
Design of a Process-Intensified Liquid-
Liquid Extraction Cell for Higher
Temperature and Pressure

Liquid-liquid extraction is performed in most cases at moderate temperatures to
utilize its energy-efficient advantages. A new concept of a process-intensified
extraction device for liquid-liquid systems at increased temperature and pressure
is presented. The design of the extraction device with its new subsystems, such as
stirrer and pulsation, including a safety concept, is discussed within this work.
Further, a mechanical stability analysis is shown to prove the usability of the
extraction device for increased temperature and pressure.
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1 Introduction

Current trends in the process industry lead to the production
of more and more customer-defined higher-value specialty
chemicals [1]. This transition to specialty chemicals results in
challenges in the process development. First insights can be
gained in time-consuming and costly laboratory-scale studies.
Miniaturized devices like microreactors for reactions and mini-
aturized separation methods come in handy to gain first in-
sights in a small scale and overcome the time-consuming and
costly efforts [2].

In the area of separation methods, thermal separation meth-
ods are the most commonly used methods to purify a fluid
stream in the process industry [3]. Here, liquid-liquid extrac-
tion, also called solvent extraction, is one of the most energy-
efficient thermal separation methods [4]. Due to the flexibility
of liquid-liquid extraction, a broad range of application from
biomedical [5] to pharmaceutical [6] and also in the battery [7]
industry is possible. Usually, the extraction is performed under
environmental conditions and provides a high separation effi-
ciency while offering a high throughput [4].

At the Laboratory of Equipment Design, the stirred-pulsed
DN15 extraction measurement cell has been developed [8, 9]. It
combines the low effort of miniaturized devices with the high
efficiency of liquid-liquid extraction. Process intensification
concepts are applied by introducing stirring and pulsation to
achieve a higher separation efficiency while offering a high
maximum throughput [8, 9]. Other approaches for process
intensification are, for example, by introducing reactive com-
ponents [10], using centrifugal contractors [11], or scaling
down the extraction device to the microfluidic level [12].
Microfluidic devices utilize the high surface-to-volume ratio to
gain a high extraction efficiency [13].

The phase separation can be realized using differently coated
channels but does not offer high throughput as columns

[14, 15]. On the other side, centrifugal contactors such as the
centrifugal partition chromatography (CPC) or the annular
centrifugal contactor/extractor (ACC/E) allow a higher
throughput but are also sensitive to their setup [15]. CPC uti-
lizes a rotating disc containing multiple connected cascading
chambers [16]. ACC/E has a different experimental setup but
also employs the introduced rotational forces. It utilizes an
inner rotating and an outer static cylinder [17]. Due to a gap
between both cylinders, the light and the heavy phase can be
introduced. Due to the rotational forces the phases can be sepa-
rated and collected. It allows like the CPC a high throughput
and extraction efficiency [18]. Although there are a vast major-
ity of extraction devices with high throughput and extraction
efficiency available, none of these considered increasing tem-
perature and pressure.

An extraction device for increased temperature and pressure
could lead to even higher separation efficiencies, as literature
showed higher diffusion rates at elevated temperatures [19–21].
The physical properties also change at higher temperature and
pressure. In literature, it has been reported that viscosity can
influence mass transfer during solvent extraction [22]. Espe-
cially high-viscous systems are limited in mass transfer [22].
The density also changes at elevated temperatures, resulting in
the change of, e.g., the ascent speed of the droplets [23]. This
speed change could probably lead to varying residence times of
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the disperse phase compared to experiments at ambient condi-
tions.

Another significant parameter is that the interfacial tension
strongly depends on the operating temperature [24, 25]. With
this strong dependency, it is possible to adjust the interfacial
tension of the used substance system. Consequently, the com-
bination of these aforementioned effects could lead to an
improvement in extraction performance.

Existing concepts of liquid-liquid extraction at increased
temperature and pressure do not utilize combined energy in-
puts such as stirring and pulsation. Pressurized liquid extrac-
tion is an existing application of elevated pressure and temper-
ature in solid-liquid extraction at subcritical pressure and
temperature [26]. Here, batch operations are performed to
extract bioactive compounds from natural resources, hence,
mainly in use for sample preparation in analytical chemistry
[27] or phytoextraction of plant-based pharmaceuticals [28].

