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Molecular Dynamics Modelling of Liquid Fe-C Alloys
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Abstract. Properties and structure of liquid Fe-C alloys
with carbon concentration up to 20 at% at temperatures
up to 2500 K were calculated using molecular dynamics
modelling. Interaction between Fe-Fe and Fe-C atoms was
described using the embedded atom potential (EAM). The
Morse potential was chosen for Fe-C pair interaction, while
C-C pair interaction was presented in the form of the repul-
sive potential. Parameters of potentials were adjusted using
experimental data for density, internal energy, bulk modulus
and distance between Fe and C atoms in liquid Fe-C alloys
near the liquidus temperature. Calculated density and molar
volume of Fe-C alloys at 1873 K decreased with increasing
carbon concentration; a temperature coefficient of density
of liquid alloys was, practically, independent of the carbon
concentration. Carbon content of the alloys had a negligible
effect on the distance between Fe-Fe and Fe-C atoms and on
a sum of coordination numbers Fe-Fe and Fe-C. Distribu-
tion of atoms in the first coordination sphere in the Fe-C
alloys was close to statistical.
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1 Introduction

Fe-C is a major system in steelmaking. Properties of Fe-C
alloys are of significant interest; they have been intensively
studied in both liquid and solid states. The Fe-C phase di-
agram, properties of solid alloys and thermodynamic prop-
erties of liquid Fe-C solutions are well established. Experi-
mental data on physical properties of liquid alloys and their
structure obtained by different researchers are scattered and
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often inconsistent. Even difference in such fundamental
property as density of liquid Fe-C alloys, measured by dif-
ferent researchers is significant [1–3]. Discrepancies in ex-
perimental data were caused by difficulties of high temper-
ature experiments and high reactivity of liquid Fe-C alloys
with respect to refractory materials and gases. Experimental
data on properties and structure of liquid Fe-C alloys were
reviewed in [4–7].

Vertman and Samarin [4] studied physical properties of
Fe-C liquid alloys and concluded that liquid solutions with
above 9 at% C contain unstable colloid-type complexes. In
alloys, obtained by fast cooling of liquid Fe-C solutions (>9
at% C), authors [8,9] observed cementite and austenite with
the carbon concentration less than 9 at%. On the basis of
these data, authors [10] suggested that solutions with 9 at%
to 22 at% C in the range of 1573 K to 1973 K consisted of
two phases, which are cementite clusters and a Fe-C solu-
tion with 9 at% C.

Baum et al. [5] analysing experimental data on structure
and properties of liquid alloys concluded that their structure
changes at certain temperature. This fact was used for the
so called temperature-time processing of liquid industrial
alloys to improve their properties in the solid state [5].

Structure of the Fe-C liquid alloys was studied using
XRD in [11] and neutron diffraction in [12]. No anomaly in
structural properties of the Fe-C solutions was reported in
these works.

The aim of this paper is to develop a molecular dynamics
(MD) model of liquid Fe-C alloys to describe their proper-
ties and structure in a broad range of concentrations (up to
20 at% C) and temperatures (up to 2500 K).

The MD modeling depends on potentials which describe
interactions between Fe-Fe, Fe-C and C-C atoms in the so-
lution. In this work, the embedded atom model was used for
Fe-Fe and Fe-C pairs, while C-C interaction was described
using a repulsive potential.

In the embedded atom model (EAM), potential energy
U of a system includes potentials of pair interactions �.rij )
between atoms i and j and energy of individual atoms i ,
which is expressed through the effective electron density �
in the point of location of an atom i by function ˆ.�/.

U D
X
i

ˆ.�i /C
X
i<j

�.rij /: (1)

Effective electron density � is calculated by equation (2):

�i D
X
j

 .rij /; (2)
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where  .rij / is a contribution to the electron density from
an atom j . Functions ˆ.�/, �.r/ and  .r/ are adjusted
using experimental properties of the system which is mod-
elled. Total force acting on the atom i includes terms gen-
erated by cooperative interactions (EAM term) and pair i -j
interactions.

