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Thermodynamic analysis for non-vacuum melting
of Cu-Cr-Zr alloy
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Abstract: The Gibbs free energy changes of reactions of copper, chromium and zirconium with some components such
as O, N, crucible and furnace lining materials, were calculated at the melting temperature. The possibilities of the
relevant reactions were analyzed by the Gibbs free energy changes. The results show that chromium and zirconium can
react with O, and N, from protective atmosphere; the zirconia and magnesia have a good stability for Cr and Zr, therefore,
they can be used as crucible and furnace lining materials for Cu-Cr-Zr alloy melting.
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Table 1 Characteristic constants of Cu, Cr and Zr
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Metal Crystal Lattice constant/ Melting ~ Vapor tension at Density/ Thermal conductivity/ Boiling
structure nm point/K  melting point/Pa (grem™) (Wm K™ point/K
Cu FCC 0.3615 1356 0.05 8.96 394 2 868
Cr BCC 0.288 4 2148 1030 7.19 67 2 945
Zr HCP a=0.032 32;¢c=0.05148 2125 6.52 4613
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Table 2 Gas-metal reactions during induction melting

Oxygen-metal reaction Reaction No.

4Cu(s)+0(g)—2Cu,0(s) (1)
2Cu(s)+0y(g)—2CuO(s) )
Cr(s)+02(g) =~ CrOx(s) 3)
2/3Cr(s)+0,(g)—2/3CrOx(s) (4)
4/3Cr(s)+0,(g)—2/3Cr05(s) 5)
Zr(s)+0x(g)—ZrOx(s) (6)
271(s)+0,(g)—>2Zr0 (s) (7)
2Mg(s)+0x(2)—~2MgO (s) (8)
Nitrogen-metal reaction Reaction No.
27Z1(s)*+Ny(g)—>2ZrN(s) 9)
4Cr(s)+Ny(g) =~ 2CnN(s) (10)
2Cr(s)+Ny(g)—~2CrN(s) (11)
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Fig.l1 AG®—T graphs of reactions (1)—(8)
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Fig.2 AG®—T graph of reactions (9)—(11)
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Table 3 Chemical reactions of furnace lining-metal and

graphite crucible-metal

Furnace lining-metal reaction Reaction No.

3Z1(s)+2AL,05(s) — 3ZrO,(s)+4Al(1) (12)
3Mg(s)+ALO;(s) —3MgO(s)+2Al(1) (13)

Z1(s)+Si0,(s) —=ZrO,(s)+Si(s) (14)
2Mg(s)+SiO,(s) —2MgO(s)+Si(s) (15)

Graphite crucible-metal reaction Reaction No.

3/2Cr(s)+C(s)—1/2Cr;Cx(s) (16)
7/3Cr(s)+C(s)—1/3Cr,Cs(s) 17
23/6Cr(s)+C(s)—1/6CrpCq(s) (18)
4Cr(s)+C(s)— CryC(s) (19)
Zr(s)+C(s)—ZrC(s) (20)
1/4Zx(s)+C(s)—1/4ZrCy(s) 21)
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Table 4 Impurities-metal and slag-metal reactions during the

induction melting

Slag-metal reaction Reaction No.

ZTOZ(S)+Si02(S)_’Zr02'SiOZ(S) (22)
MgO(s)+SiOx(s)—MgO-SiOx(s) 23)
2MgO(s)+SiOx(s)—~2MgO-SiO(s) 24)

Impurities-metal reaction Reaction No.

Cu(s)+S(g)— CuS(s) (25)
2Cu(s)+S(g)—~ Cu,S(s) (26)
Mg(1)+S(g)~MgS(s) @7
Mg(1)+Si(s)—~MgSi(s) (28)
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Table5 AG® value of reactions (22)—(28) at different temperatures(J)
Reaction

No. 800 K 900 K 1000 K 1 100K 1200K 1300K 1400 K 1500 K 1600 K
(22) —8748.7 —7774.8 -6 675.5 -5697.3 -4 623.1 -3072.3 —2700.3 —-1651.1 —255.0
(23) —697663 —704903 712598 720791 729556 738765 748421 758444 768 970
(24) —62904.8 —62766.9 —624952 —621733 —61993.6 —-61792.9 —61650.8 —614544 —61462.7
(25) —-268 122  —274573 287072 281782 270877 —259 699 - - -
(26) -276 645 268022 —259553 251189 242812 234339 225544 216043 —206 500
27 —497 775 —481381 —464273 446809 —429357 411864 392310 365612 —339011
(28) —21476.8 —25782.2 30351 —35233.2 403328 —456372 512175 -56927.4 —62846.3
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Fig.5 XRD pattern of melting slag: (a) Graphite crucible; (b) Zirconia crucible
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Fig.6 Microstructure and surface SEM scanning of elements distributed in microstructures: (a) Microstructure; (b) Cr distribution;

(c) Zr distribution; (d) Mg distribution; (e) O distribution; (f) C distribution
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