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Diffusion of silver into Pyrex glass from an AgNO; melt was studied with a radioactive tracer
technique in the temperature interval 216 —354 °C. The results can be described by an Arruenius’
equation D=6.0 x 10—4 exp (—20500/R T) cm®s—!, where R is the gas constant in cal mole—1!

degree—1! and T is the absolute temperature.

The first quantitative investigations of the dif-
fusion of silver into glass were made by Scuurze 1.
Since then, several experiments concerning the dif-
fusion of metals or metal ions into different kinds of
glass have been reported 2717, These investigations
show that Fick’s law experimentally holds when
metals diffuse into glass (cf. however, cit. ¢). The
metal ions of the melt exchange with the sodium ions
in the glass, and the rate at which this exchange pro-
ceeds is controlled by the diffusion of the ions in the
glass 1%. The mechanism of ionic transport in glass is
not quite understood. Moreover, only very few data
concerning the exchange of ions between a salt melt
and Pyrex 18 brand glass are available ®. Since Pyrex
glass is very widely used for making diffusion and
conductivity cells, where the construction material is
supposed to be chemically inert, it was considered
valuable to investigate the diffusion of silver into
Pyrex glass from a silver nitrate melt as a function
of temperature. Since Ag''’™ was readily available,
a radioactive tracer technique was chosen for this
work.

Experimental

The diffusion experiments were performed in a
conventional, wire-wound, electrical furnace. The

1 A. G. Scuurze, Ann. Phys. 40, 335 [1913]; Z. Physik.
Chem. 89, 168 [1915] ; Z. Elektrochem. 19, 122 [1919].
J. HaiBerstapt, Z. Anorg. Allg. Chem. 211, 185 [1933].
B. vox LencyEr, Z. Phys. Chem. 167, 295 [1933].

0. vox Kusascuewski, Z. Elektrochem. 42, 5 [1936].

P.Giuarp and L.Dusruw, J. Soc. Glass Tech. 20, 225 [1936].

J. A. Pask and C. W. ParmeLeg, J. Am. Ceram. Soc. 26,

267 [1943].

7 S.D. Stookkey, J. Am. Ceram. Soc. 32, 246 [1949].

8 S. Kmvumakr, Sci. Rep. Res. Inst. Tohoku Univ. A 2, 405
[1950]. — S. Kixumakr and T. Ito, Sci. Rep. Res. Inst.
Tohoku Univ. A 8, 60 [1956].

9 J.R.Jonxson, R.H.Bristow, and H.H.Brav, J. Am. Ceram.
Soc. 34, 165 [1951].

10 K. K. Evstror’Ev, Fiz. Dielektrikov, Tr. Vtoroi Vses. Konf.,
Akad. Nauk SSSR, Fiz. Inst. [1958]. — K. K. Evstror’ev
and V. A. Tsexnowmski, Fiz. Tverd. Tela 4, 3390 [1962].

@ oo W

temperature of the melt was kept constant to better
than +1°C with a temperature controller (West,
type Gardsman JP). The glass specimen was immer-
sed for about an hour into a radioactive 1* AgNO,
melt. After the diffusion, the specific activity of the
glass was measured with a scintillation counter. The
diffusion takes place by exchange between the Ag™-
ions of the melt and the Na™-ions of the glass, thus
the saturation specific activity of the glass can be
calculated from the Na,O concentration of the glass 18
and the specific activity of the melt, which can be
measured separately. If the surface area through
which the diffusion takes place is known, the dif-
fusion coefficient can be calculated from a suitable
solution of the diffusion equation.

The diffusion coefficient is of the order of 10712
cm? s™1, therefore the surface to volume ratio of the
glass specimen must be as big as possible in order to
obtain measurable glass activities within a resonable
time. Thus Pyrex glass frits manufactured at our
laboratory were used. The fritted discs were sintered
from glass powder that had passed through a 100
DIN sieve. (The effective radii of the particles ranged
from 10 to 40 um.)

Since the total surface area of each frit is un-
known, only the temperature dependence of the

11 R. Brickner, Glastech. Ber. 34, 515 [1961].

12 T. Ito, Bull. Chem. Soc. Japan 35,1312 [1962].

13 J. Rarkova, Silikaty 6, 258 [1962].

14 A. Senpr, Glastech. Ber. 37, 116 [1964].

15 R. H. Dorewmus, J. Phys. Chem. 68, 2212 [1964] ; Diffusion
in Noncrystalline Silicates, in Vol. IT of Modern Aspects of
the Vitreous State, Butterworths, London 1962, p. 1.

