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Abstract

The difficulty of measuring the thermodiffusion
coefficients by optical properties of water-
ethanol binary mixtures of approximately 20 wt
% of water has been highlighted by several
authors in recent years. This is because the
concentration derivative of the refractive index

(an/ac)pyT is near zero at this concentration.

For this reason, we measured the
thermodiffusion coefficients by means of density
analysis using the thermogravitational column
technique from 5 wt % to 50 wt % at 25°C. In
addition, we measured the thermophysical
properties such as density, dynamic viscosity,
thermal expansion and mass expansion.

Keywords: Thermodiffusion, binary mixtures,
Soret  effect, thermophysical  properties,
thermogravitational column.

1. Introduction

The presence of a temperature gradient in a
mixture creates a separation of the concentration
of the components in that mixture. This
phenomenon is known as the Ludwig-Soret
effect or the thermodifussive effect. The Soret
coefficient is used to quantify this phenomenon.
In the case of binary mixtures, this coefficient
can be obtained by the relationship between the
concentration difference AC, the temperature
difference AT and the initial concentration of
the reference component c; .

1 A

S - =
T coli—cy) AT

M

In recent years, interest in mass transfer
mechanisms in multicomponent mixtures under a
temperature gradient has been increasing. This is
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because of the relevance of this phenomenon in
different fields such as biology (Bahat and
Eisenbach 2006; Bonner and Sundel6f 1984;
Braun and Libchaber 2004), methods of
separation (Furry et al. 1939; Platten et al. 2003),
optimization of separation processes in
microdevices (Martin et al. 2011) and in the
petroleum industry (Ghorayeb et al. 2003;
Montel 1994).

Over time, several techniques have been
developed to analyse this phenomenon. Some of
the techniques are used in ground conditions: the
Optical Digital Interferometry (Mialdun and
Shevtsova 2011), the Optical Beam Deflection
(Gebhardt et al. 2013), the Thermal Diffusion
Forced Rayleigh Scattering (Wittko and Kohler
2003), the Thermogravitational Column (Bou-
Ali et al. 1998) and the Sliding Symmetric
Tubes (Larrafiaga et al. 2014). In addition, the
Selectable  Optical Diagnostic  Instrument
technique (SODI) (Mialdun et al. 2013) is used
in microgravity conditions in the International
Space Station (ISS) in order to confirm the
ground condition results.

In this context, the DCMIX project was
established (Diffusion Coefficients
Measurements in Ternary Mixtures). The main
objective of this project is to study the
thermodiffusion effect in  multicomponent
mixtures. The project is divided into different
phases to analyse different ternary mixtures. The
first one (DCMIX1), analysed mixtures
composed of hydrocarbons such as 1,2,3,4-
tetrahydronaphthalene (THN), dodecane (C12)
and isobutylbenzene (IBB). The results of one
ternary mixture of DCMIX1 were established as
a Benchmark (Bou-Ali et al. 2015). The second
phase DCMIX2, is measuring mixtures
composed of toluene, methanol and cyclohexane.
These particular mixtures, are characterized as
being critical because in some ranges of
concentrations there is an inmiscibility gap and
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the Soret coefficients are negative (Bou-Ali et al.
2000; Sechenyh et al. 2012; Story and Turner
1969; Wittko and Kohler 2006; Wittko and
Kohler 2005). The third phase, DCMIXS3, is
focused on analysing aqueous mixtures, such as
water, ethanol and triethylene-glycol ternary
mixtures, and is the subject of this paper.

In the phases DCMIX1, DCMIX2 and
DCMIX3, binary mixtures and ternary mixtures
were analysed. In fact, in DCMIX1 Larrafiaga et
al. determined new correlations to predict the
thermodiffusion (Dt) and Soret (St) coefficient
of ternary mixtures from binary mixtures
(Larrafiaga et al. 2015). In addition, Sechenyh et
al. found expressions for the diffusion matrix of
a ternary mixture approaching the binary limits
(Sechenyh et al. 2015). In DCMIX2, the
thermodiffusion, molecular diffusion and Soret
coefficients of binary mixtures were analysed
(Lapeira et al. 2015)

Each of the abovementioned studies,
highlight the importance of analysing the
corresponding binary mixtures in each DCMIX
phase.

