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Data Base on the Thermodynamic Properties of Binary Alloys
and Compounds Containing Rare-Earth Elements at High Temperatures

Iwao Katayama and Takamichi Iida

(Received January 14, 1994)

Aiming at the data base on the thermodynamic properties of binary alloys and compounds

containing rare-earth elements at high temperatures, published papers and review papers were picked
up from Metals Abstracts or Chemical Abstracts from 1974 to 1993 and shown in a table.
Thermodynamic values of the binary rare-eath compounds were gathered in our technical report (Mez.

Review of MMIJ 9 (1), 51 (1992)).
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Table 1 Data Books and Revew Papers on the Thermodynamic Properties of Alloys and
Compounds containing Rare-Earth Elements.
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"Thermochemistry of the Rare Earths” K.A. Gschneidner, Jr., N. Kippenhan, O.D. McMasters: Rare-Earth
Information Center, Institute for Atomic Research, Iowa State University, Ames Iowa(1973). Oxides,
Oxysulfides, Compounds with B,Sn,Pb,P,As,Sb,Bi,Cu,Ag. (98 Ref.)

"Thermochemistry of the Rare Earth Carbides,Nitrides and Sulfides for Steel-Making”. K.A. Gschneidner.Jr.,
N. Kappenhan. ibid. (1971).

A.P. Bayanov: Russ. Chemical Rev. 44 (1975) (2), 122-137.
Lanthanides with Other Elements. Halides, Chalcogenides, Pnictides, Carbides, Silicides, Borides, Hydrides,
Metallic Alloys with pelements, Alloys of Lanthanides with s- and d elements. (360 Ref.)

JK. Gibson, P.R. Wengert: High Temp. Sci. 17 (1984), 371-9. Gibbs Free Energies of Formation for
Intermetallic Compounds Involving Transition Elements, Lanthanides and Actinides. 33 Ref.

C. Colinet, A Pasturel: Caiphad 11 (1987), 323-34; 335-48. A Data Base for Enthalpies of Formation of
Transition Rare-Earth Metal Alloys. 44 Ref., Trends in Cohesive Energy of the of Transition Rare-Earth Metal
Alloys. (34 Ref.); Experimental Determination of the Enthalpies of Formation of Binary Transition-Rare Earth
Metal Alloys."Thermochemistry of Alloys" ed.by H. Brodowsky, H.-J. Schaller, p.189-202. Kluwer Acad. Publ,,
Dortrecht (1989).

"Cohesion in Metals: Transition Metal Alloys”, F.R.de Boer, R. Boom, WCM, Mattens, A.R. Miedema,
A.K. Niessen, North-Holland, (1988). Pp 105-118(Sc), 339-357 (Y), 495-518 (La).

J. Less-Comm. Met. 110 (1985): Internat. Conf. on Rare Earth ,1985 Mar.4-8th.

"Metallurgical Thermochemistry Sth ed.”, O. Kubaschewski, C.B. Alcock. Pergamon Press, Oxford (1979);
"Materials Thermochemistry 6th ed.” O. Kubaschewski, C.B. Alcock, P.J. Spencer. Pergamon Press, Oxford
(1993).

"Thermochemical Data of Pure Substances” I. Barin: VCH Verlag., Weinheim(1989).

H. Kleykamp: J. Nucl. Mater. 201 (1993), 193-217. Thermodynamics of the systems of the platinum metals
with other transition metais: I. Integral data.

Thermodynamics of the Interaction of the
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Table 2 Papers on Thermodynamic properties of the Binary Alloys and Compounds.

Sc Y La Ce Pr Nd |Pm| Snm Eu | Gd Tb Dy o | Er [TmjYbjLu
H| 2 % 21 21| 1wl 178 121 254 | 261
Be 29
Mg 031 e 12 30. 163 163 | 18 31 255
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Ba 1
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Cr 124
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156 |45 % 200. 201
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1a) 7= & % 1F K.A. Gschneidner Jr. "Science and Technology of Rare Earth Materials" (E.C. Subbarao, W.E. Wallace
ed.) Academic Press, (1980), p.51.

