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Replacement of Trays by Packing To Increase the Absorption Capacity of

Acetone during Cellulose Acetate Spinning
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All textile uses of cellulose acetate involve acetone recovery, which, because of safety issues, results in large
installations, in order to work with dilute streams. This compromises the efficiency of all of the involved unit
operations, in this case, acetone absorption in cold water, acetone distillation, and water chilling, making
them more expensive. The present article proposes the improvement of the absorption of acetone in water,
traditionally performed with sieve trays, by using structured packing instead. The advantageous implementation
was enabled through the utilization of a calculation methodology based on concepts of thermodynamic
equilibrium of the binary acetone/water system and empirical relations that allow the evaluation of the

hydrodynamics of the proposed modification.

1. Introduction

The several textile uses of cellulose acetate all have in
common an extremely viscous collodium, resulting from a
homogeneous high-solid-content solution in acetone, which must
be recovered after spinning, for environmental and economic
reasons.'”

The spinning occurs by extrusion of the collodium through a
multiple-hole spinneret, which can vary from dozens to several
hundred holes and can also vary in shape, depending on the
processed textile product. The filaments formed in each spin
cell flow downward, usually pulled by a common feed roll.
Depending on the product, the filaments are put together,
forming a yarn, similarly to a spinning machine that is
constituted by a set of cells, as described. Each cell is a 1—10-
m-long pipe with the spinneret installed at the upper portion
and the yarn leaving by the bottom, close to the feed roll.
Depending on the product, heating can be required, which is
achieved using jacket piping with steam, condensate, or both.

The spinning cells are at slightly lower pressure, as they are
aspirated by centrifugal blowers. This difference in pressure
allows for the feeding of air from the ambient by the upper
portion of the cell, close to the spinneret, flowing in the same
direction as the filament. The feed flow rate of air is regulated
by an orifice placed at the exit of the spinning cell, with a
diameter determined by the filament’s size, that is, by the mass
flow rate of cellulose acetate fed to the cell, usually resulting
in a laminar flux, in order not to disturb the formation of the
filaments, avoiding them sticking together.

The acetone present in the collodium evaporates, initially,
by flash (8—10% of the acetone content of the collodium),
because of the difference in pressure. Then, the acetone
evaporates gradually along the length of the heated cell, in a
process involving radial diffusion within the filament, allowing
for the migration of the acetone toward the surface. The filament
deforms during formation, decreasing in diameter and thus
increasing in velocity, making the flux of entrained air turbulent.
This increases the drag and the heat transfer, resulting in the
gradual evaporation of the acetone present at the surface.® A
typical representation of a single filament, but that actually
applies to all filaments, is given at Figure 1.
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A conclusion from the above description is that the mass flow
rate of evaporated acetone during spinning depends on several
factors such as the spinning velocity, size of the produced
filament, and operating temperature, in addition to the pressure.
The acetone concentration in the gas mixture leaving each
spinning cell varies between 120 and 180 g/Nm?, which is above
the lower explosion limit (53 g/Nm?® at 90 °C). Therefore, to
avoid risks, it is necessary to dilute the acetone by feeding air
to the spinning machine collector, guaranteeing safety of the
installation but making acetone recovery more expensive. All
acetone vapor obtained during spinning, as well as from
subsequent sections, needs to be collected and recycled, resulting
in high operating costs, which explains the trend of increasing
the solid content by adding small amounts of starch acetate into
the collodium.*

Traditionally, acetone is absorbed in cold water using columns
provided with sieve trays.’ The stream with acetone from the
spinning is initially cooled in radiators, using cooling tower
water. The obtained aqueous solution has a low acetone content,
because of the intrinsic characteristics of the unit operation of
absorption, consuming significant amounts of energy during the
distillation step. Usually, the sump distillation water is recycled
to the process, after an initial cooling by an economizer in the
distillation, heating of the feed, and cooling to the required
temperature, which is performed by a series of electricity-driven
chilling machines.

Figure 1. Detail of the operation of one filament. Based on ref 3.
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Figure 2. (a) Single-pass sieve tray and (b) effective weir length.
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Figure 3. Tray performance by Murphree efficiency’s determination. Source:
ref 7.