The corresponding apparatus are operated in batch and con-
sist primarily of a cylindrical extraction cell and a pump to
build up the pressure. There are additional components such as
purging gas and a backpressure valve to maintain a stable oper-
ation. The primarily solid sample will be prepared for extrac-
tion in the extraction cell. Its application is mainly in the ana-
lytical field. To perform the extraction continuously, it will be
performed in a continuously flown extraction cell maintained
at the increased process conditions. The phase separation will
then occur after cooling the fluids at ambient conditions. In
summary, the devices for pressurized liquid extraction do not
utilize the concept of process intensification but their concepts
can be used for developing a process-intensified extraction
device [29].

Another extraction approach at increased temperature and
pressure is the supercritical extraction with carbon dioxide
[30]. As the name suggests, the extraction is performed at
supercritical conditions of the fluids. They are mostly used to
extract natural compounds [31]. In this case, continuous oper-
ation with spray, sieve tray, or packed column can be realized
[32, 33]. In these setups, supercritical carbon dioxide is trans-
ported from a supply tank to the extraction device. Although
the target operating conditions of the new extraction device
will be below the supercritical level, existing concepts like the
design of the device [34, 35] or control concepts [36] can be
adapted for the design.

In this contribution, an extended design of the stirred-pulsed
extraction is presented. This new concept is designed for in-
creased temperature and pressure. First, the design methodolo-
gy is explained. Then the design of the extraction plant, which
consists of the extraction device itself and various subsystems,
is presented. Finally, a stability analysis of the extraction device
in FEM analysis by ANSYS Mechanical is described.

2 Design Methods

The design of the high-pressure concept has been developed
according to the guideline of the VDI 2220–2223. It subdivides
the design of the extraction device into four phases: analysis,
conceptualization, design, and elaboration of the first design
[37–40]. The computer-aided design (CAD) software Autodesk

Inventor� (Autodesk, San Rafael, CA, USA) has been used for
the mechanical design of the extraction device.

After finishing the design, the next step is verifying pressure
stability and strength. Though preliminary studies show a
slight pressure difference (±20 kPa) during the pulsation, struc-
tural analysis has been performed for static loads in ANSYS
Mechanical 2021R1 (ANSYS Inc., Canonsburg, PA, USA). With
the results of the simulated data, the realized safety factor Sreal

1)

can be determined as the ratio of the maximum von-Mises
stress in the device and the yield strength Re of the material.
According to the ASME standards, pressure vessels need a
safety factor of at least 3.5 [41].

Using these methods, the design of the extraction device and
its internal components is carried out and verified regarding its
application. Since the extraction device allows for operation at
elevated process conditions, auxiliary devices must be identi-
fied and specified for the increased process conditions. There-
fore, a control concept and piping and instrumentation dia-
gram have been developed for this process and validated
against pressure stability.

3 Extraction Plant Design

The final design of the high-pressure measurement cell can be
separated into multiple stages. The first and most important
stage is the design of the extraction devices main body. The
second and third stages are the layout for energy inputs, the
stirring and pulsation, within the extraction device. Finally, the
last stage deals with maintaining the increased temperature
and pressure within the extraction device. The overall design of
the extraction device is similar to previous designs of the ex-
traction measurement cell [9].

3.1 Extraction Device Design

The design of the extraction device is depicted in Fig. 1, whereas
some of the characteristic dimensions are listed in Tab. 1. Addi-
tional information is provided in the Supporting Information.

The in- and outlets for the mass flows are placed nearly iden-
tical to existing designs [9]. The inlet for the light phase (6),
the heavy phase (7), and the outlet for the extract phase (3) are
at the same position. The outlet for the raffinate phase (4) is
switched to the right side of the extraction device. The design
of the ports mainly follows a route from the left (inlets) to the
right (outlets) to gain a more structured setup. Because the de-
vice is designed to operate at elevated pressure levels, the top of
the device needed to be closed off from the environment. A
magnetic coupling (1) (MINEX SA 22/4, KTR-Kupplungstech-
nik GmbH, Rheine, Germany) has been integrated to accom-
plish this task.

The active extraction section is divided into six compart-
ments with the same arrangement and design for the spacers
(10), stirrer modules (11), and sieve trays (12). The pulsation
connection (5) is placed at a lower position to prevent the pul-
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sation from directly influencing the disperser (9). Due to the
pressurization of the extraction device, an inlet (8) and outlet
(2) for the pressurization gas is added to the extraction device.

