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Mass transfer coefficient is one of the major parameters for liquid-liquid extraction phenomenon in a
pulsed packed column. A small scale of pulsed regular packed column used in this study. The effect of
nanoparticles on mass transfer coefficient was investigated. For this purpose, kerosene saturated with
water, water saturated with kerosene and acetic acid were used as the dispersed phase, continuous
phase, and solute, respectively. The nanofluids used were prepared by dispersing SiO, nanoparticles of
0.01, 0.05 and 0.1 vol% in dispersed phase as base fluid employing ultrasonic technic. The experimental
mass transfer coefficient was compared with three basic mass transfer coefficient equations of
Newman (for stagnant drops), Kronig-Brink (for laminar circulation inside drops), and Handlos-Baron
(for turbulent circulation inside drops). A new correlation is derived for the prediction of effective diffu-
sivity coefficient as a function of Reynolds number. Good agreement was found between prediction val-
ues and experimental data.
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1. Introuduction

Nanofluids have been recognized as appropriate intermediates
to transfer heat and mass in a condition that nanoparticles are well
distributed in the base fluid. Based on various studies, it has been
revealed that stable distribution of nanoparticles in base fluid
unusually increases the conductive and convective heat transfer
coefficients of nanofluid, therefore, the heat transfer rate is inten-
sified [1,2]. Advancements in the synthesis of nano sized materials
and wide application of nanotechnology in the area of the effect of
these materials on heat and mass transfer processes have increas-
ingly become significant in the chemical and biochemical indus-
tries [3]. Various studies have been conducted on the area of
increased heat transfer in the presence of nanoparticles. According
to analogies between heat, mass, and momentum phenomena, it is
expected that nanoparticles are also effective on the mass transfer
operations. In this area, recently, the effect of nanoparticles in the
mass transfer phenomena has widely been considered by the
authors. Keblinski and coworkers showed [3] that the heat transfer
coefficient increases in the presence of nanoparticles smaller than
50 nm. The classical macroscopic theories of conductive heat
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transfer coefficient hold also true for larger nanoparticles. Local
conduction caused by Brownian motion of nanoparticles is
believed to be responsible for enhanced conductive heat transfer
in nanofluids. Coated with hydrocarbons, novel magnetic core-
shell iron oxide (Fe304) nanoparticles were synthesized in 2006.
The new nanoparticles enhanced Oxygen-transfer to the cell in a
bioreactor equipped with a mixer more than 1.6 times [4]. Further-
more, another advantage of nanoparticles in above mentioned
example is the reduction of turbulent requirements and cell
Oxygenation which may damage it. The energy requirement is also
reduced due to eliminating these two operations. In another study,
an increase was obtained in the amino methyl komerien transfer
through polyacrylamide gel consisting of silica nanoparticles under
electrical field due to forming electroosmotic flow. It was recog-
nized that for the same vol% of nanoparticles, the electroosmotic
flow enhancement is much more in smaller particles due to larger
specific surface-area [5]. Researchers studied diffusing a dye in
water in the presence and absence of 20 nm Al,05 nanoparticles.
The measurements showed that dye diffusion in water will be
enhanced in the presence of nanoparticles. It is interesting to note
that, the diffusion of dye in pure water takes place radially, while it
is irregular in water containing nanoparticles. It was also revealed
from this work that in a specific vol% of nanoparticles in nanofluid,
a maximum value for mass transfer is occurred, while further
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Nomenclature

a interfacial area [m? - m—3]

A pulsation amplitude [m]

Bi Taylor constant [—]

C solute concentration in dispersed phase [kmol-m~3]

C average solute concentration in dispersed phase
[kmol-m~3]

Co initial concentration of solute in dispersed phase
[kmol-m~3]

C equilibrium concentration of solute in dispersed phase
[kmol-m~3]

d droplet diameter [m]

ds; Sauter mean diameter of droplets [m]

D diffusion coefficient [m? s~1]

Degr effective diffusivity [m? s!]

E enhancement factor [—]

f frequency of pulsation [s~1]

g gravity acceleration [m - s72]

Ky dispersed phase mass transfer coefficient [m-s~1]

K,i-a  overall volumetric mass transfer coefficient [s]

L column height [m]

m mass [kg]

m mass flow rate [kg-s™']

M molecular weight [kg mol~!]

n; number of droplets [—]

N, molar flux [mol-m~2.s71]

PI pulsation intensity [m -s~']

Q. flow rate of continuous phase [m3 - s1]

Qq flow rate of dispersed phase [m? - s~1]

r radius [m]

Ts droplet radius [m]

R internal enhancement factor for mass transfer

Re Reynolds number [= ‘*Z—Z’f]

S column cross-sectional area [m?]

