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Abstract 

Dispersed phase hold-up and flooding behavior were investigated in a pilot plant scale perforated 

rotating disc contactor (PRDC) using three different liquid–liquid systems. The influence of 

various operational parameters including rotor speed, continuous and dispersed phases flow rates 

on flooding velocities and hold-up have been studied. Changes in the continuous phase velocity 

has a minor effect on dispersed phase hold-up while increasing dispersed phase flow rate and 

rotor speed results in an increase in dispersed phase hold-up. Moreover, based on physical 

properties of liquid systems and operating conditions two empirical correlations were derived for 

flooding point and dispersed phase hold-up. The proposed empirical correlations are then 

validated through comparing with experimental data. Therefore, due to lack of experimental data 

on this type of column, these predictive empirical correlations can be used for accurate design of 

perforated rotating disc contactor. 
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1. Introduction 

Solvent extraction (Liquid- Liquid extraction) has been become one of the key unit operations in 

the process industries for many years. This separation process consists in extraction of one or 

several components from an aqueous phase by addition of a non-miscible or partially miscible 

liquid phase (organic phase), in which the solute is preferentially dissolved. This separation 

process is often operated in continuous state in various kinds of extraction columns with different 

internals structure such as various types of plates, packing, baffles, etc. Two immiscible liquid 

phases enter the extraction column counter currently, one being dispersed into the other. Duty of 

extraction column is that producing larger interfacial area often via using mechanical agitation to 

better disperse the phases
1-4

. Agitated extractors such as the rotating disc contactor (RDC) are 

highly efficient and have suitable operational flexibility than conventional packed, sieve and 

spray extraction column. These advantages have led to the widespread using of the RDC 

extractor in many industrial separation processes containing oil, food, petroleum and 

hydrometallurgical, chemical, pharmaceutical and environmental, industries 
5, 6

. A great deal of 

studies was conducted on design and operational features of the RDC such as mass transfer 

performance, slip velocity and dispersed phase hold-up since it was invented by Reman and 

Olney 
7-9

. Adapted versions of the RDC including the open turbine rotating disc contactor 

(OTRDC) 
10, 11

, the asymmetric rotating disc contactor (ARDC) 
12

, and the perforated rotating 

disc contactor (PRDC) 
13-16

 were also developed. The advantages of perforated rotating disc 

contactor are producing narrower drop size distributions, higher energy dissipation and high 

controllability than that of the RDC
17, 18

. However, there are very little reliable information about 

mass transfer and hydrodynamic behavior of adapted RDC extractors. 
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Apart from the mass transfer performance in the design and construction of extractor, the 

hydrodynamic parameters such as dispersed phase hold-up and flooding velocities are vital 

operational parameters for calculation of the extractor capacity and the extractor diameter. These 

important variables are needed for determination of desired throughput within the operating 

range 
19

. Furthermore, it is impossible to raise the flow rate of the two phases indefinitely. It is 

because there is a restriction on the amount of one phase which can be dispersed into the second 

phase. When the amount of flow rate become more than this restriction value, dispersed phase 

droplets can no longer fall or rise oppose to the flow of the continuous phase and stable 

extraction column operation is impossible to achieve. Thus, the maximum volumetric capacity of 

an extraction column, or flooding throughput as the fundamental question should be taken in 

account in design of an extractor 
20

. Column diameter can be determine using the knowledge of 

the column flooding characteristics by assuming operating loads as a fraction of flooding 

throughput or via considering the operating hold-up value as a fraction of the dispersed phase 

volume at flooding condition
21-23

. 

Little information has appeared in the literature regarding the performance of perforated rotating 

disc contactor. Thus, for the purpose of the establishing proper design procedures for perforated 

rotating disc contactor, there is a requirement for appropriate correlations of flooding velocity 

and dispersed phase hold-up as a function of operating conditions and the physical properties of 

the liquid phases. The aim of current study is an investigation of dispersed phase hold-up and 

flooding velocity of a perforated rotating disk contactor as a function of rotor speed, phase flow 

rates and the physical properties with three different systems. Two empirical correlations are 

proposed for estimation of dispersed phase hold-up and flood point. 
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2. Experimental 

2.1. PRDC pilot scale unit 

A pilot scale perforated rotating disc contactor with a 113 mm internal diameter perforated and 

43 stages and its accessories including storage tanks, pumps and rotameters was used in these 

experiments. The rotor shaft holds up perforated disc with a diameter of 0.07 m and drilled with 

30 holes of 0.015 cm diameter. Fig. 1 shows a schematic flow diagram of the experimental 

equipment. The main dimensions of the PRDC column are illustrated in Table 1. 