In this work, the analysis of water-ethanol
binary mixtures from DCMIX3 is presented.
These mixtures have been widely studied in
literature by different authors (Dutrieux et al.
2002; Kolodner et al. 1988; Mialdun and
Shevtsova 2008; Wiegand et al. 2007; Zhang et
al. 1996). In the water-ethanol system the
contrast factor (on/oc), is near zero at

approximately 20 wt % of water. For this reason,
the sensitivity is wvery low at these
concentrations, making it difficult to determine
the transport coefficients (St, D, Dr) accurately
by optical analysis (Kita et al. 2004; Koniger et
al. 2009).

Due to this problem, we studied the behavior
of the thermodiffusion coefficient by means of
density analysis of water-ethanol binary mixtures
from 5.63 wt % to 50 wt % of water.

This article is organized as follows: in
Section 2, the determination of thermophysical
properties and the thermodiffusion coefficient
measured using the thermogravitational column
technique are explained. In Section 3, the results
of the thermophysical properties and the
thermodiffusion coefficients are shown. Finally,
Section 4 outlines the conclusions.
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2. Experimental analysis

Determination of thermophysical properties

For the determination of the thermodiffusion
coefficient using thermogravitational column

technique, it is necessary to know some
thermophysical properties such as density,
viscosity, thermal expansion and mass
expansion.

The preparation of the sample was made with
the precision Gram VXI-310 balance with an
accuracy of +0.0001g . The denser component

was added first, followed by the second
component. The density (p) was measured by the
Anton Paar DMA 5000 density meter with an

accuracy of  5x10°kg/m*®.  Thermal

expansion az—l[a—pj and  mass
p\aT ).,

ap

expansion f = i[ 5
C

o
also analysed using the same density meter. The
thermal expansion coefficient was determined by
analysing the density of one sample at different
temperatures. To measure the mass expansion,
we prepared 5 samples with a slight difference of
concentration and measured the density of each
concentration. Dynamic viscosity (M) was
measured by two devices, the Anton Paar AMVn
falling ball microviscometer with an accuracy of
+0.002s, and the manual Haake viscometer

with an accuracy of +0.2s.

) coefficients were
T.p

Determination of thermodiffusion coefficient
Dt

The thermodiffusion coefficient
measurements were performed using the
thermogravitational column technique (Bou-Ali
et al. 1998). In this technique, a horizontal
temperature gradient is applied which creates a
vertical separation of the concentration. When
the mixture reaches the stationary state, 5
samples are extracted at different heights of the
column and the density is measured to determine
the concentration distribution (2),

_xdp,

Ac z
op oz

(2)

Where, (6C/6,0)p'T is defined in a previous

calibration, (ap/az)p]T is the variation of the
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density along the length of the column (Fig. 1)
and L,=(98.0+0.1) cm is the height of the long
column.
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Fig. 1 Variation of density along the length of column
of water-ethanol binary mixture at 31.25 wt % of
water at steady state.

Finally, having measured the thermophysical
properties the thermodiffusion coefficient was
determined by the following equation (Bou-Ali
et al. 1998),

4
R RICINC)
504 L, c,(1-c,) wu

L,= (0.102+0.0005) cm is the gap of the
column, c,is the concentration of the reference
component and g is the gravity.

3. Results and discussion

There are works in the literature that mention
the difficulty of measuring the thermodiffusion
coefficients of water-ethanol binary mixtures by
analysing the refractive index (Kita et al. 2004;
Koniger et al. 2009). When the water mass
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fraction is approximately 20 wt %, the
concentration derivative of the refractive index

(6n/6c)p’T undergoes a sign change, and

therefore the optical measurement sensitivity is
reduced considerably and the errors bars
increase.

Consequently, we measured the
thermodiffusion coefficient by analysing the
density. We deduced that the concentration
derivative of the density is highly sensitive in
this range of concentrations, see Fig. 2.
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Fig. 2 Density and refractive index (4=589.3nm) of
water-ethanol binary mixtures as a function of water
mass fraction at 25°C.

The thermodiffusion coefficients we obtained
of water-ethanol binary mixtures are compared
with the literature data in Fig. 3. There we can
observe that there is quite good agreement
between values near 50 wt % of water.
Nevertheless, for 10.32 wt % of water, there is a
marked difference between our results and those
of (Koniger et al. 2009). This difference might be
because the measurements were based on
different analysis methods: density analysis in
the case of our research and refractive index
analysis in the case of Koniger

Table 1 Thermodiffusion coefficients values of analysed binary mixtures at 25°C.

c (10 Dy ) B (109 « H

water (m?s1K1) (kg-m®) (K1) (mPa-s)
0.0563 3.69 +0.17 801.815 0.350 1.087 1.184
0.1032 3.28 £0.13 814.734 0.324 1.077 1.305

