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Abstract

In this work,  for the �rst  time, the e�ciency of dysprosi-
um  (Dy)  ion  extraction  by  emulsion  liquid  membrane
(ELM) in a continuous process has been investigated. �e
ELM consists of di-(2-ethylhexyl) phosphoric acid (D2EH-
PA) as extract ant, sorbitol monolete (span 80) as surfac-
tant for stabilizing the emulsion phase, kerosene as diluent
and nitric acid as stripping phase. �e e�ects of operation-
al parameters, such as pulsation intensity and �ow rate of
continuous and dispersed phases on e�ciency of Dy ex-
traction away from �ooding point were studied. Accord-
ing to the results, increasing pulsation intensity leads to
the enhancement of the e�ciency of extraction. Further-
more, three empirical correlations for e�ciency of extrac-
tion,  dispersed phase mass transfer  coefficient  and dis-
persed phase Sherwood number are derived in terms of op-
erating variables with a mean deviation of 0.29%, 14.135%
and 11.33%, respectively.  Moreover,  the results  showed
that the favorable conditions obtained for the extraction
process were at 4.78 L/h �ow rate of continuous phase, 2.5
L/h �ow rate of dispersed phase and 1.2 cm/s pulsation in-
tensity. At these conditions, the maximum extraction of
the Dy ion was 99.3%.

Keywords: Emulsion Liquid Membrane; Continuous Pro-
cess; Pulsed Packed Column; Dysprosium Ion; Mass Trans-
fer Coe�cient
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Introduction

Element of dysprosium (Dy) is a chemical material in the peri-
odic  table  with  atomic  number  66.  Dy in  the  1950,  with  ad-
vances in techniques called ion exchange were isolated. It is a
metal with a silver polish that is relatively stable at room tem-
perature  and  dissolves  in  water  [1-4].  �is  element  is  never
found in nature as a free element, although it is found in the
minerals  monazite  and  bistanasite  together  with  other  earth
elements [5-7]. It is also used in combination with vanadium
and other elements in the manufacture of laser materials and
commercial lighting. In nuclear industries, it is used as a neu-
tron absorber in thermal reactor control rods. It is one of ter-
fenol-D  compounds  along  with  iron  and  terbium  [8-12].  It
has the highest magnetic temperature of any known material
and has various applications in advanced technologies such as
converters,  wide  band  mechanical  resonators  and  injectors
[13-20].  �e  main  use  of  this  element  is  in  neodymi-
um-iron-boron magnets, which are added to them in order to
increase strength and corrosion resistance for required appli-
cations such as electric motors for electric vehicles and genera-
tors for wind turbines. Also, due to its high magnetic sensitivi-
ty, Dy is used in the �eld of data storage, which cannot be re-
placed by other chemical elements [21-25].

In liquid-liquid extraction, the feed and solvent phases are in
contact with each other and the desired component is trans-
ferred  from  the  feed  phase  to  the  solvent  phase.  It  is  used
when the distillation process is not practical or expensive and
has  received  much  attention  due  to  the  need  for  materials
with higher purity, the growing demand for temperature-sen-
sitive  products,  and the  use  of  solvents  with  high selectivity.
�e  most  common  application  of  this  method  is  related  to
petroleum industries, because in these industries, liquid feeds
are separated based on their chemical species, and separation
based on molecular weight or vapor pressure is not very use-
ful  [26-30].  Today,  extraction processes  are  favored in  order
to separate and recover valuable metals or remove heavy met-
als that are found as pollutants in wastewater in various indus-
tries. Protraction includes the extraction of volatile and non-
volatile  organic  compounds  from liquids  such  as  water  with
the help of a membrane. Protraction is classi�ed as follows:

A) Without phase dispersion

1.Bulk liquid membrane

2. Stabilized liquid membrane

3. Liquid �lm protraction

B) With phase dispersion

1. Emulsion liquid membrane (ELM)

Protraction of ELM is e�ective for performing separation op-
erations  and  since  the  use  of  membrane  brings  advantages
such as simultaneous extraction and disposal operations, ease
of  operation,  reduction  of  solvent  consumption,  low  energy
consumption and low operating costs, in the process separa-
tion and concentration of metal  ions has received special  at-
tention. Some of the advantages of extracting metals using the
liquid  emulsion  membrane  method  over  other  methods  can
be mentioned:

1. Very high speci�c surface area and consequently high mass
transfer rate (30 times more than the �xed liquid membrane)
[31].