 

Table 1: The main dimensions of the PRDC column. 

 

Fig. 1: A schematic diagram of the perforated rotating disc contactor (PRDC). 

 

2.2. Liquid-Liquid systems 

The liquid–liquid systems investigated were butanol–water (low interfacial tension), n-butyl 

acetate–water (medium interfacial tension), and toluene–water (high interfacial tension). Due to 

covering a broad range of interfacial tension values these systems were selected based on 

recommendations of the European Federation of Chemical Engineering
24

. Technical grade of 

toluene, n-butyl acetate, and butanol were used as dispersed phase and distilled water was used 

as continuous phase. All experiments were carried out in the absence of mass transfer at room 

temperature. The physical properties of these systems are provided in Table 2. 

 

Table 2: Physical properties of systems investigated at 20º C 
24
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2.3. Experimental procedures 

Before starting each experiment, the aqueous and organic phases were mutually saturated. The 

presented physical properties are in saturation state and 20 °C which are provide in table 1. In 

order to prevent from changing physical properties room temperature is kept at 20 °C by air 

conditioners. The column was filled with the continuous phase and the speed of rotor is then 

adjusted to the certain amount. Next, the dispersed phase was entered into the column. Optical 

sensor was used to maintain the interface position at the desired height. The system was 

permitted to reach steady state condition which usually necessitated changing four or five of the 

column volume. At the end of each run, displacement method is applied to calculate hold-up of 

dispersed phase in the PRDC extractor 
25

. The hold-up is the ratio of volume fraction of 

dispersed phase to volume fraction of dispersed and continuous phases. It may be written using 

following Eq: 

d

e

ν
φ

ν
=            (1) 

where vd represents the volume of the dispersed phase and ve the total volume of the two phases 

for the effective length of the column. Flooding velocity is the dispersed phase velocity at which 

the flooding occurred. 

 

3. Results and discussion 

3.1. Dispersed phase hold-up 

Dispersed phase hold-up is necessary for calculation of the interfacial area per unit volume and 

slip velocity. It does not have constant value and can be affected by the operating conditions 
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including rotor speed and dispersed and continuous phases superficial velocities. Thus, the 

impact of mentioned operating parameters on dispersed phase hold-up has been investigated. Fig. 

2 shows the influence of rotor speed on the dispersed phase hold-up. As it is seen, the dispersed 

phase hold-up increases by increasing the rotor speed. The drops are frequently colliding each 

other and coalescing at lower rotor speed, therefore the formed larger droplets. For this reason 

lower rotor speeds have smaller hold-up. By increasing the rotor speed the values of hold-up 

through the column increase so that the enhancement of the rotor speed reduced the diameter of 

drop. This phenomenon is because of increasing in the frequency of drop collisions through the 

internal parts of the extraction column in more turbulent environments 
14

. Furthermore, it is also 

observed that the slope of hold-up verse agitation rate is high for system 3 (n-Butanol–water). 

This observation could be attributed to low value of interfacial tension. The interfacial energy 

which is responsible for keeping drop surface is lower in low value of interfacial tension. So, the 

created turbulent energy with increasing rotor speed is simply overcome to interfacial energy 

which leads to breaking of drops and creation of smaller drops. With decreasing drops size 

would decrease rising velocity and increase residence time. Consequently, hold up will increase 

with higher rate 
14, 26

. The similar results have been reported for this extraction column by some 

authors
15, 27

. 

 

Fig. 2- Effect of rotor speed on the hold-up (Vc=Vd= 6.67×10
-4

 (m/s)). 

 

The influence of continuous phase superficial velocity on the hold-up is shown in Fig.3. It is seen 

that hold-up increases by increasing the velocity of continuous phase, however, the amount of 

this variation is not considerable. Also, the effect of dispersed phase flow rate on the column 
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hold-up is illustrated in Fig. 4. It can be observed that an increase in the dispersed phase flow 

rate leads to an increase in the hold-up. This observation can be resulted in increasing of drops 

number at constant volume which causes the enhancement of hold-up. The enhancement of 

dispersed phase flow rate is significant for a system with low value interfacial tension than other 

two systems. Similar results have been reported in other extraction columns including bubble 

columns, slurry reactors, airlift loop reactors, fluidized beds and spray extraction columns
28-30

. 