Se Schmidt number [= [T“D

S, droplet area [m?]

t resident time of dispersed phase in column, contact
time [s]

v velocity [m-s™1]

v droplet volume [m?]

Vi characteristic velocity [m -s]

Vsip slip velocity [m-s™1]

Ve terminal velocity [m-s~1]

Greek symbols

® dispersed phase hold-up [—]
0 density [kg - m~3]

Y interfacial tension [N m~1]
U viscosity [Pa s]

€ voidage [—]

i Eigen value [—]

0 penetrating time [s]
Subscripts

c continuous phase

d dispersed phase

increasing concentration of nanoparticles in the fluid does not
increase the amount of mass transfer. In the mentioned study,
the following linear equation has been presented for diffusion coef-
ficient in low concentrations of nanoparticles [6]:

< (Ax)* ==2D0 (1)

where < (Ax)? - is mean square displacement indicating dispersion
and mass transfer occurred, D is mass diffusivity of Brownian
particles, and 0 is penetrating time (s). It is predicted that in pure
water and nanofluids with low percentages of nanoparticles, the
mass transfer is only occurred through diffusion mechanism. In
such a condition, increasing nanoparticles in the fluid improves
mass transfer. At higher nanoparticle concentrations, the nonlinear
behavior of curve plotted is assigned to a non-diffusional
mechanism. Calculations have shown that Brownian motion of
nanoparticles does not contribute directly to the mass transfer
enhancement. In fact, nanoparticles do not drive dye particles from
point to point; rather, the increase in dye diffusion caused by liquid
turbulence is due to Brownian motion of nanoparticles, similar to
the presented models for increasing the convective heat transfer
coefficient in nanofluids [6]. Regarding the magnetic nanoparticles,
it is readily possible to collect them by the application of an external
magnetic field. In addition, nanoparticles can be removed through
centrifugal separation or filtration (for low volume production).
The problem of coalescences of material to the nanoparticles could
be solved by washing nanoparticles with a proper liquid (such as
HCl) [7].

In another study, Lee and coworkers found that absorption rate
of ammonia by nanofluids is higher than those without nanoparti-
cles [8]. Nagy and coworkers [9] measured the absorption of
Oxygen into gas phase in the presence of nanosize normal hexade-
cane (as the nanoparticles) in a mixed reactor through the

oxygenation of sodium sulfide. In another study, experiments were
carried out on mass diffusion of fluorescent Rhodamine B in water-
copper nanofluid (water is the base fluid) to investigate the
enhancement effect of mass transfer in binary nanofluids. In these
experiments, an optical experimental system was designed to
measure the diffusion coefficient of Rhodamine B in nanofluid with
different nanoparticles volume percentages and different tempera-
tures. The experimental results showed that the diffusion
coefficient of fluorescent Rhodamine B in nanofluids was bigger
than that in de-ionized water [10]. In this study, the effect of
nanoparticles on the mass transfer coefficient and the mass trans-
fer efficiency in a pulsed packed column is investigated. Three
basic mass transfer coefficient equations based on stagnant drops
(Newman model [11]), laminar circulation inside drops (Kronig
and Brink model [12]) and turbulence circulation inside drops
(Handloss and Baron model [13]) have been taken into account.
A new correlation is presented for determining effective mass
transfer coefficient in pulsed columns. Also, the obtained values
are compared with experimental data for effective mass transfer
coefficient. There are several correlations for effective diffusivity
coefficient in regular packed liquid extraction columns [14,15],
rotating disc columns [16], and pulsed perforated-plate extraction
columns [17], but according to best of our knowledge no literature
was found in a pulsed packed columns with presence of nanoparticles.

2. Experiment section
2.1. Experimental system
A schematic arrangement of the pulsed column applied in pre-

sent study is shown in Fig. 1. The column specifications are listed in
Table 1.
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1- Programmable controller

2- Pressure gauge

3- Continuous phase container
4- Dispersed phase container
5- Continuous phase outlet

6- Dispersed phase inlet

On line measurement of drop size
by a digital camera

Fig. 1. Schematic diagram of the applied column.

