
THE EFFECT OF LIGHT ELEMENTS IN METALLIC LIQUIDS ON PARTITIONING BEHAVIOR.  
Nancy L. Chabot1, E. Alex Wollack1, William F. McDonough2, and Richard Ash2. 1Johns Hopkins University Ap-
plied Physics Laboratory, Laurel, MD 20723, USA. Nancy.Chabot@jhuapl.edu. 2University of Maryland, College 
Park, MD 20742, USA. 
 

Introduction:  During planetary processes such as 
the differentiation and cooling of bodies, the composi-
tion of metallic liquids can dramatically affect the par-
titioning behavior of elements. In particular, the “light 
element” content of a metallic liquid – those elements 
that are present in the liquid at wt% levels with atomic 
numbers much lower than Fe – can have a significant 
influence. Understanding how light elements such as 
S, P, and C affect partitioning behavior is critical for 
explaining planetesimal differentiation, large-scale 
planetary core formation, and core crystallization. 

The influence of the light elements S [e.g. 1], P 
[e.g. 2], and C [e.g. 3] has been the focus of a number 
of previous studies. However, a limitation of these 
studies was that the parameterizations of the partition-
ing behaviors were not constrained to be consistent in 
the light-element-free Fe-Ni system. The purpose of 
this work is to determine experimentally the partition-
ing behavior of trace elements in the Fe-Ni system and 
to produce consistent parameterization expressions.  

Method:  Experiments to produce coexisting solid 
metal and liquid metal phases were conducted in a 1 
atm vertical tube furnace. Powdered starting composi-
tions (mixtures of Fe, Ni, FeS, and P powders doped 
with >20 trace elements at hundreds of ppm each) 
were placed in high purity silica tubes, evacuated, and 
sealed in a similar fashion to previous experimental 
partitioning studies in metallic systems [e.g. 1-3]. 
Three experiments were conducted in the Fe-Ni system 
at 1500°C for ~7-12 hours and produced consistent 
partitioning results; a typical run product is shown in 
Fig. 1. Six additional experiments were conducted in 
the Fe-Ni-S and Fe-Ni-P systems with low concentra-
tions of either S or P. These experiments were run at 
temperatures of 1400-1475°C for ~24 hours to better 
constrain partitioning behaviors at low light element 
concentrations. No new experiments were conducted 
in the Fe-Ni-C system. Experiments were first ana-
lyzed for the major elements of Fe, Ni, S, and P using 
a JEOL 8900L electron microprobe at the Carnegie 
Institution of Washington. Trace element concentra-
tions were measured by laser ablation ICP-MS micro-
analysis at the University of Maryland. 

Results: In total, partitioning results were obtained 
for 24 elements. As one example, Fig. 2 shows the 
results for Au. The partition coefficient, D(E), is the 
ratio of the weight concentration of an element E in the 
solid metal to that in the liquid metal. The partition 
coefficient for the light-element-free Fe-Ni system is 

defined as D0, and the new value determined by our 
experiments is shown in Fig. 2, with an error of twice 
the weighted standard deviation of our three runs. 

The other experimental data points shown on Fig. 2 
include our six new experiments at low S and P con-
centrations as well as the data from numerous previous 
experimental studies (compiled in [1-5]). Previous 
parameterizations [e.g. 4, 5] treated D0 as a free varia-
ble in the fits, which allowed different values for D0 
depending on the parameterization approach and light 
element data used. Our new experimental determina-
tions of D0 enable this value to be fixed and produce a 
consistent set of parameterization expressions for all 
light-element-bearing Fe-Ni systems. 

Our new parameterization expressions use the ap-
proach detailed in [5]. For a trace element E in a sys-
tem with light element i, D(E) can be calculated by the 
equation: 

 

 ln(D(E)) = ln(D0 ) + βiln(Fe Domains) (1)  
where Fe Domains is defined as the fraction of free Fe 
atoms available in the liquid metal and βi is a constant 
specific to the element being fit and the light element i. 
Fe Domains is parameterized using a speciation of FeS 
for the Fe-Ni-S system, Fe3P in the Fe-Ni-P system, 
and Fe3C in the Fe-Ni-C system as follows: 
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Figure 1: Back-scattered electron image of a typical 
Fe-Ni run product. The solid metal has 9.7 wt% Ni and 
shows large Fe-Ni crystals. The quench texture of the 
liquid metal is finer grained and contains 10.9 wt% Ni. 
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where Xi corresponds to the molar fraction of light 
element i in the liquid. For example, in the Fe-Ni-S 
system, as the liquid metal composition approaches 
≈36wt% S, the Fe Domains fraction goes to zero be-
cause there is one S atom for every Fe atom (to pro-
duce FeS). The value of D0 was fixed for each element 
based on our new experimental results, and βi was de-
termined by linear regressions of all data. The resulting 
parameterization fits for Au are shown in Fig. 2, and 
Table 1 provides the fit coefficients for all elements. 

