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Partition of solute elements during 
solidification of iron-carbon-chromium alloys 
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The partition coefficients of chromium between austenite and liquid iron, I.A/L ^Cr , were 
determined from the experiment of rapid cooling of iron-carbon hypo-eutectic alloys 
containing a small amount of chromium from coexisting solid-liquid states; the partition 
coefficients between eutectic and its liquid, k0,cr , and k' o,Cr, for the stable and metastable 
eutectic solidifications were obtained from the zone-melting experiment of iron-carbon 
eutectic alloys containing a small amount of chromium. Chromium was rejected to liquid 
iron on the crystallization of primary austenite, I.A/L < 1 On the eutectic solidification, "~Cr 

chromium was enriched in eutectic liquid for the stable system, ko,cr < 1, and w a s  

conversely diluted in the liquid for the metastable system, k~,cr > 1. The relationship 
between effective and equilibrium partition coefficients given by Burton et aL was 
observed for the results of the zone melting experiment and, from the relationship, 
the thickness of boundary layer in the liquid ahead of the solid-liquid interface was 
found to be 0.17 mm for the stable system and 0.11 mm for the metastable system. 
Thermodynamic calculation of the partition coefficients of chromium and carbon proved 
to represent the observed partition coefficients well. 

1. Introduction 
Since the binary system iron-chromium shows a 
3,-loop, in contrast to the expanded 7-field of the 
binary system iron-carbon, the austenite liquidus 
in the ternary system iron-carbon-chromium 
can be shifted to lower carbon concentration 
with an increase in chromium concentration. The 
equilibrium partition coefficient for carbon, as 
found between a primary 3,-phase and liquid for 
the iron-rich ternary alloy, will be decreased by 
increasing chromium content. As the carbon 
content of the alloy is raised, the crystallization 
of primary austenite is followed by eutectic 
solidification. In this case, chromium is partitioned 
at first, between primary austenite and liquid and 
then between eutectic and liquid. 

Rickinson and Kirkwood [1], and Umeda etaL 
[2] have measured the equilibrium partition coef- 
ficients for carbon and chromium between the 
primary phase and liquid for i ron-carbon-  

chromium alloys with less than 2 wt% C and less 
than 20 wt % Cr, and with less than 1.7 wt % C and 
less than 2.9 wt % Cr, respectively. The values of 
the equilibrium partition coefficient for carbon as 
obtained by them are considerably higher than the 
values expected from the phase diagram of the 
iron-carbon-chromium system [3]. 

Two of the present authors examined the 
partition of silicon between eutectic and liquid for 
iron-carbon eutectic alloy with a small amount of 
silicon and found that the equilibrium partition 
coefficients for silicon as measured from the stable 
eutectic solidification and from the metastable 
eutectic solidification were in good agreement 
with the values obtained from thermodynamic 
calculations [4]. The equilibrium partition coef- 
ficient for chromium remains unknown in high- 
carbon iron-carbon-chromium alloys that belong 
to the family of cast irons. 

In the present work, the equilibrium partition 
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coefficients of carbon and chromium between 
austenite and liquid and of chromium between 
eutectic and liquid were measured experimentally 
for iron-carbon-chromium ternary alloys. From 
the results of the calculation, based on thermo- 
dynamic data, the solidus composition in the 
Fe-C-Cr  system was evaluated and the validity 
of the calculation was discussed. 

2. Thermodynamic calculation of 
equilibrium partition coefficients 
for solute elements 

When austenite is in equilibrium with liquid iron 
at a temperature within the solidification tempera- 
ture range of a hypo-eutectic iron-carbon-base 
alloy containing a small amount of a third element, 
the following equations are written for carbon 
and the third element, M, in the two phases 

A A (_~L "A ) 
7c X~ c - ~c 
Ic^LX'Lc -- exp,-  )-~- 

= W~ ~L (1) 
and 

7MX~. _ exp . . . .  
L L "rMX~ 

= Wff -'L, (2) 

where 7c and 7M are the activity coefficients for 
carbon and the third element, respectively, Xc and 
ArM are the mole fractions of carbon and the third 
element, respectively, in the phase concerned, tic 
and /JM are the chemical potential of carbon and 
the third element, respectively, in a standard 
state, R is the gas constant and T is the tempera- 
ture at which the two phases are in equilibrium. 
The superscripts A and L denote austenite and 
liquid iron, respectively. The ratio of the solute 
concentration in mole fraction in austenite to that 
in liquid iron is converted as follows: for carbon 