2.  �e  process  of  extraction  and  puri�cation  in  the  liquid
emulsion membrane method is done in one step and simulta-
neously, and this means saving the volume of the equipment
[32].

3. Selective transfer of one or more components from the ex-
ternal  phase  (feed  phase)  to  the  internal  phase  (discharge
phase. �e possibility of extraction from very dilute solutions
[33].

Penetration  in  liquids  is  easier  than  in  solids,  so  the  liquid
emulsion  membrane  process  requires  a  lower  mass  transfer
�ux than using solid membranes. In other words, in order to
compete  with  liquid  membranes,  polymer  membranes  must
be less thick, which causes many operational problems [34].

Despite the mentioned advantages, this method faces two ma-
jor  challenges  of  swelling  and  emulsion  failure.  Swelling
means the penetration of water from the external phase to the
internal  phase,  which  leads  to  thickening  of  the  external
phase  and  dilution  of  the  internal  phase.  �e failure  usually
occurs due to the surface cut between the membrane and the
external  phase.  �e emulsion liquid membrane process con-
sists of 3 stages, which are as follows:

1. Preparation of emulsion membrane phase
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2. �e contact of the phases in order to carry out the extrac-
tion  process  (in  this  step,  mass  transfer  from  the  aqueous
phase  to  the  organic  phase  takes  place).

3. Breakdown of emulsions

In the �rst step, the internal phase prepared by dissolving ni-
tric acid in water is poured into the membrane phase, which
consists  of  extracting  (carrier),  surface  active  substance  or

emulsifier    and  diluent  (solvent),  in  equal  proportion  and
stirred. It turns into an emulsion. �e emulsion consists of
small droplets of the internal phase and is stable due to the
presence of surface active substance (surfactant). In the se-
cond step, the emulsion comes into contact with the feed in
the packed column and the goal is to transfer the mass from
the feed phase. In this step, a double aqueous/organic/aque-
ous emulsion is obtained.

At  this  stage,  by  changing  the  operating  conditions  such  as
the �ow intensity  of  the continuous and dispersed phases  as
well as the impact intensity, their e�ect on the amount of ex-
traction is investigated. Also, in this step, in order to measure
the diameter of the drop, a photo is taken from the active area

of   the column. Mass transfer in liquid-liquid systems is less
than gas-liquid systems and the need for many theoretical
steps is felt in order to increase mass transfer in extraction
towers, so increasing the e�ciency of liquid-liquid extraction
columns is always a priority. To achieve this, mechanical ener-
gy can be used. One of the options is the use of impact extrac-
tion columns, the mechanical energy input to which is sup-
plied through the input pulse to the tower. �e input pulse
plays the role of a mechanical stirrer and also produces dro-
plets with smaller diameters, which increases the e�ciency of
the column in this case.

On the other hand, the volume of e�uents in various indus-
tries is high, so it is better to use an ELM system in one of the
extraction  columns,  such  as  a  vertical  shock  column  of  the
�lled type. High capacity and e�ciency in separation, insensi-
tivity  to  two-phase  interface  pollution,  relatively  simple  de-
sign, reliable and stable operation, no moving parts and suit-
able  operation  for  radioactive  and  corrosive  solutions,  are
among the prominent features of extraction towers. �ey are
a blow. In the design of the column, parameters such as the av-
erage size of the dispersed phase droplets, the amount of the

dispersed  phase,  and  the  mass  transfer  coe�cient  should  be
determined.
�e amount  of  dispersed  phase  is  determined  by  quenching
method and the average size of dispersed phase droplets is de-
termined  by  photographing  the  dispersed  phase  in  the  col-
umn. Also, to calculate the mass transfer coe�cient, it is writ-
ten  around  the  mass  balance  column.  Impact  extraction
columns have many uses in chemical processes. �e best ap-
plication of this type of towers is in the nuclear fuel industry,
which  has  an  advantage  over  other  mechanical  contractors
due to its reliable operation and remote control capability.