2. Justification

The sieve trays provide a low efficiency for the absorption
operations, as well as reduced operating flexibility. The Mur-
phree efficiency is determined by empirical expressions that
analyze the performance of the sieve trays in relation to several
possible phenomena, depending on the gas and liquid streams,
their flow rates, operating conditions, and physical properties.
The geometry of the trays also plays a role, including the internal
column diameter (D); the tray spacing (7s); the number of passes
of the liquid over the tray; the downcomer area; the active area
(Aa), which is area of the column minus the downcomer area;
the hole percentage (ay), which is the total hole area in relation
to the active area; the clearance between the bottom edge of
the downcomer and the trays (c); the weir length (W and Weg,
for bent downcomers); the weir height (hy,); the liquid height
in the downcomer (DCyy); and so on.® Figure 2 illustrates some
of these parameters.

Figure 3 shows the performance diagnosis of trays by
determining the Murphree efficiency.

To achieve reasonable operating absorption efficiency, typical
calculation recommendations® are to design sieve trays for 80%
flooding, providing the maximum Murphree efficiency, assum-
ing that the operation of absorption columns with trays is
governed by the liquid stream. Therefore, the required condition
to guarantee turbulence over the trays and efficient mass and
energy exchange between the liquid and gas streams is to have
enough liquid over the tray to provide hydrodynamic equilib-
rium, considered as a determined gas stream. For the gas stream,
this means the imposition of a static pressure drop, due to the
liquid height over the trays, and a dynamic pressure drop, due
to the passage of gas through the holes of the trays, as well as
the movement of the liquid over the trays, in the downcomers,
and through the clearance between the downcomers and the
trays.
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For acetone recovery of the gas stream obtained during
cellulose acetate spinning, the flow rates are high, because of
the low acetone content. Consequently, the use of sieve trays
implies excessive energy consumption, making the process even
more expensive.

Moreover, as described above, because of their limiting
characteristics, sieve tray absorption columns, for the studied
operation, constitute a bottleneck. In contrast, internals, which
present a lower pressure drop, are a solution for the issue of
increasing the volumetric capacity.

Structured packing consists of thin metallic corrugated strips
placed vertically in the upward flux of the gas stream. The strips
are continuously grooved and discontinuously perforated, being
welded at the edges, resulting in the reasonably rigid spatial
structure of a beehive. They are supplied in layers of about 190-
mm height, split in circular segments to allow assembly at the
column. Each layer is assembled with a gap of 45° in relation
to the previous layer.’

The distribution of liquid, fed at the top of the column, is
guaranteed by a high-performance distributor tray, provided with
uniformly distributed holes, above the packing surface, through
which the liquid flows, equally fed over the tray by branches
leaving the main feed pipe. The gas stream flows from the
distributor tray through the risers, which have a large free
area, guaranteeing a minimal pressure drop. The liquid fed
over the packing bed forms a very thin and continuous skin
over the grooved surface of the strips, flowing by gravity,
thanks to the suitable bend of the grooves. Upon reaching
the holes, the liquid changes direction axially. When the
liquid reaches the bottom of a layer, there is a new change
of direction, because of the assembly gap. These direction
changes provide the required turbulence to the process, but
without causing a pressure drop for the gas stream, which
governs the process using this sort of internal system, making
it suitable for situations where high gas flow rates are
involved, as well as for its remarkable operating flexibility.’

It is therefore justifiable to study the replacement of sieve
trays by structured packing for the described use in the present
work.

3. Methodology

The proposed method consists of specifying the absorption
of the acetone from the stream obtained during spinning, in
water, from a column provided with sieve trays and a second
equipped with structured packing. The inner diameter and height
of the trays were both kept constant, so that the performances
could be compared, mainly in terms of flow rate and pressure
drop.

To do so, it is necessary to establish the local conditions'
of the original situation, setting a coherent simulation with data
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Figure 4. Schematic representation of the local conditions.

taken from the normal operation of an absorption column
provided with sieve trays. Local conditions mean the modeling
by any means of scientific calculations that reliably reproduce
the studied operating situation.

