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Equilibrium Diagram

The partial Ag-O phase diagram at atmospheric pressure
(hydrostatic) is presented in Fig. 1. A thermodynamic treat-
ment (discussed below) was used to construct the phase
boundaries. The diagram is qualitatively similar to that
shown in [Hansen], but the invariant point at 939 *C is 9 de-
grees higher than that reported by [67Cha]. The slightly
higher O solubility in the solid Ag-rich phase reported in this
evaluation is based on the work of [62Eic], [64Pod], and
[72Ram], emphasizing the first of these.

The liquid phase solubility of O was studied by [09Sie],
[10Don], [63Miz], [65Parl], [65Par2], [67Sha], [68Lup],
and [70Bou] under atmospheric pressure. The absorption-
desorption technique used by [09Sie] was adopted with
minor changes by [10Don], [63Miz], [65Parl], [65Par2],
[67Sha), and [68Lup]. Modifications were made to avoid the
possible reaction of the liquid with silica [65Par1, 67Sha,
68Lup]. Both optical pyrometry [65Par1] and thermocouple
techniques [67Sha, 68Lup] were used for temperature mea-
surements. [65Dia] used an electrochemical technique.
Figure 1 indicates that the results of [09Sie], [10Don],
[65Dia], and [65Par1] show slightly higher O solubility in
liquid Ag than do other measurements. The solubility shown
in Fig. 1 emphasizes the work of [67Sha], who took special
precautions against contamination and who made more pre-
cise temperature measurements.

Table1 Ag-O Crystal Structure Data

The solubility of O in solid (Ag) was reported by [09Sie] and
[62Eic] under standard atmospheric pressure; Fig. 2 shows a
comparison. The data of {64Pod] were reported for 450 Torm,
but were extrapolated to atmospheric pressure and are included
for comparison. A lower solubility with a minimum near 400 °C
was reported by [26Ste], but was not confirmed by [62Eic] or
[64Pod]. Further, the solubility and diffusivity of O in (Ag), de-
termined from measurements of internal oxidation band widths
[64Ver], are in agreement with [62Eic]. Consequently, the as-
sessed solubility is based primarily on the results of [62Eic].
Slightly higher solubilities were reported by electrochemical
measurements [72Ram] and an AC impedance spectroscopy
technique [86Mog].

The existence of Ag,0 and AgO has been established [58Gra].
The most extensively studied oxide, Ag,0, dissociates to solid
(Ag) and O, gas at temperatures above 190 °C under atmos-
pheric pressure [Hansen]. A comprehensive review on the
higher silver oxides can be found in [58Gra]. The uncertainties
surrounding the existence and properties of these higher oxides
has yet to be resolved.

The two-phase region labeled L + G in Fig. 1 applies to oxy-
gen at standard atmospheric pressure. Figure 3 shows isobars
corresponding to O, pressures of 0.21, 2, and 4 atm. These
were calculated from a thermodynamic treatment discussed
below. At pressures as high as 530 atm, the (Ag)-Ag,0-L in-
variant point was reported at 530 °C, with a liquid phase

Composition, Pearson Space Strukturbericht
at.% O symbol group designation Prototype Reference
0 cF4 Fm3m Al Cu [King1]
333 cP6 Pn3m Cc3 Cu20 [62Swa]
100 mC4 C2m a0 [King1]
(a) O form is the diatomic gas molecule. Crystal structure is for molecular unit O, at —250 °C.
Table 2 Ag-O Lattice Parameter Data
Composition, Lattice parameters, nm
Phase at.% 0 a b ¢ Comment Reference
0 0.40861 [King1]
333 0.47156 [62Pal]
100 0.5403 0.3429 0.5086 B =132.53°(a) [King1]
(a) At-250°C.
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composition of 22 at.% O [68Bak]. An earlier study of this
system at 414 atm [32A11] suggested 507 °C for this invariant
temperature. Thermogravimetric measurement of bubble
formation by [68Kna}, however, suggested a much higher
liquidus temperature at high pressures. The invariant point
among the (Ag), L, and g phases under atmospheric pressure
is at 2.09 at.% O and 939 °C.

Crystal Structures and Lattice
Parameters

Crystal structures of Ag, O, and Ag,0 are given in Table 1,
and lattice parameters are listed in Table 2. The lattice pa-
rameter for Ag,0 given in Table 2 is taken from [62Pal];
similar data were reported by [22Nig], [44Fai], and
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Fig. 1 Assessed Ag-O phase diagram (partial) at 1 atm (1.013 bar).
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[62Swa]. A hexagonal, Cdl,-type, high-pressure modifica-
tion of Ag,O was reported by [64Kab]. The lattice parame-
ters for this modification are a = 0.3072 and ¢ = 0.4941 nm,
respectively. The transformation was reported to occur at
1100 and 1300 °C at pressures of 250 and 125 kbar, respec-
tively.

