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The solubility of Ag in solid Sn has been determined by measuring the diffusion of the radio-
active isotopes Ag-110, Sn-123 and T1-204 in Sn—-Ag alloys.

The concentration dependence of the diffusion constant changes if a new phase appears.
By the help of the break points the phase boundary of the solid solution can be drawn on the

Sn-side of the Sn-Ag phase diagram.

DETERMINATION DE LA SOLUBILITE EN PHASE SOLIDE PAR LE MESURAGE
DE LA DIFFUSION

La solubilité de Ag dans Sn était déterminée par le mesurage de la diffusion des isotopes
radioactifs de Ag-110, Sn-123 et T1-204 dans des alliages de Sn-Ag.

La dépendance de concentration de la constante de diffusion change en cas de I'apparition
d’une nouvelle phase. A I'aide des points d’angle la limite de phase de la solution solide peut
etre dessinée sur la partie Sn du diagramme de phase.

ONPEJEIEHUE PACTBOPUMOCTH TBEPIBLIX TEJI [IOCPEXCTBOM
JUCOY3HOHHBIX USMEPEHNN
Onpenenuin pacTBopUMoCTh cepefpa B TREPHOM 0I0BEe ¢ MoMON HaMepeHus guddysun
paguoaKTHBHEX U30TONOB Ag-110, Sn-123 1 T1-204 B cniaBax Sn—Ag.
3asucumocTs Koeddunuenta guddysnn OT KOHIEATDAIMH, H3MEHASTCA IIPH IOABJICHUH
Hopolt (aser. C momompo TOYEK MBIOMA HA KPUBHIX MOHHO OHJIO HADMCOBATH IPAHULY
TBEPAOrO pacTeopa Ha fasosom guarpame Sn—Ag €0 CTOPOHH Sn.

LOSLICHKEITSBESTIMMUNG IN FESTER PHASE DURCH DIFFUSIONS-
MESSUNGEN

Die Loslichkeit von Ag im festen Sn wurde durch die Diffusionsmessung der radioaktiven
Isotope Ag-110, Sn-123 und T1-204 in Sn-Ag Legierungen bestimmt,

Die Konzentrationsabhiingigkeit der Diffusionskonstante #ndert sich bei dem Auftreten
ciner neuen Phase. Mittels der Knickpunkte konnte die Phasengrenze der festen Losung auf
der Sn-Seite des Sn—Ag Phasendiagrammes angegeben werden,

THERE is not too much information in the litera-
ture about the determination of solid solubility
by means of diffusion measurements though
Serre and KzwY had completed the conduc-
tivity data for the solubility of Ag in solid Pb
with results of diffusion measurements as early
as 1933. Probably the first reason for this is the
high man power requirement of such experi-
ments compared with other methods and also
the relatively high experimental errors.

The data in the literature about the solubility
of Ag in solid Sn'® are insufficient and contra-
dictory. Therefore, and also because of the
small solubility values, the phase-boundary of
the terminal solid solution is not given in the

Sn-side of the Sn—Ag phase diagram. Earlier,
we investigated the conditions of the homogeni-
zation of Sn—Ag alloys of Ag contents between
10-7 and 10~ per cent'®® and now we deter-
mined the solubility of Ag.

The determination was based on the assump-
tion that the concentration dependence of the
diffusion coefficients changes if a new phase
developes.

For the solubility measurements we investi-
gated the diffusion of Sn, Ag and Tl in Sn-Ag
alloys using the radioactive isotopes Sn-123,
Ag-110 and TI-204. In such cases the phase
equilibrium is not supposed to be disturbed by
the diffusing atoms,
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EXPERIMENTAL

Alloys were prepared by melting high purity
{Jomnson and METTHEY) Sn and Ag in quartz
vessel in 10~ Torr vacuum. The alloys were
homogenized by heating them also in vacuum
at 220°C. The homogeneity of the samples was
controlled by analyzing different parts of them.
Samples of low Ag concentration were made
diluting stock-alloys with Sn by vacuum-melting.
The samples had the following Ag concentration

values:
33
1-10
545
8:72
1-09
5-45
5-45
1-09

A homogeneous Ag distribution could be

x 104 atm ¥,
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% 103 atm %
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% 107% atm ¥,
¥ 10~tatm ¥,

atm %]
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supposed only in the bulk of crystals even after
a heat-treatment of the 10 mm thick samples
which were discs of 9 mm diameter. We have
found earlier'® that the Ag concentration of
the grains differs from that in the grain-bound-
aries, which also depends on the relative
orientation difference.

The average grain-size of our samples in the
one phase state was about 3 mm, therefore the
volume of the boundary-zone was only a small
fraction of that of the grains and the error caused
in the mean concentration value by the grain-
boundaries was negligible.

A radioactive layer of a thickness between
0-1-0:5 um containing one of the Ag-110,
Sn-123 or TI-204 isotopes was electrodeposited
on the base of the samples, which were then
annealed in vacuum with an accuracy of +1°C
on a temperature between 137-200°C.

