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Abstract

In this work, the density, viscosity, thermal conductivity, and isobaric heat capacity
of mixtures of 2-ethylhexanoic acid (EHA) and p-xylene, as well as self-diffusion co-
efficients of both components were measured at 101.3 kPa and temperatures between
293.15 and 353.15 K. Furthermore, vapor-liquid equilibria of this system were studied
at 10 and 20 kPa. Parameters for correlations of all properties are reported together
with the data in this work to facilitate the application of the results in modeling and

simulation of spray flame synthesis.



Introduction

2-Ethylhexanoic acid (EHA) and xylene are commonly used solvents in spray flame synthesis
of nanoparticles. Mixtures of these components are suitable solvents for various precursors. "
Moreover, when studying spray flame processes with numerical techniques, mixtures of EHA
and xylene can be used as a simpler, surrogate model system for the frequently used precursor
solutions containing metal 2-ethylhexanoates and xylene.®!! In the mentioned applications,
all three isomers of xylene, i.e., o-xylene, m-xylene, and p-xylene, occur. However, the
influence of the choice of the isomer on the overall spray flame process is expected to be
marginal. The p-xylene isomer is studied in this work to maintain consistence with previous
work. 12

Despite their relevance especially in the field of spray flame synthesis, to the best of our
knowledge, no data on the properties of mixtures of EHA and xylene are available in the
literature. Due to its use as an industrial solvent and intermediate,'®> data on the properties
of pure p-xylene are sufficiently available. The properties of pure EHA were extensively
studied in our previous work on mixtures of EHA and ethanol.

In this work, the density, the viscosity, the thermal conductivity, and the isobaric heat
capacity of mixtures of EHA and p-xylene, as well as the self-diffusion coefficients of both
components were measured at temperatures between 293.15 K and 353.15 K and atmospheric

pressure over the entire composition range. Additionally, vapor-liquid equilibria (VLE) were

investigated at 10 kPa and 20 kPa.



Experimental

Chemicals and Sample Preparation

Table 1 lists the CAS registry numbers, suppliers, and purities of the chemicals used in this

work.
Table 1: Chemicals
CAS reg. no. supplier mole fraction purity®
2-ethylhexanoic acid (EHA) 149-57-5 Sigma-Aldrich 0.998
p-xylene 106-42-3 Thermo Fischer Scientific 0.997
1,4-dioxane 123-91-1 Sigma-Aldrich 0.9993

& As specified by supplier

Small samples (sample mass < 50 g) were needed for the self-diffusion coefficient measure-
ments and were prepared gravimetrically using a Mettler-Toledo laboratory balance (specified
standard uncertainty u(m) = 0.0001 g). Larger samples were needed for the density and
viscosity measurements as well as the thermal conductivity and isobaric heat capacity mea-
surements and were prepared using a Mettler-Toledo PR2003 Comparator laboratory balance
(specified standard uncertainty u(m) = 0.001 g). The combined expanded uncertainty of
the composition of the samples is U(zx,1) = 0.001 mol mol™" (k = 2).

For the VLE measurements, about 100 — 200 ml of feed mixture were needed for each
run. The equilibrium compositions of the vapor and liquid phase depend on the temperature,
the pressure, and the local composition in the apparatus. Therefore, their dependence on
the feed composition is fuzzy and, for simplicity, the feed for the VLE measurements was

prepared volumetrically.

Measurements

The measurement methods for the density, viscosity, thermal conductivity, isobaric heat

capacity, and self-diffusion coefficients were the same as in our previous work. %1416 In
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these references and their supporting information documents, validations of the measure-
ment results for pure p-xylene!? and for pure EHA' were provided for all investigated

thermophysical properties. We hence refrain from repeating these validations here.

Density and Viscosity

The density and viscosity were measured using a combined instrument (SVM 3000, Anton
Paar), comprising a vibrating-u-tube densimeter and a rotational viscosimeter. The com-
bined expanded uncertainty of the density measurement was U(p) = 1 kg m™® (k = 2), the
relative combined expanded uncertainty for the viscosity was Uye (1) = 0.02 (k = 2), and the
standard uncertainty of the temperature measurement specified by the manufacturer was

u(T) = 0.05 K.