0.15 2.94 +0.11 826.681 0.307 1.061 1.440

0.24 2.46 +0.08 849.208 0.287 1.025 1.673
0.3125 2.39 +0.08 866.574 0.273 0.983 1.852
0.336 2.28 +0.08 872.139 0.271 0.978 1.898
0.4079 2.31 +0.08 888.821 0.260 0.938 2.040

0.50 1.77 +0.07 910.085 0.245 0.885 2.134
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Fig. 3 Thermodiffusion coefficients (Dr) of
water/ethanol as a function of mass fraction of water at
25°C (This work) compared to A. Koniger et al. at
25°C (Koniger et al. 2009), P. Kolodner et al. at 25°C
(Kolodner et al. 1988), K. J. Zhang et al. at 25°C
(zhang et al. 1996), S. Wiegand et al. at 25°C
(Wiegand et al. 2007), A. Mialdun et al. at 22.5°C
(Mialdun and Shevtsova 2008), J. F. Dutrieux et al. at
22.5°C (Dutrieux et al. 2002), M. M. Bou-Ali 25°C
(Bou-Ali et al. 1999) and R. Kita at 22°C (Kita et al,
2004).

Table 1 shows the values of all Dr
coefficients and thermophysical properties
measured at 25°C. For this specific binary
mixture at this range of concentrations, we think
it is better to measure using the density analysis.

4, Conclusions

Using the thermogravitational column
technique based on density analysis, the present
study  provides  additional  values  of
thermodiffusion coefficients of water-ethanol
binary mixtures in the low water mass fraction
range.

The results of this work at low water mass
fractions have good agreement with the
literature data except the 10.32 wt % of water.
This might be because the literature values were
based on refractive index analysis, while our
results were based on density analysis. For this
mixture, the sensitivity of the concentration

derivative of the refractive index (8n/6c:)pyT is

very low thus the authors believe it is more
accurate to analyse density instead of refractive
index.

Until now, there has been a lack of reliable
results in the range of concentrations for low
water mass fractions. This research can serve as
a base for future studies to determine the
DCMIX3 ternary mixtures from binary
mixtures.

268

269
270
271
272
273
274
275

276

277
278

279
280
281

282
283
284
285
286
287
288
289

290
291
292
293
294
295

296
297
298
299
300

301
302
303
304
305
306

307
308

309
310
311
312

313
314
315

316
317
318
319
320
321

322
323
324
325

Acknowledgements

Authors would like to thank the support of
Research  Groups  (1T1009-16), Research
Fellowship (Pre_2014 1 283) and Elkartek of
Basque Government, TERDISOMEZ (FIS2014-
58950-C2-1-P) of the MINECO and DCMIX
(DCMIX-NCR-00022-QS) from the European
Space Agency.

References

Bahat, A., Eisenbach, M.: Sperm thermotaxis. Mol.
Cell. Endocrinol. 252, 115-119 (2006).

Bonner, F.J., Sundeldf, L.O.: Thermal diffusion as a
mechanism for biological transport. Z. Naturforsch. C.
39, 656661 (1984).

Bou-Ali, M.M., Ahadi, A., Mezquia, D.A. De,
Galand, Q., Gebhardt, M., Khlybov, O., Kéhler, W.,
Larrafiaga, M., Legros, J.C., Lyubimova, T., Mialdun,
A., Ryzhkov, 1., Saghir, M.Z., Shevtsova, V.
Varenbergh, S. Van: Benchmark DCMIX1: Soret,
thermodiffusion and molecular diffusion coefficients
of the ternary mixture THN-IBB-nC12. Eur. Phys. J.
E. 38, 0-6 (2015).

Bou-Ali, M.M., Ecenarro, O., Madariaga, J. a.,
Santamarfa, C.M., Valencia, J.J.: Measurement of
negative Soret coefficients in a vertical fluid layer
with an adverse density gradient. Phys. Rev. E - Stat.
Physics, Plasmas, Fluids, Relat. Interdiscip. Top. 62,
1420-1423 (2000).

Bou-Ali, M.M., Ecenarro, O., Madariaga, J.A,
Santamaria, C.M., Valencia, J.J.: Thermogravitational
measurement of the Soret coefficient of liquid
mixtures. J. Phys. Condens. Matter. 10, 3321-3331
(1998).

Bou-Ali, M.M., Ecenarro, O., Madariaga, J.A,,
Santamaria, C.M., Valencia, J.J.: Influence of the
grashof number on the stability of the
thermogravitational effect in liquid mixtures with
negative thermal diffusion factors. Entropie. 218, 5-7
(1999).