16 E. L. WiLuiams and R. W. Heckman, Phys. Chem. Glasses 5,
166 [1964].

17 Y.Havex and B. Verkerk, Phys. Chem. Glasses 6, 38 [1965].

Pyrex glass, made by James A. Jobling & Co. Ltd., Eng-

land, was used in the present investigation. Composition :

(Weight %) SiO, 80.60; Al,0, 2.20; Fe,O, 0.04; CaO

0.10; MgO 0.05; Na,O 4.15; B,0; 12.60; CI 0.10.

Agll0m obtained from Radiochemical Centre, Amersham,

England.
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DIFFUSION OF SILVER INTO GLASS FROM AN AgNO; MELT

diffusion coefficient can be determined with this type
of experiment. A quantity proportional to the dif-
fusion coefficient can be calculated, and the pro-
portionality factor is the same for all frits provided
that they all have the same structure. To obtain this,
all frits were made at the same time and in an
identical way. Only frits with a porosity 2° differing
less than 1% from the mean were used.

The proportionality factor mentioned above was
determined in a separate experimental series at
255 °C. Experiments were performed both with glass
plates and glass cylinders, and with diffusion times
ranging from 2700 to 78 000 seconds. The repro-
ducibility of the results was not as good as in the
other series since the glass-melt interfaces in these
cases were much smaller.

If the specific activity of the silver in the silver
nitrate is known, the diffusion coefficient can be
calculated according to the following equation 12 2!

D= (M/2 N)?/ (/1)

where M is the immigrated amount of silver per cm?

of glass surface exposed to the melt, N the saturation
concentration of silver in the glass, and ¢ the dif-
fusion time. NV can be taken as the concentration of
sodium ions in the glass 12. This equation is strictly
valid for the linear case only, but it can be used,
since D is of the order of 10712 cm™2s71,

Results and Discussion

The diffusion coefficient of silver into Pyrex glass
from a silver nitrate melt at 255 °C was determined
to (1.95+0.75) x 1072 cm?s™!, 22, No time de-

Temperature 1 Diffusion coefficient x 1012

° ‘ cm?2 -1
216 0.36
222 0.56
232 0.68
251 2.18
274 3.54
299 12.1

324 20.2

354 32.7

Table 1. Experimental results, diffusion of silver into Pyrex
glass from a melt of silver nitrate. Mean porosity of the fritted
discs 53.5%.

20 Porosity = porous volume / total volume.

21 J. Crank, The Mathematics of Diffusion, Clarendon Press,
Oxford 1956, p. 31.

22 A]l stated errors are standard deviations, obtained accord-
ing to ref. 2.
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pendence could be detected. Using this value, the
results of the “fritted disc” series could be converted
to diffusion coefficients, given in the table. The
corresponding ARRHENIUS’ equation (obtained by a
“least squares’ fitting 23) is

- 20500 £1050 5
D =603 10" exp (— 20100 ) (em2 1)
RT
where
R =1.9869 cal mole™! degree !, T = degrees Kelvin.
350 325 300 275 250 225 %€
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Fig. 1. The relation between %log D and the reciprocal of the
absolute temperature.

The experimentally obtained diffusion coefficient
is of a reasonable magnitude. If the ArrHENIUS’
equation is extrapolated to 540 °C, the present values
are lower than those of HaLerstapT 2 but higher
than those of KuBascuewski 4. The marked difference
between the results obtained by different investigators
is not surprising since different kinds of glass have
been used. The “activation energy” Q =20.5 kcal/
mole agrees well with the values reported for similar
experiments performed in air 11121516, The order
of magnitude of both the diffusion coefficient and
the activation energy is typical for diffusion in the
solid state. The rate of diffusion is affected by the
atmosphere in which the experiment is performed 14,
and also by the type of melt from which a certain ion
diffuses into the glass . During an investigation of
self-diffusion of Ag’-ions in an eutectic mixture of
AgNO; and KNO, 24, it was found that the diffusion
coefficient of silver into Pyrex glass was about 1/10
of that from a melt of pure AgNO; at the same tem-
perature. Thus, the diffusion into the glass was negli-
gible for the mixture.