Thermal Conductivity and Isobaric Heat Capacity

The thermal conductivity and the thermal diffusivity were measured using a transient hot-
wire thermal conductivity meter (LAMBDA, flucon fluid control GmbH). The isobaric heat
capacity was then calculated from the thermal conductivity A, the thermal diffusivity a, and

the (previously measured) density p:

6= 0

The combined expanded relative uncertainties were Uye(A) = 0.04 (k = 2) for the thermal
conductivity measurement and Use(c,) = 0.06 (kK = 2) for the isobaric heat capacity, and the

standard uncertainty of the temperature measurement was estimated to be u(7") = 0.1 K.

Self-Diffusion Coefficients

The self-diffusion coefficients were measured using pulsed field gradient (PFG) 'H NMR spec-
troscopy. The NMR spectrometer consisted of an Ascend 400 magnet and an Avance 111 HD
400 console (Bruker). The measurements were carried out as described in Refs. 17 and 18.

The self-diffusion coefficients were obtained from a fit to the Stejskal-Tanner equation.'® The



standard uncertainty of the temperature measurement was estimated to be u(7") = 0.1 K.
The combined expanded relative uncertainty of the self-diffusion coefficient measurement is
typically about U, (D) = 0.01 (kK = 2) but can be higher depending on composition and

temperature. It was therefore stated explicitly for each individual experimental data point.

Vapor-Liquid Equilibrium

The VLE were measured with a co-current thin-film evaporator as described in Refs. 20-22.
The pressure was measured using a pressure sensor of type VSR53DL by Thyracont and
the temperature was measured using a Pt100 resistance thermometer which was calibrated
against a standard certified by Physikalisch-Technische Bundesanstalt (PTB, Braunschweig,
Germany). The standard uncertainties of the temperature and pressure measurements are
u(T) = 0.1 K and u(p) = 0.1 kPa, respectively. As in our previous work,'* the compo-
sitions of the samples taken from the liquid and the vapor phase were analyzed by gas
chromatography (GC). The GC system (Agilent 7890A) was equipped with a flame ion-
ization detector (FID) and a Zebron Phenomenex ZB-FFAP (30 m x 0.32 mm x 0.5 pm)
column. 1,4-Dioxane was employed as an internal standard. From analyzing gravimetrically
prepared samples, the standard uncertainty of the p-xylene mole fraction was estimated to

be u(zxy) = u(yxy1) = 0.01 mol mol .



Modeling

Density, Thermal Conductivity and Isobaric Heat Capacity

The density, thermal conductivity, and isobaric heat capacity were correlated using polyno-
mials for the description of the temperature dependence of the pure component properties
and Redlich-Kister polynomials for the description of the mixture properties. The modeling
approach was the same as in our previous work. 121423

The modeling approach is described here using the exemplary property z. The mixture

property z was written as a function of the pure component properties zP™, the mole

fractions of the components z;, and an excess term z*.
_ pure pure E

The pure component properties 2™ were calculated from a polynomial with the adjustable
parameters a;, b;, and c¢;.

2P (2] = a; + b T/K + ¢; (T/K)? (3)

)

Here, [z] is the unit of z, so that the adjustable parameters are dimensionless. The excess term
2P was calculated using a Redlich-Kister-type polynomial with the adjustable parameters £,
F, and G.

ZE/[Z] = (E + F T/K + GZL’EHAI‘Xyl) TEHATXyl (4)

For convenience, we modeled the molar volume v instead of the specific density p. These

quantities are related by:
M
U= (5>
p

where M is the average molar mass that was calculated from the molar masses of EHA



(Mgua) and p-xylene (Mxy):

M = xgua Mena + rxpMxy. (6)

Viscosity

As in previous work, %23 the Jouyban-Acree correlation?® was used to correlate the mixture

viscosity:
In(n / mPa s) =zgua In (nhys / mPas) + xxyIn (775(‘;6 / mPa s) + E™ (%)
(7)
i Jal) SUEHAl’Xyl(ZUXyl - l’EHA) i am $EHA$Xy1(ZUXy1 - 9EEHA)2
T/K T/K

pure

The temperature dependence of the pure component viscosity 7;

. was described by an

exponential function with the adjustable parameters a\”, b, and ¢\ .
b(ﬂ)
Pwe /oPas = ql i (n) 8
nC [/ mPas=aq; exp(T/K +¢ (8)

Self-Diffusion Coefficients

The self-diffusion coefficients D; were described by a polynomial function of temperature
and composition, i.e., the p-xylene mole fraction xxyi, see Eq. (9). A similar correlation was
previously used in our previous work on mixtures of EHA and ethanol,'* which had been
adapted from the correlation established in our previous work on mixtures of titanium(IV)

isopropoxide (TTIP) and p-xylene.!?