XcA - Fk~ IL, (3) 

and for the third element, M, 

XAM - Fkff L, (4) 

where 

(wt % Fe)L/mFe + 
F = (wt % Fe) A/mFe + 

where symbols, (wt 
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(wt % c)L/Mc + (wt %M)L]mM 
(wt % c)A/Mc + (wt %M)A/mM ' 

(5) 
%/) and mi, denote, respec- 

tively, the concentration and the atomic weight 
of the element, i, and kc A~ and kAr/~ are the 
equilibrium partition coefficients for carbon and 
for the third element, M, respectively, defined as 
follows: 

kc mL = (wt % c)A/(wt % C) L, (6) 
and 

k~/L = (wt % M~/(wt % 3/) L. (7) 

For the activity coefficients for carbon in 
Equation 1, the following equations were adopted: 
from [5] 

8680 
ln7 A - - -  24 .24+2.721nT 

T 

+ .99 + X--~e 
and from [6] (8) 

l n 3 ' c L - 2 7 2 0 - - 2 " 0 0 + ( 1 " 6 6 + 7 7  - ~ ) T  

x X--~-~-e -- In (X~e --X~). (9) 

For the F e - C - M  ternary system, these equations 
were rewritten as 

and 

In 7 A = 

lnTc L - 

8680 
-- 24.24 + 2.72 In T 

T 

1 - -  X c  A 

- - I n  (1 - x  A) + dc 'Ax A 

2720 
2.00 

T 

(10) 

+ 1.66+ l _ X c  L 

(1 -2x ) + (11) 

The activity coefficients for M in Equation 2 are 
expressed in terms of interaction parameters 

.C AxA ~M/M'AXM A (12) In 7~ = In ~'~ + ~/,/ c + 

and 
-C'LxL + e-~ffLXM L . (13) ln g c 

From Equations 3 to 13, Equations 1 and 2 can 
be rewritten. For carbon 

FkA/L = ( I - -X~ ~ { 5960 
1--2X~] exp 22.24--- T 



x l _ X ~  0 . 9 9 + - -  1 - - X ~  

+ e~c,Lx~ -- e~c,AX~ } (14) 

For M 
kAJ L exp (Fe~M 'A X~k~  fL) - wA-'L [ ~ t  

exp {e'~M'LX~ + (e~ L --Fe~Ak~IL)x~}. (15) 

Since graphite is taken for the standard state in 
Equations 8 and 9, /~  =/~c A, i.e., Wc A- 'L=  l in 
Equation 1. In the case of chromium as the third 
element the value of WM A--'L in Equation 15 can be 
calculated from the following: 

1 "L "A 
W W A-'L /-tc~ -- Pcr cr = exp ~ ] 

= exp ~ ~ - f  ] +  

" F  "A 
PCr - - / ICr]  = exp ~ / 

x exp ( ~ q ~  ( ;  T l c r )  

Tf, Cr T 

x e x p { - ~ c z (  1 Tf,@r)}' (16) 

where 
ACp = C~--C~, (17) 

where 3J-/f, cr is the heat-of-fusion of chromium, 
Tf, cr is the melting point of chromium, and the 
superscript F indicates ferrite. The value of 

"F "A (/~cr--/-tcr) in Equation 16 is given by --(2500 + 
0.15 7) [7]. Substituting values, 2ff/f,c~ = 5000 cal 
mo1-1 and If, cr = 2130 K, given by Kubaschewski 
etal. [8], for thermochemical properties in 
Equation 16 gives 

wA~ L ~ exp (11.73 + 160/T 

+ 0.00059T-- 1.79 In T). (18) 

The equilibrium partition coefficient of a solute 
element, M, in the F e - M  binary system, (k~fl~) ', 

is related to the value of W~ --'L through a similar 
equation to Equation 2, 

~ (k~g') ' = (19) 

The activity coefficient at infinite dilution, ~LM/'~A, 
is evaluated from Equation 19 using the equilibrium 
partition coefficient kA~ for the Fe-Cr binary 
system, ( k ~ ) ' =  0.85 [9]. Although the value of 
( k ~ ) '  was determined for high temperatures, it, 
was assumed to vary little in the temperature range 
consulted in the present work. The values of 
@M/~, A for chromium is given by 