Table 1

Characteristics of experimental setup and range of operating parameters.
Column material Pyrex
Column height (cm) 70
Internal diameter of the column (mm) 90

Stainless steel
Structured packing

Packing material
Type of packing

Packing height (cm) 44
Void fraction of packing 0.94
Mass flux ratio (Q/Qq) 1
Range of pulsation intensity (cm/s) 0.7-2.2
Distance between values (cm) 14

The column consists of a 70 cm long vertical Pyrex tube,
id = 90 mm, filled with 44 cm of structured stainless steel packing.
It is equipped with 6 sampling valves space of 14 cm apart. The
lower end of column is equipped with a glassy nozzle (inside diam-
eter 2.5 mm) to feed the dispersed phase. Pulsation is obtained via
a pulsator, consisting of an air compressor (with a maximum pres-
sure of 6 atm, providing the required range for any separation), a
triangular electric pitch (one input and two outputs), and a micro
controller (AVR-8051) as a programmable control system (PCS).
The pulsator involves unique hardware and software. It provides
frequencies with 1 ms accuracy in pulsation time which is unique
in the application range of pulsation in pulsed columns. The flow
rates of dispersed and continuous phases were monitored by two
calibrated flowmeters to be maintained at fixed values.

In order to determine the drop diameters, photographs were
taken from the top of the nozzle using a Cannon camera (Model
G9, 12.1 Mpix, Zoom Lens 6 x IS, 7.4-44.4 mm, 1:2.8-4.8).

2.2. Chemical systems applied in the experiment

In this study, the chemical system of kerosene (purchased from
Tehran Refinery)-acetic acid (Merck with 99.99% purity) - water
was used. The continuous phase is water saturated with kerosene,
and the dispersed phase is kerosene saturated with water contain-
ing acetic acid 3 vol%. In all experiments, the mentioned phases
were mutually saturated before being used. The nanofluid was pre-
pared by dispersing hydrophobic SiO, nanoparticles supplied by
the Wacker-Chemie Company in dispersed phase, as the base fluid.
To ensure the stability of the nanofluid and its proper dispersion, it
was located for 45 min to 1 h duration in an ultrasound mixer. A
Heilscher ultrasound generator (24 kHz, 400 W) using H14 sono-
trode with 125 um, 105 W/cm? and 0.7 s (pulse duration) was
applied for this reason.

Fig. 2 depicts the result of TEM test of the mentioned nanofluid
which evaluates the nanofluid’ stability. As can be seen, shape of
particles is nearly spherical in the range of 5-30 nm. It is also
resulted that produced nanofluid has the acceptable stability. It is
should be mentioned that BET surface area of hydrophobic silica
nanoparticles is 120 m?/g.

The densities of the two phases were determined by the
pycnometer method. The interfacial tension measurements were
obtained utilizing a Kriiss tensiometer. The viscosity of both phases
was measured with ViscoClock Schott instrument viscometer. The
description and physical properties of the used chemicals are
presented in Tables 2and 3 respectively.

2.3. Experiment’s procedure

At the beginning of each test run, the column was filled up to
the approximate height of separation of phases from the continu-
ous phase. The dispersed phase was fed to the column via the
glassy nozzle located at the bottom end of tower. The flow rates
of the both phases were adjusted to specific amounts (60 cm?/s).
The pulsation intensity and the frequency were adjusted to desired
values. Once the bed achieved its steady-state condition, pho-
tographs were taken from the top of nozzle. Then, in order to
determine the amounts of mass transfer, samples were taken from

A S
% -

Fig. 2. TEM micrograph of applied SiO, nanoparticles.
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Table 2
Applied chemical systems.

Continuous phase System’s name Dispersed phase

Sw? W-K SK

SW W-AA-K SK-AA

SW W-AA-K-N1 SK+AA+0.01% vol% Nano
SW W-AA-K-N2 SK+AA+0.05% vol% Nano
SW W-AA-K-N3 SK+AA+0.10% vol% Nano

# SW: Saturated Water; SK: Saturated Kerosene; AA: 3vol% acetic acid;
N: nanofluid.

Table 3

Physical properties of chemical systems used at room temperature.
System'’s Pc Pd He Ha Y
name (kg/m3) (kg/m3) (mPa-s) (mPa-s) (mN/m)
SW-SK-AA 997 812 0.87 1.7 47
SW-SK-AA-N1 997 826 0.87 1.97 472
SW-SK-AA-N2 997 881 0.87 2.5 48.1
SW-SK-AA-N3 997 951 0.87 337 49

the dispersed phase. At the end of the run, the pulsator was turn off
and the dynamic holdup was measured using the shut down
method. For this purpose, at the same time, all of the inlet and out-
lets were closed and the height of dispersed phase on the interface
of two phases was measured. After a while, when the moving drops
of the dispersed phase went up, the height of dispersed phase was
measured again. The ratio of the height difference to the active
height of the tower is the dynamic holdup.