Di / (1079 m2 Sil) =a; + bl T/K —+ (Ci + dl T/K) TXyl —+ (61' + fz T/K) :C:)S(yl (9)



Therein, a; - f; are adjustable parameters.

Vapor-Liquid Equilibrium

The VLE were modeled based on the extended Raoult’s law assuming the gas phase to be

ideal and neglecting the pressure dependence of the chemical potential in the liquid phase:

DT = Py (10)

Therein, p; is the vapor pressure of the pure component 7, x; is the liquid phase mole fraction
of component 7, 7; is the activity coefficient of component ¢, p is the pressure, and y; is the gas
phase mole fraction of component 7. The pure component vapor pressures p; were described
by an Antoine-type equation:

Bi

The parameters A;, B;, and C; were taken from Refs. 14 and 12, where they were obtained
from a fit to literature data.2?¢ The activity coefficients 7; were modeled using the non-

random two-liquid (NRTL) model*":

2
B RNCE e (x5 + 2,Gi;)?

where

Gij = exXp (—OéTij) . (13)

The adjustable parameters of the NRTL model are the non-randomness parameter o and
the binary interaction parameters 7;;. The parameter a was set to 0.3 following the recom-

mendations in the original publication of the model.?"



Fitting Procedure

The python solvers numpy.polyfit and scipy.optimize.curve_ fit were used to fit the adjustable
parameters, using the sum of squared deviations between measured z;?Xp and calculated values

ch-al as the objective function (OF):

N
OF, = Z (2% - z;?al)Q (14)
j=1

Therein, N was the number of experimental data points measured for property z. For
adjusting the binary interaction parameters Tgna xy1 and 7xyigra of the NRTL model to the

VLE data, the objective used in Eq. (14) was the pressure p.



Results and Discussion

The experimental data for all measured properties were correlated as described in the pre-
vious section. In the following, the experimental data for the different studied properties
are discussed together with the correlations. The parameters of the correlations for the pure
component molar volumes, viscosities, thermal conductivities, and isobaric heat capacities
of EHA and p-xylene are given in Table 2. The parameters of the correlations for the excess
molar volumes, viscosities, thermal conductivities, and isobaric heat capacities of mixtures
of EHA and p-xylene are given in Table 3. The parameters of the correlations for the self-
diffusion coefficients of EHA and p-xylene in mixtures of EHA and p-xylene are given in
Table 4.

The parameters of the Antoine-type equation used for the vapor pressures of pure EHA
and pure p-xylene are repeated from Refs. 14 and 12 in Table 5. The parameters of the

NRTL model for the calculation of the activity coefficients are given in Table 6.

Table 2: Parameters of the correlations for the pure-component properties of EHA®* and
p-xylene

Property Eq. a; or al(-") b; or bgn) c; or cgn)

(3) 1.1481 x 107*  1.5090 x 1077 (I

nhirs / mPa s (8) 7.4089 x 107°  3.3525 x 10°  6.6045 x 107!
APEe /Wm K™ (3) 1.0638 x 1071 3.4356 x 107*  —7.9010 x 1077
ra / Jmol ™t KT (3) 1.2608 x 102 4.4382 x 107! (1

pure 3 ol-L
Vppa / m? mol

R /mP mol™' (3) 8.3752x 107 1.3460 x 1077 oP
R / mPas (8) 4.2349 x 1073 1.4209 x 10°  1.2468 x 10!
o/ Wm™ K™ (3) 1.9795 x 1071 —2.1000 x 10™*  —7.9645 x 107*

Fue [ Jmol L KT (3) 13144 x 102 1.8782 x 107! 0

2 Repeated from Ref. 14 for the reader’s convenience
> Not needed and set to zero

10



Table 3: Parameters of the correlations for the excess properties of mixtures of EHA and
p-xylene

Property Eq. E or EM F or F G or G
v / m3 mol™! (4) —1.0615x 107% 21219 x 107 —9.2538 x 107°
n / mPa s (7)  —1.9665 x 102 —2.5993 x 101 0?
A/ Wm K (4) —5.0315x 1073 24421 x 105 —1.3071 x 10~3
¢, / Jmol™t K1 (4) —5.2968 1.4227 x 102 —2.4412