The establishment of the local conditions consists of the steps
described in the following sections:

a. Performance of Possible Measurements. The studied
absorption column has available only the measurement of the
volumetric flow rate (m>/h) of the feed of cold water, a stream
for which it is also important to measure the feed temperature
°O).

For the other feed stream of air containing acetone from the
spinning diluted at the machines’ collectors, only the acetone
concentration (g/Nm3 ), temperature (°C), and pressure (mmwc)
are measured, after the stream has been chilled in the radiator
cooler.

For the exiting liquid stream, i.e., the aqueous acetone
solution, the acetone mass concentration (wt %) and temperature
(°C) are measured.

Finally, for the exiting gas stream, i.e., the washed air, the
acetone concentration (g/m3), temperature (°C), local barometric
pressure (mm Hg absolute), and velocity of air leaving the outlet
piping (m/s) are measured.

Figure 4 indicates all of the measurements performed.

b. Establishment of a Mass Balance. The measurements
of the acetone air and cold water streams indicated in Figure 4,
in addition to those for the pressure and velocity of the clean
air stream, provide the input data for the mass balance, which
is started by the exit gas stream, from the velocity measured
using an anemometer, which also measures the temperature,
taking several readings for both. As the diameter of the outlet
nozzle is known, it is possible to determine the volumetric flow
rate. A flame ionization detector, compared to accurate stan-
dards, was used to measure the acetone concentration. Because
of the negligible acetone content, the water concentration and
density of this stream can be obtained from a standard chart
for the barometric pressure and temperature. By subtracting the
acetone and water mass flow rates, the mass flow rate of air at
the exit stream can then be calculated.

For the feed stream, it is assumed that the air mass flow
exiting by the top is identical to the feed, which is not far from
reality, considering the extremely low solubility of air in water.

Through partial and overall mass balances of the streams,
considering the ideal gas behavior to be valid for both the feed
and outlet gas streams, it is possible to establish the material
balance, applying an iterative method with corrections, as the
measurement of the velocity of air leaving the column is not
sufficiently reliable. On the other hand, the flow rate, temper-

ature, and density measurements for the cold water stream, as
well as the determinations of the acetone concentration, tem-
perature, and density of the bottom stream, are reliable, helping
to establish the balance. The iterative method compares the mass
data obtained from the velocity with those obtained from the
acetone concentration. At every iteration, the ideal velocity of
the gas exit stream is obtained; this value is again reinserted
into the spreadsheet, and all variables are recalculated. The
difference between values obtained from the velocity and from
the concentration constitutes the error, which is minimized by
the mass balance.

c¢. Thermodynamic Simulation. The results of the overall
mass balance are used for the modeling of the absorption
operation, using the data for the inlet streams, the acetone air
from spinning after it has been cooled at the radiator, and the
cold water. For the first, the mass flow rate, composition,
temperature, and pressure are provided, and for the second, the
volumetric flow rate and temperature are provided. The outlet
pressure is also known, in this case the local barometric pressure.

The acetone concentrations in the outlet streams are obtained
from the manual adjustment of the number of theoretical trays
(N71), in such a way that the results expressed for the outlet
streams, in addition to the temperature and flow rate, are
sufficiently close to the measured values.

The number of theoretical trays can be given or calculated,
determining the Murphree efficiency, or it can be both given or
calculated, by choosing an initial number, performing the first
check through the simulation, and obtaining a complete set of
hydraulic data for each theoretical tray, with which is possible
to improve the accuracy of the determination of the Murphree
efficiency. The local conditions of the original situation are
achieved when the results of the simulation obtained by the es-
tablished model match the real operating conditions obtained
from the measurements, according to the detailed method.

A hydrodynamic counterpart is performed using the rating
mode of the simulator, providing the geometric characteristics
of the trays and obtaining as a result, the tray’s performance in
terms of flooding over the tray and at the downcomer, pressure
drop per tray, and so on. To confirm the rating obtained from
the hydraulic data available for every tray and for both phases,
a hydrodynamic rating of the trays can be performed using other
methods issued by reference centers® or using available software
from different suppliers.