Overall, the parameterization model is able to re-
produce the large changes in D due to the presence of 
S, P, or C in the metallic liquid. However, finer details 
of the partitioning behaviors of specific elements can 
deviate from this simple model, such as for D(Au) in 
the low S system, as shown in Fig. 2. Additionally, to 
model systems with multiple light elements, at present, 
we recommend using a weighted average of the sys-
tems involved, as proposed by [4], as the identity of 
the light element results in different βi values, in con-
trast to the theory presented by [5].  

Figure 2: Experimental and pa-
rameterization results for Au. The 
black square shows the D0 value 
determined by this study in the 
Fe-Ni system. The new expres-
sions for the S, P, and C-bearing 
systems were constrained to use 
this D0 value. The parameterized 
lines end at the eutectic points of 
their respective systems. Experi-
mental data from numerous stud-
ies, compiled in [1-5]. 
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Table 1: Parameterization coefficients for trace elements. 

All errors are ± 2�. See Equation (1) for the form of the regression and Equation 
(2) for the calculation of Fe Domains for light element i. 
* D0 value estimated by visual inspection. 

Element D0 �Sulfur �Phosphorus �Carbon 
P 0.1* -2.40 ± 0.10 -0.43 ± 0.20 - 
V 0.57 ± 0.15 3.00 ± 0.67 - - 
Cr 0.81 ± 0.1 1.66 ± 0.24 -0.7 ± 1.4 1.36 ± 0.19 
Co 0.95 ± 0.03 -1.260 ± 0.088 -0.70 ± 0.47 -0.588 ± 0.060 
Ni 0.874 ± 0.015 -0.517 ± 0.021 -0.016 ± 0.039 -1.282 ± 0.049 
Cu 0.77 ± 0.05 1.39 ± 0.17 -1.29 ± 0.61 -1.92 ± 0.29 
Zn 0.66 ± 0.06 0.99 ± 0.57 - - 
Ga 0.76 ± 0.03 -2.81 ± 0.19 -4.16 ± 0.74 -3.70 ± 0.43 
Ge 0.63 ± 0.05 -3.23 ± 0.18 -4.23 ± 0.46 -2.57 ± 0.21 
As 0.23 ± 0.04 -2.00 ± 0.13 -3.42 ± 0.39 -2.00 ± 0.28 
Mo 0.67 ± 0.04 -1.33 ± 0.17 2.08 ± 0.50 - 
Ru 1.18 ± 0.05 -3.89 ± 0.37 -0.94 ± 0.65 -1.60 ± 0.36 
Rh 0.97 ± 0.04 -2.66 ± 0.24 -0.74 ± 0.50 - 
Pd 0.54 ± 0.05 -0.707 ± 0.074 -0.87 ± 0.45 -3.38 ± 0.26 
Ag 0.15 ± 0.04 2.88 ± 0.51 0.45 ± 0.95 - 
Sn 0.13 ± 0.03  -0.84 ± 0.24 -2.20 ± 0.55 -4.65 ± 0.50 
Sb 0.12 ± 0.02  -0.61 ± 0.37 -3.23 ± 0.63 -4.97 ± 0.59 
W 0.95 ± 0.04 -3.88 ± 0.21 -0.67 ± 0.65 3.36 ± 0.47 
Re 1.65 ± 0.11 -5.08 ± 0.21 -3.79 ± 0.68 0.27 ± 0.36 
Os 1.71 ± 0.11 -5.34 ± 0.20 -5.6 ± 1.1 -2.80 ± 0.63 
Ir 1.49 ± 0.07 -5.04 ± 0.25 -5.63 ± 0.68 -4.23 ± 0.65 
Pt 0.95 ± 0.04 -4.20 ± 0.25 -5.68 ± 0.70 -4.81 ± 0.76 
Au 0.37 ± 0.05 -1.72 ± 0.15 -3.19 ± 0.31 -4.29 ± 0.28 
Pb 0.025 ± 0.007 3.0 ± 2.4 1.9 ± 1.1 - 
Bi 0.012 ± 0.003 7.5 ± 4.0 1.80 ± 0.90 - 
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