Since the operation at elevated pressure does not allow for
glass as column material, the optical accessibility to evaluate
the experiments must be realized. To counteract the loss of
optical accessibility of metal, longitudinal sight glasses (4)
(DIN 7081, MAXOS, Auer Lightning GmbH, Bad Ganders-
heim, Germany), according to DIN7081, have been added to
the front and the back of the extraction device. A cross-section-
al sketch of this setup is displayed in Fig. 2. In this design, both

sight glasses (4) are clamped with front (3) and back (2) plates
at the main body (1). The field of view is limited to 10 mm, as
the clamping mechanism for the sight glasses needs an in-
creased mounting surface.

With the introduction of the longitudinal sight glasses, the
most process significant change is the shape of the active
extraction area. Fig. 3 shows the assembled cross-sectional view
of the new design and a comparison of the active extraction
area of the existing design and the new proposed design.

Due to the longitudinal sight glasses, the round cross section
of the previous design has not been maintained, as indicated in
Fig. 3b. Although these bridges could possibly lead to dead
zones, they are mandatory to support the longitudinal sight
glasses as these are pressed via the front and back plate to the
main body (see Fig. 3a).

Detailed information regarding the design of the sealing and
internals can be found in the Supporting Information.

3.2 Design of the Subsystems

Most parts of the extraction device design are illustrated in the
previous Sect. 3.1. Subsystems such as the stirrer system, the
pulsation unit, and the temperature control (see the Supporting
Information) needed special attention. As the fume hood
already provides a facility to control the pressure via nitrogen,
pressure control does not need any special attention.

3.2.1 Stirrer System

As the substance system within the extraction device needs to
be stirred, a stirrer system has to be implemented. Due to
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Figure 1. Assembled view of the extraction device (a) with a
cross-sectional cut (b) and a close-up of one stirred cell (c).

Table 1. Geometric properties of the designed extraction de-
vice.

Property Existing measurement cell
design [9]

New measurement
cell design

ncomp [–] 6 6

Aactive [mm2] 167.79 144.94

hactive [mm] 136 124

Vactive [mL] 19 18

Figure 2. Isometric view of the extraction device without stirrer
system and disperser in full (a) and cross-sectional viewpoints
(b, c).

Figure 3. Cross-sectional view of the extraction device (a) with a
comparison (b) of the existing and new designs active extrac-
tion area.
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increased pressure, the stirring cannot be realized by introduc-
ing a stirrer shaft as in the previous design [9]. An adequate
sealing method is needed to prevent leakage. Here, a magnetic
coupling (MINEX SA 22/4, KTR-Kupplungstechnik GmbH,
Rheine, Germany) is used to fulfill this task. It consists of an
external rotor, an internal rotor, and a containment shell. The
containment shell is needed to separate the pressurized fluids
in the extraction device from the environment and allows for
generating a pressurized environment. The top assembly with a
stabilizing setup is displayed in Fig. 4.

This setup allows for dispersing the fluids while the extrac-
tion device can be operated at increased pressure. The follow-
ing subsection describes the extraction device’s pulsation sys-
tem, the second energy input.

3.2.2 Pulsation System

The design of the pulsation unit is carried out based on the
same guidelines as the main body of the extraction devices. A
pneumatic cylinder (ADN-63-5-I-P-A, Festo SE & Co. KG,
Esslingen, Germany) in combination with a pressure trans-
ducer is selected as the pulsation mechanism. By selecting
EPDM seals, initial test series are conducted with the possible
substance mixtures. As the pulsation of the liquid phase will
lead to pressure fluctuations during the extraction process, a
back coupling to the pressurized gas phase of the extraction
device has been integrated. Including a buffer tank between the
gas phase of the measurement cell and the pulsation unit also
protects the seals from rising solvent vapors.

To enable automatic operation, the manually adjustable
throttle check valves are replaced by controllable proportional
control valves. Calculations of the stroke times, stroke speeds,
and volume flow within the pneumatic cylinder are the basis
for selecting the proportional control valves (PVQ13, SMC
Deutschland GmbH, Egelsbach, Germany). The material
1.4571 is used to construct the buffer tank, the pressure trans-

ducer, and the piston rod extension. The design of the overall
system is depicted in Fig. 5.