 

Fig. 3: Effect of continuous phase flow rate on the hold-up (Vd= 6.67×10
-4

 (m/s)). 

Fig. 4: Effect of dispersed phase flow rate on the hold-up (Vd= 6.67×10
-4

 (m/s)). 

 

Table 3 is provided for comparison of experimental results of hold-up with the results of 

previous studies. Average Absolute Relative Error (AARE) is used to determine the accuracy of 

current work. According to the Table 3, it can be resulted that none of the previous correlations 

are suitable for determination of hold-up in the perforated rotating disc contactor. 

 

Table 3: The AARE values in the predicted values of hold-up obtained by the previous correlation 

to the experimental data. 

 

Kumar and Hartland developed a novel correlation
21

 for the prediction of dispersed phase hold-

up in an RDC column. The expression that used to derive this correlation was formulated by 

Kumar and Hartland with no mass transfer 
21

 which presented in Eq. (2): 
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     (3) 

where g denotes acceleration because of gravity (ms
-2

), cρ denotes density of continuous phase 

(kgm
-3

), σ is the interfacial tension (Nm
-1

), Vd and Vc are dispersed and continuous phases of 

superficial velocities (ms
-1

) respectively, ρ∆ is density difference between phases (kgm
-3

), dµ and

wµ denote dispersed phase and continuous phase viscosities (Pas), Ds, D, Dc, hc are column 

geometry which mentioned in Table 1 (m), N and ReR are the rotor speed (rps) and rotor 

Reynolds number respectively. 

The rotor Reynolds number can be determined as follow equation: 

2

Re R c
R

c

ND ρ
µ

=           (4) 

The predicted values of hold-up using Eq. (1) with obtained experimental data in this study are 

shown in Fig. 5. A maximum deviation 45.32% is observed between experimental data and the 

Kumar and Hartland correlation. The obtained hold-up experimental results are very valuable for 

the column with sieved discs. This is because the dispersed phase drops in RDC column are 

larger than PRDC and settled faster. So, the hold-up data which obtained from the Kumar and 
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Hartland correlation are lower than those obtained with sieved discs. In fact, the sieved discs 

improve the breakup of drops and increase the number of droplets in the extraction column. 

Therefore, the Kumar and Hartland correlation is not appropriate for prediction of hold-up in 

PRDC column. Also, the residence time of dispersed phase can be improved by using the 

perforated discs in the extraction column 
36

. 

 

Fig. 5: Comparison between experimental data and Kumar and Hartland correlation. 

 

3.1.1. Predictive correlation for dispersed phase hold-up  

As mentioned above due to different column structure none of correlations in the literature is not 

suitable for predicating of hold-up in PRDC column. So, one of the main objectives of this study 

is proposed a correlation to represent the hold-up in a PRDC column. A novel correlation based 

on operating variables (rotor speed, dispersed and continuous flow rates), column geometry and 

the system physical properties was developed as follows: 

04.1256.0272.0254.0
2

)1()()()(089.0 −+=
d

cR

c

dR

V

V

h

D

g

DN

µ
µ

φ      (5) 

The proposed correlation is validated by using experimental data which reported by Coimbra et 

al. 
27

. The data of aqueous two phase system of ATPS composed by polyethylene glycol (PEG) 

and dibasic potassium phosphate (DPP) in a PRDC column with 51 (mm) diameter are 

investigated 
27

. 

The comparison of the experimental data with those calculated by the present model is illustrated 

in Fig. 6. The average absolute value of the relative error (AARE) of φ between the predicted 
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values using this correlation and the experimental points is 11.10%. According to Fig. 6, there is 

a very good agreement between experimental results and calculated values by Eq. (5). 

 

Fig. 6: Comparison of experimental data with calculated ones from Eq. (4). 

 

3.2. Flooding point  

The results of flooding rates and hold-up at flooding at four different rotor speeds are shown in 

Figs. 7 and 8. According to Figs. 7 and 8, allowable dispersed phase velocity decreases with 

increasing continuous phase velocity. Increasing the continuous phase velocity can be reduced 

the velocity between the phases. Therefore, the dispersed phase hold-up increases with an 

increase in continuous phase velocity and consequently the column becomes unstable at lower 

dispersed phase velocities. From Fig. 7 it can be also concluded that increasing rotor speed is 

resulted the reduction in the maximum throughput of the extraction column. This is due to a 

decrease in drop size with increasing rotor speed, which results in an increase in hold-up. 