The MD model and calculation procedure were pre-
sented in [13] in application to the Fe-S system. To con-
struct a model of the Fe-C solution which properties and
structure are close to the real system, potential parameters
used in the MD modeling were adjusted using some experi-
mental data for the solution. They included density, internal
energy of Fe-C alloys, bulk modulus and average distance
between Fe-C atoms. Bulk modulus was determined from
the speed of sound in liquid iron and two Fe-C alloys near
eutectic temperature measured in [14,15]. Potential param-
eters were varied in such a way to get the best fit of models’
internal energy, bulk modulus and Fe-C distances to exper-
imental data. These parameters were used in modelling of
Fe-C alloys in broad range of carbon concentration and tem-
perature to calculate alloys’ internal energy, bulk modulus,
structure and self-diffusion coefficients of iron and carbon.

2 Properties of Liquid Fe-C Alloys Used for
Calculation of the Model Potentials

Density of pure liquid iron is well established; at 1873 K,
it is equal to 7:03 � 103 kg m�3 [16]. Data on the density of
liquid Fe-C alloys reported in literature have a significant
scattering, although in some cases these data were obtained
using the same method [3]. Density of Fe-C alloys in [1]
was studied by the gamma penetration method, which is
highly sensitive to the density change and is more accurate
at high temperatures [1]. Fe-C system was modelled using
data from [1]. However, experimental data reported in [1]
do not cover the whole range of temperatures and composi-
tions studied in this work. To assess the density of different
alloys at the same temperature, the temperature coefficient
of density of �0:87 � 10�4 K�1 was used. This temper-
ature coefficient was established for the Fe-B liquid alloy
containing 3.3 mass % B, also by the gamma-penetration
method [1].

Thermodynamic properties of the liquid Fe-C alloys
were analysed in [17–22]. In the MD modelling, internal
energy of the system is calculated relative to monatomic
motionless gaseous components. Therefore, experimental
thermodynamic properties of the Fe-C liquid alloys should
be re-calculated for the standard states pure monatomic
motionless gaseous iron and carbon. Internal energy of
pure iron at 1873 K for this standard state is �315:92
kJ mol�1 [22]. Enthalpy of atomisation of graphite (tran-
sition to the monatomic gas) at 298 K is 716.68 kJ mol�1

[23]. Enthalpy change of graphite in the process of heating
from 298 K to 1873 K is 31.83 kJ mol�1, while enthalpy

change of monatomic gas in the same temperature interval
is 32.84 kJ mol�1 (ideal gas, �H D .5=2/R�T ). There-
fore, the enthalpy of graphite atomization at 1873 K with
respect to monatomic gas at 1873 K is �H D 716:68 C

32:84 � 31:83 D 760:69 kJ mol�1. Then the internal en-
ergy change for transfer of graphite to monatomic gas at
1873 K is �U D �H �RT D 702:12 kJ mol�1.

Enthalpy of mixing of liquid iron with graphite at 1873 K
was found in [19] from the thermodynamic modelling of the
Fe-C system and analysis of the Fe-C phase diagram. Ther-
modynamic data for the Fe-C system reported in [20, 21]
were established experimentally; the relative partial en-
thalpy of carbon in the liquid Fe-C alloys at 1873 K is
presented in [20, 21] in the form of the following equation
(standard states for iron and carbon in the solution are liquid
iron and graphite at 1873 K):

�HC D 22 600C 24 330 � .1 �X
2
Fe/ (J mol�1): (3)

XFe in the above equation is a mole fraction of iron in the
solution. The relative partial enthalpy of iron can be found
using the Gibbs-Duhem equation as follows:

�HFe D �24 330 �X
2
C (J mol�1); (4)

whereXC is the mole fraction of carbon. Then, the enthalpy
of formation of a liquid Fe-C solution from liquid iron and
graphite can be calculated by equation (5):

�Hm D XFe�HFe CXC�HC D XC.46 930 � 24 330XFe/

(J mol�1): (5)

The enthalpy of formation of Fe-C liquid solution presented
in [18] is close to values calculated by equation (5).