& Not needed and set to zero

Table 4: Parameters of the correlations for the self-diffusion coefficients of EHA and p-xylene
in mixtures of EHA and p-xylene (see Eq. (9))

Property a; b; C d; e; fi
Dgua / 107°m?s7! —2.026 7.191x 1073 —1.974 8.290 x 1073 —5.905 x 1071 3.377 x 1073
Dxy /1072 m? s7! —3.560 1.289 x 1072 —4.861 2.131x 1072 —7.765x 1072 1.327 x 1073

Table 5: Antoine parameters for EHA and p-xylene obtained previously !4 from fits of Eq.
(11) to the indicated literature data

Component A B C Ref.
EHA 15.2351 —4066.6 —117.614 25
p-xylene 14.0775 —3344.9 —-57.910 26

Table 6: NRTL parameters obtained from a fit to the present experimental VLE data (see
Egs. (12) and (13))

« TEHA Xyl TXyl,EHA
0.3 —0.8640 2.3013

Density

Table 7 lists the experimental results for the density. They are shown in Figure 1 together
with the correlation results. As expected, the density decreases with increasing temperature
and increasing p-xylene mole fraction. While the density has a more complex dependence
on the composition, the molar volume (see Appendix) exhibits an almost perfectly linear

dependence on the p-xylene mole fraction, indicating an almost ideal mixing behavior.
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Table 7: Results of the density measurements®

p/kgm™
Txy / mol mol™*

T /K 0b 0.25 0.5 0.75 1

293.15 906.4 897.4 887.4 8752 861.1
303.15 898.2 889.1 879.0 866.6 852.4
313.15 890.0 880.9 8&870.5 &858.0 &843.5
323.15 882.0 872.6 862.0 849.4 834.9
333.15 873.8 864.3 853.5 840.7 826.0
343.15 865.7 856.0 844.9 831.9 817.1
353.15 857.6 847.6 836.3 823.2 808.1

® Density p, liquid mole fraction xxy, and tem-
perature T at p = 101.3 kPa. The combined ex-
panded uncertainties are U(p) =1 kg m™ (k =
2), U(xxy1) = 0.001 mol mol™ (k = 2), u(p) =
3 kPa, and u(7") = 0.05 K.

b Repeated from Ref. 14 for the reader’s conve-
nience

Viscosity

Table 8 lists the experimental results for the viscosity. They are shown in Figure 2 together
with the correlation results. Expectedly, the viscosity decreases strongly with increasing
temperature and with increasing p-xylene mole fraction. In contrast to mixtures of EHA
with ethanol, for which the viscosity surprisingly shows an almost linear dependence on the
mole fraction,'* the corresponding relation is strongly non-linear for mixtures of EHA and

p-xylene. This is in line with our previous findings for mixtures of TTIP and p-xylene.'?

Thermal Conductivity

Table 9 lists the experimental results for the thermal conductivity. They are shown in
Figure 3 together with the correlation results. The thermal conductivity decreases with

increasing temperature and decreasing p-xylene mole fraction. The difference between the

12
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Figure 1: Density p of mixtures of EHA and p-xylene at 101.3 kPa and different temperatures.
Symbols are experimental results. Experimental uncertainties are within symbol size. Lines
are empirical correlations, cf. Egs. (2) — (6), with parameters listed in Tables 2 and 3.

thermal conductivities of pure EHA and pure p-xylene is rather small, however, a clear
deviation from linearity with respect to the composition and, thus, from ideal behavior is

observed.

Isobaric Heat Capacity

Table 10 lists the experimental results for the isobaric heat capacity. They are shown in
Figure 4 together with the correlation results. In agreement with expectations and previous
results, ' the isobaric heat capacity decreases almost perfectly linearly with increasing p-
xylene mole fraction. Its temperature dependence is different to that of the other properties

discussed so far: the isobaric heat capacity increases with increasing temperature.
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Table 8: Results of the viscosity measurements?®

n / mPas (U(n) / mPa s)

Txy / mol mol™*

T /K 0P 0.25 0.5 0.75 1

293.15 7.529 (0.146) 3.363 (0.031) 1.754 (0.015) 1.025 (0.010) 0.664 (0.006)
303.15 5.354 (0.046) 2.606 (0.024) 1.441 (0.021) 0.881 (0.008) 0.587 (0.005)
313.15 3.961 (0.034) 2.080 (0.018) 1.218 (0.011) 0.768 (0.008) 0.515 (0.009)
323.15 3.042 (0.026) 1.702 (0.015) 1.041 (0.009) 0.678 (0.006) 0.471 (0.005)
333.15 2.413 (0.021) 1.423 (0.013) 0.904 (0.008) 0.604 (0.006) 0.427 (0.004)
343.15 1.961 (0.017) 1.210 (0.011) 0.794 (0.007) 0.546 (0.008) 0.391 (0.004)
353.15 1.629 (0.014) 1.045 (0.009) 0.705 (0.006) 0.494 (0.005) 0.360 (0.004)

