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Thermodynamics of Solute Distributions between 

Solid and Liquid Phases in Iron-base Ternary Alloys* 

By Zen-ichiro MORITA** and Toshihiro TA NAKA***

. 

Synopsis 

  The equilibrium distribution coefficients ko for some solutes in iron-base 
ternary alloys have been experimentally investigated. The mechanisms of 
these solute distributions between solid and liquid phases were also discussed 
on the basis of thermodynamics. 

  The experimental results show that ko of Ni increases and ko of V 
decreases with the increasing carbon content, and the distributions of C in 
Fe-C-Ni and Fe-C-V alloys differ little from those in Fe-C binary 
alloys. This effect of carbon on kos of Ni and V could be thermodynami-
cally explained by using the interaction parameter, the activity coefficient 
and so on. 

 And also, the effects of various alloying elements on the equilibrium 
distributions of nitrogen and hydrogen were discussed thermodynamically.

I. Introduction 

  The equilibrium distribution coefficients of solute 
elements in iron alloys are known to play an important 
role in relation to the segregation during the solidifi-
cation of steel. Generally, the liquidus in most im-
portant systems has been considerably well established 
by the thermal analysis. However, informations on 
the solidus and the distribution coefficients especially 
in multi-component systems are sparse and generally 
unreliable. The equilibrium distribution coefficients 
of some elements in multi-component systems are 
thought to be different from those in binary systems 
since some interactions among solutes are expected to 
exist in multi-component systems, but a comprehen-
sive theory concerning this problem has not yet been 
developed. 
  Recently, some investigators1-5) measured the equi-
librium distribution coefficients of solute elements in 
various kinds of iron alloys and calculated them by 
using thermodynamical data. However, in their 
works, mainly, they studied if the experimental results 
were valid or not in comparison with the calculated 
values, and did not discuss the mechanism of the 
equilibrium distribution of solute and the effect of 
solute interaction on it. 

  The purpose of this work is to obtain the equi-
librium distribution coefficients for C, Ni and V in 
Fe-C-Ni (up to 4 wt% C and 1 wt% Ni) and Fe-C-
V (up to 4 wt% C and 3 wt% V) alloys and to discuss 
the mechanisms of these solute distributions between 
solid and liquid phases. In these systems, there are 
few data for the equilibrium distribution coefficients 
of the solutes, especially in a wide temperature range. 
Since the thermodynamic interaction between Ni and 
C in iron alloy is known to be opposite to that between

V and C, it is also interesting from a thermodynamic 
standpoint to make clear the mechanisms of distribu-

tions of Ni and V. Moreover, based on the results on 
these systems, the factors which control the solute dis-

tributions between solid and liquid phases in iron base 
binary alloys and iron-carbon base ternary ones are 

discussed thermodynamically. 

  Also, the distributions of nitrogen and hydrogen be-
tween solid and liquid phases in iron-base alloys are 

discussed thermodynamically.

II. Experimental 

1. Apparatus for Quenched Specimens 

  The apparatus for preparing quenched specimens 
is shown in Fig. 1. A sample weighing about 5 g was 

placed into an alumina crucible in purified argon gas 
atmosphere. After the sample melted down, it was 
cooled to a fixed temperature between 1 180 °C and 
1 420 °C, at which austenite and liquid phases coexist-
ed, and held at that temperature for a given time. 
When the equilibrium was achieved, by withdrawing 
the stopper, the sample fell through the hole at the 
bottom of crucible and was quenched in oil or 10 % 
KOH aqua, to make the specimen including two

Fig. 1. Apparatus for quench ing specimens.
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phases of liquid and solid before quenching. 
  As the vertical tube furnace had a hot zone of 

30 mm over which the temperature was constant 

within ±2 K and the height of the sample was shorter 
than 10 mm, it is reasonable to expect that the tem-

perature distribution in the sample was uniform. The 
sample was often stirred when it was held at a given 
temperature so that the solids could distribute uni-

formly in the sample.