In addition to the nuclear industry, in many chemical indus-
tries,  extraction,  which  is  an  important  process  in  chemical
engineering  operations,  is  used.  Impact  towers  are  used  in
three types: tray impact towers, �lled impact towers and disk--
donut impact towers [35-39].

Considering  the  advantages  of  percolation  extraction  com-
pared  to  conventional  liquid-liquid  extraction  methods,  this
method can be the introduction to the use of ELM for the se-
paration of various elements with a very small concentration
(less than 100) in packed columns on an industrial and semi-
industrial  scale.  In  fact,  one  of  the  important  innovations  of
this research is the use of ELM in a stably �lled vertical shock
column, the examination of the dependence of the extraction
e�ciency on the operating parameters, and also the possibili-
ty  of  replacing  ELM  method  instead  of  the  conventional
liquid-liquid  extraction  in  it  is  a  packed  vertical  impact  col-
umn, which is suggested to use ELM in packed impact towers
due to high extraction e�ciency. It  is  also worth noting that
ELM has many advantages compared to traditional  methods
due to the reduction of some process steps from the environ-
mental and economic point of view.

Experimental and Method

In  ELM protraction,  the  carrier  is  one  of  the  important  fac-
tors that  play an important role in the mass transfer process
and its price is also high. In these experiments, a strong acid
carrier  or extracting called span-80 was used as  a  surfactant.
It shows the best physical properties of the carrier and surfac-
tant. It refers to the balance of hydrophilicity and lipophilicity
of the surfactant, they are presented in the Tables 1 and 2.
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Table 1: Speci�cations of the carrier used

MaterialChemical formulaDensityMolecular massSurface tensionStickiness

Table 2: Characteristics of surfactants

SurfactantChemical formulaDensityMolecular massStickiness

By  dissolving  dysprosium  metal  salt  in  distilled  water,  the
feed phase solution was obtained. In order to reduce the solu-
bilization  error,  �rst,  1000  solution  was  prepared  and  then
the feed solution used in the experiments, i.e. solutions of 50
ppm,  was  obtained  by  diluting  the  concentrated  solution.  It
was also measured of pH, the feed phase and adjusted to num-
ber 4 by adding nitric acid.

Internal  phase  solution  is  prepared  by  dissolving  a  certain
amount of  nitric  acid,  which is  a  stripping agent,  in distilled

water. In below, the values   of the optimal parameters used in
these experiments in the production of emulsion liquid mem-

brane and feed solution are given, and these values   are the op-
timal results on the extraction of dysprosium by emulsion
liquid membrane in a discontinuous system. �e purpose of
this stage is to make emulsion consisting of aqueous phase in
organic phase. �e ratio of internal phase to membrane phase
is one to one. First, the cruzen, which is already well saturated
with water, is poured into a special container and placed un-
der the mixer, and span-80 as a surfactant with a concentra-
tion of 2.5% by volume is added to the cruzen and the mixer

is turned on. Time is given for the surfactant to dissolve in
cruzen. Also, in this step, the carrier is added to the solution
with a certain concentration. �en, the internal phase is add-
ed drop by drop to the mixture and the stirring of the mixture
continues at 12,000 rpm for 20 minutes. �is step is one of
the most important steps because the preparation of an emul-
sion with a long stability period that increases the extraction
e�ciency depends to a large extent on this step. If the emul-
sion is not stable at the time of entering the filled vertical
shock extraction column, it will cause a lot of problems and
the mass transfer operation will also be completely problemat-
ic.

�erefore,  the  correct  formulation  of  the  membrane  as  well
as high stability are very important.  At the end of this  stage,
the  emulsion consisting  of  the  aqueous  phase  in  the  organic
phase or the dispersed phase is obtained, in which the volume
ratio  of  the  internal  aqueous  phase  to  the  organic  phase  or
membrane is equal to 1. �e following table shows the physi-
cal properties of the used system, they are presented in the Ta-
bles 3 and 4.