To calculate the energy of formation of the Fe-C liq-
uid solution from gaseous motionless monatomic iron
and carbon at 1873 K, the internal energy of iron
(�315:9 kJ mol�1) and graphite (�702:1 kJ mol�1) should
be taken into account. The atomisation energy of iron,
315.9 kJ mol�1 was calculated with respect to motionless
gas, while the atomisation energy of carbon, 702.1 kJ mol�1

was calculated with respect to moving gas with energy
.3=2/RT ; the energy of atomisation of graphite to motion-
less gas at 1873 K is 702:1�23:4 D 678:7 kJ mol�1. There-
fore, the energy of formation of the liquid Fe-C solution
from motionless gaseous iron and carbon can be calculated
using equation (6):

U D �315:9 �XFe � 678:7 �XC C�Hm (kJ mol�1):
(6)

The following values of energy for the Fe-C liquid alloys
were calculated at 1873 K:

C, at% 0 5 10 15 20

U , kJ mol�1 �315:9 �331:2 �348:1 �364:9 �381:6
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Another property which was used for the construction of
the MD model of the Fe-C liquid alloys is a bulk modulus
KT. The bulk modulus for pure liquid iron at 1820 K was
found in [14] to be equal to 69.9 GPa. Reference [15] re-
ported data on the speed of sound (w) in the Fe-C liquid
alloy, containing 14.4 at% C at 1600 K: w D 4000 m s�1.
Speed of sound is related to the bulk modulus by the fol-
lowing equation:

w D

s
KT

d

Cp

CV
; (7)

where Cp and CV are heat capacities at constant pressure
and volume correspondingly; d is the alloy density. The
density of the Fe-C alloy with 14.4 at% C at 1820 K was
estimated as described above at 6:67 � 103 kg m�3. Heat
capacities Cp and CV were calculated by the MD method:
Cp D 29:46 J mol�1 K�1 and CV D 26:19 J mol�1 K�1,
Cp=CV D 1:125. This ratio depends very little on small
variations of the potential. Using these data and equa-
tion (7) KT is found equal to 94.8 GPa, and isothermal co-
efficient of compressibility ˇT D K

�1
T D 1:05 �10�11 Pa�1.

Reference [14] reports ˇT D 1:28 � 10�11 Pa�1; the differ-
ence can be attributed to different values of alloy density
used in [14] and in this work. The bulk modulus for the
Fe-C liquid alloy with 11.8 at% C at 1600 K calculated us-
ing the speed of sound from [14] at d D 6:79 � 103 kg m�3

gives KT D 112:5 GPa.
Average Fe-C distances in Fe-C alloys were taken from

experimental neutron study of this system in [12].

3 Construction of Potentials for Liquid Fe-C Alloys

As mentioned above, functions ˆ.�/, �.r/ and  .r/ defin-
ing the EAM potentials (equation (1)) were adjusted using
experimental properties of the Fe-C system. The functions
ˆ.�/, �.r/ and  .r/ for pure iron were suggested in [22]
and for the Fe-S system in [13]. The ˆ.�/ and  .r/ func-
tions for the two-component system can be presented in the
following form [13, 22]:

 k.r/ D pk1 exp.�pk2r/;

ˆk.�/ D ak1 C ak2.� � �k0/
2 C ak3.� � �k0/

3

at � � 0:8�k0 ;

ˆk.�/ D ˛k�
1=2 C ˇk� at � < 0:8�k0 ,

(8)

where subscript k is assigned to iron or carbon; pk1 , pk2 ,
�k0 , ak1 , ak2 and ak3 are adjusted parameters. Coefficients
˛ and ˇ can be expressed through parameters ak1 , ak2 and
ak3 because at � D 0:8�k0 the function ˆ.�/ and its first
derivative with respect to � are continuous. Therefore, the
EAM potential of a pure component of the alloy is defined
by 8 adjusted parameters.