Crystal structures and lattice parameters of higher silver ox-
ides have not been established conclusively. Proposed struc-
tures for these compounds are given in Table 3. Most of the
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Fig. 2 Solubility of oxygen in solid (Ag).

Table 3 Crystal Structure Data for Higher Oxides of Ag
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studies indicated a monoclinic structure for AgO, but a te-
tragonal structure also has been proposed. X-ray and neutron
diffraction studies [86Yvo] indicated a tetragonal structure
and lattice parameters similar to those found by [63Mck],
[70Kaz], and [74Ere] from high-intensity diffraction lines.
The remaining lines were indexed on a bet cell with ¢ and ¢
lattice parameters of 0.6933 and 0.9122 nm, respectively
[86Yvo]. Limited structural information available on other
oxides is provided in Table 3.

Thermodynamics

The thermodynamic equilibrium between Ag, Ag,0, and O,
is well established. Using the data of [22Key], [32Ben], and
[660tt], the equilibrium O, partial pressure as a function of
temperature can be expressed by:

2 Ag(s) + 1/2 0x(g) <> Agy0(s)
log10P0o,(atm) = 6.48773 - 2996.83/T

This yields a dissociation temperature of 189 °C for Ag,0 at
101.3 kPa O, pressure.

Several investigators have examined the thermodynamic be-
havior of dilute solutions of O in liquid Ag. These include
Henrian activity coefficients derived from solubility data
[66Bes, 68Bak, 68Lup] and activities of O obtained from
electrochemical measurements [65Dia, 810ts]. There is rea-
sonable agreement among these data. The most recent elec-
trochemical data [810ts] that yield:

1/2 05 (g, 1 atm) « O (1 atom percent)

AGY%=-16140+6.52T J/mol

were used in this assessment, where O represents O at infi-
nite dilution in Ag. A small composition and temperature de-
pendency to the excess Gibbs energy of liquid Ag-O solution
was added to fit the scatter of the L/L + g phase boundary
data shown in Fig. 1.

©x = (2300-1.2T) XagXo J/mol

Proposed Lattice parameters, nm
Phase structure a b ¢ Comment Reference
Yo T Monoclinic 0.579 0.350 0.551 B =10727 [54Mcm]
0.5852 0.3475 0.5495 B =107°30' [58Sca]
0.5842 0.3480 0.5487 g =107°27 [58Gra])
0.585 0.348 0.550 p =107°30' [60Mcm]
0.5852 0.3478 0.5495 8 =107"30' [61Sca)
Tetragonal 0.4816 0.4548 [63Mck]
0.483 0.4578 [70Kaz]
0.6833 0.9122 [86Yvo)
Cubic 0.4816 [59Ste1]
Cubic 0.455 [60V1a)
Monoclinic 0.3582 0.9212 0.5687 p =106.18° [86Sta)
fec 0.990 [35Bra]
Cubic 0.493 [59Ste2)
Orthorhombic 1.2874 1.0478 0.3660 [85Sta)
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Fig.3 Effect of pressure on oxygen solubility and the (Ag) liquidus temperature. Horizontal invariant lines (e.g., 952 °C for0.21 atm)
have been omitted for clarity.

Table 4 Ag-O Thermodynamic Data

Standard Gibbs energies with respect to liquid Ag, J/mol

G®(AgL) =0

G® (Ag,fcc) = —266 500/T-1218.86 — 90.7247T — 0.247 x 1072 T2
+13.74TIn T

G®(Ag,g) = 281525 — 214.495T + 12686 TInT

Gibbs energy of formation data (from solid Ag and O3 gas), J/mol of
formula unit

AGO (Ag,0) = -24916+53.94T
AGO (Ag,0,) = -24686+175.73 T

This yields the following equation for the solubility of O, X,
inliquid Ag:

8.314 T (InXp - In P”ézz) =16140-44.807 T -

(2300 -1.2T) (1 - Xp)?

where Po, < 5atm,

The small solubility of O in solid (Ag) was expressed by
~-RT In (Xo/P§.) = 49 000 + 23T

where Po, is the partial pressure in atm and X is the atomic
fraction of dissolved O in the solid Ag-rich phase.

Other thermodynamic data used in connection with the
phase diagram calculations for this system are listed in Table
4. Data on the properties of pure Ag are taken from [87Kar].
The standard Gibbs energy of formation for AgyO, was
taken from [63Wic].

The thermodynamic treatment described in this section
was adjusted to generate the Ag-O system at standard atmo-
spheric pressure. An attempt was made to calculate this sys-
tem at higher pressures. Unfortunately, at about five times
higher than atmospheric pressure, deviations between the
calculated diagram and the experimental data [68Bak] oc-
curred; the liquidus temperatures appear to be too low above
~0.05 atomic fraction O. Liquidus temperature O reported
by [68Kna] for O concentration >0.05 atomic fraction are
higher than those calculated (Fig. 3). In view of this gross
discrepancy between [68Kna] and [68Bak], the present eval-
uation is considered reliable for O partial pressure not ex-
ceeding 5 atm.
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