 Viscosity 7, liquid mole fraction zxyi, and temperature 7" at p = 101.3 kPa. The com-
bined expanded relative uncertainties of the viscosity U(n)(k = 2) are given in the table
and the other combined expanded uncertainties are U(zx,1) = 0.001 mol mol™" (k = 2),
u(p) = 3 kPa, and u(T") = 0.05 K.

b Repeated from Ref. 14 for the reader’s convenience

Self-Diffusion Coefficients

Table 11 and Table 12 list the experimental results for the self-diffusion coeflicients of EHA
and p-xylene, respectively. They are shown in Figure 5 together with the correlation results.
EHA is a larger molecule than p-xylene. Therefore, as expected, the self-diffusion coefficient
of EHA is always lower than that of p-xylene at the same temperature and composition.
Both self-diffusion coefficients increase with increasing temperature and increasing p-xylene

mole fraction.

Vapor-Liquid Equilibrium

Table 13 lists the results of the VLE measurements. They are shown in Figure 6 together
with the model results. The VLE is wide-boiling and zeotropic. Although the NRTL model
was only adapted to the pressure, the gas phase composition is also excellently reproduced.

At high p-xylene mole fractions, the activity coefficient of EHA (not shown) sharply
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Figure 2: Viscosity n of mixtures of EHA and p-xylene at 101.3 kPa and different tempera-
tures. Symbols are experimental results. Experimental uncertainties are within symbol size.
Lines are empirical correlations, cf. Egs. (7) and (8), with parameters listed in Tables 2 and
3.

increases and reaches high values. This is typical for an associating compound like EHA in

a non-associating solvent like p-xylene.?8

Lewis Number

When a droplet evaporates in a hot atmosphere, as is the case in spray flame synthesis,
droplet explosions can occur. In Ref. 29, it was shown that this is caused by the fact that for
mixtures typically used in such processes, heat transport is much faster than mass transport.
The Lewis number Le is an important indicator for the ratio of heat and mass transport
rates and, therefore, for the occurrence of superheating and droplet explosions.?° For a binary

mixture, Le is calculated from the thermal diffusivity a and the mutual Fickian diffusion
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Table 9: Results of the thermal conductivity measurements?®

A/ Wmt K

Txy / mol mol™*
T /K 0b 0.25 0.5 0.75 1
293.15 0.139 0.137 0.135 0.132 0.129
303.15 0.138 0.135 0.133 0.130 0.127
313.15 0.136 0.134 0.131 0.128 0.125
323.15 0.135 0.132 0.129 0.125 0.122
333.15 0.133 0.130 0.127 0.123 0.119
343.15 0.131 0.128 0.125 0.120 0.117
353.15 0.129 0.127 0.122 0.118 0.114

# Thermal conductivity A, liquid mole fraction
Txyl, and temperature T" at p = 101.3 kPa. The
combined expanded relative uncertainty of the
thermal conductivity is U,e(A) = 0.04 (K = 2)
and the other combined expanded uncertain-
ties are U(zxy) = 0.001 mol mol™t (k = 2),
u(p) = 3 kPa, and u(T") = 0.1 K.

b Repeated from Ref. 14 for the reader’s conve-
nience

coeflicient D:

a A
L = — =
c D pc,D

(15)

The property correlations from this work were used to calculate the Lewis number of
mixtures of EHA and p-xylene. The thermal diffusivity was obtained using the correlations
for the thermal conductivity, the density, and the isobaric heat capacity (see Eqgs. (2) — (5)
and Tables 2 and 3).

