgl =7 ~,E'_-. (3)
.
,n(: 1
hgnee A (4)
]gt £ _\'” “\."_:_'

(5)

which in form resemble the corresponding equations of Tamman-

Vulcher, Waterton, and Okhotin. If we start with these derived

equations, then the conditions for satisfying relationship (1)

become more complicated. When viscosity and electrical conductiv-

ity are subject to an exponential dependence the conditions for
fulfilling relationship (1) is [3]

£, .-k, (6)
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while over a wide temperature range, beginning with equation
(5) and the Okhotin equation

the conditions for fulfilling relationshin (1) will be

m=m’ and B= ", (8)

If, however, we begin with equations (3) and (4) and the

corresponding viscosity equations, in these cases two equalities

must also be satisfied.

At present there are no calculation methods for determining

the constants in equations (3-5) and the analogous equations of
viscosity: this situation prevents us from vevrifying the
feasibility of relationship (1). Exisiting literature does not
indicate the methods for calculating viscosity and electrical
conductivity of glasses over a wide temperature range. Existing

data concern only a limited temperature range. Therefore, the
sole means for verifying the feasibility of relationship (1)

over a wide temperature range is experiment.

The purpose of thls work is an investigation of the tempera-

ture dependences of viscosity and electrical conductivity of

glasses and also the forms of the dependence between these pro-

14

2
perties in the viscosity range of 10° to 10 poise. For the

purpose of experiment, 15 glasses of different composition

(among them 7 of industrial composition) were selected, several
of which are shown in Table 1.

The viscosity of the glasses in the annealing temperature

range was determined by vertical elongation [6], while in the
molten state — by the restrained-svhere method [7]. The electrical

conductivity of all the glasses over the wide temperature range

FTD-HT-23-1101-72 3

AR RIS B




(500-1400°) was measured using the method described in work [81],
modified somewhat. The obtained experimental data supported the
belief that over a wide temperture range the electrical conducti-

vity is well defined by equations (3-5) while viscosity is well
defined by the Tamman-Vulcher, Waterton, Yevstrop'yev, [6], and

Okhotin equations. We propose in addition the following equations

for viscosity:

serepn,
lg'l.:--:i !DT . ¢

(9)
(10)

lg74 =9 .-

i

-3 |'&o

Table 1. Composition of glasses, wt %.

a1 i Oxides

& .. e e e e e
asses, $10,0 1 B0, T A0, a0 T ve0 Ba0 TR0 NGO
Nest (in) . i . T P2
N2 (i5 . : — . o
Lilly 70 ! e 0 i - 2
‘E. 518 ]0..“ ‘1 5 140 Js0) H - .
Ned 71,0 0.1 A0 [ G5 2 Vo] s
Aoty %40 T M T TR AN EREN
N0 633 0.5 1041 PN REROU I B N I T
Al 754 3.3 tT 1.7 . - RN B OIS % YR
N3 ish 9% 4,0 el 2 ' 747 {1
Nef2 0.6 . ' .. - 13,02 0 1642 -
AC-1 7241 - P10 STC S B i b2 fen

Relationshirs similiar in form to these =zjuations satisfac-
torily describe the temperature dependence of the electrical
conductivity of glasses [9, 10]. Equations (9) and (10) are
Just as accurate as the above noted viscosity equations and arc
distinguizhoed by their ease of solution. All calculations
according to the indicated equations on the basis of the experi-
mental data were accomplished using a "Razdan-2" computer at

the Computer Centers of the Armenian SSR Academy of Sciences and
Yerevan State University.

Figures 1 and 2 depict the 1lg ¥ — ig n graphs for several
of the tested glasses over a wide temperature range encompassing

viscosities of 102 <0 10° poise. Roman numerals on the f: jures
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indicate the zero point on the 1lg « axis. We can conclude from
the given graphs: 1. The function 1lg ¥ — 1g n generally is not
linear for the indicated interval of viscosities, that is, rela-
tionship (1) is not observed. 2. Relationship (1) is valid
in the high temperature range (the molten state) which is in
agreement with literature data. 3. Relationship (1) also is
observed in the anomalous temperature range (viscosity 10 —10
poise) but with different values fer n and C.

14
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Table 2 gives the values for n and C of relationship (1) for
the anomalous temperature range and molten-state temperatures
of glass.

It is clear from the table that in both cases n > 1 and that
on the average the values of n for the anomalous temperature
range differ only slightly from n for the molten state. No hard
and faét rules are observed in the variation of n, either in the
dependence of transition from the molten to the highly-viscous
state, or in the composition of the glass.
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Table 2.

Coefficients of equation lgn + n lg k = C.

¥

Anomalous temperature !

Molten State

8 I i

range (10 -1t poise)! (10%-107 poise) . :
: ; :

Glass n c  |rpe ‘ n c Acpe, ﬁ

L. §.083 -.34L94 | 0,03 ‘ 1,529 . 0.0 261 .

N:23 4610 - Bedl 2,84 ‘ 4131 - o2 1,33 .

Ni42 4,073 -- BesS 0,07 5.316 o Tl 128 .

-2 54081 ~ 568 2,661 P 15 - 1,04 k

N6 1,554 20y BB LTI Aoty 2,24

N:10 3,976 -4 1025 1 S0y -2 311

Ne3 i 3831 0,9} 0,51 - 6+39% O 3 1475

a3t i 031 ~= 1,85 1425 ;] 447t T 1541

Jwaan * 5041 106 0,90 { Fesnd? -1 70 0.76 .

Ne21 ¢ 3 0,76 1,39 o3 T K Gitiis )

Quounde * 44338 - 0067 1,02 4.110 - 2 1.02 :

AC-1 To3.002 2,12 10,79 4,078 - .68 1,60 ‘

Lilly * .
Window #*# :

It is clear from the given results that the changes in
activation energy of viscosity and electrical conductivity of
glasses with transition to the anomalous temperature range is
generally irregular.
flow and the mobility of electrically-conducting catlons occur
by various and not mutually independent mechanisms. The fulfill-
ment of relationship (1) in the annealing temperature range is
also a formal corollary of the fact that the temperature dependence

This shows that the processes of viscous

of viscosity and electric conductivity in the indicated temverature
Indeed, ac the
investigation of the temrerature dependence of viscosity and

range is subject to exponential relationshirs.

electrical conductivity in the annealing temperature range has
whown, this dependence 1s also subject to exronential relationships
(2) in which values An’ AK, En, EK have different values than

those for the molten state [5, 6, 91].
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