The pair Fe-Fe potential �FeFe.r/ was calculated using
Schommers algorithm as described and tabulated in [22].
Parameters defining the functions ˆ.�/ and  .r/ for pure
iron were found in [22] using the temperature dependence
of density as follows: pFe1 D 4:4176, pFe2 D 1:5860 Å�1,
aFe1 D �1:7016 eV, aFe2 D 0:3188 eV, aFe3 D 0:3064 eV,
�Fe0 D 1:000. The same parameters were used for iron in
modelling of liquid Fe-S solutions [13]. They will also be
used for the modelling of liquid Fe-C alloys, assuming that
parameters of the EAM of iron do not change when iron is
in the solution.

Functions ˆ.�/ and  .r/ for the EAM of carbon were
constructed in the form of equations (8) with the follow-
ing parameters: pC1 D 2:600, pC2 D 1:3250 Å�1,
aC1 D �3:3000 eV, aC2 D 2:0000 eV, aC3 D 0:0 eV,
�C0 D 0:8500. These parameters were found by trials as
described in [13]. The pair Fe-C interaction �FeC.r/ was
described by the Morse potential presented by equation (9):

�FeC.r/ D "FeCŒe
�2˛. r

rFeC
�1/
� 2e

�˛. r
rFeC
�1/
�: (9)

Parameters "FeC, ˛ and rFeC for this potential were ad-
justed to reproduce the density of liquid Fe-C alloys, av-
erage distance between Fe and C atoms, energy of forma-
tion of the Fe-C solution and bulk modulus. The follow-
ing values of these parameters were obtained: ˛ D 4:2,
"FeC D 0:5450 eV and rFeC D 2:23 Å.

Published data for the Fe-C liquid alloys are not suffi-
cient for the construction of a multi-particle potential for
pair C-C interactions. This potential was assumed to be re-
pulsive as presented by equation (10). The same form of
potential was used for the S-S pair in the MD modelling of
the Fe-S system in [13].

�CC.r/ D "CC.rCC=r/
6: (10)

Parameters of this potential were found as follows: "CC D

1:8767 eV and rCC D 2:236 Å.

4 Molecular Dynamics Modelling

Molecular dynamics models of the Fe-C liquid solutions
were built up with 998 and 2997 atoms in the basic cube us-
ing the Verlet algorithm. A radius of the Verlet sphere was
9.01 Å; the potentials were cut off at 8.60 Å for all pairs.
MD modeling was carried with the time step �t equal to
0:01 � t0, where t0 D 7:608 � 10�14 s. The duration of one
run was 5000 to 10 000 steps. NVE, NVT and NPT en-
sembles were investigated. Temperature of the model was
monitored via the atoms velocity; pressure was maintained
close to ambient by adjusting the length of the basic cube
edge.

All potentials but �FeFe.r/ were defined analytically; the
�FeFe.r/ potential was introduced in the form of a table with
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a step 0.05 Å and interpolated as a function of distance r
with a special computer program.

The bulk modulus was calculated using two MD mod-
els with a slightly different edge length of a basic cube (by
0.04 Å to 0.06 Å).

The potential parameters were adjusted by calculating
the model pressure under condition that its absolute mean
value should not exceed 0.05 GPa (the ambient pressure in
real experiment was about 0.0001 GPa), and comparing the
calculated internal energy, bulk modulus and distance be-
tween Fe and C atoms with experimental data. Thermal
pressure fluctuated in the range 0.3 GPa to 0.4 GPa.

5 Results and Discussion

5.1 Density

Calculated density of MD models of liquid iron in the tem-
perature range from 1820 K to 2500 K is presented in Fig-
ure 1 in comparison with experimental data [24–27]. Cal-
culated density is in a good agreement with experimental
data at 1820 K to 1950 K. However, at temperatures above
1950 K the calculated density is higher than experimental
data. At 2500 K, difference between calculated and exper-
imental values reaches approximately 2.5 %, what is close
to the experimental error of density measurement of liquid
metals at high temperatures.