The correlation for the self-diffusion coefficients (see Eq. (9) and Table 4) were used
for the extrapolation to infinite dilution. At infinite dilution, the self-diffusion coefficients
become equal to the Maxwell-Stefan mutual diffusion coefficients Dy x,1 and DX pia-

The Vignes correlation! was then used for calculating the Maxwell-Stefan mutual diffusion
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Figure 3: Thermal conductivity A of mixtures of EHA and p-xylene at 101.3 kPa and different
temperatures. Symbols are experimental results. Error bars indicate the combined expanded
uncertainty. Lines are empirical correlations, cf. Egs. (2) — (4), with parameters listed in
Tables 2 and 3.

coefficient P over the entire composition range:

b= (BEOHA,Xyl)xEHA (1’7>O<0y1,EHA)”y1 (16)

The Fickian mutual diffusion coefficient D was then calculated using the Maxwell-Stefan

mutual diffusion coefficient and the thermodynamic factor I':

D= DT, (17)
where I is
Oln YEHA Jln YXyl
=1 - EEA 18
+ TEHA Dara + Txy1 Dxy (18)

in the present binary system. Therein, the activity coefficients 7; and their derivatives were
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Table 10: Results of the isobaric heat capacity measurements®

¢, / Jmol™t K1

Txy / mol mol™*

T /K 0> 025 05 075 1

293.15 256 239 221 203 186
303.15 261 242 224 206 189
313.15 265 247 228 209 190
323.15 271 251 231 211 192
333.15 274 253 234 214 194
343.15 278 257 237 216 196
353.15 283 263 239 219 198

# Isobaric heat capacity c,, liquid mole
fraction xxyi, and temperature T" at p =
101.3 kPa. The combined expanded rel-
ative uncertainty of the isobaric heat ca-
pacity is Usa(c,) = 0.06 (k = 2) and the
other combined expanded uncertainties
are U(zxy1) = 0.001 mol mol™* (k = 2),
u(p) = 3 kPa, and u(T) = 0.1 K.

b Repeated from Ref. 14 for the reader’s
convenience

Table 11: Results of the self-diffusion coefficient measurements for EHA?

Dgna /107" m? 7' (U(Dgna) / 107° m? s™)

Txy1 / mol mol™!

T /K 0P 0.02 0.25 0.50 0.75 0.95

298.15 0.127 (0.001) 0.136 (0.001) 0.246 (0.002) 0.429 (0.002) 0.664 (0.003) 0.970 (0.007)
313.15 0.214 (0.001) 0.229 (0.002) 0.372 (0.002) 0.596 (0.004) 0.887 (0.004) 1.178 (0.015)
333.15 0.375 (0.001)  0.395 (0.002) 0.569 (0.004) 0.835 (0.004) 1.191 (0.011) 1.590 (0.016)

 Self-diffusion coefficient Dgna, liquid mole fraction xxy1, and temperature 7' at p = 101.3 kPa. The
combined expanded uncertainties of the self-diffusion coefficient U(Dgna) (k = 2) are given in the table
and U(xxy1) = 0.001 mol mol™! (k = 2), u(p) = 3 kPa, and u(T) = 0.1 K.

b Repeated from Ref. 14 for the reader’s convenience

obtained from the NRTL model fitted to the VLE data (see Eqgs. (12) — (13) and Table 6).
Figure 7 shows the Lewis number of mixtures of EHA and p-xylene as a function of

composition at different temperatures. The Lewis number decreases with increasing tem-
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Figure 4: Isobaric heat capacity c, of mixtures of EHA and p-xylene at 101.3 kPa and
different temperatures. Symbols are experimental results. Error bars indicate the combined
expanded uncertainty. Lines are empirical correlations, cf. Egs. (2) — (4), with parameters
listed in Tables 2 and 3.

Table 12: Results of the self-diffusion coefficient measurements for p-xylene®

Dxy1 /107° m® s7! (U(Dxy1) / 107 m* s71)

Txy1 / mol mol™!

T /K 0.02 0.25 0.50 0.75 0.95 1

298.15 0.305 (0.022) 0.676 (0.006) 1.069 (0.004) 1.522 (0.003) 2.002 (0.003) 2.109 (0.004)
313.15 0.502 (0.024) 0.956 (0.013) 1.435 (0.004) 1.964 (0.005) 2.467 (0.004) 2.602 (0.005)
333.15 0.773 (0.044) 1.313 (0.040) 1.897 (0.014) 2.561 (0.013) 3.188 (0.014) 3.354 (0.025)

 Self-diffusion coefficient Dxyi1, liquid mole fraction xxy1, and temperature T at p = 101.3 kPa. The
combined expanded uncertainties of the self-diffusion coefficient U(Dxy1) (k = 2) are given in the table
and U(xxy1) = 0.001 mol mol™! (k = 2), u(p) = 3 kPa, and u(T) = 0.1 K.
perature. It is highest for high concentrations of EHA, reaches a local minimum at around
Txy = 0.8 mol mol™!, and increases slightly again for higher p-xylene mole fractions. The

Lewis number is overall very high with values between 20 and almost 400, indicating that

the heat transport is much faster than the diffusive mass transport in mixtures of EHA and
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Table 13: Results of the isobaric VLE measurements®

p/kPa T /K xxy /mol mol™" yx, / mol mol™?

