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Introduction 
In the frame of the Diffusion Coefficient Measurements in 
ternary mIXtures (DCMIX) project, thermodiffusion 
experiments are conducted on the International Space 
Station (ISS) by means of the Selectable Optical Diagnostics 
Instrument (SODI), which is on orbit since 2009. We 
describe here the results of preliminary analysis of images 
downloaded during the execution of the latest campaign 
DCMIX4 in order to check the quality of the running 
experiments and adjust the experiment parameters for the 
following runs. The quick analysis of raw data showed that 
they are meaningful and allow obtaining the transport 
coefficients of examined ternary and binary mixtures. 
 
 
Experiment description 
The aim of the Diffusion Coefficient Measurements in 
ternary mIXtures" (DCMIX) series of experiments is to 
provide quantitative measurements of mass diffusion and 
Soret coefficients during thermodiffusion experiments on 
ternary mixtures performed in gravity-free environment. 
Up to now DCMIX1, DCMIX2 and DCMIX3 campaigns 
have already been completed and results have been 
published mostly for the first series of experiments (Galand 
2019). 
DCMIX4 campaign involves quite different samples 
including: three samples with different concentrations of the 
ternary mixture toluene – methanol – cyclohexane for its 
fundamental interest as it exhibits a miscibility gap and a 
large region with negative Soret coefficients; a mixture of 
fullerene – tetrahydronaphthalene – toluene, as the first 
complex mixture including nanoparticles and the ternary 
mixture of polystyrene – toluene – cyclohexane as model 
sample because the two eigenvalues of its mass diffusion 
coefficient matrix are separated by a factor larger than 10; 
and finally a reference binary mixture of polystyrene – 
toluene. The present abstract will focus on the two samples 
including polystyrene that are coordinated by the team at the 
University of Pau (FR). 
The DCMIX4 campaign has successfully run on the ISS 
between 12th December 2018 and 6th March 2019, but the 
disks containing the acquired images have currently not been 
physically downloaded yet. However, a limited set of images 

have been downloaded through telemetry during the 
execution of the experiment itself. 
 

 
Figure 1: SODI-DCMIX4 logo. 

As described in more details in the literature (Galand 2019), 
in DCMIX campaign each cell array contains five ternary 
samples and one binary reference sample. The two-colour 
interferometer is equipped with two lasers of wavelength λ1 
= 670nm (moving red, MR) and λ2 = 935nm (moving 
near-infrared, MN), while the single colour setup only 
contains the red source (fixed red, FR). The recorded 
interferograms allow obtaining information about the 
refractive index change within the sample. By proper 
processing, one can separate the ‘fast’ thermal variation 
from the ‘slow ‘concentration’ one. The latter can then, in 
principle, be divided into the two signals for the two 
independent component concentrations and provide 
information about the transport properties of the investigated 
system. This requires previous knowledge of the so-called 
optical contrast factors. 

 

 
Figure 2: Capture of the software output. From top to bottom, from 
left to right; (a) 1 image of a stack of one run recorded with the MN 
laser, (b) rotated wrapped phase map, (c) unwrapped phase map, 
(d) phase profiles averaged over all the horizontal length of the 
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ROI vs. height. 
 
Data analysis  
Apart from the qualitative analysis of raw optical phase of 
all the cells, we have also performed an exploratory 
quantitative analysis of selected cells and runs. In this 
analysis, we have focused exclusively on the Soret 
separation step of a run and evaluated only the optical signal 
related to the phase variations in the studied mixtures by 
means of the MN signal. 
In Fig.3 we report the phase change at the borders of the 
ROI shown in Fig.2b as a continuous rectangle for cells #5 
and #6. 
The main points of such preliminary analysis are the 
following: 
 

- all the experiments have been successfully 
performed with no bubble formation; 

 
- the cell containing the ternary mixture (cell #5) 

shows an initial rapid decrease of the phase induced 
by the imposition of the thermal gradient and a 
succesfull and slower change of the phase induced 
by the change in the concentration profile within 
the investigated cell; 

 
- in cell #5 two different kinetics can be clearly 

distinguished for the concentration signal with 
opposite directions. That is attributed to the 
negative Soret coefficient of the toluene – n-hexane 
component of the mixture. Two distinct mass 
diffusion coefficient eigenvalues can be 
determined; 

 
- in cell #6 only one kinetic appears, as expected for 

a binary mixture. 
 
 

 
Figure 3: Log-lin plot of the phase difference between top and 
bottom of the ROI vs. time recorded with the MN laser for cells #5 
and FR laser for cell #6. 

 
 
Conclusions 
 
We have presented preliminary evaluation of the results of 
the DCMIX4 experiment performed on-board the ISS as 
obtained by analyzing telemetry images downloaded during 
the first weeks of the on-orbit campaign. First, visual 
inspection of the images allowed us to check that no gas 
bubble was present in any sample cell. The telemetry images 
allowed us to assess qualitatively the performance of the 
experiments by evaluating the amplitude of the signal and 
the ability of the procedure to extract the relevant 
information. Moreover, from studying these images we 
could judge whether the time prescribed for the experiments 
was sufficient to reach the steady state of thermodiffusion 
process, necessary to get a full quantitative measurement of 
the transport coefficiants. Results related to cells #5 and #6 
have been assessed as of sufficiently quality for future 
complete analysis when all images will be available by 
physically downloading data discs from the ISS to Earth. 
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