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Abstract. In the frame of the Diffusion Coefficient Measurements in ternary mixtures 4 (DCMIX4) project 
the thermodiffusion experiments were conducted on the International Space Station (ISS) in the Selectable 
Optical Diagnostics Instrument (SODI) which is on orbit since 2009. We describe the results of the prelim
inary analysis of images downloaded during the execution of DCMIX4 in order to check the quality of the 
running experiments and, if needed, adjust the experiment parameters for the following runs. The quick 
analysis of raw data showed that they are meaningful and will allow to obtain the transport coefficients of 
examined ternary and binary mixtures. 

1 Introduction 

The thermodiffusion (Soret) effect and accompanying dif
fusion processes have been deeply investigated in the lat
est decades due to their inherent relation to fluid non-
equilibrium thermodynamics and the underlying mech
anisms, tha t are still poorly understood. Extended and 
well-established studies of the phenomena in binary mix
tures have been performed [1-3], and now the interest fo
cuses on the next, more complex step of assessing ternary 
mixtures [4-7], 

The increasing interest of the international community 
in the subject has been further pushed due to the dif
ferent microgravity activities developed by the European 
Space Agency (ESA). The need for microgravity experi
ments stems from the need of performing experiments in 
the absence of convective motions [8]. 
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The aim of the "Diffusion Coefficient Measurements 
in ternary mix tu re s " (DCMIX) series of experiments is 
to provide quanti tat ive measurements of mass diffusion 
and Soret coefficients during thermodiffusion experiments 
on ternary mixtures performed in gravity-free environ
ment. These series of experiments are performed on board 
the International Space Station (ISS) making use of the 
Selectable Optical Diagnostics Instrument (SODI), a fa
cility installed within the Microgravity Science Glovebox 
(MSG) inside the Destiny U.S. Laboratory of the ISS. 
The analysis is performed by means of two-wavelength 
Mach-Zehnder optical interferometry in order to separate 
the concentration profiles for the two independent com
ponents of the mixtures. Up to now DCMIX1, DCMIX2 
and DCMIX3 campaigns have already been completed and 
results have been published mostly for the first series of 
experiments [9-13]. All the cited three experimental cam
paigns involved ternary mixtures of three molecular liq
uids at various concentrations. This choice has the conse
quence tha t the mass diffusion coefficient matr ix has two 
eigenvalues of similar value thus making particularly diffi
cult to separate their contribution to the evolution of the 
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system and even more difficult to extract the values of the 
non-diagonal elements of the diffusion matrix, as shown by 
the recent benchmark values for one of the DCMIX1 mix
tures [14] and a recent analysis of optical measurements 
on ternary mixtures [12,15], 

The ternary mixture toluene-methanol-cyclohexane is 
of fundamental interest as it exhibits a miscibility gap and 
a large region with negative Soret coefficients. The trans
port and optical properties of binary subsystems were 
extensively examined [16]. It is known from statistical 
physics for binary mixtures and confirmed experimentally 
for methanol + cyclohexane mixture [17], that the diffu
sion coefficient D drastically diminishes approaching the 
binodal and should be zero at spinodal, while the ther-
modiffusion coefficient DT remains constant. As a conse
quence, the Soret coefficient ST = DT/D should grow as 
~ 1/D. A similar behaviour is expected in ternary sys
tems, where one of the eigenvalues and the determinant 
of diffusion matrix should diminish and two Soret coeffi
cients depend on the entire diffusion coefficients matrix. 
As a first approximation, one can guess that they grow 
as STI ~ 1/det where det is the determinant of the mass 
diffusion matrix. Previous measurements of the diffusion 
matrix for DCMIX2 samples indicated the decrease of the 
determinant as well as one of the eigenvalues approaching 
the demixing zone [18-20], 

In addition, DCMIX2 data have revealed that ap
proaching the demixing zone one of the Soret coefficients 
significantly increases. Unfortunately, the concentration of 
the mixtures was not stable in time due to poor com
patibility of the sealing materials with liquids. Conse
quently, the evaluation of the exact values of the concen
trations was ambiguous. Taking into account novelty and 
importance of the obtained results for the ternary mix
ture, three cells of DCMIX4 (1-3) have been filled with 
toluene-methanol-cyclohexane mixtures at concentrations 
different from those of DCMIX2 and closer to phase sep
aration, in order to confirm the slowing-down of the mass 
diffusion and the divergence of the Soret coefficients. In 
fig. 1 the ternary composition map is reported including 
both the experimental points of the DCMIX2 campaign 
(shown by blue triangles) and the ones included in this 
new one (shown by red circles). As visible, the concen
trations chosen for the DCMIX4 campaign are slightly 
closer to the demixing zone (shown as the shaded 
small toluene concentration and all three mixtures have 
the same content of methanol (25% by mass). The anal
ysis of the cells 1-3 has been coordinated by the team 
headed by V. Shevtsova (VS), from Universite libre de 
Bruxelles (ULB), Belgium. 