23 A. Haup, Statistical Theory with Engineering Applications,
John Wiley & Sons, New York 1952, p. 522.
24 C.-A. SsoBLom, Z. Naturforschg. 20 a, 1572 [1965].



276

It is evident that a quantitative theory for the dif-
fusion of silver into glass must consider that the rate
of diffusion depends on the glass, the melt and the
atmosphere surrounding them. Such a theory is not
yet available, and more experiments are probably
needed in order to solve the problem. It is reasonable
to believe, however, that the diffusion coefficients of
other metals into Pyrex glass are of the same order
of magnitude as that of silver !>. Therefore the

C.-A. SJOBLOM AND J. ANDERSSON

exchange between a salt melt and a diffusion appara-
tus made of Pyrex glass should not be a serious
problem. However, when the diffusion times are
very long and when the glass surface exposed to the
melt is very large (as in a fritted disc) special care

should be taken.
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The self-diffusion coefficient of the Ag*-ion in molten AgNO; has been measured with the glass
fibre paper strip technique in the temperature interval 220—336 °C. The result can be described

by the equation

D=32x10"* exp{ —3400/(RT) } cm%s—1,

A comparison with the results obtained by other workers shows good agreement between the two
sets of values. Possible sources of error are discussed.

Several different methods for self-diffusion mea-
surements in molten salts have been used, e. g.
different capillary methods !, the shear cell method 2,
and the fritted disc method 2 3. Another method, the
paper strip technique, has been proposed by Honic 4 5.
Self-diffusion measurements in molten NaNO;,
KNO,, and CsNO3; showed good agreement between
the results of this method and those obtained by
previous workers 6. In his original paper, Honic dis-
cussed many aspects of using the paper strip method
for diffusion measurements in molten AgNO; also,
but he gave no experimental results. Since the rela-
tive merits of the different methods for diffusion
measurements have been a matter of considerable
discussion 274 78 we found that a closer investiga-
tion of the possibilities of the paper strip technique
would be valuable. We decided to use it for in-

1 J. S. A~xpersox and K. Sappiveron, J. Chem. Soc. London
1949, Suppl. p. 381. — L.E.Wavuiy, Z. Naturforschg. 17 a,
191 [1962].

2 S. Dyorpsevic and G. J. His, Trans. Faraday Soc. 56, 269
[1960].

3 C.-A. SsoBrom and A. LuxpEn, Z. Naturforschg. 18 a, 942
[1963].—C.-A. SséLom, Z. Naturforschg. 18 a, 1247 [1963].

4 E. P. Honig, Thesis, University of Amsterdam 1964.

5 J.A.A.Kereraar and E. P. Honig, J. Phys. Chem. 68, 1596
[1964].

8 The comparison is made in ref. 4, page 60.

vestigation of the self-diffusion coefficient of the Ag’-
ion in molten AgNO;. Such an investigation has
been performed previously by Dworkin, Escue and
VAN ArtsDALEN °, using the open-ended capillary
technique, and the exchange between an AgNO; melt
and a borosilicate glass has been studied recently
at this laboratory 1°. From a comparison between
the results of these two investigations and the present
results, conclusions could be drawn concerning the
value of the paper strip technique.

Experimental

The experimental equipment was similar to that
previously used by Honic4. A strip, 15 cm long and
0.5 cm wide was cut from Whatman GF 81 (GF/A)
borosilicate glass fibre paper. It was impregnated with
molten AgNO; and placed on a Pyrex glass plate in a

7 S. B. TrickLEBANK, L. Nanis, and J. O’M. Bockris, J. Phys.
Chem. 68, 58 [1964]. — J. O’M. Bockris, S. YosHIKAWA,
and S. R. Ricuarps, J. Phys. Chem. 68, 1838 [1964]. —
L. Nawnis, S. R. Ricuarps, and J. O’M. Bockris, Rev. Sci.
Instr. 36, 673 [1965].

8 P. L. Seeopine and R. Mivws, J. Electrochem. Soc. 112, 594
[1965].

9 A. S. Dworkin, R. B. Escug, and E. R. Vax ArtspaLen, J.
Phys. Chem. 64, 872 [1960].

10 C..A. SsosLom and J. Axpersson, Z. Naturforschg. 21 a, 274
[1966].