Braun, D., Libchaber, A.: Thermal force approach to
molecular evolution. Phys. Biol. 1, 1-8 (2004).

Dutrieux, J.F., Platten, J.K., Chavepeyer, G., Bou-Ali,
M.M.: On the measurement of positive soret
coefficients. J. Phys. Chem. B. 106, 6104-6114
(2002).

Furry, W.H., Clark Jones, R., Onsager, L... On The
Theory Of Isotope Separation By Thermal Diffusion.
Phys. Rev. 55, 1083-1095 (1939).

Gebhardt, M., Kéhler, W., Mialdun, A., Yasnou, V.,
Shevtsova, V.: Diffusion, thermal diffusion, and Soret
coefficients and optical contrast factors of the binary
mixtures of dodecane, isobutylbenzene, and 1,2,3,4-
tetrahydronaphthalene. J. Chem. Phys. 138, 114503
(2013).

Ghorayeb, K., Firoozabadi, A., Anraku, T.
Interpretation of the Unusual Fluid Distribution in the
Yufutsu Gas-Condensate Field. SPE J. 114-123
(2003).

4



326
327
328
329
330

331
332
333

334
335
336
337
338

339
340
341
342
343
344
345

346
347
348
349
350

351
352
353
354

355
356
357
358

359
360
361
362

363
364
365
366

367
368
369
370

371
372
373

374
375
376
377

378
379
380
381
382
383

384
385
386
387
388

Kita, R., Wiegand, S., Luettmer-Strathmann, J.: Sign
change of the Soret coefficient of poly(ethylene oxide)
in water/ethanol mixtures observed by thermal
diffusion forced Rayleigh scattering. J. Chem. Phys.
121, 3874-3885 (2004).

Kolodner, P., Williams, H., Moe, C.. Optical
measurement of the Soret coefficient of ethanol/water
solutions. J. Chem. Phys. 88, 65126524 (1988).

Koniger, A., Meier, B., Kéhler, W.: Measurement of
the Soret, diffusion, and thermal diffusion coefficients
of three binary organic benchmark mixtures and of
ethanol-water mixtures using a beam deflection
technique. Philos. Mag. 89, 907-923 (2009).

Lapeira, E., Bou-Ali, M.M., Mialdun, A., Shevtsova,
V., Kohler, W., Gebhardt, M., Triller, T.: Soret,
diffusion and thermal diffusion of the binary mixtures
of toluene, methanol and cyclohexane. In:
Mécaniques, L.S.M. des S. (ed.) Le 12éme CONGRES
DE MECANIQUE Casablanca du 21 au 24 avril 2015.
pp. 308-310 (2015).

Larrafiaga, M., Bou-Ali, M.M., Lizarraga, |I.,
Madariaga, J.A., Santamaria, C.: Soret coefficients of
the ternary mixture 1,2,3,4-tetrahydronaphthalene +
isobutylbenzene + n-dodecane. J. Chem. Phys. 143,
024202 (2015).

Larrafiaga, M., Rees, D.AS. Bou-Ali, M.M.:
Determination of the molecular diffusion coefficients
in ternary mixtures by the sliding symmetric tubes
technique. J. Chem. Phys. 140, 1-21 (2014).

Martin, A., Bou-Ali, M.M., Barrutia, H., Alonso de
Mezquia, D.: Microfluidic separation process by the
Soret effect in biological fluids. Comptes Rendus -
Mec. 339, 342-348 (2011).

Mialdun, A., Minetti, C., Gaponenko, Y., Shevtsova,
V., Dubois, F.: Analysis of the thermal performance of
SODI instrument for DCMIX configuration.
Microgravity Sci. Technol. 25, 83-94 (2013).

Mialdun, A., Shevtsova, V.. Measurement of the
Soret and diffusion coefficients for benchmark binary
mixtures by means of digital interferometry. J. Chem.
Phys. 134, 044524 (2011).

Mialdun, A., Shevtsova, V.M.: Development of
optical  digital interferometry  technique for
measurement of thermodiffusion coefficients. Int. J.
Heat Mass Transf. 51, 3164-3178 (2008).

Montel, F.: Importance de la Thermdiffusion en
Exploracion et Production Pétrolieres. Entropie.
184/185, 86-93 (1994).

Platten, J.K., Bou-Ali, M.M., Dutrieux, J.F.:
Enhanced Molecular  Separation in Inclined
Thermogravitational Columns. J. Phys. Chem. B. 107,
11763-11767 (2003).