Calculated density of the Fe-C model in a broad range of
temperatures (from liquidus to 2500 K) and compositions
(up to 20 at% C) is shown in Figure 2. Table 1 presents cal-
culated properties, including density of liquid Fe-C alloys
at 1600 K to 1873 K in comparison with experimental data
from [1–3].

Density of alloys consistently decreases with increasing
carbon concentration and temperature. Plots of density as
a function of temperature for alloys with different carbon

Figure 1. Density of liquid iron; 1–4: experimental data; 1
from [24]; 2 – [25]; 3 – [26]; and 4 – [27]. 5: calculated by
the MD modelling.

Figure 2. Density of the MD models of liquid Fe-C alloys.
Carbon concentration, at% is shown above the curves.

content are practically parallel, what means that tempera-
ture coefficient of density changes insignificantly with car-
bon concentration.

Calculated pressure was quite low for all liquid alloys;
maximum pressure (absolute value) was 0.031 GPa for the
alloy containing 11.8 at% C.

5.2 Internal Energy and Bulk Modulus

Calculated internal energy of MD models of liquid Fe-C
alloys agrees well with experimental data at 1873 K; the
difference between calculated and experimental values of
internal energy for the alloy containing 20 at% C is below
1.5%.

The calculated bulk modulus for the Fe-C alloy with 15
at% C at 1600 K is also in agreement with the experimental
value (within 2.5%) established in [14, 15]; however, the
difference between the calculated and experimental bulk
modules for Fe-C alloy containing 11.8 at% C is much
higher, near 20% for the alloy. The accuracy of experimen-
tal data on bulk modulus determined from measurements of
the speed of sound in liquid alloys at high temperature is
uncertain; it is not expected to be high; bulk modulus for
the alloy with 11.8 at% C apparently is overstated. It can
be concluded that the agreement between the experimental
and calculated bulk modulus in general was satisfactory.

5.3 Diffusion

Self-diffusion coefficientsD of iron and carbon in the Fe-C
liquid alloys were calculated from the slope of the mean
square of displacement of atom’s position plotted versus
time during 5000 time steps, one step was 7:608 � 10�16

s. Apart from a Fe-C alloy with a low carbon concentration
(0.2 at%), these plots were linear. Calculated self-diffusion
coefficients are given in Table 2.

Their values are typical for an inorganic liquid. For the
alloy with 0.2 at% C, in which iron diffusion can be con-
sidered as in pure iron, the self-diffusion coefficient can be
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C, T , Density, 103 kg m�3 Pressure, Internal energy, kJ mol�1 Bulk modulus, GPa

at% K Exp [1] Exp [2] Exp [3] MD GPa MD Exp MD Exp [14, 15]

0 1820 6.99 7.05 7.10 7.014 0.028 �315:88 �315:92 62.0 69.9

0 1873 – 7.03 – 6.977 �0:012 �314:18 �313:70 –

5 1873 6.91 6.63 – 6.882 0.030 �333:15 �332:87 – –

10 1873 6.88 6.50 – 6.741 �0:026 �351:02 �349:70 – –

11.8 1600 – 6.66 7.03 6.784 �0:031 �364:95 – 93:5˙ 1:1 112.5

15 1600 – 6.67 6.95 6.657 0.030 �374:60 – 97:3˙ 1:1 94.8

15 1873 6.82 6.51 – 6.559 0.013 �365:99 �366:4 – –

20 1873 – – – 6.297 0.006 �377:33 �383:0 96:9˙ 1:1 –

Table 1. Properties of MD models of Fe-C liquid alloys.