"L "A "}'cr/Tcr = exp (1.79 In T -- 11.59 

-- 160/T-- 0.00059 T). (20) 

The interaction parameters e{ adopted for the 
calculation of k A/L for the ternary system in 
Equation 15 were, from [10], 

eC~ n = 2.58 -- 12670/T, (21) 
from [11], 

ec~ A = 2 2 . 5 8 - - 3 8 7 5 0 / T ,  (22) 

and from [12] 

eCr r'n = 2.52 -- 5000/T (23) 
and 

ec~ , a  = 1.51 - 1780/T. (24) 

The equilibrium partition coefficients of chromium 
and carbon for the iron-carbon-chromium ternary 
system were determined by solving simultaneous 
equations of Equations 14 and 15. The theoretical 
dependence of the partition coefficients for 
chromium and carbon on temperature and on 
chromium content are shown in Fig. 1. For this, 
the liquidus composition, (wt % C) L and (wt % Cr) n 
for the iron-carbon-chromium ternary system at 
a temperature, T, was expressed as follows: 

(wt%C)L+ a(wt%Cr) L = ( w t % C )  L', (25) 

where [3] 

c~ = 0.07 --3.30 x 10 -s T (26) 

and where (wt % C) L' is the carbon concentration 
of liquidus for the iron-carbon binary system. 
The results indicate that the equilibrium partition 
coefficients of chromium and carbon are smaller 
than unity, the former increasing and the latter 
decreasing with elevating temperature, and that 
the coefficients display a small dependence on 
chromium content. 
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Figure 1 Dependence of partition coef- 
ficients of chromium and carbon on tem- 
perature and chromium content. 

3. Experimental procedure 
I ron-carbon eutectic alloy containing a small 
amount of chromium as the third element was 
prepared from electrolytic iron, electrode graphite 
and electrolytic chromium of 99.99 % purity by 
being melted in alumina crucibles in vacuum at 
1773 K in a high-frequency induction furnace and 
then by being cast into steel moulds of  inside 
diameter 10ram. Four hypo-eutectic alloys with 
different carbon contents were also prepared by 
adding electrolytic iron to the eutectic alloy. The 
chemical compositions of the alloys are shown in 
Table I. 

3.1. Partit ion of chromium between 
austenite and liquid 

For measurements of the equilibrium partition 
coefficients for chromium between austenite and 
liquid iron, the hypo-eutectic alloys were rapidly 
cooled from a coexisting solid-liquid state. The 
apparatus for the rapid cooling experiment is 
illustrated in Fig. 2. An alloy of about 10g was 
melted above the liquidus temperature and was 
then cooled to a given temperature within the 
solidification temperature range. The alloy con- 
sisting of liquid and solid was held at the tem- 
perature for 1 h and was then dropped in oil by 
pulling up the stopper in Fig. 2. In the preliminary 

work, it was recognized that the concentrations of 
chromium and carbon in liquid and solid were 
constant in the holding time of longer than 50 min 
at 1473 K. The quenched specimen was cut in two 
and the section was polished and lightly etched in 
a 3% nital solution. The area in which chromium 
was analysed by an electron microprobe analyser 
was marked with a Vickers microhardness indenter 
and then the surface was repolished to remove etch 
features. The back-diffusion distance for carbon to 

pyrometer ~ 7 At, gas 

cooling pipe / 

SCR 

I tube 

thermocoupl 

specimel 

TABLE I The chemical composition of Fe-C-Cr 
hypo-eutectic alloys used for the rapid-coofing experiment 

Holding temperature C (wt %) Cr (wt %) 

1478 3.7 0.51 
1518 3.0 0.42 
1523 3.0 0.42 
1578 2.8 0.38 

Figure 2 Scheme of the apparatus for the rapid-cooling 
experiment. 
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Figure 3 (a) Microstructure and (b) chromium distribution on the line AB in a specimen quenched from a coexisting 
solid-liquid state. 

austenite during quenching was at most 50/am in 
the present work. Accordingly, grains of quenched 
austenite larger than 150/am were used for the 
analysis of carbon in austenite. The accuracy of 
analysis was + 3% and + 4% for chromium in 
quenched austenite and liquid, respectively, and 
+ 8% and + 5% for carbon in quenched austenite 
and liquid, respectively. 