Another sample of DCMIX4 includes a mixture of 
fullerene-tetrahydronaphthalene-toluene, as the first com
plex mixture including nanoparticles. The results obtained 
by measuring this sample are expected to provide added 
value and a high impact in this very active research 
area with so many applications; advanced manufacturing, 
health, nanotechnologies and biotechnology [21-23]. The 
study of this sample has been coordinated by the team 
headed by M.M. Bou-Ali (MMBA), from Mondragon Goi 
Eskola Politeknikoa (MGEP), Spain. 

mass fraction of toluene 

Fig. 1. Toluene-methanol-cyclohexane concentration map in
cluding samples from DCMIX2 (blue triangles) and DCMIX4 
cells 1-3 (red circles). The hatched area indicates demixing 
zone at T = 25 °C; the demixing zone expands as long as the 
temperature decreases. 

The ternary mixture of polystyrene - toluene - cyclo
hexane has been chosen mainly because the two eigenval
ues of the mass diffusion coefficients matrix are expected 
to be well separated, by a factor of about 10, as this mix
ture includes a polymer as one of the components, namely 
the polystyrene, having a much larger molecular weight 
than the other two [24]. This implies that the time evolu
tion of the concentration profiles measured by SODI two-
wavelength diagnostics will be easier to analyse and in
terpret, as the different contributions can be also sepa
rated on the basis of their kinetics. The binary mixture 
of polystyrene-toluene has been filled into the companion 
cell in order to establish reference values for the polymer 
in a molecular solvent. The binary sample is selected to 
be similar to the one used in the GRADFLEX space ex
periment [25,26], so that comparison will be performed 
between the results obtained through a totally different 
experimental approach. The analysis of cells 5-6 has been 
carried out by the team headed by H. Bataller (HB) and 
F. Croccolo (FC) from Universite de Pau et des Pays de 
l'Adour (UPPA), France. 

The sample content of all the cells is detailed in table 1. 
For component numbering, a hydrodynamic approach has 
been adopted, corresponding to a decreasing order of den
sity; i.e. component 1 is the denser one and so on. 

2 Experiment description 

DCMIX4 cell array was delivered to the ISS inside the un
manned Cygnus cargo ship launched by the Antares rocket 
on 17th November 2018. It was installed inside SODI on 
Wednesday 12th December 2018 by the NASA astronaut 
Serena Aunon-Chancellor. The first scientific experiment 
started on 13th December 2018 and the tests continued 



Table 1. List of liquid mixtures selected for the DCMIX4 cell 
array. The name of the coordinator is written after the cell 
number. Compositions of ternary mixtures are given in percent 
mass fractions. 

Cell # 

1(VS) 

2 (VS) 

3 (VS) 

4 (MMBA) 

5 (HB, FC) 

6 (HB, FC) 

Component 1 

toluene 

20 

toluene 

35 

toluene 

55 

fullerene 

0.07 

polystyrene 

(MW 4730 g/mol) 

2 

polystyrene 

(MW 4730 g/mol) 

2 

Component 2 

methanol 

25 

methanol 

25 

methanol 

25 

tetralin 

60 

toluene 

39 

toluene 

98 

Component 3 

cyclohexane 

55 

cyclohexane 

40 

cyclohexane 

20 

toluene 

39.93 

cyclohexane 

59 

-

until 4th March 2019. All the experiments were handled 
by the Spanish User Support and Operations Center (E-
USOC) in Madrid. 