1b) 7=k 2 RA#—, ETAEF, F1LH 11, 13 (1989).

1c) R. Hultgren, P.D. Desai, D.T. Hawkins, M. Gleiser and K.K. Kelley, "Selected Values of the Thermodynamic
Properties of Binary Alloys", Amer. Soc. Metals, Ohio (1973).

1d) Iwao Katayama, Takeshi Azakami and Toshio Yokokawa, "Handbook of Physico- Chemical Properties at High
Temperatures” (Y. Kawai, Y. Shiraishi, ed.) Iron Steel Inst. Japan, (1988), Chap. 2. Thermodynamical Properties.

p4s.

le) Iwao Katayama, Takamichi lida, Met. Rev. MMIJ 9, 51 (1992).

2) A. Kant: High Temp. Sci. 14 (1981), 23-31. ScH(g)

3) Yu. O. Esin, Zh. Fiz. Khim. 59, 223 (1985). (Transl., 131) Sc-Mn,Co,Ni,Cu(l)

4) N. Selhaoui and O.J. Kleppa, J. Alloys Compd. 191, 145 (1993). Sc-Fe,Co,Ni,Ru,Rh,Pd,Ir,
Pt{(comp)

5) B.P. Burylev, Izv. VUZ Chernaya Metall. 1988 (9), 1. Sc,Fe-Sc.

6) A.P. Savchenkova, Jzv. Akad. Nauk SSSR Neorg. Mater. 20, 1507 (1984). ScFe, 5

7y V.S. Sudavtsova, Izv. Akad. Nauk SSSR Neorg. Mater. 20, 1925 (1984). Sc-Fe(l)

8) T.-W.E. Tsang, J. Less Comm. Met. 80, 257 (1981). Sc-Fe

9) R. Haque, J. Chem. Thermodyn. 12, 439 (1980). ScRh(g),YRh(g)

10) V.S. Sudavtsova, et al., Izv. VUZ Tsvein. Metall. (1985) (6), 98. (Transi. 13, 501). Cu-(Sc,Y,La)

11) S. Watanabe and O.J. Kleppa, Mez. Trans. B 15B, 357 (1984). Cu-Sc,Y,LaLu.

12) K. Fitzner, W.G. Jung and O.J. Kleppa, Mer. Trans. A 22A, 1103 (1951). (Ag,Au)-(Sc,Y,La)

13) O.J. Kleppa, Met. Trans. A 16A, 93 (1985). Au-Sc

14) L.F. Yamshchikov, V.A. Bogatryrev and S.P. Raspopin, Rasplavy (1991) (4), 14. Sc-Zn(D)

15) W.G. Jung, O.J. Kleppa and L. Topor, J. Alloys Compd. 176, 309 (1951). ScAl, 14, YAl LaAl

16) V.V. Litovskii, et al., Zh. Fiz. Khim. 60, 2310 (1986). Al-Sc(l)

17) G.L Batalin, Ukr. Khim. Zh. 51, 817 (1985). Al-Sc(h)

18) L.F. Yamshchikov, [zv. Akad. Nauk SSSR (1985) (5), 188. (Transl. 183) Sc-Ga,In,Sb

19) G.M. Lukashenko, V.P. Sidorko and K.A. Meleshevich, Dopov. Akad. Nauk. Ukr. RSR. Ser. A: Fiz. -Mat. Tekh.

Nauki (1990) (5) 83. Sc-Si(comp)

20) L. Topor and O.J. Kleppa, Met. Trans. B 20B, 879 (1989). ScsSiy

21) Yu. M. Golutvin, fzv. Akad. Nauk SSSR Met. (1984) (6) 47. (Transi.45) Sc-Si

22) V.L Vlasov, Izv. Akad. Nauk SSSR Neorg. Mater. 18, 518 (1982). Sc-Si

23) W.G. Jung and O.J. Kleppa, J. Less-Common Met. 169, 85 (1991). LngGe,(Ln=Sc,Y,La)

24) V.S. Sudavtsova and G.I. Batalin, Rasplavy (1990) (2) 106. Sn-Sc,Ce,Cr()

25) LF. Yamshchikov et al., Zh. Fiz. Khim. 59, 2930 (1985). (Transl. 1756) Sc-Sn,Pb

26) L.F. Yamshchikov et al., Izv. Akad. Nauk SSSR Me:. (1985) (4) 202. (Transl. 197) Sc-Bi
27) O.V. Boltalina, A.Ya. Borshchevskii and L.N. Sidorov, Zh. Fiz. Khim. 66, 2289 (1992).