2. Sample and Holding Temperature 

  The compositions of the samples used and their 
equilibrium holding temperatures are listed in Table 

1. These samples were prepared in a high frequency 

induction furnace from electrolytic iron, pure graphite, 
nickel and vanadium. 

  The equilibrium temperature was fixed at about 

20 °C lower than the liquidus temperature to make the 
ratio of solid to liquid in the specimen as small as 

possible.

3. Equilibration Time 

  To determine the time required for the establish-
ment of the complete equilibrium between the two 

phases, a series of experiments were carried out on the 
Fe-C--V alloys, in which the specimens were quenched 

after different holding times at the same temperature. 
The results of the analysis of V from the central regions 

of the solid phases are given in Fig. 2. This figure 

shows clearly that the equilibrium has been achieved 
after 3 hr. Consequently, the holding time was 

determined to be 3 to 4 hr.

4. Metallographic Structure of Quenched Specimens and the 
   Measurement of Concentration Distribution by EPMA 

  All the specimens were spherical, and the solid 

phases were distributed uniformly in each specimen. 
Photograph 1 shows the microstructures of the quench-
ed specimens, where circulars and the rest are the 
solid and liquid phases, respectively, which had coex-
isted before quenching. 

  All the specimens quenched were prepared for 
metallographic examinations by polishing and etch-
ing in 10 % Nital. Then, the parts of solid and 
liquid to be microanalysed were marked out with 
microhardness impressions, and then repolished to re-
move the etching. 

  Electron probe microanalysis was carried out at an 
accelerating voltage of 20 kV by scanning the focussed 
beam at 50 ~Cm/min over the region which included 
both solid and liquid. Since, particularly, the struc-
ture of the part of the liquid phase in the specimen 
was not uniform as that of the solid phases, in the part 
of the liquid phase a focussed beam was moved over 
the distance corresponding to 2 or 3 times of the 
diameter of the part of the solid phase, and then the 
concentrations of the solutes at the liquid region of 
each specimen were averaged. 

  The actual compositions were obtained from the 
calibration curve which was previously established 
with the chemically analysed specimens of Fe-C-V 
and Fe-C-Ni alloys, shown in Fig. 3. The chemical

compositions of these samples used are listed in Table 

2. Some examples of the concentration distribution 
measured by EPMA are given in Fig. 4.

Table 1. Chemical composition and e 

perature for Fe-C-Ni and
quilibration tem-

Fe-C-V alloys.

Fig. 2. Vanadium concentration in austenite 

alloys with equilibration time.

of Fe-C-V

Photo. 1. Microstructures of quenched specimens.
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III, Experimental Results 

  Figure 5 shows the experimental results on a plot 
of the carbon concentration in both the austenite and 
liquid phases in Fe-C-Ni and Fe-C-V systems togeth-
er with the liquidus and solidus in Fe-C binary sys-
tem. It is obvious that the distribution of C between 
the solid and liquid phases in Fe-C-Ni and Fe-C-V 
alloys with 1 ~3 wt% Ni and V differs little from that 
in Fe-C binary system. 

  The variation of the equilibrium distribution co-
efficient of Ni, kg', in Fe-C-Ni system and that of V, 
ko, in Fe-C-V system are given as a function of the 
carbon concentration of liquidus, respectively, in 
Figs. 6 and 7. In these figures, the calculated values 
of koi and ko using thermodynamic data are also 
shown. This calculation will be discussed in detail at 
the later section. It can be seen from Figs. 6 and 7 
that koi increases in Fe-C-Ni system and ko decreases 
in Fe-C-V systems with the increasing carbon con-
tent. The effects of Ni and V contents on koi and ko 
in Figs. 6 and 7 are seemingly negligible. Also the

Fig. 3. Calibration curves for Ni, V and C in electron 

       probe microanalysis. 

Table 2. Chemical composition for standard specimens.