Sechenyh, V., Legros, J.C., Mialdun, A., Ortiz de
Zérate, J.M., Shevtsova, V.: Fickian Diffusion in
Ternary ~ Mixtures  Composed by  1,2,34-
Tetrahydronaphthalene, Isobutylbenzene and n -
Dodecane. J. Phys. Chem. B. acs.jpcb.5b11143
(2015).

Sechenyh, V., Legros, J.C., Shevtsova, V.
Measurements of Optical Properties in Binary and
Ternary Mixtures Containing Cyclohexane, Toluene
and Methanol. J. Chem. Eng. Data. 57, 1036-1043
(2012).

389
390
391
392

393
394
395
396

397
398
399
400
401
402

403
404
405
406

407
408
409
410

411
412
413
414

415

Story, M.J., Turner, J.C.R.: Flow-cell studies of
thermal diffusion in liquids. Part 5. Binary Mixtures of
CH30H with CCI4, Benzene and cyclohexane at
25°C. Trans. Faraday Soc. 65, 349-354 (1969).

Wiegand, S., Ning, H., Kriegs, H.: Thermal diffusion
forced Rayleigh scattering Setup optimized for
aqueous mixtures. J. Phys. Chem. B. 111, 14169-
14174 (2007).

Wittko, G., Kohler, W.: Precise determination of the
Soret, thermal diffusion and mass diffusion
coefficients of binary mixtures of dodecane,
isobutylbenzene and 1,2,3,4-tetrahydronaphthalene by
a holographic grating technique. Philos. Mag. 83,
1973-1987 (2003).

Wittko, G., Kohler, W.: Universal isotope effect in
thermal diffusion of mixtures containing cyclohexane
and cyclohexane-d12. J. Chem. Phys. 123, 014506
(2005).

Wittko, G., Kohler, W.: Influence of isotopic
substitution on the diffusion and thermal diffusion
coefficient of binary liquids. Eur. Phys. J. E. 21, 283-
291 (2006).

Zhang, K.J., Briggs, M.E., Gammon, R.W., Sengers,
J. V.: Optical measurement of the Soret coefficient
and the diffusion coefficient of liquid mixtures. J.
Chem. Phys. 104, 6881 (1996).




figure1

Click here to download colour figure figure1_thermodiffusion
coefficients of watre-ethanol mixtures for low water ass

(,w/b)) AisuaQ

o
00
m o
00
o OI\
N
N
B 00
+
i b
N on OO
oD D
D R
= 2“03“
5 - O
o
I T
> ¥
| | : | ' | ! |
o o0 © < (QV|
N~ © © (@) ©
o0 o0 (0 @) (0 @) (0 @)

o

5
o

01 02 03 04 05 06 07
m)

0.0

Column height (

L]


http://www.editorialmanager.com/mgst/download.aspx?id=24153&guid=4c294e12-6273-4337-a886-446b5a24e711&scheme=1
http://www.editorialmanager.com/mgst/download.aspx?id=24153&guid=4c294e12-6273-4337-a886-446b5a24e711&scheme=1

-4

Click here to download colour figure figure2_thermodiffusion

X3 pu | %1T%§$@He-ethanol mixtures for low water mass

(wug'689)

figure2

uoljoel) Ssew Jalepn

0L 80 90 v'0 Z0 00
] ] ] ] ] ] ] ] ] ] 0S/
0€e’L (WU G]G) Xopul dAORYSY @ I
. (Lwby) Ayisueg m -
GEE'L ) a° 008
- y |
\.\ i
ove’L -
i x — 0S8
GYE‘L N B -
i // \.\\
0SE‘L - // e - 006
GGE'L
. e - 056
. | o " K
09¢€'1 e . |
I s i - 0001
GOC'L
] ] ) | ) ] ) ] ! ]

(.wby) AsusQ


http://www.editorialmanager.com/mgst/download.aspx?id=24154&guid=535c5195-99a3-416f-8734-c4f2053b47d1&scheme=1
http://www.editorialmanager.com/mgst/download.aspx?id=24154&guid=535c5195-99a3-416f-8734-c4f2053b47d1&scheme=1

figure3

Click here to download colour figure figure3_therm

ogEffusion
coefficients of watre-ethanol mixtures for low water$adiss

(M, s,w) a0l

I']'I'I'I'I'<I
|
_ | Y s
. TN
' <
|
= | . =
&
|
1R
= <| =
{I
|
N U' _
|
|
|
" l "
A(»vl
|
|
- » I -
|
N |
= ! o &
i | L(TJO)C O .— i
| ¥ 0 c &0 & ==
] | O'—O'CCE:’:'S
| 2§ NL o0l
B L oYy SsS,0X| [
= L |F<axXYndsS
R "1 e "
| HEodDovaioe
rl |
|
|
I ' T ' T ' T ' T ' 1
T N o g ¥ © @ 0O

.