Diffusion measurements were made by auto-
radiography'® using Kodak AR-10 stripping
films. The density of the autoradiograms was

TasLe 1. Volume diffusion constants of Ag, Sn and Tl in different Sn—-Ag alloys

D cm?-571

Cpg 2tm% 137 Ag 165 186 200

33 x 104 4.28 x 1011 273 x 10—10

1-10 x 10—8 4.24 x [0~ 2-46 x 10710 4-24 x 10710
545 x 1073 2:58 x 101 167 x 10710

872 x 1078 2:58 x 10~ 1:32 x 10710

1-09 x 102 2:61 x 101 105 x 10710 2-29 x 1010
545 x 102 274 x 1071 1-13 x 10710

545 x 101 507 x 1071 2-06 x 1010 2-93 x 10710
1-09 10:5 x 101 426 x 10-10 584 x 10710

Sn
33 x 10¢ 045 x 101 1-96 x 101 552 x 1011 102 x 10710
1-10 x 10-3 0:45 x 10—1 2:00 x 1012 586 x 10— 107 x 1010
5-45 x 10-3 049 x 10-1 267 x 10711 569 x 101 126 x 10710
872 x 102 050 x 1o~ — 769 x 10—1 146 x 10710
1-09 x 102 0-51 x 1071 273 x 1071 — 1-55 x 1010
545 % 10—2 0:53 x 10~ 281 x 10711 8:32 x 101 1-96 x 10710
545 % 101 086 x 1011 406 x 1071 11-8 x 1071 2:32 x 10710
1-:09 16 x 1072 589 x 10~1 158 x 10711 2-76 » 10710
Tl

3.3 x 104 2:54 x 10-11 7-85 x 1011 1-45 x 10710 2-36 x 10710
1-10 x 103 2:48 x 1071 7-33 x 10712 1-43 x 1010 2-26 x 1010
545 % 10~3 2:24 x 10711 6-95 x 1011 1-34 x 10710 2:17 x 10710
872 x 10°8 2-34 x 10—1 6:64 x 101 126 x 10710 200 x 1010
1-09 x 102 2:40 x 101 6-28 x 10~ 1-23 x 10710 —
545 x 102 2:54 x 10~1 6-35 x 1011 1-25 x 1010 1-85 x 1010
545 x 101 2-82 x 10711 7-18 x 1071 1-39 x 1010 2-16 x 1010
1:09 3-30 x 101 8:31 x 10~ 163 x 1010 2:49 x 10710
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Fic. la. Diffusion of Ag-110 in Sn-Ag alloys of
different composition.

measured with a Zeiss recording microfotometer
-on places free of grain boundaries. In case of
two-phase samples an effective diffusion co-
efficient was measured.

RESULTS AND DISCUSSION

The measured diffusion coefficients were
summarized in Table 1, and were plotted
against the Ag concentration.

The diffusion-isothermes have two linear
parts. The concentration-value at the break
point was considered as the solubility limit for
the Ag. Below that concentration a single
phase system exists characterized by the tin-
lattice containing dissolved Ag atoms. Above
this concentration a new phase appears which
increases with the increasing mean-concentra-
tion of Ag but the composition of the phases
remains constant. The rate of diffusion in the
new phase differs from that in the solid solution
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Fre. 1b. Diffusion of Sn-123 in Sn-Ag alloys of
different composition.

T1e. le, Diffusion of T1-204 in Sn-Ag alloys of
different composition.

phase and the whole system can be character-
ized with a mean value. This mean value will
differ from the diffusion in the concentrated
solid solution only if the new phase is sufficient
for causing an effect higher than the experi-
mental error. The mean value has also a third
component, the grain-boundary diffusion, which
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Fic. 2. The phase-boundary of the Sn-Ag solid
solution.



L. Bartha and J. Kopc.s;z

358

1-0 F 0:31 o-01 (g F 6-9) 27 T 00¢ {c¢-0F L0) 70 F %01 <01 (1 F €3) 1 — =011
&0 F 061 501 (50 F 0¢) 1 F 481 ¢01 (Z F 8¥) 70 F 0-%1 ¢-01 (z0 F 21 =01 X [ — +0I'€
9.0 F L¥I1 ¢=01 (#0-0 F 051) 10 F #61 01 (1-0 F 62} 0 F 191 01 (81-0 F 81-1) 0
] o & o ) oq o/3e ouod 3y
L ug 8y wroye Susnyi(
=5 g2 0

wole 8/1edy &

shofje 8y—US Ul UOISTPIP SWN[OA JO suonenbs SNIUSYLIY 93U JO SIUEISUCY ‘g TTEV],




Determination of solid solubility by means of diffusion measurements . 359

may have a role because of the big specific
surface of the small new-phase particles. But
the role of it decreases with increasing Ag
concentration. Thus, the mean value of the
diffusion coefficient in a two phase system could
be described schematically as follows:

D = D,,l-{—an,—{—s.Dl_z

where m, n and s are relative figures for the
participation of the three events in the whole
process, D, and D, are the volume-diffusion
coefficients in the two phases, and D, , is the
diffusion-coefficient on the boundaries between
the two phases.

For the reasons mentioned above, the mea-
surements are not well defined experimentally
in the two phase system close to the solubility-
limit, therefore the break-point can be deter-
mined by extrapolation using points relatively
far from it. For emphasizing this fact we made a
break on the abscissa of our Fig. 1{a, b and c)
and we also changed the scale of it.

The temperature dependence of the diffusion-
coefficients can be described by Arrhenius
equations which are valid—as an approach—to
- a certain concentration-region. Table 2 shows
. the constants of such equations. The data are

in agreement with those found earlier for the
diffusion of the same radioactive atoms in high-

" purity tin,(6-8)

The solid-solution boundary line of the phase
diagram—drawn on the basis of the break-
points of the diffusion-isothermes is shown in
Fig. 2, which contains also results of other
authors.

The experiments proved the applicability of
diffusion measurements for determination of
solid-solubility,
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