Sc-F
28) A.S. Chernikov et al., J. Less-Comm. Met. 130, 441 (1987). Y-H,RE-H
29) V.P. Butorov, {zv. VUZ Tsvetnaya Met. 1973 (4) 86. Be-Y
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30) LN. Pyagai, A.V. Vakhobov, N.G. Shmidt and O.V. Zhikhareva, Dokl. Akad. Nauk Tadzh. SSR 32, 605 (1989).
Mg-Y La,Nd(comp)

31) Q. Ran et al,, Calphad 12, 375 (1988). Mg-Y

32) S.A. Nikitin and A.M. Tishin, Met. Monokristally AN SSSR. In-t Metallurgii, M. (1990) 173.
Nb-Y,Gd

33) M.G. Valishev, O. Yu. Sidorov, S.V. Kolesnikov, Yu. O. Esin and A. YA. Dubrovskii, Rasplavy (1990) (6) 90.
Mn-Y())

34) B.P. Burylev and LP. Moisov, Izv. VUZ Chernaya Metall. 1988 (8) 1. Fe-Ce,Y

35) V.S. Sudavtsova et al., Izv. Akad. Nauk SSSR Met. (1987) (3) 60. (Transl. 59) Fe-Y

36) E.V. Prikhodko, Izv. Akad. Nauk SSSR Met. (1986) (4) 20. Fe-Y

37) M.S. Petrushevskii, Izv. VUZ Chernaya. Metall. (1984) (2) 3. Fe-Y

38) PR. Subramanian and J.F. Smith, Calphad 8, 295 (1984). Fe-Y

39) P.R. Subramanian, fowa State Univ. Diss. Abstr. Int., (1985) 46 (1), Pp76. Y-Fe,Co

40) G.M. Ryss, Zh. Fiz. Khim. 50, 771 (1976). Fe-Y())

41) P.R. Tangri, DK. Bose and S.P. Awasthi, Trans. Indian Inst. Met. 42, 195 (1989). Co-Y

42) O. Yu. Siborov et al., Rasplavy 2, 101 (1988). Co,Ni-Y())

43) P.R. Subramanian, Met. Trans. A 16A, 1195 (1985). Co-Y

44) D. Block, Compt. rend. (B) 275, 601 (1972). YNi,,YCo,

45) S. Pauline, R. Asokamani, G. Subramoniam and S.M. Jaya, Solid State Commun. 83 (3) 235 (1992).
YRh,,LaRh,

46) C. Colinet, et al., J. Appl. Phys. 62, 3712 (1987). Y-Ni,Gd-Ni

47) P.R. Subramanian, Mer. Trans. B 16B, 577 (1985). Ni-Y

48) G.L Batalin, Izv. Akad. Nauk SSSR Met. (1977) (6) 44. (Transl. 35) Ni-Y())

49) E. Salomons, et al., J. Phys. Condens. Matter 2, 835 (1990). Pdy, Y,

50) H.-J. Schaller, "Thermochemistry of Alloys - Recent Developments of Experimental Methods"(H. Brodowsky, H.-J.