The proportional control valves also make it possible to
adjust the stroke speed by setting an appropriate flow rate.
Automatic operation can be realized by selecting preset stroke
times. With the help of the proportional control valves, it is
possible to approach various pulsation profiles [42] up to a fre-
quency f of 0.625 Hz independent of the pressure inside the
extraction device. By monitoring the pressure inside the mea-
surement cell and the compressed air line, pressure fluctuations
can be detected, and the operation of the pulsation unit can be
adjusted.

3.2.3 Safety Measures and Piping and Instrumentation
Diagram

Multiple safety concepts have been developed to allow a safe
operation at increased temperature and pressure. Based on the
selected components, a piping and instrumentation diagram
(P&ID) is created. The resulting P&ID is displayed in Fig. 6.
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Figure 4. Cross-sectional close-up (a) and (b) of the stirrer sys-
tem and the corresponding assembly to stabilize the inner rotor,
including the stirrer shaft. Explosion view (c) of the outer stirrer
assembly with the corresponding inner/outer rotor and contain-
ment shroud.

Figure 5. CAD design of the pulsation unit without the pneu-
matic unit at the top and image of the finished pulsation unit,
including the pneumatic unit.
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The pressure is built with nitrogen and adjusted via the pres-
sure regulator 16. The overall safety concepts utilize spring-
loaded valves V7 and V11 (RV Series, Hy-Lok D Vertriebs
GmbH, Oyten, Germany) at the outlets and safety integrations
within the pump systems, P1 and P2, preventing overpressure
at the inlets. A pressure regulator at the gas inlet avoids gener-
ating overpressure by nitrogen. Multiple pressure sensors are
integrated into the piping to observe the pressure at each pip-
ing segment. With this concept, a safe operation of the plant is
possible. The ongoing chapter will now discuss the mechanical
studies performed to evaluate the pressure stability of the
extraction device.

4 Mechanical Stability Analysis

In this section, the static analysis of the main body of
the extraction device is discussed. All static analyses are per-
formed on ANSYS 2021R1. Tab. 2 lists the materials and their
mechanical properties. The materials have been selected based
on the prior experience of the mechanical workshop at the
TU Dortmund University and their chemical resistance.

Chem. Eng. Technol. 2023, 46, No. 5, 882–890 ª 2023 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 6. Piping and instrumentation diagram of the final extraction plant with the ingoing streams on the upper left and the outgoing
streams at the lower right.
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4.1 Model Setup

In the next step, the numerical mesh is generated. Therefore,
the geometric model has been prepared according to Sect. S4 in
the Supporting Information. Due to the complexity of the
design, an unstructured mesh is used. A short overview of the
mesh is given in Tab. 3.

The standard element size is set to 2.5 ·10–3 m. Additional
refinement is performed at the pressure-induced areas, such as
the inner body and the fluidic connections. Moreover, the
bridge at which the longitudinal glass stays is refined, as pre-
liminary studies showed increased stress in this area. The
element size at the refined area is at 1.0 ·10–3 m. Images of the
generated mesh and the refined bridge are given in Figs. S7 and
S8 in the Supporting Information. The mesh quality has been
evaluated using the orthogonality and the aspect ratio, as indi-
cated in Sect. S5 of the Supporting Information. Based on the
ANSYS Meshing Guidelines, the overall mesh quality has been
determined as sufficient.

To provide a largely accurate representation of the real envi-
ronment, boundary conditions are used. At first, pressure loads
are applied to the inside areas of the extraction device and the
fluidic paths. The pressure load is varied with the material to
perform a design study. The bottom of the extraction device
has been set as fixed. The mounted, longitudinal sight glasses
are modeled via a displacement condition. As the sight glasses
are clamped to the surfaces, a displacement along the normal
of the mounting surface is not possible and can be set to zero.
The clamping mechanism of the sight glasses consists of
14 M12 screws, which need to be mounted through holes.
Consequently, the screws will prevent the movement of the
holes along the radial and tangential directions. Based on these
boundary conditions, a mechanical study is performed. A
detailed image of the applied boundary conditions is given in
Sect. S6 of the Supporting Information.

4.2 Static Analysis Results

The results of the mechanical study are presented in Fig. 7.
Since the tubing and the connectors are rated for up to
20.0 MPa(g), the simulations are also performed until
20.0 MPa(g). The simulations are performed for the three
materials listed in Tab. 2. Detailed images of the stress
regions (Figs. S9 and S10) are presented with numerical values
in Tab. S3.