3.2. Partition of chromium during 
eutectic solidification 

Round bars of iron-carbon eutectic alloys con- 
taining a small amount of chromium were used 
for the zone-melting experiment by which the 
partition coefficient for chromium during eutectic 
solidification was determined. The bars were 
examined metallographically and also by X-ray 
non-destructive inspection to determine whether 
they had enough sound regions. The dimensions of 
the bars were 10mm in diameter and 200ram in 
length. The chromium-content of the alloys was 
about 0.1 and 0.6 wt % for eutectic solidification 
producing the stable and metastable systems, 
respectively, and such different chromium levels 
were necessary to obtain both types of eutectic. 
Zone melting operation and the subsequent treat- 
ment for obtaining chromium distribution in the 
zone-passed region were carried out in the same 
way as that described in the previous work [4]. 

4. Results 
The microstructure of a rapidly-cooled specimen 
is shown in Fig. 3. In the photograph, the regions 
of primary austenite and liquid before rapid 
cooling are of coarse dendrites and of fine 
ledeburitic structure in which fine dendrites are 
imbedded, respectively. The distribution of 

chromium is given along the line AB which is 
across a primary austenite, being uniform in the 
austenite region where chromium concentration 
is lower than that in the quenched liquid. The 
equilibrium partition coefficient /~cr m, defined 
by Equation 7, for chromium between austenite 
and liquid is shown as a function of the holding 
temperature in Fig. 1. The values are smaller 
than unity and approach unity with increasing 
temperature. 

Zone-melted eutectic alloys have microstruc- 
tures as shown in Fig. 4, on the longitudinal section. 
The specimens solidified following the stable 
system have flake graphite and pearlite matrix in 
the zone-melted region and directionally-aligned 
ledeburite in the final zone. The specimens solidi- 
fied following the metastable system have ledeburi- 
tic lamellae aligned in parallel to the zone-travelling 
direction in the zone-melted region and fine 
ledeburite in the final zone. Chromium distribution 
profiles in alloys solidified to form the stable and 
metastable structures after single zone-pass are 
shown in Fig. 5. The profiles after both manners 
of eutectic solidification apparently differ from 
each other. The effective partition coefficient of 
chromium was determined as the ratio of chromium 
concentration in the region ranging to the back 
distance 200/am from the solid-liquid interface 
at the final zone to that in the final zone, similar 
to that found in the previous work [4]. The value 
is smaller than unity for the stable eutectic solidifi- 
cation and larger than unity for the metastable 
eutectic solidification, approaching unity with 
increasing zone-travelling velocity, as shown in 
Table II. If solid-liquid interfaces are flat during 
the zone-melting, the relationship between effec- 
tive and equilibrium partition coefficients, which 
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Figure 4 Microstructures on the longitudinal section of zone-melted Fe-C-Cr alloys solidified following the stable and 
metastable systems. (a) zone-melted alloy, (b) austenite-graphite eutectic solidification, (c) austenite-cementite eutec- 
tic solidification. 

was derived by Burton etal .  [13], can be applied 
to this case. The relationship is expressed by 

In --  = In 1 -  D ' 

where ke is the effective partition coefficient at 
the zone-travelling velocity, R,  which equals the 
growth rate of  solid, ko is the equilibrium partition 
coefficient, ~ is the thickness of  the boundary 
layer, and D is the diffusion coefficient of  

chromium in the eutectic liquid. In Fig. 6 the 
values of  In I1 --(1/ke)l  are plotted against zone- 
travelling velocity, R,  and linear relationships are 
observed. From the intercepts on the vertical axis, 
the equilibrium partition coefficients for chromium 
were determined as follows: 

ko, cr = 0.48, for the stable eutectic solidifi- 
cation, and 

k'o, cr = 1.28, for the metastable eutectic 
solidification. 
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Figure 5 Redistribution of chromium in the Fe-C-Cr alloys solidified following the stable and metastable systems. 
(a) Austenite-graphite eutectic, (b) austenite-cementite eutectic. 

From the slopes of the lines in Fig. 6, the values 
of ~/D for the stable and metastable eutectic 
solidifications were 1690 and 1070seccm -1, 
respectively. The accepted value of the diffusion 
coefficient for chromium at the eutectic tempera- 
ture is 1 x 10 -s cm 2 sec -1 [14] and thus the 
thickness of the boundary layer becomes 0.17 mm 
for the stable eutectic solidification and 0.11 mm 
for the metastable one. 