Table 3: Physical properties of the system

Emulsion

904.4

Feed phase

998

1.064.0

11.o

Physical properties

Stickiness(            )

Interphase tension

Table 4: �e values of the parameters used

Values

Surfactant concentration (v/v) %

Parameter

8

0.05Carrier concentration (M)

mPa.s

mPa.s

mN
m

g
mol

g
mol

kg
m3

kg
m3

mPa.s

Density (      )kg
m3

970322.432052 2D EHPA16 35 4C H O P

HLB

Span80990428.60100-2004.3 24 44 6C H O
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Feed phase ( pH )

Internal phase concentration (M)

4.0

1.0

50Dysprosium metal concentration in the feed phase (ppm)

�e  tests  were  carried  out  in  di�erent  operating  conditions
and will be accompanied by mass transfer. �e tests were car-
ried  out  in  the  range  of  optimal  operating  conditions,  scat-
tered phase �ow intensity (1.5, 2.3, 3.7) liters per hour, contin-
uous phase �ow intensity (2.3, 3.7, 5) liters per hour and im-
pact intensity (0.8,  1,  1.2) cm/s were performed. In this way,
27 tests were performed below the over�ow point. In fact, th-

ese values   of the operational parameters used were chosen in
such a way that the tests were performed below the over�ow
point. Analysis was used to check dysprosium concentration
a�er extraction.

Results and Discussion

In this  research,  ELM composed of  D2EHPA as  a  carrier,
cruzen as a diluent and nitric acid as a stripping agent is used
in a packed vertical multiplication column, in which dysprosi-
um is transferred as a component from the feed phase that en-
ters from the top of the column into the internal phase that it
is entered from the bottom of the column.

First, using the minitab so�ware, a relation for the extraction
e�ciency,  which  is  a  graph  of  the  amount  of  dysprosium
transferred from the feed phase to the membrane phase, was
presented and its error was calculated. �en, the e�ect of op-

erating  parameters  such  as  �ow  intensity  of  continuous  and
dispersed phases  and impact  intensity  and the  e�ect  of  each
of them on the extraction e�ciency was investigated. �e ef-
fect of hydrodynamic factors such as the average diameter of
the  dispersed  phase  droplets  and  the  amount  of  dispersed
phase,  which  in�uence  the  design  and  enlargement  of  the
�lled multiplication columns, was expressed on the extraction
e�ciency. In the following, with the help of minitab so�ware,
the  optimal  mode  was  obtained  to  obtain  the  maximum ex-
traction  e�ciency  and  the  minimum  intensity  of  the  dis-
persed  phase  �ow.

In  addition,  by  writing  the  overall  mass  balance  around  the
column, a relation was found for the mass transfer coe�cient
and a comparison was made between the results obtained and
the methods of Newman, Kroenig, Brink, Handels and Baron.
Also, with the help of dimensional analysis and using Minitab
so�ware, a relation for the mass transfer coe�cient and a rela-
tion for the Sherwood number were obtained in terms of oper-
ational variables, and the error of these two relations was cal-

culated and compared with each other. �e range of values   of
the  mentioned  parameters  have  been  selected  keeping  in
mind the �ood conditions so that all the tests are performed
below the �ood point. �e operating conditions of the tests
are given in the Table 5.

Table 5: Operating conditions of experiments

Dispersed phase �ow intensity

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

Continuous phase current
intensity 

2.3

2.3

2.3

3.7

3.5

3.7

5

5

5

�e intensity of the impact

0.8

1

1.2

0.8

1

1.2

0.8

1

1.2

Test number

1

2

3

4

5

6

7

8

9

(Af)
(cm)
(s)

(Qc)
(lit)
(h) (Qd)

