
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



-- --- -- ---- I - - - --- I 	 ^	 I -_	 - - t^^-A -

f

D77-24286.

3A-£ -# 2'^2} -ST1IDy_-oF_ DIT ?USIO -- Ana}

C08FFICIEVTS OF GLASSLS UUDEB
Fegort, 1 inn. 197 4 - 30 itov, 1976	 Unclas
(Vanderbilt Univ-) 19 P HC ,02/11F 10111B G3/'27 29134CSCL

FINAL REPORT

Study of Diffusion Coefficients of Glasses Under Zero-G

Contract No. NAS8-30656

Period Covered: June 1, 1 0,74 through November 30, 1976

Prepared for

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

Prepared by

D. L. Kinser, Principal Investigator
Vanderbilt University

Department of Mechanical Engineering and Materials Science
Nashville, Tennessee 37235

March 15, 1977

^ ASA STi FP.^._:Tl
INPUT BR?N_,Ei

r



I	 t

WK

Abstract: The-present report details the results of two efforts. The first

consists of the definition of a glass diffusion experiment to be conducted

in a weightless environment and the conduct of those ground based studies

which form a part of that experiment. The second portior of the work is the

actual measurement of the best values of the diffusion coefficient which are

obtainable under I-G conditions. The I-G measurements indicate that the

diffusion coefficient in the potassium-gem nate glasses has an activation

energy of 170 Kcal/mole and the diffusion process is quite sensitive to

water in the glasses.



Introduction

This final report summarizes the work and results conducted in the

period from June 1 1974, through November 30, 1976. The objective of this

program was to formulate a diffusion experiment for glasses, outline such
,

theoretical and earth bound results as Caere available and do the preliminary

earth based experimental work in preparation for a weightless experiment.„

The fundamental premise of the work was that diffusion studies of the glass

z	 forming ion can be conducted in zero-g environments and diffusion data ob-

tained from these experiments will be unique and valuable because of earth

based experimental difficulties. A great deal of the time during the latter

18 months of this program was devoted to preparation of proposals to gain

access to weightless facilities and to hardware definition for that program.

That opportunity has not been forthcoming at this time.

Literature Survey

The diffusion literature in glasses is most abundant and will be re-

viewed by reference to a relatively recent article by Williams 1 and the text

by Doremus. 2 This literature contains only scanty reference to the diffusion

of the glass forming ion in glasses._ This lack of experimental results is a

direct consequence of the experimental difficulties associated with earth

based diffusion experiments in these systems. The only work related to

diffusion of the glass former which we have located is the work of Towers

and Chipman 3 and that which is summarized in Terai and Hayami's 4 recent work.

These works are severely hampered by experimental difficulties. They are,

in fact, only capable of determining effective diffusion coefficients from
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indirect observations. The only conclusion which can be advanced from these

------- - -----------------
studies is that the diffusion of silica appears to involve "something other

	

than simple ion movement." This conclusion is supported by the similar but 	 £-

nonequivalent studies of viscosity in similar glasses which reveal similar

insights into the structure of the liquid silicate.

Initial System Selection

At the time of the original selection of a candidate for conducting

these diffusion studies, the equipment which was to be available for a

flight experiment was of primary importance. The boundary conditions, insofar

as they influence the glass system, were perceived to be: (a) 1104°C maximum

temperature and diffusion period of the order of 4 to 6 minutes. An experi-

mental limitation inherent in diffusion measurements is the necessity of

having an appropriate tracer with half life adequate for the time frames

typical of flight experiments (packaging to recovery times of not less than

60 days). It was also obvious that the literature left almost all systems

as available choices, hence, it appeared advisable to select a system which

was fundamentally informative as well as of practical importance.

After a survey of the potential glass forming systems with these cri-

teria in mind, the binary K 20-Ge02 glass system was selected for these

experiments. This glass is quite analogous to the corresponding silicate

systems but has the advantage of lower melting points with appropriate

tracer ion avail,bility.

Processing

Lab Processing:

Glasses are to be prepared by melting of electronic grade GeO 2 with

reagent grade K2CO3 in the platinum ampule. Furnace atmosphere is to be
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laboratory air with a temperature of at least l0U°C above the liquidous for

a minimum of one hour. Samples are to be annealed one hour at 25 to 50°C

below the Littleton softening point then cooled to ambient.