5 .  D i s c u s s i o n  

In the present work, the chromium content of the 
specimens used for the rapid-cooling experiment 
was 0.4 to 0.5 wt %. From the results of the calcu- 
lation shown in Fig. 1, the equilibrium partition 
coefficient of chromium between austenite and 
liquid displays a small chromium-content depen- 
dence in the temperature range where the exper- 
iments were carried out. The equilibrium partition 
coefficients obtained in the present work are also 
plotted in Fig. 1. It is seen that the experimental 
values are in good agreement with the calculated 
ones, within experimental error. From Equations 14 
and 15, the equilibrium partition coefficients of 
chromium and carbon were also calculated as 
functions of chromium and carbon content of 
alloys with up to 3 wt % Cr and 4wt % C. The 
results, and also contour lines of equilibrium 

partition coefficient, are shown in Figs 7 and 8. 
In Fig. 7, the calculated partition coefficients of 
chromium agree well with the experimental values 
obtained both in the present work and in work by 
Rickinson and Kirkwood [1] and Umeda et al. [2]. 
On the other hand, the calculated values for carbon 
are quite different from the values reported by 
these authors. Rickinson and Kirkwood [1] who 
measured the equilibrium partition coefficients for 
carbon and chromium, using a splat-cooling 
method, pointed out that the equilibrium partition 
coefftcient of carbon for an alloy containing 
1.5 wt% Cr was much larger than that obtained 
from the Fe-C binary equilibrium diagram, imply- 
ing that the alloy had a dramatically narrow freez- 
ing range. Umeda et al. [2] also showed that the 
equilibrium partition coefficients of carbon were 
much larger than those expected from the Fe-C 
binary system. However, the values given by Umeda 
et al. [2] were smaller than those by Rickinson and 
Kirkwood [1] and were not strikingly different 
from one another within the composition range 
from 1 to 3 wt % Cr. To examine the possibility of 
large partition coefficients of carbon in the presence 
of chromium, as shown by [1 ], the specimens used 
for the determination of chromium partition coef- 
ficient in the present work were also employed for 
the determination of the partition coefficient of 

T A B L E I I The effective par t i t ion coefficients for c h r o m i u m  at different  zone-travelling velocities 

A u s t e n i t e - g r a p h i t e  eutect ic  solidification A u s t e n i t e - c e m e n t i t e  eutect ic  solidification 

Cr (wt %) Zone-travelling kE Cr (wt %) Zone-travelling kE 
velocity (cm h -1 ) velocity (cm h -1 ) 

0.12 0.61 0.53 0.50 0.61 1.23 
0.10 1.14 0.60 0.59 1.80 1.15 
0.10 0.62 0.63 0.59 3.00 1.10 
0.10 3.06 0.78 
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Figure 6 Relationship between In I1 - -  (l/ke)l and growth 
rate,R. 

carbon. Electron microprobe analysis was carried 
out at an accelerating voltage of 20 kV and a probe 
current of 0.02 pA and the carbon Ks radiation was 
detected using a lead stearate crystal. The results are 
plofted in Fig. 8, representing an excellent accord- 
ance with the calculated values. According to 
Bungardt et al. [3], the liquidus of the ternary sys- 
tem F e - C -C r  shifts to lower carbon concentration 
with increasing chromium content. From the 
calculation in the present work, the solidus of 
Fe -C-Cr  alloy shifts more than does the liquidus, 

with increasing chromium content, to the low- 
carbon side, which may result from the behaviour 
of chromium as a ferrite stabiliser. Such a shift in 
the solidus has been found in the work done by 
Tofaute et aL [15], although the solidus surface 

_given by them is of doubtful accuracy in the 
carbon concentration. 

The equilibrium partition coefficient for a 
solute element, M, between eutectic and liquid is 
represented by the following: 

for the stable eutectic system 

ko,M = f A k ~  fL (28) 

and for the metastable eutectic system 

k;,M = [f~ + k~A(1 - - f ~ ) l k ~  IL, (29) 

where fn is the weight fraction of austenite in 
eutectic, k ~  A is the equilibrium partition coef- 
ficient for the element, M, between cementite 
and austenite at the metastable eutectic tempera- 
ture (for chromium k c/A equals 4 [16]) and the 
symbols with and without a prime concern meta- 
stable and stable systems, respectively. The values 
of kcAr m are evaluated in the preceding calculation 
and, hence, the dependence of ko, cr and k~,cr on 
chromium content at 1426K can be calculated 
using Equations28 and 29. The results are 
presented in Fig. 9, together with the values 
obtained in the zone-melting experiment. The 
calculated values of the equilibrium partition 
coefficients for both the eutectic systems cause 
little change with chromium content and agree 
well with the experimental values. 

