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Thermodynamic properties
of magnetic transition metals

Reduced Magnetization

Specific Heat Capacity (k)

Free Energy (meV)
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1463 atoms for NbC

4319 atoms for TiC
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bcc—-Fe/TiC. NbCREIIRILF—
(BEFREmEPnESSK M)
O

>0 =O=NbC(semi-coherent)
‘E 4.0 =/x=NbC(coherent:Fe-C)
E 3.0 ={J=NbC(coherent:Fe-Nb)
%" =@-TiC(semi-coherent)
S 20 =& TiC(coherent:Fe-C)
g 1.0 =3-TiC(coherent:Fe-Ti)
T
]

b
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intgrface distance (A)

Semi-coherent

0 FREIRILTY—: BE(Fe-C) < HREE < #EAH(Fe-Nb,Ti)
® Efa|EREE: & (Fe-C) < HinESE < E4G(Fe-Nb,Ti)
H. Sawada et al., Modelling Simul. Mater. Sci. Eng. 21 (2013) 045012
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Partitioning enthalpies of alloying
elements between cementite and ferrite
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Configurational entropy

Fe#H Fe,C#H
pure FefBiz ? pure Fe,CHBig
\ B/ ?EB =2 3T
MIZE->TEES (Tf—ﬁll MIZ J:o'C?;E. = ‘ft 1%

MIEFNEAZANZEB T HERE) I
AG=Qc,,(Fe,C)AH,,(Fe,C)-(1-Q)c,,(Fe) AH,(Fe)
-QTS,,(Fe,C)+(1-Q)TS,(Fe)  (M=Si, Cr)

Sy (Fe)=-kg {cy(Fe)lnc,(Fe)+(1-c\(Fe))Iin(1-cy(Fe))}
Sy(FesC)= -kg {cy(Fe;C)Incy(Fe;C)+(1-cy(FesC))In(1-c,(Fe;C))}
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Magnetic free energy

C..=k{(T/Tc)exp[-4(1-T/T,)] T<T,
C.,=k,(T/Tc)exp(8p(1-T/T,)] T>T,

kf=4(1 'fs)Smag/(’I -exp(-4))

K,=8pfsSaq

f.: fraction of magnetic entropy above curie temperature
Smag- RIN(1+S,) : magnetic entropy

S,. magnetic moment of iron Magnetic free energy for pure bec Fe

QMC approach vs. emp. model

20 T T T | T | T | T | T | It |

Phase ae-Fe #-Fe,C % ] - S oS ESsSS LTI T T T T ]
E.q(eV/fu) —8.310 —33.960 E T T 1;‘ """ ]
ZPE (meV/ atom) 419 533 Z 50l A<SmeV |
S, (ug/Fe) 221 1.86 g 20
Snag (R /Fe) 1.166 1.051 5 I 1
T (K)™= 1041 483[8,21] o -40F
- : : = el used by Fang ot al

£l v 10NS T [ maodel use Yy rang et al.
e N O 0105 o =60} |™ PRL 105. 053503 (2010)
kg [1/(mol K)/Fe] 35.36 3372 s effective Model QMC
k, [J/(mol K)/Fe] 8.15 1553 & [ |™ pPrB 83 165114 (2011)]

g -801 difference
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