0

o

©

o
—
S
Q
e’
©
=3

N o

o

N

o

=)

o


http://www.editorialmanager.com/mgst/download.aspx?id=24155&guid=2cf50844-0c94-415e-b738-84a7f8152715&scheme=1
http://www.editorialmanager.com/mgst/download.aspx?id=24155&guid=2cf50844-0c94-415e-b738-84a7f8152715&scheme=1

marked Manuscript

o ok W

10
11
12
13
14
15

16

17
18
19
20
21
22
23

24
25
26

27

28
29
30
31
32
33
34
35
36
37
38

39
40
41

Click here to download Manuscript Lapeira et

al_MARKED_manuscript_thermodiffusion coefficients of watre-

THERMODIFFUSION COEFFICIENTS OF WATER/ETHANOL MIXTURES FOR LOW WATER

MASS FRACTIONS

E. Lapeiral, M. M. Bou-Alit, J. A. Madariaga®" and C. Santamaria?

!Department of Mechanical and Manufacturing, MGEP Mondragon Goi Eskola Politeknikoa, Loramendi 4 Apdo. 23, 20500

Mondragon, Spain mbouali@mondragon.edu

2Department of Applied Physics I, University of Basque Country, Apdo. 644.84080 Bilbao, Spain

"RIP

Abstract

The difficulty of measuring the thermodiffusion
coefficients by optical properties of water-
ethanol binary mixtures of approximately 20 wt
% of water has been highlighted by several
authors in recent years. This is because the
concentration derivative of the refractive index

(an/ac)pyT is near zero at this concentration.

For  this reason, we  measured the
thermodiffusion coefficients by means of density
analysis using the thermogravitational column
technique from 5 wt % to 50 wt % at 25°C. In
addition, we measured the thermophysical
properties such as density, dynamic viscosity,
thermal expansion and mass expansion.

Keywords: Thermodiffusion, binary mixtures,
Soret  effect, thermophysical  properties,
thermogravitational column.

1. Introduction

The presence of a temperature gradient in a
mixture creates a separation of the concentration
of the components in that mixture. This
phenomenon is known as the Ludwig-Soret
effect or the thermodifussive effect. The Soret
coefficient is used to quantify this phenomenon.
In the case of binary mixtures, this coefficient
can be obtained by the relationship between the
concentration difference AC, the temperature
difference AT and the initial concentration of
the reference component c; .

1 A

S - =
T coli—cy) AT

M

In recent years, interest in mass transfer
mechanisms in multicomponent mixtures under a
temperature gradient has been increasing. This is
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because of the relevance of this phenomenon in
different fields such as biology (Bahat and
Eisenbach 2006; Bonner and Sundel6f 1984;
Braun and Libchaber 2004), methods of
separation (Furry et al. 1939; Platten et al. 2003),
optimization of separation processes in
microdevices (Martin et al. 2011) and in the
petroleum industry (Ghorayeb et al. 2003;
Montel 1994).

Over time, several techniques have been
developed to analyse this phenomenon. Some of
the techniques are used in ground conditions: the
Optical Digital Interferometry (Mialdun and
Shevtsova 2011), the Optical Beam Deflection
(Gebhardt et al. 2013), the Thermal Diffusion
Forced Rayleigh Scattering (Wittko and Kohler
2003), the Thermogravitational Column (Bou-
Ali et al. 1998) and the Sliding Symmetric
Tubes (Larrafiaga et al. 2014). In addition, the
Selectable  Optical Diagnostic  Instrument
technique (SODI) (Mialdun et al. 2013) is used
in microgravity conditions in the International
Space Station (ISS) in order to confirm the
ground condition results.