3. Results and discussions
3.1. Measuring Souter mean diameter

In extraction columns, the Sauter mean diameter is normally
used in the calculations since the size of drops is different. The Sau-
ter mean diameter has been defined as [18,19]:

d32 — Z?:] nidz
i nid;
In this study, the Sauter mean diameter is obtained using Auto-
CAD 2010. For this purpose, once photographs were taken from
droplets, the images were opened by this software and drop diam-
eters and the outer diameter of nozzle in the images were mea-
sured. In this software, the sizes are relative; knowing the actual
value of outer diameter of nozzle, the actual diameter of drops will
be obtained. The Sauter mean diameter was then determined via
Eq. (2). The effect of pulse intensity (PI) on the drop diameter is
shown in Fig. 3. By increasing the pulse intensity the drop sizes
reduce due to form higher shear forces. According to Fig. 3, by add-
ing nanoparticles at 0.01 vol% to the dispersed phase, the drop
diameters increased due to increase of interfacial tension force
cause by hydrophobic nanoparticles. Furthermore, by increasing
the concentration of nanoparticles to 0.1 vol% it was observed that
the drop diameter decreased. It seems, for the cases of nanofluids
with large amount of nanoparticles in them, decrease in the drop
size may be due to the fact that the effect of drop’s internal turbu-
lency caused by the Brownian motion of nanoparticles inside the
drops is much greater than interfacial tension force.

(2)

3.2. Mass transfer efficiency

The effect of pulsation intensity and nanoparticles on mass
transfer efficiency is shown in Fig. 4. By increasing pulsation

75 e W-AA-K
~—— W-AA-K-N1
i W-AA-K-N2
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Fig. 3. The variations of droplet diameter versus pulsation intensity; mass flux
ratio=1.
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Fig. 4. The effect of pulsation intensity and nanoparticles on enhancement factor;
mass flux ratio = 1.

intensity, the mass transfer efficiency increases due to turbulence
inside drops. In consequence, the Interfacial area will increase
because of drop breakage. From a pulsation intensity of 0.7-
1.3 cm/s, the mass transfer efficiency is significantly increased.
The increasing rate of mass transfer is tempered at pulsation inten-
sity higher than 1.3 cm/s due to smaller droplets, therefore, the
rate of increase in extraction efficiency reduces.

3.3. Mass transfer coefficient

Mass transfer coefficient is one of the important parameters in
designing liquid-liquid contactor and in selecting the optimal con-
ditions. To calculate the mass transfer coefficient of dispersed
phase (within a drop), kg, the mass balance is written as:

. d
%,m:£ 3)
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Therefore,

_dC-v-M) 4 . dC
—Nr-S,-M_T_M-gnr dr (4)
in which,

N; = Ko(C—C) (5)
_ *d32 E -C
ki=—g g =@ ©
Co-C
=6 -C (7)

In this equation, t is mean residence time of drops, d is mean drop
diameter, namely ds;, and E is efficiency of column.

In addition, to obtain mean the residence time of drops, a mass
balance for dispersed phase may be written as,

LSeq,
Qq

where L is active height of bed, S is the cross-section area of bed, ¢ is
void fraction of packing, ¢4 is dynamic holdup, and Qg is flow rate of
dispersed phase.

The effect of pulsation intensity on the mass transfer coefficient
for different chemical systems is shown in Fig. 5. By adding
nanoparticles at concentration of 0.01 vol%, the surface tension
and the drop diameters increase (refer to Fig. 3). Higher drop diam-
eter made higher internal circulation and consequently the mass
transfer coefficient increases. By increasing nanoparticle concen-
tration from 0.01 to 0.1vol%, the drop diameter decreases
(Fig. 3). Decreasing drop sizes reduces the possibility of internal
circulations and in consequence, the mass transfer coefficient
reduces. At concentration of 0.1 vol% of nanoparticles, although
the drop diameters slightly reduce, the mass transfer coefficient
increases due to increasing the Brownian motions of nanoparticles
as the results of the existence of a notable amount of nanoparticles.
A critical value of pulsation intensity is seen at 1.5 (cm/s) above
which mass transfer coefficient was increases.