As described in more details in the literature [9,13. 
27], 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 
Ai = 670 nm (moving red, MR) and A2 = 935 nm (mov
ing near-infrared, MN) wavelength, while the one-colour 
setup only contains the red source (fixed red, FR) . The 
Soret cell is made of quartz glass and has a square cross 
section of 10 x 10 mm 2 and a height of 5.0 m m along the 
direction of the temperature gradient. More details of the 
SODI hardware can be found in the literature [9,28,29], 

The timeline of a typical run consists of two steps of 
equal duration: the isothermal step and the Soret step. 
During the initial isothermal step a uniform temperature 
is applied to a specific cell, in order to homogenize the 
sample under investigation by both temperature and con
centration. Then, a temperature gradient is applied for 
the second step, with programmed acquisition of images, 
until the system reaches a steady state where the Soret 
counter-diffusion is balanced by the diffusive Fickian flux 
and an almost linear concentration gradient is obtained 
within the cell. The duration of the Soret step has been es
t imated on the basis of available literature data, by calcu
lating the characteristic diffusion time TQ from the smaller 
eigenvalue of the diffusion matrix. Then, the duration of 
the separation step was defined as about 10 times TO-
In some cases, when no reference da ta was available, the 
timing was defined with some safety margins. At the end, 
the runs with different cells had very different duration, 
from several hours to a few days, according to the above 
definitions. 

Table 2. List of the runs used for the preliminary analysis. 
Notation XrYZ for Run ID means: X is the cell number, YZ is 
the serial number of the experiment in the cell X. 

R u n # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

25 

Run ID 

3r03 

4r01 

IrOl 

3r01 

4r02 

lr02 

4r03 

lr03 

2r01 

3r02 

2r02 

3r04 

5r01 

2r03 

3r05 

5r02 

2r04 

4r05 

C e l l # 

3 

4 

1 

3 

4 

1 

4 

1 

2 

3 

2 

3 

5 

2 

3 

5 

2 

4 

T 
*- mean 
(°C) 
25 

25 

20 

20 

30 

25 

35 

30 

20 

22.5 

22.5 

27.5 

20 

25 

30 

25 

27.5 

25 

AT 

(°C) 

5 

5 

2 

5 

5 

2 

5 

2 

2 

5 

2 

5 

5 

2 

5 

5 

2 

5 

Duration 

(h) 

12 

24 

24 

12 

24 

24 

24 

24 

16 

12 

16 

12 

48 

16 

12 

39.25 

10.55 

24 

Experiments are automatically run in a previously es
tablished sequence with different average temperatures 
and/or temperature gradients as well as with different 
durations, depending on the specific sample. It is worth 
noting tha t experiments in the cells # 5 and # 6 were al
ways running simultaneously, and with identical control 
parameters. A total of 58 runs have been conducted for 
DCMIX4, followed by several nice-to-have runs carried out 
at the completion of the program. 

Every "data point" acquired during a run corresponds 
to two stacks of images, one for each wavelength, while an 
image stack includes five fringe images with a phase shift 
of 7r/2 between consecutive images, as accomplished by 
current-shifting of the laser sources. For each experiment 
thousands of image stacks are acquired and stored on ded
icated flash disks tha t are exchanged by astronauts when 
full. Additionally, sample images are downloaded to earth 
by telemetry capabilities of the ISS. Typical downloaded 
sequences are in the order of 100 image stacks for each 
experimental run. In this paper we describe the control 
analysis performed on some of the sequences downloaded 
for runs 1-17 plus run 25, as carried out during the period 
from 14th December 2018 to 25th January 2019, while the 
experiment was still running. Most of the analysed runs 
belong to the time slot between the s tar t of the mission 
and the first replacement of the flash disk storing the data. 
This da ta became available first; furthermore, the exper
iments at a mean temperature of 25 °C, which could be 
directly compared with available literature da ta and on
going ground tests, fall mainly into this t ime slot. This 
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Fig. 2. Interferometry of a thermal field. From top to bottom, from left to right; (a) 1 image of a stack of the run #3 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 ROI vs. height. 

preliminary analysis on telemetry data was performed in 
order to check the quality of the running experiments and. 
if necessary, take actions to modify the foreseen sequence 
of experimental runs. In table 2 a summary of the analysed 
runs is provided. 

3 Data analysis 

3.1 Optical phase analysis of a temperature field 

The DCMIX experiments are meant to measure transport 
properties such as mass diffusion and thermodiffusion co
efficients of ternary mixtures by means of the optical dig
ital interferometry technique. The full data analysis con
sists of two independent tasks: transferring the acquired 
images into the variation of refractive index and retrieving 
the diffusion and Soret coefficients from these data by fit
ting to analytical solutions. The refractive index changes 
both due to variations of the temperature and the con
centrations and this induces a phase change of the inter-
ferograms recorded by the detector. The images analysis 
procedure is then based on the phase change analysis as 
further explained below. 