All the materials are suitable for the extraction device up to a
pressure of 12.5 MPa(g). Increasing the pressure to 15.0 MPa(g)
results in getting close to the safety limits for the material 304L.
At a pressure of 17.5 MPa(g), all the materials, despite 316Ti
undershoot the limit of the safety factor. In summary, all mate-
rials can be used for the extraction device up to a pressure of
15.0 MPa(g). When comparing the materials with each other,
316Ti performed best. This behavior can be explained by the
high tensile yield strength of 316Ti, as indicated in Tab. 2. Since
316Ti outperformed all the other materials and the mechanical
workshop at the TU Dortmund University has the best experi-
ence with processing the material, 316Ti is chosen for the
extraction device material.

The result of the mechanical study is then combined with
the limitations of the used components. This results in colored
areas in Fig. 7 describing the overall plant’s pressure-based
operation area. At first glance, the safety valves with a maxi-
mum operating pressure of 1.72 MPa(g) seem to be the weakest
component in the presented design. Since preliminary experi-
ments are planned to be performed at low pressure, the safety
valves can be changed to a high-pressure (HP) version later.
These valves can then be operated up to 41.4 MPa(g). Although
most components and the extraction device are rated for higher
pressure levels, the experiments are limited to 6.0 MPa(g). This
is caused by the mechanical limitation of the magnetic coupling
provided by the manufacturer. Due to this limitation, the
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Table 2. Material properties used in the mechanical stability
analysis within ANSYS 2021 R1 [43].

Material Rm [MPa] Re [MPa]

AISI 304L, annealed (1.4306) 5.327 ·102 2.020 ·102

AISI 316L, annealed (1.4404) 5.212 ·102 2.296 ·102

AISI 316Ti, annealed (1.4571) 5.758 ·102 2.437 ·102

Table 3. Overview of the generated mesh with the number of
elements/nodes and their sizes in ANSYS Mechanical.

Parameter Value

nnodes [–] 719 405

nelement [–] 494 068

selement, default [m] 2.5 ·10–3

selement, refined [m] 1.0 ·10–3

Figure 7. Realized safety factor Sreal in dependency of the pres-
sure inside the extraction device combined with the used com-
ponents for the plant design.
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screws for the clamps and the magnetic coupling are also
designed for 6.0 MPa(g).

5 Preliminary Study

After verifying the mechanical stability, a preliminary study is
performed with the designed setup. An image of the used setup
is displayed in Fig. 8.

In this preliminary study, the load limit BFlood and the ex-
traction performance Nth have been investigated. The load limit
can also be described as the maximum throughput of the
extraction device. The procedure for determining the parame-
ters is analogous to the experiments performed in the existing
design [9]. The experiments are performed with the EFCE
(European Federation of Chemical Engineering) test system
water (deionized, electrical conductivity £ 5 ·10–4 S m–1),
acetone (> 99.8 %, VWR Chemicals, Germany), and n-butyl
acetate (> 99.5 %, Merck KGaA, Germany). The system has a
medium surface tension (s = 13.96 ·10–3 N m–1) [19] and has
shown a good response to the stirred-pulsed extraction [4, 9].
The mass transfer has been performed from the continuous
heavy phase (DI water) to the dispersed light phase (n-butyl

acetate). Therefore, the feed (water and acetone) has been dis-
solved with 5 wt % of the solute (acetone) and then contacted
with the pure solvent (n-butyl acetate). The results of this study
are illustrated in Fig. 9.

The load limits have been determined without acetone.
Overall, an increase in the load limit can be observed with
rising temperature. The load limit increases from 8.1 to
18.8 m3m–2h–1. Multiple phenomena like changing interfacial
tension or density, thus ascending speed, could raise the load
limit. Here, it is visible that an increasing temperature leads to
a higher throughput. A detailed investigation of the substance
parameters is needed to understand the physical phenomena.

As described, the experiments have been performed at a
constant pressure of 0.3 MPa(g) to prevent evaporation of the
solute acetone. The device has been operated at 80 % of the
load limit determined beforehand to allow a stable operation.
The number of theoretical stages has been calculated via
the McCabe-Thiele methods and corresponding simulated
(UNIFAC LLE) equilibrium data (Aspen Plus V12, Aspen
Technology Inc., Bedford, USA).