(lit)
(h)
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2.3

2.3

2.3

2.3

2.3

2.3

2.3

2.3

2.3

3.7

3.7

3.7

3.7

3.7

3.7

3.5

3.7

3.7

2.3

2.3

2.3

3.7

3.7

3.7

5

5

5

2.3

2.3

2.3

3.7

3.7

3.7

5

5

5

0.8

1

1.2

0.8

1

1.2

0.8

1

1.2

0.8

1

1.2

0.8

1

1.2

0.8

1

1.2

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

ws the initial and �nal concentration of Dy in the feed phase
(donor phase), the actual extraction e�ciency and the predict-
ed  extraction  e�ciency,  and  the  relative  error  percentage  of
each experiment. �e relative error means the result of divid-

ing the di�erence between the actual and predicted extraction
e�ciency by the actual  extraction e�ciency.  Equation 1-4 is
considered for the extraction e�ciency, in which the individu-
al and interactive e�ects of operational parameters on the ex-
traction e�ciency are considered.

In relation 1-4, the �ow intensity of the continuous and dis-
persed phases is in liters per hour and the impact intensity is

in centimeters per second. �e constants obtained from �tt-
ing the operational parameters with the help of minitab so�-
ware are given in the Table 6.

Table 6: Coe�cients of the predicted extraction e�ciency relationship

0.055

0.013-

0.014-

-0.153

-0.007

0.0003

0.003

K1

K2

K3

K4

K5

K6

K7
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0.001-

0.002

0.078

Ignoring very small coe�cients k 1 and k2the following rela- tionship is obtained:

Using equation 3-4, it is possible to calculate the average abso- lute relative error percentage of the predicted relation for ex-
traction percentage compared to its experimental value:

In relation 3-4, N is the number of tests.

Table 7: Actual extraction yield, predicted and percentage relative error of each experiment

Percentage of
relative error
REEX.(%)(__)

0.473

0.351

0.549

0.128

0.269

0.119

0.347

0.050

0.399

0.611

0.454

0.430

0.254

0.448

0.124

0.143

0.465

0.042

0.574

Predicted
extraction yield
(Ex.Predicted)(__)

0.990

0.988

0.993

0.997

0.995

0.999

0.999

0.997

0.002

0.986

0.985

0.990

0.992

0.991

0.996

0.993

0.992

0.997

0.986

Actual
extraction yield

(Ex.)(__)

0.995

0.985

0.998

0.996

0.998

0.999

0.995

0.998

0.998

0.980

0.980

0.986

0.995

0.995

0.997

0.995

0.997

0.998

0.991

Test
number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

�e initial
concentration of

dysprosium in the
feed phase 

40.01

39.88

39.88

40.89

40.89

40.01

40.01

40.28

38.76

36.22

36.68

36.68

35.89

37.42

37.42

38.06

38.06

37.24

37.55

(Co)
(mg)
(lit)

�e �nal
concentration of

dysprosium in the
feed phase

0.206

0.598

0.060

0.180

0.084

0.053

0.181

0.084

0.741

0.722

0.720

0.530

0.197

0.176

0.108

0.198

0.117

0.081

0.329

(Ce)
(mg)
(lit)

K8

K9

K10
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0.176

0.404

0.282

0.230

0.340

0.082

0.036

0.165

0.985

0.991

0.990

0.990

0.996

0.990

0.990

0.996

0.983

0.985

0.987

0.988

0.982

0.990

0.990

0.998

0.625

O.200

0.489

0.482

0.296

0.399

0.392

0.091

37.55

39.02

38.86

38.73

38.37

38.27

38.11

38.11

20

21

22

23

24

25

26

27

Based on the �xed coe�cients presented, the average absolute
relative error percentage in the predicted relationship for the
extraction yield was obtained as 0.29, it is presented in Tables
7.

Figure  1  shows  the  comparison of  the  results  obtained from
the experimental and predicted relationship of extraction e�-
ciency.

Figure 1: Comparing the results obtained from the experimental and predicted relations of extraction e�ciency

Figure 2 shows the e�ect of impact intensity on extraction e�-
ciency in the case of constant �ow intensity of the continuous
phase.