To obtain the optical phase from the stack of interfer-
ograms the following equation is applied [30]: 

lP(x, z,t) = arctan 7(/4 - h 
Ah - h - 6/3 - h + 4/5 

(1) 

where <P(x, z, t) is the optical phase in the plane parallel to 
the applied temperature gradient and /$ = Ii(x,z,t) are 
the intensities at pixel (x, z) of the image i of the stack 
recorded at the instant t. 

In panel (a) of fig. 2 a sample image from the run 
# 3 is reported. It can be seen that the image is slightly 
larger than the cell size, so that the laterally confining 

glass windows are clearly visible. The five fringe images 
of each stack are used to compute the phase map through 
eq. (1). The phase map is typically slightly tilted with re
spect to horizontal due to misalignment between the cell 
and the optics. Therefore, difference phase map is rotated 
by an angle custom detected for every cell, the misalign
ment being different, in general, for each cell. Then, a re
gion of interest (ROI) is selected within each phase map. 
Here the ROI has been chosen to be 50% of the size of 
the cell both in the vertical and in the horizontal direc
tion, thus covering 25% of the full area. In panel (b) of 
fig. 2 a rotated phase map can be observed with a super
imposed dashed rectangle showing the detected area of the 
cell and a continuous line smaller rectangle showing the 
ROI utilized in the following. The phase maps obtained 
through the algorithm of eq. (1) are wrapped phases, i.e. 
they are mathematically bounded within — n and -K. The 
real phase map then needs to be unwrapped in order to 
get the continuous phase map. This is done by means of 
routine 2D-unwrapping algorithms and the result is shown 
in panel (c) of fig. 2. The detailed description of the im
age processing can be found elsewhere [28,31]. Finally, the 
phase map is averaged in the x-direction (horizontal in the 
image) and difference phase profiles <P(z,t) are obtained 
for each image stack and shown in panel (d) of fig. 2. The 
profile is almost flat for times earlier than the application 
of the thermal gradient. 

3.2 Control of thermodiffusion process by 
interferometry 

The phase map abruptly changes when a temperature 
gradient is applied, because the limited number of down
loaded control images does not allow to accurately track 
the dynamics of the temperature field development in the 
liquid. 
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Fig. 3. Log-lin plot of the phase difference between top and bottom of the ROI vs. time recorded with the MN laser for cells 
#1 -5 and FR laser for cell #6 . 

The Soret effect induces components separation and 
the concentration fronts slowly move within the sample 
from the horizontal walls toward the cell center, as mir
rored by the change of the difference phase map. The 
phase difference A<P(t) is calculated by taking the differ
ence between top and bot tom values of the phase. 

The same procedure is applied for all the runs. As this 
is a first estimation, only images recorded with the mov
ing near-infrared laser were used for cells 1 to 5 (ternary 
mixtures). For the companion cell (binary mixture), only 

images recorded with the fixed red (FR) laser are avail
able. We report below the result for the following runs: 

In fig. 3(a) for the cell # 1 (runs 3, 6 and 8). 

In fig. 3(b) for the cell # 2 (runs 9, 11, 14, 17). 

In fig. 3(c) for the cell # 3 (runs 1, 4, 10, 12, 15). 

In fig. 3(d) for the cell # 4 (runs 2, 5, 7, 25). 

In fig. 3(e) for the cell # 5 (runs 13 and 16). 

In fig. 3(f) for the cell # 6 (runs 13 and 16). 



3.3 Quantitative results on separation and diffusion 

Apart from the qualitative analysis of raw optical phase of 
all the cells, we have also performed an exploratory quan
titative 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 
concentration variations in the studied mixture. The re
lated procedure was more complex and consisted in several 
additional steps: 

- obtaining a set of vertical profiles of the unwrapped 
optical phase at centreline of the cell's ROI, 4>{x = 
L/2,z,t); 

- selection of a proper reference phase profile <P(z,to) 
and finding its correct timestamp to with respect to 
the reference time t = 0 when the temperature gra
dient is switched on. This time to is a nearest time 
instant, at which the thermal field inside the cell can 
be considered as completely established: 

- subtraction of the reference phase profile from all sub
sequent phase profiles of the Soret step, with the pur
pose of obtaining the phase variation related to con
centration, <P'(z,ti > t0) =<P(z,ti) —<P(z,to)\ 

- conversion of such calculated optical phase into refrac
tive index, n'(z,t) = (\/2TrL)<P'(z,t); 

- fitting of all experimental profiles n'(z, t) obtained dur
ing Soret step to one of possible analytical solutions de
scribing separation in this geometry. Accuracy of the 
fit is essentially improved if the initial time to is ex
plicitly accounted for in the procedure (more details 
can be found elsewhere [28]). 