Qut =LSepy =t = 8)

23
e W-AA-K
21 | e W-AA-K-N 1
s W-AA-K-N2
e W-AA-K-N3

Kg(m s 1)x104

0.9 -

0.7 -

0.5

05 07 09 11 13 15 17 19 21 23

Af (cms)

Fig. 5. Variation of mass transfer coefficient against pulsation intensity related to
various chemical systems; mass flux ratio = 1.

3.4. Overall volumetric mass transfer coefficient

To calculate the overall volumetric mass transfer coefficient the
following relation is used, by:

Koqd = —% In(1 - E) 9)

where ¢ is dynamic holdup and t is residence time of dispersed
phase.

The effect of pulsation intensity on the overall volume mass
transfer coefficient for different chemical systems is shown in
Fig. 6. This figure revealed that by increasing the pulsation inten-
sity, the overall volumetric mass transfer coefficient increases
because the interfacial area is increased. By adding nanoparticles
at the concentration of 0.01 vol%, the interfacial area decreases,
due to increasing drop size which follows by decreasing the overall
volumetric mass transfer coefficient (Fig. 6(a)). However, the over-
all volumetric mass transfer coefficient increases when the concen-
tration of nanoparticles reaches 0.05 vol% (Fig. 6(b)).

By increasing nanoparticle concentration from 0.05 to 0.1%, the
interfacial area decreases. In pulsation intensities lower
than 1.5 cm/s, the overall volumetric mass transfer coefficient
decreases, however, it is increased in pulsation intensities higher
than 1.5 cm/s (Fig. 6(c)). The reason for such an increase is due to
(i) higher turbulence, and (ii) higher Brownian motion of nanopar-
ticles resulted from a great amount of nanoparticles at concentra-
tion of 0.1%.

3.5. Comparison of mass transfer coefficient of Newman, Kronig Brink,
and Handlos Baron’s equation

Due to lack of previous work in this area just only three kind of
basic equations, considering rigid drops, laminar circulating inside
drops and turbulence inside drops have been taken into account
here. Newman [11] used the following equation for unsteady-state
mass transfer in a spherical droplet in the absence of any resistance
in the continuous phase and in a condition that the molecular dif-
fusion is predominant.

(O]

This equation is used for very small rigid spherical drops. In
general, the Reynolds number of such drops is lower than 10.

Kronig and Brink [12] developed a model for mass transfer in
circulating drops by ignoring the resistance of continuous phase.
In their model, the mass transfer coefficient for dispersed phase
is given by following equation:

K= (- 2) {SZBZ ( G;A’Dtﬂ )
32

(Molecular diffusivity of solute is 4.5 x 1074 cm?/s).

Handlos and Baron [13] developed a model for highly circulat-
ing drops. They observed that at high Reynolds numbers (about
1000), the drop is highly turbulent or oscillatory. In such a condi-
tion, the fluid’s elements experience both the tangential motions
caused by internal circulations and the irregular radial motion
caused by drop oscillation. By ignoring resistance in the continuous
phase, their equation for calculating mass transfer coefficient is as
follows:

ky = < dsz) In {ZZBZ exp (128(+A—W>} (12)

where B; and 4; are constants.
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Fig. 6. Variation of the overall volume mass transfer coefficient versus pulsation intensity for (a) W-AA-K and W-AA-K-N1 (b) W-AA-K-N1 and W-AA-K-N2 (c) W-AA-K-N2

and W-AA-K-N3; mass flux ratio = 1.

As mentioned the above equations have the best theoretical
background. Other researchers have tried to predict enhancement
factor or effective diffusivity (R.D = D) instead of molecular diffu-
sivity in single drop systems using Newman equation. Some of
these equations which are found for packed columns in absent of
nanoparticles are tabulated in Table 4.

The experimental data and results of the previous basic correla-
tions have been compared for different chemical systems and
shown in Fig. 7. Considering these figures, it may be claimed that,
at higher nanoparticle concentrations in the dispersed phase, the
correlation of Handlos-Baron is more successful to predict the
empirical mass transfer coefficient, especially at concentrations
as high as 0.1%. This is due to the effect of Brownian motion of
nanoparticles which increases the internal circulations of the
drops.