C, T , Density, D � 10�9, m2 s�1

at% K 103 kg m�3 Fe C

0 1820 7.01 3.68 [22] –

0.2 1700 7.05 2.87 –

0.2 1800 7.01 3.50 –

0.2 1873 6.98 3.95 –

0.2 1950 6.94 4.34 –

0.2 2000 6.92 4.37 –

0.2 2100 6.86 5.45 –

0.2 2200 6.83 6.31 –

0.2 2500 6.66 7.64 –

5 1873 6.88 3.68 4.76

10 1873 6.74 3.58 4.33

15 1600 6.66 2.42 2.11

15 1873 6.56 4.21 4.19

20 1873 6.30 4.07 3.96

Table 2. Self-diffusion coefficients of iron and carbon in
the MD models of Fe-C liquid solutions.

presented by the following equation:

DFe D 1:296 � 10
�17T 2:5895 (m2 s�1): (11)

The iron diffusion coefficient as a function of temperature
can also by written in the Arrhenius form:

DFe D 5:32 � 10
�9 exp.�4909=T / (m2 s�1); (12)

where the effective activation energy EA is 40,810 J mol�1.
Experiments in the temperature interval between 1613 K
and 1873 K give the EA values from 58 to 67 kJ mol�1

[28]. Measurement of diffusion coefficients in liquid metals
at high temperatures is often affected by convective mass
transfer [29], which makes apparent diffusion coefficients

higher than their true values. However the agreement be-
tween model and experimental data on iron self-diffusion
coefficient is reasonable (see Table 2).

Carbon self-diffusion coefficient at 1873 K decreases
with increasing carbon concentration. It can be noticed
that at 1873 K, DFe < DC in alloys containing 5 at% to
10 at% C, and DFe is slightly higher than DC in alloys with
15 at% to 20 at% C. Carbon concentration in the alloy with
0.2 at% C was too low for calculation of the self-diffusion
coefficient.

Experimental data on carbon self-diffusion coefficient
are rather scattered. In accordance with [30, 31], DC in-
creased from 4:3 � 10�9 m2 s�1 to 7:0 � 10�9 m2 s�1 when
temperature increased from 1620 K to 1860 K. However,
the carbon self-diffusion coefficient at 1600 K reported in
[28] was much higher, 6 � 10�9 m2 s�1. The approximately
50 % difference in DC values obtained in [28] and [30]
can be explained by uncontrolled convection. Carbon self-
diffusion coefficients ccalculated by molecular dynamics
modelling were lower than experimental values with a fac-
tor 1.5–2.

5.4 Structure

Calculated pair correlation functions for the Fe-C liquid al-
loy with 10 at% C at 1873 K are shown in Figure 3. Table 3
presents structural parameters of the Fe-C alloys. A posi-
tion hr1i of the first peak of the calculated total correlation
function (2.50 Å to 2.52 Å) is slightly below the experimen-
tal hr1i value determined in [11] by the X-ray diffraction.
The hr1i measured in [11] is in the range from 2.54 Å for
0 at% C to 2.62 Å at 20 at% C. The average Fe-C distance
in the MD model (2.22 Å to 2.24 Å) is in a good agreement
with neutron diffraction data obtained in [12].

Coordination numbers were calculated within the sphere
with radius 3.40 Å for the pair Fe-Fe, 3.20 Å for Fe-C and
3.40 Å for C-C. No carbon segregation was observed in
the MD models of the Fe-C liquid alloys. A total number of
iron atoms was close to 13 in the first coordination sphere of
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Parameter Carbon concentration, at%

0.2 5 10 15 20

r1 (Fe-Fe), Å 2.52 2.52 2.52 2.52 2.53

r1 (Fe-C), Å 2.22 2.22 2.23 2.23 2.24

r1 (C-C), Å – 4.46 4.39 4.23 4.16

hr1i, Å 2.50 2.51 2.51 2.49 2.52

Z.Fe-Fe/ 12:6˙ 1:11 12:2˙ 1:14 11:7˙ 1:60 11:2˙ 1:14 10:5˙ 1:13

Z.Fe-C/ 0:02˙ 0:14 0:55˙ 0:59 1:19˙ 0:79 1:82˙ 0:74 2:52˙ 0:75

Z.C-Fe/ � 10 10:4 10:7 10:3 10:1

Z.C-C/ 0 0 0:06˙ 0:24 0:16˙ 0:38 0:55˙ 0:66

�t 1.036 1.048 1.052 1.081 1.065

Table 3. Structural data for the MD model of the Fe-C liquid alloys at 1873 K.