An approach that has been adopted for the last step 
of fitting was that of considering the ternary mixture as 
a quasi-binary one, which reduces the number of fitting 
parameters to only two: steady-state separation as mea
sured by refractive index Anst, and effective quasi-binary 
diffusion coefficient Dqb. Of course, the major concern for 
applying such approach to true ternary mixtures is that 
two kinetics do contribute to the separation curve, as de
termined by the two eigenvalues D\ and £>2 of the dif
fusion matrix. Indeed, the approach has to be used with 
care; but according to our experience, the two kinetics 
become distinguishable in very rare and particular cases: 
when magnitudes of eigenvalues are very different, and 
when amplitudes of the related kinetics are comparable 
and/or these amplitudes have opposite signs, as happens 
in cell # 5 (see fig. 3(e)). This condition is not fulfilled in 
many practical cases, and as a result, the quasi-binary fit 
does usually provide very good approximation to the sep
aration in a ternary mixture. A value of the quasi-binary 
diffusion coefficient Dqb obtained from the fitting, as a 
rule, it is closer to the smaller eigenvalue. 

This approach has been applied for analysis of dif
fusion in the three cells containing toluene-methanol-
cyclohexane mixtures, and results have been compared 
with literature data available for 25°C. Figure 4 shows 
the evolution of the smallest eigenvalue approaching to 
the demixing zone at Tmean = 25°C. Red filled squares 

20.0 

17.5 

15 0 

7.5 

5.0 

miscibility 
gap 

O Di, G-W (2009) 

O D2, G-W (2009) 

A Di ,J-V(2018) 

A D 2 ,J-V(2018) 

• Dqb (DCMIX-4) 

WTQI I mass frac. 

Fig. 4. Diffusion in three cells filled with the toluene-methanol-
cyclohexane mixture at mean temperature 25°C, compared 
with eigenvalues of the diffusion matrix from the literature [f 8, 
19,32]. The microgravity results in the cells #1 , #2 and #3, 
for runs 6, 14 and 1, respectively (filled squares) are obtained 
by processing images acquired with MN laser. 

correspond to results obtained on the ISS while the open 
circles correspond to ground measurements by Grossman 
& Winkelmann, 2009. The ground and microgravity re
sults are in excellent agreement for the smallest eigenvalue. 
We also added the results obtained by molecular dynamic 
simulations [32]. For the smallest eigenvalue they high
light the good quality of microgravity results and for the 
largest eigenvalue they are in line with ground measure
ments. Two conclusions can be drawn out of these prelim
inary results: first, the smallest eigenvalue decreases to
wards the demixing zone; second, the two eigenvalues are 
very different: for the mixture poor in toluene they differ 
by more than ten times. It is worth noting that the results 
clearly demonstrate that quasi-binary approach works well 
despite the large difference in eigenvalues and provide 
the diffusion coefficient Dqb very close to the smallest 
eigenvalue. 

The same approach was applied for cell # 4 which, pre
sumably, has close eigenvalues. Figure 5 (top and middle 
panels) show an example of the different way of the fit
ting aimed to get the value of Anst and Dqf,. The example 
is given for the cell #4 , run 25 at mean temperature of 
25 °C. In the first case (top panel) these quantities are de
termined from the full profiles n(z,t) across the cell and 
in the second case (middle panel) the gradient of the re
fractive index in the central part of the cell (over a layer of 
2 mm) is used for fitting. The analytical solutions used in 
fitting for both approaches can be found in ref. [12]. Both 
approaches provide rather similar values for both quanti
ties. For example, the values of diffusion coefficients are 
DqbJuii = 8.5-10-10m2/s and Dqb,grad = 8.8-lO"10 m2/s. 

In the case of the polymeric ternary mixture of cell 
# 5 the two kinetics of the mass separation are expected 
to be quite different due to the large difference between the 
molecular weights of the components. As can be seen in 
fig. 3(e), for this cell, after an abrupt negative variation of 
the phase difference due to the application of the thermal 
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cally show positive Soret coefficient [33]. In this case, even 
with only one wavelength, thanks to the well distinguish
able dynamics, one can determine the two eigenvalues of 
the diffusion matrix of the ternary mixture. However, a 
more detailed and complete analysis is needed and we will 
provide it in a future publication. 