In  these  experiments,  in  order  to  avoid  �ooding  conditions,
operational  parameters  were  chosen  with  great  care.  In  the
range considered for the impact, there was no �ooding in any
of  the  tests,  but  it  should also be  noted that  an excessive  in-
crease in the intensity of the impact brought the column into
the unstable operational area, which corresponds to the occur-
rence of  �ooding and the inventory �e dispersed phase in-

creases, resulting in a decrease in e�ciency. In the test condi-
tions, increasing the intensity of the impact causes an increase
in  the  �ow  rate  and  a  decrease  in  the  diameter  of  the  dis-
persed phase droplets, hence the mass transfer level and as a
result the mass transfer rate from the continuous phase to the
dispersed phase also increases.

Figure 3 shows the e�ect of impact intensity on extraction e�-
ciency in the case of constant dispersed phase current intensi-
ty.
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Figure 2: �e e�ect of impact intensity on the extraction e�ciency in continuous phase �ow intensity of 3.7 liters/hour and ac-
cording to the intensity of dispersed phase �ows of 1.5, 2.3 and 3.7 liters/hour(�e concentration of span-80 as a material of sur-
factant is equal to 2.5 of the concentration of D2EHPA as an extracting ( ) is equal to 0.05, the feed phase is equal to 4, the con-

centration of the internal phase ( ) is equal to 1, and the concentration of dysprosium metal in the feed phase is equal to 50
ppm)

Figure 3: �e e�ect of impact intensity on the extraction e�ciency in the �ow intensity of the dispersed phase 2.3 liters/hour
and for the �ow intensity of the continuous phase 2.3, 3.7 and 5 liters/hour (�e concentration of span-80 as a surfactant is

equal to 2.5, the concentration of D2EHPA as an extracting ( ) is equal to 0.05, of feed phase is equal to 4, the concentration of
the internal phase ( ) is equal to 1, and the concentration of dysprosium meta

In this case, the increase in the intensity of the impact leads to
an increase in the �ow turbulence and a decrease in the diam-
eter of the dispersed phase droplets, so the mass transfer level
and as a result the mass transfer rate increases. Increasing the
intensity of the continuous phase �ow prevents the rapid up-
ward  movement  of  the  dispersed  phase  droplets  and  causes

the droplet stay time in the column to increase.

On the other hand, this resistance against the upward move-
ment  of  the  dispersed  phase  can  have  a  two-sided  e�ect  on
the  extraction  e�ciency.  For  example,  for  the  constant  cur-
rent intensity of the continuous phase, if the current intensity
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of the dispersed phase is very high, as mentioned, the continu-
ous phase plays a resistance role and increases the extraction
e�ciency, but if the current intensity of the dispersed phase is
small, the other continuous phase plays a resistance role. did
not play, and on the contrary, its large amount can have a neg-
ative  e�ect  on  the  distribution  of  dispersed  phase  droplets
and  reduce  the  extraction  e�ciency.  As  the  intensity  of  dis-
persed phase �ow increases,  the ascent speed of  the droplets
increases, due to which the mass transfer level decreases and
the  droplets  have  less  opportunity  to  transfer  mass.  On  the
other  hand,  increasing  the  �ow  intensity  of  the  dispersed
phase  means  increasing  the  emulsion  and  receiver  phase.
�erefore,  according  to  the  test  conditions  and  the  interval
considered  for  the  operating  parameters,  the  exact  e�ect  of
the �ow intensity of the continuous and dispersed phases on
the extraction e�ciency should be studied. It should be noted
that avoiding �ood conditions is a decisive factor in choosing
the right interval for operating parameters. In this work, in or-
der  to  avoid  �ood  conditions,  a  small  range  was  considered
for continuous phase current intensity changes.

Conclusion

�e  development  of  continuous  process  of  emulsion  liquid
membrane can be very bene�cial from the environmental and
economic  point  of  view.  Using  minitab  so�ware,  a  relation-
ship for extraction e�ciency was expressed in terms of opera-
tional parameters such as �ow intensity of continuous and dis-
persed phases and impact intensity, and the average absolute
relative error percentage of the predicted relationship for ex-
traction e�ciency was determined to be 0.29. �e extraction
e�ciency from the external phase to the membrane phase in
optimal conditions was 99.3%. �e e�ect of operating parame-
ters on extraction e�ciency was studied, and the results were
as follows:

1. In the case of constant continuous phase �ow intensity, in-
creasing the impact intensity causes an increase in �ow turbu-
lence  and  a  decrease  in  the  diameter  of  the  dispersed  phase
droplets,  hence  the  mass  transfer  level  and  as  a  result,  the
mass transfer rate from the continuous phase to the dispersed
phase also increases.