Figure 3. Partial and total correlation functions for the
Fe-C alloy containing 10 at% C at 1873 K. All curves but
for the Fe-Fe pair are shifted up. 1–3: partial correlation
functions 1, Fe-Fe; 2, Fe-C; 3, C-C, 4: total correlation
function for X-ray diffraction.

iron and that to 10 in the first coordination sphere of carbon
for all Fe-C alloys, while a fraction of carbon atoms in the
first coordination spheres of iron was almost exactly equal
to the carbon atomic fraction. This means that distribution
of atoms in the first coordination shell of Fe atoms in liquid
Fe-C alloys is close to statistical. However, coordination
number for C-C pairs was lower than that for statistical dis-
tribution. For example, the C-C coordination number in the
alloy containing 20 at% C at 1873 K is 0:55 ˙ 0:66 while
if atoms were distributed statistically, this number would be
approximately 2.0. The lower than statistically-average co-
ordination number for C-C pairs can be explained by the
repulsive potential which was used in the MD model for the
C-C interaction.

The average distance between the nearest Fe-C neigh-
bours in solutions with 5 at% C to 17 at % C at temperatures
50 K above the liquidus curve found using neutron diffrac-
tion equal to 2.24 Å [12], what was close to calculated data
(Table 3).

Structural data for the MD model do not support a hy-
pothesis about the formation of clusters in the Fe-C liquid
alloys suggested in [4,8,9,10]. No structural changes was
observed with temperature either. The analysis of Voronoi
polyhedrons (VP) gives the following values of VP volumes
for carbon atoms:

C, at% 5 10 15 20

VP volume, Å3 10:58˙0:76 10:55˙0:74 10:72˙0:80 11:00˙0:82

The VP volume of carbon atoms in Fe-C liquid alloys
does not change with carbon concentration up to 10 at% C
and increases slightly with further growth of carbon content
in the solution. MD modeling clearly shows the absence
of bimodality in the VP volumes distribution and different
carbon structures in the solution, which could be caused by
formation of colloid-type components. Therefore, molec-
ular dynamics models constructed in this work were true
solutions.

A topological parameter �t D hr1i.N=V /
1=3 (hr1i is the

average distance between atoms measured by the position
of the first peak of the total correlation function,N=V is the
average number of atoms per unit volume of the model) was
slightly less than the average value for dense non-crystalline
structures 1:08˙ 0:02 [32].

6 Conclusions

Molecular dynamics models of Fe-C alloys constructed
with embedded atom model for Fe-Fe, Fe-C potentials and
repulsive C-C potential were used to describe properties and
structure of Fe-C liquid solutions in a broad range of solu-
tion compositions and temperatures.

The alloys density monotonously decreased with in-
creasing carbon concentration. Molar volume also de-
creased because of a smaller radius of carbon atom in com-
parison with iron. At 2500 K the calculated molar vol-
ume was equal 8:36 � 10�6 m3 mol�1 for pure iron and
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7:77 � 10�6 m3 mol�1 for a melt with 20 at% C. Calculated
model’s density at 1850 K to 1950 K laid between data ob-
tained in [1, 3] and [2].

The MD model’s bulk modulus was in a reasonable
agreement with experimental data determined from the
speed of sound in liquid Fe-C alloys.

Carbon self-diffusion coefficient in MD models of Fe-C
alloys at 1873 K decreased with increasing carbon concen-
tration. Calculated self-diffusion coefficient for iron in the
Fe-C alloy with 0.2 at% C agreed with experimental value
for pure iron. Calculated self-diffusion coefficients for car-
bon were lower than experimental data with a factor 1.5
to 2, what can be attributed to convection in the measure-
ment of diffusion.

A distance between Fe-Fe and Fe-C atoms and the sum
of coordination numbers for pairs Fe-Fe and Fe-C change
insignificantly with carbon concentration. The repulsive in-
teraction between C-C atoms resulted in low C-C coordi-
nation number. Properties and structure of the MD models
of Fe-C liquid alloys were typical for true solutions with no
indication on clustering.
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