The glass will be etched back into the ampule to allow insertion of

the closure - for sealing. The radiotracer Ge 68 is to be painted on the ex-

posed surface of the glass and dried. The tracer deposit concentration is
F

to be chosen such that a minimum activity in each anticipated diffusion slice

is a minimum of 50 microCuries. The capsule is to be sealed using a electric

arc welding with cooling as appropriate to minimize thermal effects on the

glass sample.

The samples are to be enclosed in a sample capsule to be furnished by

MSFC and sealed off with a helium atmosphere (pressure chosen to be such

that one atmosphere is achieved at treatment temperature). The capsu'ie

and contents is then to undergo space processing.

Space Processing

The space processing of each capsule is to consist of a heating cycle

designed to maximize time exposed to the diffusion temperature without ex-

posing the low viscosity melt to gravitational forces. The cycles envisioned

for each of the three different capsules is graphically depicted in Figure 1.

Post Processing Analysis

The post processing analysis is to consist of opening the sample ampules

using an appropriate chemical machining solution. The diffusion profile is

to be analyzed by etching the sample with dilute nitric acid to remove a

predetermined section thickness. The section contained in the solution is

to be counted to determine the activity of each section.
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Experimental Analysis 	 _---	 -

The appropriate solution to the diffusion equation for the present

geometry is:.

- x
2

c(x,t)	
S	 2 4Dtt

where c(x,t) is the concentration of radioactive atoms at a distance x from

the initial face, S is the initial total activity, t is the diffusion time

and Dt is the diffusion coefficient at a temperature T. By examination it

is apparent that a plot of Qn c(x) versus x 2 will be linear with a slope -

1/4Dtt, thence with a given time t one can obtain D  from the slope of the

Qn c(x)/x2 plot.

The diffusion coefficient in a liquid can be related to the viscosity

of the liquid by the Nabarro-Herring equation

kT

aaoD

or bi the Stokes-Einstein formula

n =
kT

6na0D

where a_ is the diameter of the diffusing species.5
U

The validity of these expressions was examined by comparing the

measured diffusion coefficient for silicon in a 390 CaO, 400 SiO 2 , 211 Al203

slag, 3 with the viscosity of the slag. Unfortunately, the viscosity was

not reported in the article, so the viscosity for a 38'^ Ca, 42;-' SiO2,

t w	 ",
i	 y
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- -	 20% Al203 slag w6s used, this paper gives the viscosities of a large number_	 - -

of slags of different ratios of Ca0:Si0 2 :Al 03 and the viscosity does not

change appreciably with composition around the composition of the slag in

which the diffusion coefficient was measured.

TABLE T

Slag Data 

T(°C) D(x108)2cm2/sec n	 poise

1350 3.7 46

1400 7.0 26

_ '^t50 13.5 16

Using D =
kT

aaon

1350°C as	 =
kT	 _	 1.38x10-16 (1.62x103 ) =	 13.1	 x 10+8 cm

o Dn	 3.7	 10-8(46)

1.38x10-16 (1.67x103 )= -8=	 12.7 x 10cm°C1400 as
-8(26)7.0 x 10

1.38x10 -1 6 (-	 172x103 ) -8°C1450 as
° 13.5	 10	 (16)

=	 11.0 x 10cm
x

if a 	 = 10-8 cm, a	 =	 12

The Nabarro-Herring equations are:7

32/3
	 kT 2/3

n	 = --- vg
32r D2o
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(Equal Quasi-spherical grains, No grain boundary flow)

-

1 2/3	 kT	 2/3

-

_

10 1T!Tj1

Vg
DQ

(Equal Quasi-spherical grains, tangential stress relaxes at the boundaries).

In our case, the "grain volume" Vg is the same as the volume of the mobile

particle, so Vg = 00 = ao3

1	 kT
'1 a
	

Dao

from the first equation

2/3
3n	 =	 l/

[T2—]
=	 10.4

i

and from the second

2/3
3a	 =	 10/ = 26.0
4-

giving good agreement with the experimental value of a = 12 and with the

Stokes-Einstein formula where a = 6- = 18.8.