2.  In the case  of  constant  dispersed phase �ow intensity,  the
impact intensity increases,  the �ow turbulence increases and
the diameter of the dispersed phase droplets decreases, so the

mass transfer level and as a result the mass transfer rate from
the continuous phase to the dispersed phase increases.

By examining the in�uence of di�erent parameters on the e�-
ciency of dysprosium extraction, the results indicated that in
the  test  conditions  and the  range  considered  for  operational
parameters,  the  extraction  e�ciency  is  signi�cantly  greater
than the �ow intensity of the continuous and dispersed phas-
es and to a lesser extent than the intensity �e impact was ef-
fective.  In  the  investigated  conditions,  the  e�ect  of  continu-
ous  phase  �ow  intensity  was  54.33%,  also,  dispersed  phase
�ow was 30.88% and impact intensity was 14.79% on extrac-
tion e�ciency. Also, the e�ect of hydrodynamic factors such
as  the  average  diameter  of  the  dispersed  phase  droplets  and
the  amount  of  dispersed  phase,  which  in�uence  the  design
and enlargement of the �lled columns, on the extraction e�-
ciency was stated, and the results are as follows:

1. By reducing the droplet diameter, the extraction e�ciency
increases.  In  fact,  by  decreasing  the  droplet  diameter,  the
mass transfer surface increases and as a result, the mass trans-
fer rate also increases.

2. It is clear that the extraction e�ciency decreases with the in-
crease in the amount of dispersed phase in the column.

In the liquid emulsion membrane process, in order for the se-
paration  process  to  be  economical,  optimization  is  done  to
minimize  the  carrier  concentration,  because  the  carrier  is
more expensive compared to other materials. In this column,
the optimal state corresponding to the maximum level for the
extraction percentage and the minimum level for the intensi-
ty of the dispersed phase �ow, which is a graph of the amount
of emulsion used,  was considered.  In the optimal  conditions
obtained by minitab so�ware,  the continuous phase �ow in-
tensity  is  4.78  L/h,  the  dispersed  phase  �ow  intensity  is  2.5
L/h, the impact intensity is 1.2 cm/second and the extraction
e�ciency is 99.3%.

Dimensionless  groups  were  determined  with  the  help  of  di-
mensional analysis and the relationship between operating pa-
rameters  and  the  mass  transfer  coe�cient  of  the  dispersed
phase was obtained using minitab so�ware. �e average abso-
lute relative error percentage of the predicted relationship for
the  mass  transfer  coe�cient  of  the  dispersed  phase  was
14.135.  �e  mass  transfer  coe�cient  of  the  dispersed  phase
was calculated with the help of Newman, Kroenig and Brink
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and Handels and Baron methods, and the average absolute rel-
ative  error  percentage  of  each  of  them  was  32.6,  90.4  and
21.67 compared to the actual value of the experiments. With
the help  of  dimensional  analysis,  dimensionless  groups  were
determined  and  using  minitab  so�ware,  a  relationship  be-
tween  Reynolds  and  Schmidt  numbers  and  Sherwood  num-
ber of dispersed phase was obtained. �e average absolute rel-
ative error percentage of the predicted relationship for the Sh-
erwood number of the dispersed phase was 11.33.

Using the values   related to the Sherwood number of the dis-

persed phase which were calculated by the predicted equa-

tion, the equivalent values   of the mass transfer coe�cient of
the dispersed phase were obtained and it was observed that in
this case the percentage of error calculated for the mass trans-
fer coefficient of  the dispersed phase was up to 11.25 de-
creased. �erefore, the accuracy of the relationship predicted
for the Sherwood number is higher than the accuracy of the
relationship predicted for the mass transfer coe�cient, and it
is better to use the relation presented for the Sherwood num-
ber to calculate the mass transfer coe�cient.
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