Schaller ed.) Kluwer Academic Publ. (1989) 329. Pd-Y,Gd,Ce

51) H.-J. Schaller, Ber. Bunsenges. Phys. Chem. 87, 812 (1983). Pd-Gd,Y,Ce

52) L. Hellwig, Kernforschungszentrum Karlsruhe GmbH KFK-2687, (1978), Nov. 128p  Y,Np-Pt

53) K. Itagaki, G. Qi, S. An Mey and P.J. Spencer, Calphad 14, 377 (1990). Y-Cu

54) Q. Yang and G. Liu, Acta Metall. Sin. (China), 25, B250 (1989). Y-Cu

55) G. Qi, et al., Mater. Trans. JIM 30, 273 (1989). Cu-Y,La,Ce,Pr,Nd

56) V.S. Sudavtsova, Izv. VUZ Tsvetn. Metall. 1983 (6) 107. (Transl. 11, 492) Y-Cu

57) M.I. lvanov and G.M. Lukashenko, J. Less-Common. Met. 133, 181 (1987). Ag-La,Ce,Pr,Nd,Gd, Tb,Y

58) M. Ivanov, Ukr. Khim. Zh. 49, 1034 (1983). AgY

59) L.F. Yamshchikov, /zv. Akad. Nauk SSSR Met. (1979) (1) 83 (Transl. 69) Zn-Y

60) Yu.M. Markov, Izv. Akad. Nauk SSSR, Neorg. Mar. 14, 79 (1978). YB,,GdB,,SmB,

61) S.V. Meschel and O.J. Kleppa, J. Alloys Compd. 191, 111 (1993). Y-Al

62) Q. Ram, et al., J. Less-Common Met. 146, 213 (1989). Al-Y

63) M.S. Petrushevskii and G.M. Ryss, Russ. J. Phys. Chem. 60, 915 (1980). ALSI-Y

64) V.K. Kulifeev, Nauchn. Tr. Moskov Inst. Stali Splavov (1981) (131) 110. Y-Al

65) P.V. Gel’d, Dokl. Akad. Nauk SSSR 228, 386 (1976). Al-Y(D)

66) G.M. Ryss, Zh. Fiz. Khim. 50, 985 (1976). Al-Y(D)

67) P. Merker, Zentralinst. Kernforsch., Rossendorf Dresden, (Ber.) ZfK 1990, ZfK-713, 36-7.
Ga,Y,GaY,Ga, Y

68) M. Pelino and K.A. Gingerich, J. Mater. Sci. Lett. 12, 241 (1993). YC

69) L. Topor and O.J. Kleppa, J. Less-Comm. Met. 167, 91 (1990). M;Si;(M=Y,Lu,Zr)
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70) V.N. Safonov, Zh. Fiz. Khim. 59, 2141 (1985). (Transl. 1281)
71) V. Ya. Shchedrovitski, /zv. VUZ Chernaya Metall. 1976 (8) 5.

72) LV. Nikolaenko, ef al., Izv. Akad. Nauk SSSR Mer. (1987) (3) 67. (Transl. 66)

73) Yu. O. Esin, Zh. Fiz. Khim. 59, 481 (1985). (Transl. 277)

74) L.R. Morss, P.P. Day, C. Felinto and H. Brito, J. Chem. Thermodyn. 25, 415(1993).

75) Q. Ran, et al., Z. Metallk. 80, 800 (1989).

76) Yu. A. Afanasév, Izv. Akad. Nauk SSSR Met. (1975) (1) 186.
77) T. Dzhuraev, Dokl. Akad. Nauk Tadzh. SSR 32, 754 (1989).
78) M. Matsuura, et al., J. Phys. Condens. Matter 1, 2077 (1989).
79) Yu. U. Esin, Russ. J. Phys. Chem. 55, 1234 (1981).

80) N. Selhaoui and O.J. Kleppa: J. Alloys Compds. 191, 155 (1993).
81) T.N. Rezukhina, Zh. Fiz. Khim. 56, 1 (1982). (Transl. 1)

82) K.N. Semenenko, Zh. Fiz. Khim. 53, 2373 (1979).

83) K.T. Jacob and Y. Waseda, Bull. Mater. Sci. 13, 235 (1990).
84) A. Palenzona, Thermochim. Acta 25, 252 (1978).

85) V.I. Kober, Chem-Ztg 115, 155 (1991).

86) V.V. Berezutskii and G.M. Lukashenko, Rasplavy (1990) (6) 98.
87) G. Qi and K. Itagaki, Z. Metallk. 80, 883 (1989).

