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Thermodynamic properties of pure elemental Cu
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Abstract: The transition data and Gibbs energy functions of pure elemental Cu in SGTE database were reassessed
using the least-square method and adopting the newly available thermochemical reference JANAF data in the fourth
edition. The results of transitional heat capacity, enthalpy and entropy are — 0. 187 J/ (mol ¢ K), 13. 138 kJ/ mol
and 9. 675 J/(mol * K), respectively, and these data agree well with JANAF data. Debye Griineisen model was
applied to study the thermodynamic properties of fcc and supercooled liquid phase from 0 K to 1357.77 K. It is
found that the heat capacity of Debye Griineisen model at low temperature is lower than experimental data and leads
to the higher transitional entropy and Gibbs energy. Keeping the continuum of ¢,, H and S between the supercooled
and real liquid phase of Cu at melting point, the thermodynamic properties of liquid Cu can be obtained and they
agree well with JANAF data as well.
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Table 1 Transition data of pure Cu
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5007 33. 164 1357.77
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Table 2 Comparison of isobaric heat capacity of
fce phase of Cu metals between
experimental data and calculated ones of

Debye Griineisen model at low temperure

¢/ (J* mol” '+ K1) Error of Debye/

T/K g
JANAF AIPH Debye %
10 — 0.054 0. 048 ~ 11.583
15 — 0. 184 0. 162 ~ 11.754
20 — 0. 460 0.386 - 16.192
25 — 0.962 0.750 - 22.029
30 — 1. 695 1.286 ~ 24.099
50 - 6. 150 4.988 - 18.893
70 — 10. 878 9.519 - 12.493
100 16. 01 15. 983 14. 858 - 7.041
150 — 20. 502 19.713 - 3.848
200 22.631 22. 635 22.039 - 2.634
250 — 23.765 23.328 - 1.841
298.15  24.442 24. 435 24.121 - 1.285
22 15
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Table 3 Comparison of isobaric heat capacity of Cu metals between experimental data and

ones of SGTE database, reassessment calculation and Debye-Griineisen model

ep/ (J* mol™ !+ K~ 1) Error/ %
T/K
JANAF SGTE Reassessment Debye SGTE Reassessment Debye
298.15 24. 442 24. 447 24.380 24.121 0.021 - 0.253 = 1,3
300 24. 462 24. 471 24.415 24. 146 0.035 - 0.194 = 1,3
400 25.318 25.458 25.550 25.185 0.552 0.915 - 0.5
500 25.912 26. 156 26. 044 25.913 0. 940 0.510 0.0
600 26. 481 26.730 26. 401 26.539 0. 940 - 0.301 0.2
700 26.996 27.238 26.794 27. 149 0. 896 - 0.750 0.6
800 27. 494 27.703 27.293 27.774 0.761 - 0.731 1.0
900 28. 049 28.137 27.934 28. 447 0.314 - 0.410 1.4
1000 28. 662 28. 546 28.734 29.177 - 0.405 0.253 1.8
1100 29. 479 28.933 29.705 29.984 - 1.854 0.766 1.7
1200 30. 519 29.299 30. 851 30. 873 - 3.996 1. 089 1.2
1300 32. 143 29. 648 32.178 31. 860 - 7.763 0. 109 - 0.9
1358 33. 353 29. 842 33.031 32. 481 - 10.528 - 0. 966 - 2.6
1358 32. 844 31.38 32. 844 32. 608 — 4.5 0 - 0.7
1400 32.844 31.38 32.844 32. 608 - 4.5 0 - 0.7
1500 32.844 31.38 32.844 32. 608 - 4.5 0 - 0.7
1600 32.844 31.38 32.844 32. 608 - 4.5 0 - 0.7
1700 32.844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
1800 32.844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
1900 32.844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2000 32.844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2100 32. 844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2200 32. 844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2300 32. 844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2400 32. 844 31.38 32. 844 32. 608 - 4.5 0 - 0.7
2500 32. 844 31.38 32. 844 32. 608 - 4.5 0 =, 7
2600 32. 844 31.38 32. 844 32. 608 - 4.5 0 =, 7
2700 32. 844 31.38 32. 844 32. 608 - 4.5 0 =, 7
2800 32. 844 31.38 32.844 32. 608 - 4.5 0 - 0.7
2843. 261 32. 844 31.38 32.844 32. 608 - 4.5 0 - 0.7
FT a4 RFEVEF Cu 11 AH DG B B AU 98 (E X L TS5 ANFETFIEIFET Cu [ AH R0 < B L B A AR A (B % bl

Table 4 Comparison of enthalpies at

key temperatures of Cu by various methods

Table S Comparison of entropies at

key temperatures of Cu by various methods

Enthalpy/ (kJ * mol™ ')

Entropy/ (J* mol™ '« K™ 1)

Phase T/K Phase T/K
SGTE Reassessment Debye JANAF SGTE Reassessment Debye JANAF
208.15  5.004  5.007  4.797 5.007 208.15  33.150  33.164  30.983 33.164
fe 1357.77  34.301  34.699  34.593 34.667 fee 1357.77  74.093  74.355  72.220 74.300
© 1357.77 47.564  47.837  48.289 47.805 o 1357.77 83.861  84.030  82.305 83.974
Liuid ) 3261 94.179 96,626 96.727 96.594 Liqiid ) 043,261 107.055  108.305  106.40 108.244
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Fig. 1 Comparison of enthalpies of

Cu by various methods

Fig.2 Comparison of entropies of

Cu by various methods
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Table 6 Reassessed functions of Gibbs energy of SGTE database of pure Cu

Source of data: JANAF [fee_Al, liquid]

Data for Cu in the form of G-HSER, fcc_Al

- 9710.432+ 168.863 67— 30.311 92TIn(T) + 5.362825x 107372~ 1.577 659x 10~ ¢T3+ 158 917. 77!

— 14 868. 22+ 195.389T~ 32.844TIn(T) - 4.339454x 1087~ °

Liquid

(298.15< T< 1357.77)

(1357.77< T< 2843.261)

3470. 746+ 159. 1537 - 30.311 92TIn(T)+ 5.362 825x 107372~ 1.577659% 10” ®T3+ 158 917.7T '+ 6.969 617 x 10~ 2T

— 1764.783+ 185.737 9T - 32.844TIn(T)

(298.15< T< 1357.77)
(1357.77< T< 2 843.261)

Data relative to fece_A1, liquid
13 181. 178- 9. 710 6T+ 6.969 617 x 10~ 22T7

13 103. 437+ 90. 348 9+ 4.339454x 1087~ °

(298.15< T'< 1357.77)

(1357.77< T< 2843.261)

s SGTE Hl1E « & 6 KB Pl 45 R | A
ARG JANAF Huls ek 7 M 3 BEATRILL .
R T AFTTERIGT Cu A AR < 8 il B2 A0
Gibbs RE{EXT L
Table 7 Comparison of Gibbs energies at

key temperatures of Cu by various methods

Gibbs energy/ (kJ * mol™ ')

Phase T/K
SGTE Reassessment Debye JANAF
298. 15 - 4.880 - 4.881 - 4.440 - 4.881
fee
1357.77 - 66.300 - 66.258 - 63.481 - 66.232
1357.77 - 66.300 - 66.258 - 63.481 - 66.232
Liquid

2843.261 - 210.205 - 211.313 - 205.797- 211.179

Gibbs energy/(kJ+mol1)

50
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e R @980 85 MENt
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\\\
-250} ~
_300 3 /(N | 1 i |
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Fig. 3 Comparison of Gibbs energies of

Cu by various methods
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