Consequently, the critical hold-up is reached at a lower total throughput. Furthermore, total 

allowable throughput is low for a system with low interfacial tension while it is high for a system 

with high interfacial tension. It is due to the smaller drops of low interfacial tension system. Fig. 

8 also shows that at the higher rotor speed, the hold-up at flooding is greater due to smaller drops 

formation. Also, the maximum dispersed phase hold-up can be enhanced with increasing the 

ration of Vd,f to Vc,f. Similar results were obtained for these liquid–liquid systems by Torab-

Mostaedi et al. 
19

. 

 

Fig. 7: Experimental variation in Vdf with Vcf. 

Page 10 of 38RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



11 

 

 

Fig. 8: Effect of Vd,f/Vc,f ratio on the hold-up at flooding (ϕd,f). 

 

The other advantage of flooding measurements is that it can also be used for estimation of the 

characteristic velocity. Gayler et al. 
37

 and Thornton and Pratt 
38

 proposed an equation and 

defined a characteristic velocity (V0) which established a relation between phase flow rates and 

dispersed phase hold-up. This equation may be written as follows: 

( )0
1

1

d c
s f

f f

V V
V V ϕ

ϕ ϕ
= + = −

−
         (6) 

At the flood point, the phase flow rates can be derived by differentiating Eq. (6) with respect to 

hold-up. The Vd and Vc are treated as dependent variables. Obtained differential equations are 

considered equal to zero as follows: 

( ) ( )2

0
0 : 1 2 1d

cf f f

f

dV
V V

d
ϕ ϕ

ϕ
= = − −         (7)

( )2

0
0 : 2 1

f

c
df f

f

dV
V V

d
ϕ ϕ

ϕ
= = −          (8) 

Using of Eq. (8) in PRDC column is dependent on the linearity of the characteristic velocity plot. 

Plotting flood point data in the form of Eq. (8) can be obtained a line with a slope of twice the 

value of Vo. Characteristic velocity plot of flood point data for the butylacetate–water system is 

shown in Fig. 9. It can be clearly seen that the characteristic velocity concept can be used for 

PRDC column. It is because linear plot is gained for all investigated liquid–liquid systems. The 

results of characteristic velocity for three systems are listed in Table 4. According to this table, 

the characteristic velocity decreases with increasing rotor speed. It also reveals that the 

enhancement of characteristic velocity with increasing in interfacial tension. 
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Table 4: The values of characteristic velocity. 

 

Fig. 9: Characteristic velocity plot of flood point data for the butyl acetate–water system. 

 

3.2.1. Predictive correlations for flooding velocities and hold-up at flooding 

Developing precise correlations for prediction of flooding velocities and hold-up at flooding is 

carried out in this study. The experimental data is shown that the maximum throughputs in a 

PRDC column strongly depend on physical properties of the three liquid–liquid systems and the 

operating conditions. Several Semi-theoretical correlations have been developed for predicting 

flooding velocities which are generally derived from hold-up models. Many of these equations 

are based on the slip velocity method. A wide variety of equations have been proposed for 

various extraction columns 
39

. However the following equation was used in many kinds of 

extractor: 

0 (1 )
1

md c
slip f

f f

V V
V V φ

φ φ
= + = −

−
        (9) 

By differentiating  the equation (9) with respect to ϕf and considering Vd and Vc as dependent 

variables at the flood point, dispersed phase and continuous phase flow rates can be calculated by 

setting the differential equation equal to zero: 

( ) ( ) 2

0( ) 0 : 1 1
d

m
c

V df f f

dV
V m V

d
φ φ

φ
= = + −       (10) 

( ) ( )( )1

0( ) 0 : 1 1 1
c

m
d

V cf f f

dV
V V m

d
φ φ

φ
+

= = − − +       (11) 
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Combination of Equations (10) and (11), the limiting value of hold-up at flooding point can be 

obtained as follows: 

( )
( )

21

(1 ). 1

f

f f f

m
L

m

φ

φ φ φ

+
=

− − −
         (12) 