88) M.A. Turchanin, et al., Kiev State Univ. Melts (USSR) 2, 20 (1988). Rasplavy 2, 25

89) F. Sommer, et al., J. Less-Comm. Met. 146, 319 (1989).
90) F. Sommer, et al., J. Less-Comm. Met. 125, 175 (1986).

91) V.A. Dubinin, Izv. VUZ Tsvetn. Metall. (1984) (4) 123 (Transl. 331)

92) F. Meyer-Liautaud, J. Less-Comm. Met. 110, 75 (1985).

93) M.L Ivanov and V.T. Witusiewicz, J. Alloys Compd. 186, 255 (1992).

94) M.I. Ivanov and G.M. Lukashenko, Ukr. Khim. Zh. 53, 1032 (1987).

95) M.1. Ivanov, Russ. J. Phys. Chem. 55, 200 (1981).

96) A.S. Bolgar, V.B. Muratov, K.A. Meleshevich and O.T. Khorpyakov, Poroshk. Metall.

YSi;, YsGey

Y-Si

Y-Ge,Sn,Pb

Y-Ge,Sn
Y,0,,H0,0,,Er,0,4
Y-O

La-Mg

La-Ba

La-Fe

Fe-La,Ce
La-Ru,Rh,Pd,Os,Ir,Pt
La-Ni

La-Ni

Pt;M(M=La,Ce Pr,Tb,Tm
Pt-La,Ce,Pr
La-Al,0,,Ga,In,Sn,Sb,Pb,
Bi,Zn,Cu

La-Cu

La-Cu

(1988).

Cu-La,Ce(])

Cu-La(l)
Cu-Dy,Er,Gd,La, Tb
La-Cu

La-Cu
Ag-La,Ce,Sm,Eu,Gd,Dy,
Yb

Ag-La,Ce,Gd

Ag-La())

(Kiev) (1990) (11) 72.
La-B

97) Y. Peysson, 4th Internt. Conf. on Valence Fluctuations (Proc. Conf) (1984), J. Magn. Magn. Mater. Feb. (1985),

47-8, 63-5.

98) Yu.O. Esin, Zh. Fiz. Khim. 55, 1587 (1981). (Transl. 893)
99) V.I. Kononenko, /zv. Akad. Nauk SSSR Met. (1978) (1) 67.
100) V.I. Kober, Izv. VUZ Tsvetn. Metall. (1977) (5) 83.

101) V.L Kober, Izv. VUZ Tsvetn. Metall. (1983) (6) 113.

102) V.A. Novozhenov, Zh. Fiz. Khim. 49, 3012 (1975).

103) B.P. Burylev, Izv. VUZ Chernaya Met. (1975) (4) 13.

104) Yu.l. Buyanov, Poroshk. Metall. (1988) (9) 76.

(Transl., Sov. Powder Metall. Met. Ceram. 27, 744 (1988))
105) Yu. L. Buyanov, Dokl. Akad. Nauk Ukr. RSR (A) (1981) (11) 84.
106) C. Colinet, et al., J. Less-Comm. Met. 143, 265 (1988).
107) S. Cirafici, Solid State Commun. 44, 1507 (1982).

108) V.I. Kober, Sov. Non-Ferrous Met. Res. 10, 248 (1982).
109) Yu.O. Esin, Zh. Fiz. Khim. 55, 1587 (1981). (Transl. 893)

CeBg,LaBg
La-AlSn
La-Al())
La-Al

La-In

La-In

La-Si
LaGe,LasGe,

La-Ge
LaSn;,CeSn,
LaSn,;,CeSn,
La-Sn
La-ALSn())
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110) G.A. Costa, Solid State Commun. 40, 169 (1981).

111) G.M. Lukashenko, Ukr. Khim. Zh. 48, 357 (1982).

112) V.I. Kober, Izv. VUZ Tsvetn. Metall. (1982) (2) 107.

113) M. Gambino, et al., J. Less-Comm. Met. 154, 195 (1989).
114) A. Morisson, et al., Thermochim. Acta, 101, 177 (1986).
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