To perform the thermodynamic simulation, the consistency
of the vapor—liquid equilibrium must be achieved. Intermo-
lecular forces of nonspherical molecules depend not only on
the distance between their centers, but also on their relative
orientation, which is shown, for instance, by their boiling points
in relation to their molecular weights. In addition to these
physical forces, there are chemical forces that lead to the for-
mation of new molecular species, frequently changing the
thermodynamic properties of the mixtures, resulting, in the case
of vapor—liquid equilibrium, in deviations from ideality caused
by changes in the volatilities of the original components with
consequent impacts on their fugacities. Hydrogen bonds con-
stitute the most common effect of chemical interactions in the
thermodynamics of the solutions, because, even though they
are weaker than covalent bonds, they reduce the distance
between the centers of the bonded molecules, increasing the
polarity and frequently persisting in the vapor form.''

Acetone and water are known for showing a nonideal
vapor—liquid equilibrium, explained by their molecular struc-
tures: Water has a high polarity, because of the angle between
the hydrogen and oxygen bonds in addition to the high



electronegativity of the oxygen, resulting in the occurrence of
the hydrogen bonds, which explains the high boiling point of
the water despite its low molecular weight. Acetone has an
oxygen atom with a double bond to a carbon atom, which does
not allow for the formation of hydrogen bonds, and exhibits a
low polarity, resulting in a relatively low boiling point. In
mixtures, the acetone molecules break the hydrogen bonds
between the water molecules, forming new hydrogen bonds
between their molecules and those of water, resulting in
vapor—liquid equilibrium behavior with a positive deviation
from ideality, characterized, for pressures close to atmospheric,
by behavior according to Henry’s law for the most volatile
compound, acetone. For the present study, this is clear in the
region of low acetone content, where the acetone behaves as
any other dissolved gas. Consequently, every component at the
liquid phase interferes in the behavior of the other, and
specifically, the presence of the components of air in the
absorption system interferes with the vapor—liquid equilibri-
um.'!

The modeling of vapor—liquid equilibrium for systems such
as the one studied here requires skill in dealing with the
deviations from ideality in both phases.

The nonideality of the liquid phase of mixtures is mathemati-
cally determined by the analysis of the fugacities expressing
their excess functions, which relate the properties of the real
solutions to those of the ideal solutions through the determi-
nation of the activity coefficients, which are used in the equation
for the Gibbs energy, the accuracy of which depends on the
composition and the variability of the coefficients with tem-
perature. However, even if the data are highly accurate, the
results are only approximate because, without additional infor-
mation, equations with two adjustable parameters are very
limited, as is the case for equations such as van Laar, Margules,
Wilson, and UNIQUAC. To better describe the nonideality of
the liquid phase of mixtures, an expression with more than the
two binary parameters is required for the calculation of the Gibbs
energy. This is the case for the NRTL equation, which best fits
nonideal liquid mixtures, through the adequacy of the nonran-
domness parameter, which takes into account only the nature
of the system, providing the required flexibility to represent
the excess forms of the Gibbs energy, constituting the most
simple equation with the best theoretical basis, with very
accurate results, applicable for binary, ternary, and multiple
systems.'""'?

The nonideality of the vapor phase of mixtures is corrected
by the determination of the partial fugacity of the components,
which expresses the dependency of the molecular interactions
through the virial equation of state, which consists of an
exponential series of the molar densities where the virial
coefficients depend on the molecular interactions. The equation
is usually truncated at the second virial coefficient as the data
for it are much more plentiful and accurate. Therefore, the
corrections for the nonideality of the vapor phase of a mixture
are calculated from empirical correlations of the second virial
coefficient.'’ The methods originally used to perform this
correction presented the disadvantage of requiring parameters
obtained from data or providing results are that too inaccurate
to be acceptable. The advantage of the Hayden—O’Connell
model is that the prediction of the second virial coefficient uses
only the critical properties and the molecular parameters, both
derived from the molecular structure, so that it is a much more
accurate method. This accuracy is even improved by taking into
account several components that have an influence on the
molecular interactions, such as those that take place in the free
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state, metastable equilibrium, and physically and chemically
bound states, confirming that the nonideality of the vapor phase
of mixtures affects mainly the heavier compound.'?