Fig. 4. Carbon, nickel and vanadium 

quenched specimens.

distributions in

Fig. 5. Carbon distribution between austenite 

   phases in Fe-C-Ni and Fe-C-V systems.

and liquid

Fig. 6. Change of k~, of Ni in 

concentration on liqui

Fe-C-N 

dus.

i alloys with carbon
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experimental results are thought to be in reasonable 
agreement with the calculated ones. 

Iv. Discussion 

  Studies on the effect of interaction among solutes 
on the equilibrium distribution coefficients in multi-
component iron alloys have not been experimentally 
established, and neither theoretically. Recently, the 
calculation techniques for equilibrium phase diagrams 
by a computer have been developed and some phase 
diagrams for multicomponent systems have been ob-
tained through the use of these techniques. But the 
relations between the interactions among solutes and 
the distribution of the solutes have not been made 
clear. In this section, the equilibrium distribution 
coefficient is discussed thermodynamically in order to 
clarify the controlling factor of solute distribution be-
tween solid and liquid phases in iron alloys. 

  Also, the effects of some alloying elements on the 
nitrogen and hydrogen distributions are discussed 
thermodynamically. 

1. Thermodynamic Treatment of Equilibrium Distribu-
   tion Coefficient ko and the Periodicity of ko of Solute X 

   in Iron Alloys 

  Equilibrium between liquid and solid phases in an 
iron-rich alloy is represented by Eqs. (1) to (3) 

                 4 = i +RTIn(iX.J'f) ..................(1) 

                pX = Px+RTln (rx•Nx) ..................(2) 
                 t_ 3                                          /x=14 .....................................) 

where, px : the chemical potential of X 

      (~x : the chemical potential of X in standard 
           state 

     Nx : the mole fraction of X 

      rx : activity coefficient of X 
      R: the gas constant 

       T: the absolute temperature 
   the superscripts l and s : liquid and solid state.

From Eq. (3) of the equilibrium condition, the 
equilibrium distribution coefficient of X, ko, is derived 
as follows :

     ko =' XI X 
       = exp {(,ux- px)/RT} . exp (ln rX-ln rf......(4) 

  Generally, when the equilibrium distribution co-
efficient is read from the phase diagram, the value 
obtained from the tangents of the solidus and the 
liquidus at their cross point, that is to say, the point 
NX, Nx ---* 0 as sketched in Fig. 8, is regarded to be 
valid near the melting point of iron. Then, as 
NXor s --> 0, Eq. (4) can be simplified to 

 ko Ng--O = (N%l NX)NX-O 
      = exp {(,ux-,ux)/R T} • exp (in rX-ln rx) ......(5) 

where, Yx : the activity coefficient of element X at 
         the infinite dilution. 

  In Bragg-Williams approximation, the activity co-
efficient of element X in a binary system of Fe-substi-
tutional element X is given bys~ 

            In rx = {WFe-x(1-NX)2}/RT ............(6) 

and in a system of Fe-interstitial element X binary 
one 

              in rx = (WFe-x+2Nxxx)/RT ...............(7) 

where, WFe_x : the interchange energy between Fe 
              and X 

         xx : the binding energy of solute X. 
As Nx -* 0 in Eqs. (6) and (7), both these equations 
are expressed as 

             (ln rx)Nx-moo =1n Yx = WFe-xI RT ............(8) 

Substituting Eq. (8) into Eq. (5) gives 

     ko Nx--o = (N/NX)Nx-•o 

         = exp {(pX- px)/R T} . exp {(We -X 
                          - WFe-x)/R T} ..............................(9) 

  It is obvious from Eq. (9) that the equilibrium dis-
tribution coefficient of solute element X at the infinite 
dilution consists of the free energy of fusion of element 
x and the difference between the interchange energies 
of Fe-X in liquid phase and in solid one. Also these 
energies are dependent upon only the properties of 
element X. Then, in order to examine the above re-
sults the change of equilibrium distribution coefficient 
of element X with its atomic number will be con-
sidered. 
  The equilibrium distribution coefficients of element 
x in iron alloys published by other investigators7~ are 
plotted against the atomic number of the element X 
in Fig. 9. As exhibited in this figure, the equilibrium 
distribution coefficients of element X are thought to 
change periodically against the atomic number. 
Then, this periodical change will be discussed through 
the comparison with the above equation (9). 