3 
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Figure 7 Paitition coefficient 
diagram for chromium in the 
Fe-C-Cr system. 
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It is demonstrated from an equation given by 
Lupis [17] that the partition coefficient between 
eutectic and liquid is closely related to the 
graphitization of cast iron. The equation is similar 
to ,can't Hoff's equation for a binary system, 
representing a linear relationship between an 
increment of binary eutectic temperature, 8TE, 
with a small addition of a third element, and the 
equilibrium partition coefficient ko of the element 
between eutectic and liquid, which is expressed 
as follows: 

- (1  - k o ) ,  ( 3 0 )  

where T~. is the eutectic temperature of the 
binary system, 2d-/F. is the latent heat-of-fusion 
of the eutectic, and R is the gas constant. For 
the iron-carbon system, the value of 2if/E is 
8677Jmo1-1 for the stable eutectic system 
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Figure 9 The dependence of partition coefficients of 
chromium between eutectic and its liquid on chromium 
content. 
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Figure 8 Partition coefficient 
diagram for carbon in the 
F e - C - C r  system. 

and 8936Jmol -1 for the metastable eutectic 
system [18], and the following equations are 
obtained for the eutectic systems: 

for the stable eutectic system 

8 T  E = -- 19.5(1 --ko) (31) 

and for the metastable eutectic system 

8T~. = -- 18.8(1 --k;) .  (32) 

When chromium is used as the third element, the 
calculated values of 8TE and 6T~ amount to 
-- 10K at% Cr -1 and 5 K at% Cr -1, respectively, 
from the data of the zone-malting experiment, 
and are in good agreement with measured values 
by other workers (STE = -- 9 K at%Cr -1 [19] and 
8T~= 6 K a t % C r  -1 [3]). 

As shown above, the theoretical thermodynamic 
calculation of partition coefficients can be useful, 
provided that the necessary thermodynamic data 
are available. The theoretical method is applicable 
to other multi-component systems and is advan- 
tageous where there are experimental difficulties 
in obtaining data more directly. 

6. Conclusion 
The equilibrium partition coefficients for chro- 
mium between austenite and liquid iron for 
iron-carbon hypo-eutectic alloys with 0.4 to 
0.5 wt% chromium content were determined by 
the rapid-cooling experiment from a coexisting 
solid-liquid state. Chromium was rejected to 
liquid on the crystallization of primary austenite, 
the equilibrium partition coefficient having been 
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smaller than unity.  As the temperature at which 
austenite was in equilibrium with liquid was 
increased, the equilibrium part i t ion coefficient for 
chromium approached unity.  Therodynamically-  
calculated part i t ion coefficient values for chromium 
in i r o n - c a r b o n - c h r o m i u m  ternary alloys agreed 
well with the experimental  values. I t  was also 
shown that  the calculated part i t ion coefficient of  
carbon between austenite and liquid iron decreased 
with an increase in chromium content .  

The results o f  the calculated part i t ion coef- 
ficients of  chromium and carbon between austenite 
and liqu!d iron indicated that  chromium shifted 
the solidus to the low-carbon side in contradict ion 
with the results recently obtained experimentally 
b y  some workers [1, 2]. However, this shift may 
be reasonable, because chromium is one o f  the 
elements that  form a 7-loop. 

On the other hand, the results of  the zone- 
melting experiments with i r o n - c a r b o n  eutectic 
alloys containing 0.1 or 0.5 to 0.6 wt % chromium 
showed that the equilibrium part i t ion coefficients 
of  chromium between eutectic and liquid iron was 
smaller than uni ty  for the stable eutectic system 
and larger than uni ty for the metastable eutectic 
system, resulting from rejection of  chromium into 
cementite rather than into liquid iron. The observed 
part i t ion coefficient values of  chromium for bo th  
the eutectic systems agreed well with the thermo- 
dynamical ly calculated values. The thickness o f  
the boundary  layer in eutectic liquid ahead of  the 
so l id - l iqu id  interface amounted to 0 .17ram for 
the stable eutectic solidification and 0 .11ram 

for the metastable eutectic solidification. 
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