3.6. Determining a relation for the effective diffusion coefficient

Newman'’s equation is one of the oldest equations presented for
calculating the mass transfer coefficient from stationary droplets
with molecular diffusion mechanism.

Since internal circulation of drops have not been considered in
the Newman'’s equation, to modify the equation and taking the
referred effects into account, instead of diffusion coefficient, a
modified diffusion coefficient called effective diffusion coefficient
will be used as given below,

o d32 6 /1 *4Deff7'52i2f
o= (-6 n [P;@ exp (T

(17)

According to available experimental data, by solving the above
equation Dy will be obtained for each experiment. In order to
obtain more accurate results, calculations were carried out using
different droplet velocities such as terminal velocity, slip velocity
and characteristic velocity. The best results have been found by
utilizing characteristic velocity. The calculated values of effective
diffusion coefficient are correlated in term of dimensionless
Reynolds number using the least square method as follow:

Dy = 9 x 10~*In(Re) — 0.0033 (18)
where
Re = d2ViPe. (19)
He
And Vi (characteristic velocity) is obtained by following equation:
Vi
V. = slip , 20
=Tz (20)
_ Vd Vc
e T g) .

Variation of the effective diffusion coefficient predicted by
Eq. (18) versus Reynolds number is given in Fig. 8.

The mass transfer coefficients were calculated using Eqs. (17)
and (18), then compared with their experimental values.

The comparison of experimental mass transfer coefficients with
calculated values is shown in Fig. 9. The maximum error was%15
and a very good agreement between the calculated values and
experimental data was observed.
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Table 4
Typical equations for effective diffusivity equation in the literature.

Correlation Investigator

0 Johnson & Hamielec [20]
em[pE G en (|

i=1

Deﬁ—RD,R—W

2 Boyadziev et al. [21]
R =0.003 [21 ,Ad)] for 2>107 (14)

R =1+ 0.44Dg/Dq Temos et al. [22]
De =3.29 x 10 (2244 [1 — exp (-3.29 x 10°* (22) ) (1) (15)

Pd

for Re>1
V.i=1I1 2433 1 ly,
U [ apaliep ™ | RS [
080 . .
_ 0.5¢.~0.94 n Mostaedi & Safdari [17]
R = —2.57 + 1326.07Re">Sc (1 n ”_j)
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_ d3Vappe
Re = &2l

23 3
- a 238
1 o—o——o——-——‘o( ) 26 O\o\o(lm__o
24 24
2.2 22
3 2 e Expeximental 3 2 s E xpecimental
- 18 — - 18 i Newman
.’?‘ 1.6 e K 10NING-Brink 5‘ 1.6
» 14 O Handos-Baron » 14
€ 12 E 12
> 1 > 1
X 08 - * 08
0.6 - 0.6
0.4 04
02 ge———e——e—— 0.2
0 T 0 ‘ :
05070911131517192123 0507091.1131517192123
Af(cms) Af(cms)
3 3
28 2.8
26 (c) 26 (d)
24| ——0—0o—9 24| O——0—0—°
22 2.2
S 2 e Experimental > 2
* 1.8 i Newman % 1.8
= 1.6 e Kr00ING-Brink =16 et Experimental
e 144 -G Handlos-Baron e 14 i Newman
= 1.2 < 1.2 e K0ONING-Brinic
< 1 x 1 = Handlos-Baron
0.8 0.8
0.6 0.6
04 - 0.4
02| d—————3 'y ————
050709ll 1.3 1517192123 050709 1.1131517192123
Af(cms?) Af(cms)

Fig. 7. Comparison between the experimental data and results of the previous correlations for (a) W-AA-K (b)W-AA-K-N1 (c) W-AA-K-N2 (d) W-AA-K-N3 systems.
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Fig. 9. Comparison between the calculated mass transfer coefficient and experi-
mental values.

4. Conclusions

To investigate the effect of nanoparticles on mass transfer coef-
ficient in pulsed packed columns, silica nanoparticles were used
with various volume percents (0.01, 0.05, and 0.1%). Experiments

were performed at different pulsation intensities whereas
Q./Qq = 1. It was observed that increasing nanoparticles improves
the mass transfer efficiency due to increasing Brownian motions
of the particles. However, the improvement at higher values of
pulsation intensity (above 1.5 cm/s) was not significant. A new cor-
relation in terms of Reynolds number is proposed for the
prediction of effective diffusivity. A very good agreement was
observed between the prediction values and the experimental
data.
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