  First of all, the calculated free energy of fusion of 
each element at the melting point of iron is shown in

Research Article

Fig. 7. Change of ko of V in Fe-C-V 

       concentration on liquidus.

alloys with carbon
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Fig. 10(A). It is obvious from this figure that the 
free energy of fusion changes periodically against the 
atomic number of the element. 

  Generally, the interchange energy is considered to 
be dependent upon both the differences in the atomic 
size (size factor) and the chemical property (chemical 
factor). For example, Mott8~ proposed the following 
equation as the interchange energy between A and B 
elements.

WA-B = VM(OA-OB)2-23 060 n (XA-XB)2

where, VM : the atomic volume of the alloy 
       o : the solubility parameter 

        x : the electronegativity 
       n : the number of A-B bonding. 

Therefore, the differences of the atomic radius as the 
size factor and the electronegativity as the chemical 
factor between Fe and a solute element are taken 
into account and plotted against the atomic number 
of the element, respectively, in Figs. 10(B) and (C). 
As exhibited in these figures, both the size factor and 
the chemical one also change periodically against the 
atomic number, and this fact suggests the existence 
of a periodicity on interchange energy. 

  Thus, from the foregoing Eq. (9) it is considered 
reasonable that the equilibrium distribution coeffi-
cients of the solute element in iron base alloys change 

periodically against the atomic number of the element. 
  Consequently, the free energy of fusion of element 

x and the difference of interchange energy between 
Fe and element X are considered to be the fundamen-
tal factors controlling the equilibrium distribution of 
the element X in iron alloys. 

2. The Equilibrium Distribution Coefficient of the Third 
   Element in Fe-C Base Ternary Alloys 

  The foregoing experimental results of this work 
showed that koi in Fe-C-Ni system increased and ko 
in Fe-C-V system decreased with the increasing car-
bon content. In this section let us examine these re-
sults thermodynamically.

  Equation (4) can also be applied for the equilibrium 
distribution coefficient of element X in Fe-C-X ternary 
system. In this case, the effect of carbon must be 
included in the activity coefficient rx of element X in 
Eq. (4). Then, to consider the effect of C, the ac-
tivity coefficient of element X is expressed in terms of 
the interaction parameter s as follows : 

                Inrx=InYx+aJVx+a XC ...............(10) 

where, eX : the self interaction parameter of element 
x

Fig. 8. 

Sketch of solidus 

point of iron.

and liqui dus near the melting

Fig. 9. Change of equilibrium 

atomic number.

distribution coefficients in iron alloys with

Fig. 10. Periodicity for free energy of fusion of element X 

and difference of atomic radius and electronega-

tivity between Fe and X.
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      sx : the interaction parameter of C on X. 
By substituting Eq. (10) and the relations ko =Nx/ 
Nx and ko =Nc/Nc into Eq. (4), the equilibrium dis-
tribution coefficient of element X in Fe-C-X ternary 
system is represented by

       in ko = (pt- px)/RT+ In (rx/rx) 

               +(~x'l --~x'Sk0 )'NX 

                      +(sX~t-4~sko)•Nc ..................(11) 