- A large compilation ofviscosity data is given by Riebling 8 for binary

germanates containing Li 20, Na 20, K20 and Rb20.	 Using his Figure 3, the

viscosity of a 4.29 mole% Na 20 melt at 993°C is 240 poise, therefore

D	 =	 kT	 =	 1.38x1 0-16erg/°K(1266 °K)

cia 0T1	 15(10-8cm)	 (240 poise)

= 5 x 10-9 cm2/sec.



t=4min

D Theoretical vvt

Modi fier Mole % T/°c r;(pois	 ) cm2/sec mils

Na 20 4.29 1 081 100 1.3-10-8 0.70

7.79 1108 26 4.9.10-8 1.4

K20 7.5 1000 76 1.5.10-8 0.7

11.25 1000 28 4.2.10-8 1.2

15.0 1000 13 9.0.10-8 1.8	 _9

7.5 1100 35 3.6.10-8 1.2

11.25 1100 14.8 8.5.10-8 1.8

15.0 1100 7.6 1.9.10-7 2.5

After Ri ebl i ng8

Ground Based Exoerimental Work

After the initial experimental formulation, the ground based simula-

tion of the space experiments was undertaken. This led to the fabrication

of samples in the geometry and type containers which were discussed earlier

for the space experiment. The .hree glasses were prepared and radiotracers

were placed on one end of the samples which were then heat treated at the

diffusion temperatures for the appropriate times. The samples were sectioned

using a technique ,which was developed especially for the potassium-germanate

i



the results as shown in Figure 3. The diffusion coefficient extracted from

this result was 3.06 x 10-8cm2/sec which compares favorably for the sample

examined after the shorter diffusion time. It is also apparent upon exaiii-

nation of Figure 3 that significant deviation from the anticipated linearity

occurs. It appears that this deviation is a result of the onset of convective

mixing at the longer time. The results of a diffusion in the 7.5%K 20 glass

for 10 minutes at 1030°C are shown in Figure 4. The diffusion coefficient

extracted from this data was 1.85 x 10-7cm2/sec. The activation energy ob-

tained from these two data points is 171 Kcal/m. The examination of a 11.250

K20 glass after a diffusion of 10 minutes at 1005°C gives the results shown

in Figure 4 which yield a diffusion coefficient of 1.63 x 10 -7cm2/sec. This

plot also shows considerable deviation from the anticipated linear behavior

which appears to be the result of convective mixing. Attempts to obtain

data for the 15 % 0 glass have proven fruitless because of either convective

mixing at elevated temperatures or crystallization at the lower, temperatures.

The data obtained is summarized in Table III which contains not only

the experimental data but also the computed theoretical values discussed
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earlier. These results are best discussed by reference to the attached 	 -`

plot of viscosity and crystallization as a- function of temperature and

composition. These data were obtained from the literature and from work

conducted in this study. It is apparent-that the "best"Rata;obtained in

the present work was obtained - from the 75 mole I K4 glass-at the tempera-

tures corresponding to the two points shown in Figure 5. The t:,ro data

points for the other glass compositions are also plotted and, as can be

seen, lie in a different area of the plot. A detaiied analysis of the

present plot and the data provided in the Figures 2 - 5 indicate that the

experimental data obtained for the 7.5 mole % K20 glass is quite good, while

that obtained for the other glasses is inaccurate because of either crystalli-

zation and convective mixing or of convective mixing. It thus appears that

the diffusion coefficients can be measured in earth based experiments in

those glasses of 7.5 mole % K20 or less.

The deviations from linearity in the near surface region of the data

reported in Figures 2 - 4 has been observed in several additional samples

and is observed to become more pronounced with storage of the glass sample

before isotope coating. The water content of the glass was measured and

has been observed to increase with storage time, hence, these near surface

results are doubtless a consequence of water absorption on the surfaces.

The IR measurement of the :rater content could not, of course, determine

the location of the water, but it is clear that the surface region is the

only region which should be accessable to moisture under ambient conditions.

Suor,ary

The work conducted under the present contract has taken two principal

courses: First, the experiment for the weightless measurement of diffusion

^	 ^	 r
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-coefficients-in glasses--has been defined and the ground based experiments

were conducted. Second, the measurements of diffusion coefficients which

can be obtained under 1-G conditions were obtained and are here reported.

The space experiment was not accepted for flight, hence, no results

were obtained from that portion of the program. The diffusion results ob-

tained indicate that the activation energy for diffusion in the potassium

germanate glasses is in the range 170 Kcal/mole, and the diffusion behavior

is quite sensitive to water content of the glasses employed.

FA- -	 -
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