Eq. (9) was correlated to the experimental data in this study. The obtained results for the 

exponent m and the characteristic velocity V0 from the correlations are presented in Table 5 for 

three liquid-liquid systems. Based on this table, the values of m are between -5.47 and 1.77 while 

this range have been reported to be between 0 and 4 for a rotating disc contactor (RDC) 
39

, from 

0.3 to 1.5 for a packed column 
39

, from -3 to 1 for a sieve plate column 
40

 and -0.9 to 3.6 for a 

Grasser raining bucket contactor 
41

. The difference in m values is probably because of the 

difference in the extractor structure and the physical properties of the liquid systems which used 

in different studies. Since PRDC column is known as subset of the RDC extraction column, this 

method is approximately appropriate for prediction of flooding conditions of n-butylacetate–

water system. 

 

Table 5: The values of characteristic velocity and m. 

 

On the other hands, this method is not appropriate for the other studied liquid–liquid systems 

including toluene/water and n-butanol/water. This is because the values of m varied between −

5.74 and -1.12 under the selected operating conditions. According to Eqs.8 and 10, these values 

would result in unreliable flooding conditions. Also the comparison of the experimental data of 

dispersed phase flow rate at flooding (Vd,f) with those calculated by the Kung and Beckmann 

42
model were investigated. The value of AARE of Vd,f between the predicted values using their 
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correlation and the experimental points is 67.23%. It should be noted that since no information is 

available in the published literature, empirical correlations are developed in terms of physical 

properties of liquid-liquid systems and operating variables for prediction of flooding velocities 

and hold-up at flooding. The experimental data from 75 measurements indicated that the results 

are found to correlate well by Eq. (13). 

434.0108.0

3

4

38.0574.0 )1()()()(264.0
Vc

VgND dc

d

ccR

f +
∆

= −

ρσ
µ

µ
µ

σ
µ

ϕ      (13) 

Fig. 10 shows the comparison of experimental data with those calculated by Eq. (13). It can be 

observed that the experimental results are in good agreement with calculated values obtained by 

Eq. (12). This correlation reproduces the experimental results with an AARE of 3.90%. 

 

Fig. 10: Comparison of experimental values of dispersed phase hold-up at flooding with 

calculated ones. 

 

Prediction of throughputs when flooding is reached is very important in the design of extraction 

column. Generally, dispersed phase flow rate at flooding (Vd,f) is a function of the rotor speed, 

ration of dispersed phase to continuous phase, and system physical properties. On this basis, the 

following correlation is derived using the least square method which "Eviews software" version 

3.1. is used for this propose: 

492.0006.0

3

4

184.0217.0

44

3

, )1()()()(1042.2
Vc

Vg

g

DN
V dc

d

ccR

fd +
∆

×= −−−−

ρσ
µ

µ
µ

σ
ρ

   (14) 

The comparison between the experimental data and those predicted by using Equation (14) is 

given in Fig.11. The value of AARE in the predicted values of dispersed phase flow rate at 

Page 14 of 38RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



15 

 

flooding (Vd,f) using Eq. (14) to the experimental results is 3.55%. This figure indicates that the 

proposed correlation can estimate velocity of dispersed phase at flooding with high accuracy. 

 

Fig. 11: Comparison of experimental values of velocity of dispersed phase at flooding with 

calculated ones. 

 

4. Conclusion 

This paper presents an experimental study of dispersed phase hold-up, characteristic velocity and 

flooding behavior in a pilot scale perforated rotating disc contactor. The results showed that the 

dispersed phase hold-up is significantly affected by the rotor speed and interfacial tension. 

Maximum hold-up will occur at higher values of rotor speed and low interfacial tension. The 

results also revealed that an increase in the continuous phase velocity has minimal influence on 

dispersed phase hold-up while the dispersed phase hold-up increases with an increase in the 

dispersed phase velocity. The experimental results of hold-up are compared with previous 

correlations. It is found that the correlations developed for dispersed phase hold-up in RDC 

columns cannot be used to predict the dispersed phase hold-up in PRDC columns. An empirical 

expression for dispersed phase hold-up as a function of operating conditions, column geometry 

and physical properties of the systems is also suggested. Furthermore, the influence of the 

operating variables and physical properties of liquid systems on flood point characteristics are 

investigated. According to the obtained results maximum throughput decreases with an increase 

in rotor speed and flow ratio while it increases with an increase in interfacial tension. The Pratt 

model is selected for estimation of characteristic velocity because of its simplicity. The results 

indicated that the characteristic velocity concept can be used for PRDC column but is not 
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applicable for prediction of flood point. Additionally, in the present work, two correlations are 

derived to predict the flooding velocity and hold-up at flooding in the PRDC column. These 

equations are shown to describe data satisfactorily. Since there is little experimental data on this 

type of extractor, these predictive correlations can be used for prediction of maximum capacity 

of existing PRDC columns and also for final sizing of the column diameter. 
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Nomenclatures 

d32 Sauter mean drop diameter (m) 