There are positive reports about the combined use of the
Hayden—O’Connell equation with the NRTL equation, where
the former is used for the correction of the nonideality of the
vapor phase of a mixture, through the adequacy of the second
virial coefficient, and the latter is used for the correction of the
liquid phase. Such an approach is advantageous for mixtures
where the deviation of the vapor phase is even more significant,
because of the occurrence of dimerization, therefore much more
remarkable than the described complexing for the studied binary
system'*'> or other references, reporting the combination of
the Hayden—O’Connell equation for the vapor phase, with
several models for correcting the nonideality of the liquid phase
(Margules, van Laar, Wilson, UNIQUAC, and NRTL), con-
cluded by the better performance of the combination of the
NRTL and Hayden—O’Connell equations.'®'” Finally, there is
a report about the use of the combination of the NRTL and
Hayden—O’Connell equations for process development as a
reliable source of data.'®

Consequently, to obtain satisfactory results for the situation
studied here, the combination of the NRTL and Hayden—
O’Connell equations was used to establish the local conditions.

Several commercial simulators are provided with databases
containing physical properties of the chemical compounds and
models for calculating phase equilibria and reproducing ordinary
unit operations. Aspen Plus has proven models for equilibrium
staged operations, as well as a comprehensive collection of
models for vapor—liquid equilibrium, conjugated to parameters
of the binary water—acetone system, taken from the database.

The transposition from the tray configuration to that with
packing is then initiated from data extracted from the simulation
constituting the local conditions. The several packing suppliers
have developed their own correlations, usually empirical, which
is the case for Interpacking.” The height of the packed bed in
an absorption column can be calculated by the equation

p=— 1
B kGaP inm ( )
where P; is the partial pressure of vapor of the absorbed
component (kPa), Y}, is the average logarithmic molar fraction,
and kga is the mass transport coefficient [kg mol/(kPa m® Y]
Yim is expressed as

AR

Y = Ty, @

where Y; is the inlet molar fraction of the absorbed vapor, Y, is
the outlet molar fraction of the absorbed vapor, and kga is
empirically given by

kga = C,CyL)"(F) (P 3)

In eq 3, C; is an empirical constant for the studied binary system
(acetone/water); C, is an empirical constant for the type of
packing and its dimensions; C3 is an empirical constant for the
type of process (governed by the liquid or by the gas); L' is the
liquid flow rate for the column transversal section [m>*/(m? h)];
P; is the partial pressure of vapor of the absorbed component
(kPa); and Fjs is the kinetic factor of the gas phase (m/s),
expressed as

Fg=u(dy)* (4)
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where v is the velocity of the gas phase (m/s) and d; is the
density of the gas phase (kg/m?).

The simulation model for the local conditions supplies all of
the required process and hydraulic data to satisfy eqs 1—4 tray
by tray. This includes the molar and mass compositions of the
liquid and gas streams and the volume and mass flow rates of
both streams, as well as their physical properties and operating
conditions characterizing the vapor—liquid equilibrium. Using
eq 1, it is possible to calculate the height of one mass-transfer
unit, or one theoretical tray, designated as HTOg, as the studied
process (acetone absorption in water using packing) is governed
by the turbulence of the gas stream and by the partial pressure
of the acetone. As the calculation is performed tray by tray, the
average value of HTOg is determined.

Using this value and keeping the number of theoretical trays
of the local conditions, the corresponding height of packing bed
is obtained, which is much smaller than that occupied by the
trays. Also, keeping the same flow rate, pressure, and temper-
ature as in the original simulation for the acetone air feed stream,
as well as those for cold water feed stream, the simulation was
repeated in rating mode. In this case, the geometrical charac-
teristics of the packing were provided, and the result was the
packing performance, expressed as a percentage of the maximum
operating capacity (MOC) and the pressure drop as a function
of packing height. It is important to explain that, to keep the
advantageous features of low pressure drop using packing
instead of trays, the usual recommendation is that the percentage
of the MOC should not exceed 70%. Both values much lower
than this reference value and low pressure drops by packing
height indicate low turbulence for the gas stream, compromising
the efficiency. Another important parameter of the proposed
configuration is the liquid rate (L"), which needs to be at least
10 m*/(m? h), to guarantee that the absorption of acetone in
water occurs.