In this context, the DCMIX project was
established (Diffusion Coefficients
Measurements in Ternary Mixtures). The main
objective of this project is to study the
thermodiffusion effect in  multicomponent
mixtures. The project is divided into different
phases to analyse different ternary mixtures. The
first one (DCMIX1), analysed mixtures
composed of hydrocarbons such as 1,2,3,4-
tetrahydronaphthalene (THN), dodecane (C12)
and isobutylbenzene (IBB). The results of one
ternary mixture of DCMIX1 were established as
a Benchmark (Bou-Ali et al. 2015). The second
phase DCMIX2, is measuring mixtures
composed of toluene, methanol and cyclohexane.
These particular mixtures, are characterized as
being critical because in some ranges of
concentrations there is an inmiscibility gap and
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the Soret coefficients are negative (Bou-Ali et al.
2000; Sechenyh et al. 2012; Story and Turner
1969; Wittko and Kohler 2006; Wittko and
Kohler 2005). The third phase, DCMIXS3, is
focused on analysing aqueous mixtures, such as
water, ethanol and triethylene-glycol ternary
mixtures, and is the subject of this paper.

In the phases DCMIX1, DCMIX2 and
DCMIX3, binary mixtures and ternary mixtures
were analysed. In fact, in DCMIX1 Larrafiaga et
al. determined new correlations to predict the
thermodiffusion (Dt) and Soret (St) coefficient
of ternary mixtures from binary mixtures
(Larrafiaga et al. 2015). In addition, Sechenyh et
al. found expressions for the diffusion matrix of
a ternary mixture approaching the binary limits
(Sechenyh et al. 2015). In DCMIX2, the
thermodiffusion, molecular diffusion and Soret
coefficients of binary mixtures were analysed
(Lapeira et al. 2015)

Each of the abovementioned studies,
highlight the importance of analysing the
corresponding binary mixtures in each DCMIX
phase.

In this work, the analysis of water-ethanol
binary mixtures from DCMIX3 is presented.
These mixtures have been widely studied in
literature by different authors (Dutrieux et al.
2002; Kolodner et al. 1988; Mialdun and
Shevtsova 2008; Wiegand et al. 2007; Zhang et
al. 1996). In the water-ethanol system the
contrast factor (on/oc), is near zero at

approximately 20 wt % of water. For this reason,
the sensitivity is wvery low at these
concentrations, making it difficult to determine
the transport coefficients (St, D, Dr) accurately
by optical analysis (Kita et al. 2004; Koniger et
al. 2009).

Due to this problem, we studied the behavior
of the thermodiffusion coefficient by means of
density analysis of water-ethanol binary mixtures
from 5.63 wt % to 50 wt % of water.

This article is organized as follows: in
Section 2, the determination of thermophysical
properties and the thermodiffusion coefficient
measured using the thermogravitational column
technique are explained. In Section 3, the results
of the thermophysical properties and the
thermodiffusion coefficients are shown. Finally,
Section 4 outlines the conclusions.
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2. Experimental analysis

Determination of thermophysical properties

For the determination of the thermodiffusion
coefficient using thermogravitational column

technique, it is necessary to know some
thermophysical properties such as density,
viscosity, thermal expansion and mass
expansion.

The preparation of the sample was made with
the precision Gram VXI-310 balance with an
accuracy of +0.0001g . The denser component

was added first, followed by the second
component. The density (p) was measured by the
Anton Paar DMA 5000 density meter with an

accuracy of  5x10°kg/m*®.  Thermal

expansion az—l[a—pj and  mass
p\aT ).,

ap

expansion f = i[ 5
C

o
also analysed using the same density meter. The
thermal expansion coefficient was determined by
analysing the density of one sample at different
temperatures. To measure the mass expansion,
we prepared 5 samples with a slight difference of
concentration and measured the density of each
concentration. Dynamic viscosity (M) was
measured by two devices, the Anton Paar AMVn
falling ball microviscometer with an accuracy of
+0.002s, and the manual Haake viscometer

with an accuracy of +0.2s.

) coefficients were
T.p

Determination of thermodiffusion coefficient
Dt

The thermodiffusion coefficient
measurements were performed using the
thermogravitational column technique (Bou-Ali
et al. 1998). In this technique, a horizontal
temperature gradient is applied which creates a
vertical separation of the concentration. When
the mixture reaches the stationary state, 5
samples are extracted at different heights of the
column and the density is measured to determine
the concentration distribution (2),

_xdp,

Ac z
op oz

(2)

Where, (6C/6,0)p'T is defined in a previous

calibration, (ap/az)p]T is the variation of the

2
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density along the length of the column (Fig. 1)
and L,=(98.0+0.1) cm is the height of the long
column.

872 T T T T T T T T

870 -

_~ 868 : R

866 N -

Density (Kg/m

864 - .

y =-12,49331x + 872,08080

862- R2=0,99998 L
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0.0 0.1 0.2 03 04 0.5 06 0.7 0.8 0.9

Column height (m)

Fig. 1 Variation of density along the length of column
of water-ethanol binary mixture at 31.25 wt % of
water at steady state.