  Here, the first and second terms show the funda-
mental factor controlling ko, the third and the fourth 
terms denote the concentration dependences of X and 
C, respectively, on ko . Thus ko can be calculated by 
substituting thermodynamic data into Eq. (11). The 
calculated ko' and ko are shown in Figs. 6 and 7 with 
the experimental ones. The thermodynamic data 
used in the above calculation are given in Table 
39-18) 
  Now, let us call attention to the fourth term in the 
right-hand side of Eq. (11). Mori and Ichise20~ pro-

posed that there exists a linear relation of EN in solid 
and liquid phases, 1"=m•1", rxtNin iron-nitrogen-X sys-
tems. The value m, which is not strictly equal to 
unity, is considered to be related to the difference of 
the structure between solid and liquid phases. Then, 
we applied this treatment for Fe-C-X systems. The 
relations of some elements X between sx~i in liquid 

phase9) and s in solid one9-12,14,19) are shown in 
Fig. 11. In this figure, it is obvious that a linear rela-
tion holds approximately between sx~i and . This 
relation obtained by the least square method is given

as 

                 X, s X, l 

  Substituting Eq. (12) into the fourth term in the 
right-hand side of Eq. (11) yields 

     (EX'ti-~O sko) •Nc = s"(1-0.925ko).Nc ......(13) 

  As the equilibrium distribution coefficient of C, ko, 
takes the value smaller than unity, in the above 
equationl3~ 

                        (1-0.925ko)>0 .....................(14) 

It is obvious from Eqs. (11) and (13) that since sx" 
is positive for the element X with the repulsive effect 
against C, the value of the fourth term in the right-
hand side of Eq. (11) becomes positive and the ko

Fig. 11. Relation between 

    tenite.

sx'~ in liquid and Ex,S in aus-

Table 3. Thermodynamic data for calculating ko and ko.
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increases with the increasing C content. On the other 
hand, since Ex~i is negative for the element X with the 
attractive effect against C, the value of the fourth 
term of Eq. (11) becomes negative and the ko de-
creases with the increasing C content. 

  Figure 12 shows a plot of the present experimental 
results, koi and ko as a function of the C content, 
together with ko for some kinds of elements published 
by other workers.l-3,21-26) As illustrated in this 
figure, in Fe-C-Ni, Fe-C-Si and Fe-C-Co systems, 
koi, koi and ko0 increase with the increasing C content 
because these elements denote the repulsive effect 
against C. While V, Mn and Cr indicate the at-
tractive effect against C in Fe-C base alloy systems, so 
ko, ko n and kor decrease with the increasing C con-
tent. Thus, the present experimental results could be 
understood as described above. 

  Besides, it has been reported that ~c in liquid iron 
alloys changes periodically against the atomic num-
ber of element X.27) Upon combining Eqs. (11) and 
(13), we presume that in Fe-C base alloys the effects 
of C-X interactions on ko change periodically against 
the atomic number of element X. 

  Consequently, the fourth term in the right-hand 
side of Eq. (11) can be expected as an important factor 
controlling the variation of ko as a function of the C 
content in Fe-C-X alloys. 

  Moreover, in order to investigate the fourth term 
of Eq. (11) the influence of C on ko is intended to be 
estimated quantitatively in terms of free energy. 
Namely, multiplying each term in Eq. (11) by RT 
where R is the gas constant and T is the absolute 
temperature, we derive 

      RTIn ko = (~cx-~cx)+RTIn (?It) 

                     +RT(Ex"-~x".ko).XC ............(15) 

  We define the physical meaning of each term in 
this equation as follows : 
The left-hand term : the energy to let X distribute by 

  the ratio ko 
The first and second terms of the right-hand side: 

  the energy controlling ko fundamentally 
The third term : the energy depending on the X con-

  tent 
The fourth term : the energy depending on the in-

  teraction of C on X. 
  Figure 13 depicts the variation of the calculated 

energies of each term in Eq. (15) as a function of tem-

perature in Fe-C-Ni and Fe-C-V systems, respective-
ly. It is clear from this figure that the energy depend-
ing on the interaction of C on Ni and V is the most 
dominant factor among these energies related to R T 
In ko.

