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Alloying Characteristics and Solid Solubilities of Periodic Table Elements in Palladium

NING Yuantao
(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: Some regularities of interactions of palladium with periodic table elements were summarized,
and the solid solubilities of periodic table elements in palladium were analyzed by the classical solid
solubility theory and Miedema’s bond parameters. A solubility equation, InCy., =4.6052—k (|Anys |- 1),
was established, the limit solid solubility (InCy.,), of solutes in palladium increases with the electron
density difference, |Anys"°|, between them. The solid solubilities of the simple metal solutes in palladium
are larger than those of transition metal solutes with same An,,' > based on different solubility mechanisms.
The relationship of solvability ability indexes of precious metals as solvents with their electron density
nys” were analyzed by their electron density parameters s, and the palladium solvent has the largest
solubility ability index for periodic table elements as solutes.
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Tab.1 Alloying characteristics of palladium with periodic table elements
IA  TIA IMA IVA VA VIA
Li Be B C N o
E+E E+? E+? E+? - -
(8C) | (7€) (3C) | (0C) | — -
496 | 4107 186 | 418 | — —
Na | Mg Al Si P S
K | B+E E+E | E+E | E+? | P+?
(1C) | (60) (9C) | (60) | (20) | (50)
— |#425 mB IVB VB VIB VIIB [ VIIB -+ IB 1B | 420 |<001| ~0 | ~0
K Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
R | E+E | E+E | E+E E E E+P | SS | SS SS SS | P+P | E+P | E+E | E+? | P+?
— | (6C) | (5C) | (7C) | (3C) | (2C) | (3C) | (2C) | (0C) | (0C) | (2C) | (5C) | (9C) | (7C) | (7C) | (9C)
— ~0 | 4115 | 422 | 58 | #4350 | 305 | 100 | 100 | 100 | 100 | 4120 | £511 | 3 0 1.5
Rb | Sr Y Zr Nb | Mo Te | Ru | Rh | Pd | Ag | Cd In Sn | Sb | Te
K@ | R&E | E+E | P+E | P+E | P+P P P SS SS | 24P | E+P | E+P | E+E | E+P
- — | (I1IO) | (4C) | (4C) | (2C) | (0C) | (0C) | (0C) | it | (0C) | (5C) | (7C) | (7C) | (8C) | (4C)
— — 13 17 30 43 | 4130 | #4121 100 100 | — 185 |#317| 145 | 11
Cs Ba La Hf Ta w Re Os Ir Pt Au | Hg Tl Pb | Bi Po
R | 742 | £ | P+E | P+P P P P SS SS SS | K% | P+E | E+E | 4P | K&
— | BO) | 5¢) | (5C) | (5C) | (1C) | (0C) | (0C) | (0C) | (0C) | (2C) | (3C) | (2C) |(10C)| (9C) | —
— - 1.5 | 225 22 | #4922 | 4116 [£29) 100 | 100 | 100 | — | #2 |14 — —
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Tab.2 Alloying characteristic areas for palladium-rich alloys with periodic table elements
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Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po
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Tab.3 Parameters of electronegativity and atomic size dif-
ference of series of continuous solid solution based on

palladium and VIIB metals with fcc lattice

GER Ax* (Ar/req) 1%
Pd-Fe 0.4 9.75
Pd-Co 0.4 8.87
Pd-Ni 0.4 9.38
Pd-Cu 0.3 7.05
Pd-Rh 0.0 2.18
Pd-Ag 0.3 5.09
Pd-Ir 0.0 1.31
Pd-Pt 0.0 0.95
Pd-Au 0.2 4.87
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Fig.1 Maximum solid solubilities of periodic table elements

in palladium
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Fig.2 Maximun solid solubilities of solutes in palladium

solvent vs the difference of electron density between them
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Fig.3 The solubility ability indexes of precious metal

solvents vs their electron density n,,,">
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