The extraction performance shows similar rising trends as
the load limit. An increase from 15.2 to 33.8 m–1 stages has
been overserved during an increase of 50 K. A reason for this
behavior could be the increasing diffusion rates [19]. Another
reason could be the increased throughput within the extraction
device. This higher throughput could result in the accumula-
tion of the disperse phase, therefore extracting a higher amount
of the solute. Future experiments will give more detailed infor-
mation on the separation performance at elevated pressure and
temperature.

6 Conclusion

An existing design of a DN15 measurement cell has been trans-
ferred to a high-pressure concept. Therefore, an overall plant
concept needed to be created. In the first step, the DN15
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Figure 8. Overview of the built extraction plant. Pumps P1 and
P2 transport the heavy and light phases from B1 and B2 into
the extraction device. P3 and P4 transport the outgoing streams
into B3 and B4. The thermostat is used to control the tempera-
ture during the extraction.

Figure 9. Preliminary study of the extraction at increased tem-
perature and pressure at T = 298.15 K, 323.15 K, and 343.15 K.
The mass transfer experiments have been performed at
0.3 MPa(g), nstirrer = 700 rpm, and f = 0.5 Hz.
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measurement cell is redesigned. With this redesign, an im-
proved sealing system and redesigned internals have been
introduced. With the introduction of increased temperature
and pressure, multiple subsystems are revised. A new stirrer
and pulsation system are designed to allow the operation at
higher temperatures and pressure. A temperature control sys-
tem is also designed to maintain the process temperature and
cool the outgoing stream later. In the last step, the mechanical
stability of the new extraction device has been verified in
ANSYS Mechanical and summarized with the stability of the
other components of the design.

With this overall plant design, possible studies can be per-
formed at increased pressure and temperature. Separation tasks
with low-boiling components such as methanol can be per-
formed at elevated temperatures by applying higher pressure.
Furthermore, the stirred-pulsed extraction can also be inte-
grated into processes with higher operating pressure without
reducing pressure; thus, energy can be saved. A separate experi-
mental verification needs to be performed before operating at
the simulated pressure levels.

A preliminary study has been performed to show the possibili-
ties of the new extraction device. With slight elevation of the pro-
cess temperature, the overall throughput and extraction perfor-
mance have been increased. Evaporation of the solute has been
prevented by performing the extraction at a higher pressure lev-
el. In order to gain more insights, detailed studies need to be car-
ried out with this new design. Even more substance data has to
be gathered to understand the underlying phenomena during
the extraction. Effects like changing surface tension, density, and
viscosity are some factors that need to be determined.
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Symbols used

A [m2] area
B [m3m–2h–1] load
f [Hz] frequency
h [m] height
n [–] number
Re [MPa] yield strength
Rm [MPa] tensile strength
s [m] length
S [–] safety factor
T [K] temperature
V [mL] volume

Greek letters

s [N m–1] surface tension
sv [MPa] von-Mises stress

Sub- and superscripts

active active
comp compartment
element elements in mesh
element, default default elements in mesh
element, refined refined elements in mesh
flood flooding
max maximum
nodes nodes in mesh
real realized
rel relative
stirrer stirrer
th theoretical

Abbreviations

ACC/E annular centrifugal contactor/extractor
CAD computer-aided design
CPC centrifugal partition chromatography
DI deionized
DN diameter nominal
EFCE European Federation of Chemical

Engineering
FEM finite element method
P&ID piping and instrumentation diagram
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[19] T. Mı́šek et al., Standard Test Systems for Liquid Extraction,
Institution of Chemical Engineers, Rugby, UK 1985.

[20] E. Grushka, E. J. Kikta, J. Am. Chem. Soc. 1976, 98 (3), 643–
648. DOI: https://doi.org/10.1021/ja00419a001

[21] M. Jamialahmadi, M. Emadi, H. Müller-Steinhagen, J. Pet.
Sci. Eng. 2006, 53 (1–2), 47–60. DOI: https://doi.org/
10.1016/j.petrol.2006.01.011

[22] I. Wagner, J. Stichlmair, Chem. Eng. Technol. 2001, 24 (6),
616–619. DOI: https://doi.org/10.1002/
1521-4125(200106)24:6<616::AID-CEAT616>3.0.CO;2-T

[23] M. V. Rathnam, R. T. Sayed, K. R. Bhanushali, M. S. S. Ku-
mar, J. Chem. Eng. Data 2012, 57 (6), 1721–1727. DOI:
https://doi.org/10.1021/je300085z

[24] S. Zeppieri, J. Rodrı́guez, A. L. López de Ramos, J. Chem.
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