Finally, having measured the thermophysical
properties the thermodiffusion coefficient was
determined by the following equation (Bou-Ali
et al. 1998),

4
R RICINC)
504 L, c,(1-c,) wu

L,= (0.102+0.0005) cm is the gap of the
column, c,is the concentration of the reference
component and g is the gravity.

3. Results and discussion

There are works in the literature that mention
the difficulty of measuring the thermodiffusion
coefficients of water-ethanol binary mixtures by
analysing the refractive index (Kita et al. 2004;
Koniger et al. 2009). When the water mass

196
197

198

199
200
201

202
203
204
205
206

207

208
209
210

211
212
213
214
215
216
217
218
219
220
221
222

223

fraction is approximately 20 wt %, the
concentration derivative of the refractive index

(6n/6c)p’T undergoes a sign change, and

therefore the optical measurement sensitivity is
reduced considerably and the errors bars
increase.

Consequently, we measured the
thermodiffusion coefficient by analysing the
density. We deduced that the concentration
derivative of the density is highly sensitive in
this range of concentrations, see Fig. 2.

1000
950 o

900 + 7 N t- 1,350

Density (Kgm™)
L}
L]
T
%
&

850 - =

L]
Refractive index (589.3nm)

8oo-{ =°

750 - T T T T T
00 02 04 06 08 1.0

Water mass fraction

Fig. 2 Density and refractive index (4=589.3nm) of
water-ethanol binary mixtures as a function of water
mass fraction at 25°C.

The thermodiffusion coefficients we obtained
of water-ethanol binary mixtures are compared
with the literature data in Fig. 3. There we can
observe that there is quite good agreement
between values near 50 wt % of water.
Nevertheless, for 10.32 wt % of water, there is a
marked difference between our results and those
of (Koniger et al. 2009). This difference might be
because the measurements were based on
different analysis methods: density analysis in
the case of our research and refractive index
analysis in the case of Koniger

Table 1 Thermodiffusion coefficients values of analysed binary mixtures at 25°C.

c (10 Dy ) B (109 « H

water (m?s1K1) (kg-m®) (K1) (mPa-s)
0.0563 3.69 +0.17 801.815 0.350 1.087 1.184
0.1032 3.28 £0.13 814.734 0.324 1.077 1.305

0.15 2.94 +0.11 826.681 0.307 1.061 1.440

0.24 2.46 +0.08 849.208 0.287 1.025 1.673
0.3125 2.39 +0.08 866.574 0.273 0.983 1.852
0.336 2.28 +0.08 872.139 0.271 0.978 1.898
0.4079 2.31 +0.08 888.821 0.260 0.938 2.040

0.50 1.77 +0.07 910.085 0.245 0.885 2.134
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Fig. 3 Thermodiffusion coefficients (Dr) of
water/ethanol as a function of mass fraction of water at
25°C (This work) compared to A. Koniger et al. at
25°C (Koniger et al. 2009), P. Kolodner et al. at 25°C
(Kolodner et al. 1988), K. J. Zhang et al. at 25°C
(zhang et al. 1996), S. Wiegand et al. at 25°C
(Wiegand et al. 2007), A. Mialdun et al. at 22.5°C
(Mialdun and Shevtsova 2008), J. F. Dutrieux et al. at
22.5°C (Dutrieux et al. 2002), M. M. Bou-Ali 25°C
(Bou-Ali et al. 1999) and R. Kita at 22°C (Kita et al,
2004).

Table 1 shows the values of all Dr
coefficients and thermophysical properties
measured at 25°C. For this specific binary
mixture at this range of concentrations, we think
it is better to measure using the density analysis.

4, Conclusions

Using the thermogravitational column
technique based on density analysis, the present
study  provides  additional  values  of
thermodiffusion coefficients of water-ethanol
binary mixtures in the low water mass fraction
range.

The results of this work at low water mass
fractions have good agreement with the
literature data except the 10.32 wt % of water.
This might be because the literature values were
based on refractive index analysis, while our
results were based on density analysis. For this
mixture, the sensitivity of the concentration

derivative of the refractive index (8n/6c:)pyT is

very low thus the authors believe it is more
accurate to analyse density instead of refractive
index.

Until now, there has been a lack of reliable
results in the range of concentrations for low
water mass fractions. This research can serve as
a base for future studies to determine the
DCMIX3 ternary mixtures from binary
mixtures.
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