10 404.9 0.063 0.701
382.1 0.166 0.932
373.2 0.236 0.966
367.2 0.284 0.978
362.2 0.356 0.984
346.4 0.720 0.996
344.3 0.796 0.995
3424 0.901 0.995

20 409.9 0.136 0.821
395.9 0.189 0.903
394.1 0.209 0.916
391.5 0.239 0.933
385.1 0.314 0.970
377.1 0.425 0.981
374.1 0.498 0.985
370.1 0.579 0.989
369.9 0.563 0.984
369.5 0.546 0.983
366.8 0.987 0.987
365.3 0.704 0.990
365.3 0.702 0.990
361.3 0.825 0.993
359.3 0.959 0.994

2 Pressure p, temperature T', liquid phase mole fraction
Txyl, and vapor phase mole fraction yxy. The stan-
dard uncertainties are u(p) = 0.1 kPa, u(T) = 0.1 K,
u(rxy1) = u(yxy) = 0.01 mol mol™*
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Figure 5: Self-diffusion coefficients of EHA Dgpya (left) and p-xylene Dxy (right) in mixtures
of EHA and p-xylene at 101.3 kPa and different temperatures. Symbols are experimental
results. Experimental uncertainties are within symbol size. Lines are empirical correlations,
cf. Eq. (9), with parameters listed in Table 4.

p-xylene.

Due to the relatively slow mass transport and the wide-boiling VLE, EHA will tend to
accumulate at the droplet surface during droplet evaporation. If the temperature continues
to rise throughout the droplet, as promoted by the comparatively fast heat transfer, super-
heating can occur in the droplet interior, as shown for mixtures of TTIP and p-xylene in Ref.
29. Eventually, this superheating can lead to droplet micro-explosions. This agrees with the
fact that micro-explosions have been observed in single droplet combustion experiments with

mixtures of EHA and p-xylene.®
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Figure 6: VLE of mixtures of EHA and p-xylene. Symbols are experimental results. Error
bars indicate the experimental standard uncertainty. Lines show modeling results using the
extended Raoult’s law and the NRTL model for the activity coefficients, cf. Egs. (10) — (13),
with parameters listed in Tables 5 and 6.
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Figure 7: Lewis number Le of mixtures of EHA and p-xylene at 101.3 kPa and different
temperatures.
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Conclusions

In this work, the thermophysical properties of mixtures of EHA an p-xylene, namely the
density, the viscosity, the thermal conductivity, and the isobaric heat capacity, as well as the
self-diffusion coefficients and VLE, were investigated over the entire composition range at
temperatures between 293.15 and 353.15 K. As expected, the density, the viscosity, and the
thermal conductivity decrease with increasing temperature, while the isobaric heat capacity
and the self-diffusion increase with increasing temperature. All properties, except the molar
volume and the isobaric heat capacity, show significant deviations from ideal mixing behavior.
Namely, especially the viscosity, the thermal conductivity, and the self-diffusion coefficients
show strong deviations from linear dependence on the molar composition.

The VLE is wide-boiling and zeotropic. Together with the high Lewis numbers, this can
lead to superheating and micro-explosions during the evaporation of droplets consisting of
EHA and p-xylene, e.g., during spray flame synthesis. The property correlations provided
in this work enable the use of the data in models and simulations of spray flame synthesis

to deepen process understanding and improve product quality.
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Appendix

Figure Al shows the experimental results for the molar volume together with the cor-
relation results. The molar volume decreases with decreasing temperature and increasing
p-xylene mole fraction. The almost perfectly linear dependence on the molar composition

indicates an approximately ideal behavior of this property.
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Figure Al: Molar volume v of mixtures of EHA and p-xylene at 101.3 kPa and different
temperatures. Symbols are experimental results. Experimental uncertainties are within

symbol size. Lines are empirical correlations, cf. Eqs. (2) — (6), with parameters listed in
Tables 2 and 3.
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