This is exactly what happened. Initially, to achieve an accurate
simulation model, the pressure of the clean air stream was
corrected considering the low pressure drop, but indicative of
low turbulence for the gas stream, as previously mentioned. The
obtained low percentage of the MOC indicated that the gas
stream flow rate would need to be increased. The calculation
for L' also indicated an insufficient water flow rate.

In this way, the second simulation model is established,
always referred to the rating mode, increasing the feed flow
rate of the stream generated in the spinning, keeping the acetone
concentration, and increasing the feed flow rate of cold water
in such a way that the acetone concentration at the top of the
column top remained constant. The gas stream is increased so
as to obtain 100% of the MOC, in the rating mode, as already
described, thus resulting in a greater pressure drop. This step is
concluded by the correction of the pressure of the gas outlet
stream. From this second model, the calculation of the height
of one mass-transfer unit, HTOg, is repeated, giving a greater
value because of the excessive pressure drop. Even so, the
structured packing bed height is less than half of the height
occupied by the original trays. It is important to observe that L'
is much higher than the recommended value. It is also important
to observe that, because of the increase of the gas feed stream,
the pressure drop in the radiator cooler increases considerably.

With the conservative results of the second model, the number
of possible theoretical trays is then calculated, considering that
the height of the structured packing bed is the same as that
occupied by the original trays, always considering the same
column diameter. The conclusion is that the number of theoreti-
cal trays is doubled. Considering this value, the third simulation

model is established, always in the rating mode, increasing the
feed flow rate of the gas stream even more, in order to achieve
100% of the MOC. As the pressure drop at the packing bed is
the maximum of the proposed configuration, this step is
concluded by correcting the pressure of the gas outlet stream.
The same procedure as already described is followed for the
calculation of the height of one mass-transfer unit, HTOg, this
time confirming the previous value and guaranteeing the
accuracy of the method, although it should be noted that, with
twice as many theoretical trays, the calculation method is even
more accurate. Also note that the remarks related to L' and the
excessive pressure drop at the radiator cooler are still valid.

Keeping the value for the height of one mass-transfer unit,
HTOg, calculated and confirmed through the second and third
models, the feed flow rate of the gas stream is reduced in such
a way that 70% of the MOC is achieved. The pressure of the
outlet gas stream is corrected, having in mind that the pressure
drop is smaller. In the same way as performed for the previous
models, this fourth model follows the described calculation
procedure, which, although resulting in a different value than
the previous calculations, does not allow the number of
theoretical trays to increase; that is, the difference is less than
one entire theoretical tray, once again confirming the accuracy
of the calculation method. The obtained value of L' is rather
close to the recommended value, but the pressure drop in the
cooling radiator continues to be excessive.

Keeping the value for the height of one mass-transfer unit,
HTOg, the fourth model is repeated, simulating the elimination
of the cooling radiator, because of its excessive pressure drop,
adjusting the feed flow rate of the gas stream in such a way
that 70% of the MOC is preserved. As in all previous models,
the outlet gas stream pressure is adequate but much smaller
because of the removal of the radiator. Once again, the described
calculation procedure is repeated, yielding the same value as
obtained from the previous model, which is then adopted as
the final value. Because of the increase of the temperature of
the gas feed stream, the L' value increases slightly but continues
to be close to the recommended value.

It is important to conclude this section by indicating that the
HTOg values calculated by the described methodology were
compared to values given or calculated for the absorption of
acetone in water, indicated in references traditionally used in
the industry,'® ' and they were found to be satisfactory.

4. Discussion of the Methodology’s Validation

As detailed at the beginning of the description of the
methodology, the effectiveness of the proposed method was
tested by a comparison between a column with structured
packing specified from a column equipped with sieve trays,
keeping constant both the internal diameter and height occupied
by the trays, comparing their performances mainly in terms of
flow rate and pressure drop. Table 1 presents the complete
comparison, not only restricted to these control parameters, for
all of the described steps of development of the proposed
methodology.