For cell # 6 (see fig. 3(f)), after a fast positive varia
tion of the phase difference relative to the imposition of 
the thermal gradient, a unique and positive variation of 
the phase difference is observed. This is expected since 
the investigated sample is the reference binary mixture 
for the DCMIX4 experiment. With a binary analysis we 
obtain a diffusion coefficient of D = 2.2 • 10~10 m2 /s , quite 
compatible with the value measured for the same binary 
mixture, but by dynamic analysis of the light scattered by 
the non-equilibrium fluctuations of the density [34]. 
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Fig. 5. The separation and diffusion results in the cell #4 filled 
with fullerene-tetralin-toluene (run 25) obtained from images 
of MR laser. Top: vertical profiles of the refractive index n(z) in 
the cell center as a function of time. Middle: temporal variation 
of dn/dz; in both cases the blue points show the experimental 
point and red curves correspond to the fitting. Bottom: phase 
map at the end of observation. 

gradient, a positive variation occurs followed by a slower 
negative variation. These two variations of opposite di
rections are compatible with Soret coefficients of opposite 
sign, as expected for the polystyrene-toluene-cyclohexane 
mixture, since toluene-cyclohexane has a negative Soret 
coefficient [16] while polystyrene-toluene mixtures typi-

4 Parameter modification 

The first results obtained from the presented preliminary 
analysis of the images downlinked in near real-time in the 
course of the experiment revealed that most of the ex
perimental runs are working nominally, which means that 
DCMIX4 is successfully progressing. At the time of sub
mission of the present paper, similar analysis was per
formed on all the 58 runs and a global success of the ex
perimental campaign is confirmed. 

We have to particularly underline, that this success re
sulted essentially from a close collaboration between the 
scientific team, space research office of ESA, engineers 
of the company-manufacturer of the instrument (Qine-
tiQ Space) and the user-support team. This collaboration, 
with rapid information exchange, fast notification of prob
lems and instant feedbacks, allowed to minimize the time 
needed for the initiation and maintenance of the experi
ment, in favour of the science runs. Periodic screening on 
the fly has shown that all samples were bubble-free all over 
the full experiment, as during the scheduled runs bubbles 
did not appear in any cell. 

Following the simplified analysis reported above, the 
science team has also recognized the slowing-down of the 
diffusion process in cell # 1 (closest to phase separation) 
with the decrease of the temperature from 30 °C to 20 °C, 
an effect which was difficult to estimate beforehand. Its 
accurate analysis is outside the scope of the present paper 
and will be presented at a later stage. 

This preliminary analysis allowed pointing out that the 
total time of the runs of cell # 1 (see fig. 3(a)) should be ex
tended, in particular for low mean temperatures, in order 
to reach a stationary state and fully evaluate the Soret 
coefficients. It was proposed to increase the duration of 
the cell # 1 runs at Tmean < 25 °C and to repeat the runs 
already performed at a lower temperature. It was also sug
gested measuring thermodiffusion at a slightly lower mean 
temperature, further approaching the demixing zone, and 
to do it at the end of all experiments, in order to avoid 
risks related to demixing. A slightly longer duration was 
also requested for cell # 2 in experiments with a low tem
perature. Based on the experience from past missions. 



E-USOC had developed an operations concept and tools 
that ensured a flexible planning and commanding of the 
instrument. This, together with the fluid communication 
between E-USOC, the scientific team and ESA, allowed 
to successfully accomplish these changes in the parame
ters and additional runs during the execution of the ex
periment, without compromising the mission success or its 
assigned on board timeframe. 

During nice-to-have runs in the cell # 1 , demixing 
was observed when the mean temperature was lowered to 
17.5°C at AT = 2 ° C . This means tha t the bo t tom wall 
had a temperature of 16.5 °C and the mixture was at the 
border of the demixing zone. 

5 Conclusions 

We have presented a preliminary evaluation of the results 
of the DCMIX4 experiment performed on board the ISS as 
obtained by analyzing telemetry images downloaded dur
ing the first weeks of the on-orbit campaign. The telemetry 
images allowed us to qualitatively assess the performance 
of the experiments by evaluating the amplitude of the sig
nal and the ability of the procedure to extract the rele
vant information. Such preliminary analysis also allowed 
us to check tha t no gas bubble was present in any sam
ple cell. Moreover, from studying these images we could 
judge whether the t ime prescribed for the experiments was 
sufficient for the duration of the phenomena under study. 
This inspection allowed modification of the adjustable pa
rameters in order to fully take advantage of the unique 
experimental conditions of the ISS. Results related to all 
cells have been assessed as of sufficiently quality for fu
ture complete analysis when all images will be available by 
physically downloading da ta discs from the ISS to Earth. 
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