3. Equilibrium Distributions on Nitrogen and Hydrogen 
   between Solid and Liquid Phases in Iron Base Alloys 

  Informations on solubilities of gaseous elements in 

iron base alloys are known to play an important role 
in the development of some qualities of steels. In 

general the solubilities of nitrogen and hydrogen in

liquid iron alloys seem to have fairly been established. 

However a comprehensive study for the solubilities of 

these elements in solid iron alloys has not yet been

Fig. 12. Change of equilibrium distribution coefficient of 

         some elements with carbon content in iron-carbon 

        base alloys.

Fig. 13. Change of energy components concerning the dis-

       tributions of Ni and V between solid and liquid 

        with temperature.
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carried out. 
  In this section a simple equation of the equilibrium 

distribution coefficients of nitrogen and hydrogen be-
tween solid and liquid phases is derived thermody-
namically and also the effects of various elements on 
the equilibrium distribution of nitrogen and hydrogen 
in iron base alloys are discussed. 

  Using Eqs. (1) to (3), the equilibrium distribution 
coefficient of element i (i=N or H) in Fe-i-X ternary 
system can be shown by 

    In ko = (-pz)IRT+In (r~/rz) 

            +(ei"-si'3•ki)Nl+(a~"-ax'S•kx)N~ (16)                                    z Z o z ~ z o x...... 

  Since it is well known that the dissolution of nitro-

gen or hydrogen in pure iron, either in the liquid 
state or in the solid one, obeys Sieverts' law, the self-
interaction parameters of nitrogen or hydrogen in iron 
are shown as 

                                                               0 ...........................(17) 

  As already mentioned, Mori and Ichise20~ proposed 
that a linear relation holds approximately between 
~N,i of some elements X in liquid phase and sN" in 
austenite as shown in Fig. 14 and the gradient of this 
straight line becomes unity as the temperature of the 
liquid phase approaches that of solid one. So, the 
following equation can be assumed at the temperatures 
at which the liquid and the solid coexist. 

                                       ax" =, ax,s ........................(18) 

  Substituting Eqs. (17) and (18) into Eq. (16) yields 

        in ko = (l~2-Vii)/RT+ln (/r2) 

                             +(1 x) x -ko •si,• x ..................(9) 

  The above equation describes that the equilibrium 
distribution coefficient consists of the terms 

         (i-z)/RT+In (ri/ri) 

dependent on the property of nitrogen or hydrogen 
and the term 

                (1-ko )' ~x'~' Nx 

showing the effect of the alloying element X on ko. 
  On the other hand, as the same way described in 

Eq. (16), the equilibrium distribution coefficient of 
the alloying element X, ko is given by 

       in ko = (lax-!gig)/RT+In (rx/Yx) 

                                                                               ..................(20) 

  Here, the fourth term of the right-hand side of the 
above equation shows the effect of element i on ko 
but the i is gaseous element and its solubility is quite 
small, then this term can be neglected. The third 
term of the right-hand side of Eq. (20) indicates the 
dependence of ko on the concentration of X. The 
contribution of this term to ko is known to be much 
smaller than that of the first and second terms of the 
right-hand side of Eq. (20). So this term can be

ignored, too. Thus, ko depends on only the first and 
the second terms 

         (x-x)/RT++In (rx/rx) 

and it can be considered to be constant at a given 
temperature. 
  Consequently, ko can be calculated by substituting 
the thermodynamic data into Eq. (19). Also, the 
effects of various alloying elements X on ko can be 
discussed. 
  It is obvious from Eq. (19) that the fundamental 

factor controlling kos of nitrogen and hydrogen, 

         (pz-lei)/RT +ln (ri/Yi) 

is equal to kos of these gaseous elements in Fe-N and 
Fe-H binary systems. 