The majority of the described characteristics of the methodol-
ogy is presented in Table 1, as the number of theoretical trays,
rating, operating conditions, and acetone concentration in the
involved streams. The liquid flow rate (L"), also referred to in
the description of the methodology, is an important parameter
for evaluating the column’s performance, as explained in Table
1. Another parameter included in Table lis the kinetic energy
factor (Fs), which is determined in the inlet and outlet nozzles
of the gas streams and guides their adequate sizing, as they are
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Figure 5. (a) Sieve tray column with cooling radiator and (b) packing column.

Table 2. Summary of Savings

% saving
description (per item) explanation
increase in production 4 increase in volume capacity
capacity of acetone air absorption
reduction in electric power 34 reduction in pressure drop

consumption for moving
the acetone air generated at
spinning toward the
absorption columns

allows replacement of three
blowers of 15 kPa pressure
elevation by one of 5 kPa;
less pressure elevation
decreases noise, improving
comfort

increase in process efficiency
and improvement of
aspiration, due to the
implementation of the
proposal; lower VOC
emissions

efficiency improvement
increases acetone
concentration of the
resulting absorption’s
acetone/water mixture,
indicating that the heating
is direct, by injection of
live steam

reduction in maintenance 22 replacement of four old
costs columns, eliminating the

corresponding cooling

radiators, in addition to the

use of blowers of lower

pressure elevation,

requiring lower-power

electric motors

reduction of acetone losses 35

reduction in steam 10
consumption at acetone
distillation and electric
power consumed at the
chilling of recycled water
to absorption

required to increase, as is the interconnecting piping. This makes
the obtained reduction of the pressure drop by adopting the
proposal of replacing trays by structured packing effective
throughout the overall installation.

Although Table 1 reproduces the description of the proposed
methodology, allowing it to be visualized, the conclusive test
is to compare the first and last columns of the table, namely,
the column referring to the local conditions of the original
configuration of the absorption column provided with sieve trays
and the column referring to the optimized proposed condition,
provided with structured packing and without the feed cooling
radiator. Figure 5 schematically presents this comparison.

As the objective of the study was to solve the installation’s
bottleneck, constituted by a lack of absorbed volume, by
comparing the original volume flow rate with that of the
proposed method, it is possible to see that the proposal results
in an increase of approximately 150%, with an 85% reduction

in the pressure drop, meaning a remarkable reduction in energy
consumption. Table 2 summarizes the percent savings in terms
of the proportional costs.

The remarkable previewed savings obtained by using the
described methodology justify the investment’s authorization,
thanks to its quick amortization, confirmed by the successful
implementation of the proposal.

5. Conclusion

The proposal of replacing sieve trays by structured packing
for the described application was found to be valid, and the
described methodology proved to be effective in allowing the
successful implementation of the proposal.
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Nomenclature

Aa = active area

an = hole percent

¢ = clearance between downcomer and tray

C; = empirical constant for the studied binary system (acetone/
water)

C, = empirical constant for the type of packing and its dimensions

C; = empirical constant for the type of process (governed by the
liquid or by the gas)

DCyx = downcomer backup

d, = density of the gas phase (kg/m?)

Fs = kinetic factor of the gas phase (m/s)

hy, = weir height

H = packing bed height (m)

kca = mass-transport coefficient [kg mol/(kPa m? Y]

L' = liquid flow rate for column transversal section [m3/(m? h)]

Na = molar flux [kg mol/(m? h)]

Nt = number of theoretical trays

P; = partial pressure of vapor of the absorbed component (kPa)

Ts = tray spacing

v = velocity of the gas phase (m/s)

W = weir length

Wesr = effective weir length

Y; = inlet molar fraction of the absorbed vapor

Yim = average logarithmic molar fraction



Y, = outlet molar fraction of the absorbed vapor
BH = bed height

MOC = maximum operating capacity

PMC = packing maximum capacity

POC = packing optimal capacity

VOC = volatile organic compound
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