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Abstract 

We experimentally determined properties (i.e. phase 

assemblage, thermal equation of state, melting 

temperature) of carbides (Si-C, Fe-Si-C) under 

extreme pressure and temperature conditions to 

constrain internal properties of carbon-rich exoplanets. 

By expanding the P-T-X range of these measurements, 

we can tightly constrain the phase diagram of binary 

and ternary carbide systems, and establish accurate P-

V-T equation of state. Our experimental results are 

critically important for building reliable direct models 

for the interiors of exoplanets as well for interpreting 

observational data from recently launched survey 

missions such as TESS. 

Introduction 

An exciting recent development in space science has 

been the advancement of the exoplanet survey and the 

quest of an Earth’s analog in other stellar systems. The 

launch of Kepler telescope in 2009 strongly 

contributed to the field, discovering more than a 

thousand exoplanets and for some also enabling to 

measure mass and radius. To further characterize 

those planets, the chemical composition can be 

inferred, though indirectly, by the elements 

distribution of the host star [1]. Knowledge of bulk 

composition and mineralogy of planetary interiors is 

central to understand their formation, present and past 

dynamics, including generation of magnetic field and 

surface processes, formation and sustainment of an 

atmosphere, all fundamental parameters to define the 

habitability of a planet. 

Notably, some of the confirmed exoplanets have been 

observed orbiting around stars with an unusual 

chemical composition enriched in carbon instead of 

oxygen. This suggests that their mineralogical 

assemblages are potentially dominated by carbides 

instead of oxides. Carbon-rich planets are defined by 

a C/O ratio >0.8, and 55 Cancri e has been an 

archetype for this particular planets [2][3][4]. The 

TESS mission, with its scan range more than 20 times 

greater than Kepler, is likely to find also exoplanets 

orbiting around stars with exotic chemical 

composition. Accordingly, updated and diversified 

models are required for the interpretation of 

observational data.  

Interiors of carbon-rich exoplanets were first modeled 

by computational methods using the mass and radius 

of 55 Cancri e as a reference [2]. The results of this 

study highlight how a mineralogy based on the Fe-Si-

C system leads to multiple interior structures that all 

match the observed M/R. This clearly calls for an 

improved understanding of the properties of the Fe-Si-

C system at relevant P-T conditions. Calculations by 

Wilson and Militzer [5] focused on the Si-C binary 

system up to 40 Mbar, and proposed possible planets 

interior made by SiC with different amount of C. In 

recent years further experimental studies on the Si-C 

system were published, however limited below 100 

GPa [6] 

In this contribution we will present experimental data 

collected on two different systems: 1) the binary Si-C 

and 2) the ternary Fe-Si-C, both investigated between 

30 and 200 GPa and at temperatures up to 3300 K. The 

obtained results, provide insight on the stability and 

properties at high pressure of components that are 

candidates as constituent of carbon rich exoplanets.  

Method 

Experiments were performed at the European 

synchrotron radiation facility (ESRF) and at the Petra 
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III ring of the Deutsches Elektronen-Synchrotron 

(Desy), employing laser heated diamond anvil cells, 

coupled with in-situ x-ray diffraction. Samples were 

few micron thick layers of non-stoichiometric SiC and 

FeSiC sandwiched between KCl, used as a pressure 

medium, thermal insulator and pressure calibrant. 

Recovered samples were sectioned by FIB (focused 

ion beam) to expose the center of the heating spot, and 

chemical and textural analyses were performed by 

electron microscopy.  

Results 

The large amount of data collected on Si-C 

compounds allowed defining the exact P-T location 

and Clapeyron slope of the transition to the cubic rock 

salt structure, solving an on-going controversy. 

Furthermore the data collected for the high pressure 

structure were used to determine its thermal equation 

of state, still unknown, but of fundamental importance 

for the modelling of planetary interior. Finally, the 

phase diagram was examined, highlighting the strong 

dichotomy between the low melting temperature of the 

Si-rich side and the high melting temperature of the C-

rich side, as well as the absence of intermediate 

compound between diamond and SiC (Miozzi et al., 

JGR Planets, under review). The Fe-Si-C ternary 

system has been probed using samples of different 

starting composition. Multiple eutectic melting curves 

were detected, together with changes in the phase 

assemblages and the solid liquid composition. The 

changes in the phase diagram affect the solid liquid 

composition and phase stability.  

Application to Exoplanets Interiors 

Two possible carbon rich exoplanets were modelled, 

both with SiC mantles and pure Fe cores. The first is a 

model of a planet with an iron core that make up for 

1/3 of the mass. In the second model, the proportions 

of Fe and Si are chosen so as the bulk composition of 

the planet matches solar Fe/Si abundances. As shown 

in Figure 1, the first model yields to a mass-radius 

relationship very similar to the Earth-like planets. 

Thus there is a range of mass and radius for which is 

almost impossible to discriminate between and Earth-

like interior or a carbon rich interior on the sole basis 

of the mass and radius. 

This demonstrates the importance of having reliable 

models, coming from both computational and 

experimental studies, which can be used to interpret 

observational data for exoplanets.  

 

Figure 1: Mass radius relation for different idealized 

exoplanets interior, together with the standard 

comparison curves (e.g. pure Fe, MgSiO3 and Earth-

like).  
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