      (i-z)/RT+In (/) 
            = In ko (Fe-i binary system) .........(21) 

  In order to obtain the fundamental factor control-
ling ko in Fe-i-X ternary system, kos of nitrogen and 
hydrogen in Fe-N and Fe-H binary systems will be 
estimated as follows. Figure 15 shows the temperature 
dependence of the solubilities of nitrogen and hydro-
gen in Fe-N and Fe-H binary systems.28~ In this 
figure, extrapolating the solubility curves, we can 
obtain the solubilities of nitrogen and hydrogen in 
both the solid and the liquid phases at a given tem-

peratures and subsequently ko. Thus, the factor 

         (pi-pz)/RT+In (ri/ri) 

can be estimated as shown in Table 4. 
  Also, Eq. (19) indicates that the effects of various 

alloying elements X on ko are calculated if the values 
of ko and Ex in the liquid are known. The calculated 
results of (1-ko) • ax are listed in Table 5 together 
with the values of ko 7) and ~x 9,29,30) used in this cal-
culation. Figures 16 and 17 show the change of the 
fourth term of Eq. (19) with .Nx in Fe-N-X and Fe-
H-X systems, respectively. These figures mean as 
follows. If 

                (1-ko)•Ex'1•Nx 

is positive and becomes larger and larger, ko=Ni/Ni

Fig. 14. Relation between ~N,l in liquid and EN,s in 
austenite.

Research Article
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increases, that is to say, such an alloying element X 
lets nitrogen and hydrogen dissolve much more in the 
solid phase against a given solubility in the liquid 

phase, iV. On the other hand, if 

               (1 k0).£c.NX 

is negative and its absolute value becomes larger and 
larger, ko=NlINi decreases and this element X im-

pedes the dissolutions of these gaseous elements in the 
solid phase against a given Ni.

V. Summary 

  In order to investigate nickel and vanadium dis-
tribution between the solid and the liquid phases in 

Fe-C base ternary systems, austenite-liquid phases 

equilibrated in the temperature range from 1 180 to 
1 420 °C were quenched and the nickel and vanadium 

and carbon concentrations in each phase were analysed

Fig. 15. Solu bilities of nitrogen and hydrogen in iron.

Fig. 16. Change of the effect of X on ko with concentration 
        of X in Fe-N-X system. 

 Table 4. Equilibrium distribution coefficients of nitro-
          gen and hydrogen.

Fig. 17. 
Change of the effect of X on ko with concen-
tration of X in Fe-H-X system.

Table 5. Data of eN, eH, ko 

(1-ko )sX,

and calculated results of
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by an EPMA to obtain the equilibrium distribution of 
these solutes. Moreover, the factors which control 
the equilibrium distribution between solid and liquid 

phases in iron alloys were discussed thermodynamical-
ly. The results obtained are summarized as follows : 

  (1) The fundamental factors controlling the equi-
librium distribution of solute element in iron alloys are 
the free energy of fusion of the solute element and the 
difference of the interchange energy of iron with the 
solute element between the solid and liquid phases. 

  (2) In iron base binary alloys the equilibrium dis-
tribution coefficient of the solute element changes 

periodically against the atomic number of the element. 
  (3) Particularly, in Fe-C base ternary alloys the 

most important factor controlling the equilibrium dis-
tribution of the 3rd element X is the interaction energy 
between C and X. 

  (4) In Fe-C base ternary alloys, with the in-
creasing carbon content the equilibrium distribution 
coefficient of the 3rd element X, ko, increases for the 
repulsive interaction between C and X while ko de-
creases for the attractive one. 

  (5) The simple equation describing the equilibri-
um distribution coefficients of nitrogen and hydro-
gen, / and ko, were derived thermodynamically and 
the effects of the various elements on ko and ko were 

predicted. 
  Consequently, some distribution behaviours of so-
lute elements between solid and liquid phases in iron 
base alloys could be discussed thermodynamically. 
Moreover, the above thermodynamic treatments are 
considered to be useful to investigate the propriety of 
the measured ko and also to estimate ko when there is 
no measured value in any alloy systems.
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