D molecular diffusivity (m
2
/s) 

Ds Stator ring diameter (m) 

DR Disc diameter (m) 

g acceleration due to gravity (m/s
2
) 

H effective height of the column (m) 

hc compartment height (m) 

m exponent (-) 

N rotor speed (1/s) 

Re Reynolds number (-) 

L Flow ratio (Vd/Vc)(-) 

V superficial velocity (m/s) 

V0 characteristic velocity (m/s) 

Vs slip velocity (m/s) 

φ dispersed phase holdup (-) 
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Greek Letters  

ρ  density (kg/m
3
) 

ρ∆  density difference between phases (kg/m
3
) 

κ  viscosity ratio ( / )d cη η (-) 

µ viscosity (Pa.s) 

σ  interfacial tension (N/m) 

Subscripts  

c continuous phase 

d dispersed phase 

f Flooding point 
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Figure Captions: 

Fig. 1: A schematic diagram of the perforated rotating disc contactor (PRDC). 

Fig. 2- Effect of rotor speed on the hold-up (Vc=Vd= 6.67×10
-4

 (m/s)). 

Fig. 3: Effect of continuous phase flow rate on the hold-up (Vd= 6.67×10
-4

 (m/s)). 

Fig. 4: Effect of dispersed phase flow rate on the hold-up (Vd= 6.67×10
-4

 (m/s)). 

Fig. 5: Comparison between experimental data and Kumar & Hartland correlation. 

Fig. 6: Comparison of experimental data with calculated ones from Eq. (4). 

Fig. 7: Experimental variation in Vdf with Vcf. 

Fig. 8: Effect of Vd,f/Vc,f ratio on the hold-up at flooding (ϕd,f). 

Fig. 9: Characteristic velocity plot of flood point data for the butylacetate–water system. 

Fig. 10: Comparison of experimental values of dispersed phase hold-up at flooding with 

calculated ones. 

Fig. 11: Comparison of experimental values of velocity of dispersed phase at flooding with 

calculated ones. 
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Table captions: 

Table 1: The main dimensions of the PRDC column. 

Table 2: Physical properties of systems investigated at 20º C 
24

 

Table 3: The AARE values in the predicted values of hold-up obtained by the previous correlation to the 

experimental data. 

Table 4: The values of characteristic velocity. 

Table 5: The values of characteristic velocity and m. 
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Fig. 1: 
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Fig. 2: 
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Fig. 3: 
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Fig. 4: 
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Fig. 5: 
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Fig. 6: 
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Fig. 7: 
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Fig. 8: 
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Fig. 9: 
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Fig. 10: 
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Fig. 11: 
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Table 1: 

Item Symbol Column dimensions (m) 

Column internal diameter Dc 0.113 

Stator ring diameter Ds 0.08 

Disc diameter D 0.07 

Compartment height hc 0.03 

Column active height Z 1.43 
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Table 2: 

Physical property Toluene - water n-Butylacetate-water n-Butanol-water 

ρc (kg/m
3
) 998.2 997.6 985.6 

ρd (kg/m
3
) 865.2 880.9 846 

µC (mPa. s) 0.963 1.0274 1.426 

µd (mPa. s) 0.584 0.734 3.364 

σ (mN/m) 36 14.1 1.75 
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Table 3: 

 

Investigator AARE Value 

Moris et al. (1997) 
31
 168% 

kumar & hartland (1987) 
32
 71% 

Jeffreys et al. (1981) 
33
 57.98% 

Kasatkin et al. (1962) 
34
 42.21% 

Murakami et al. (1978) 
35
 63.42% 
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Table 4: 

Toluene-Water n-Butylacetate-Water n-Butanol-Water 

N (rpm) V0(mm/s) N (rpm) V0(mm/s) N (rpm) V0(mm/s) 

300 9.56 240 8.92 180 8.3 

360 8.95 300 8.43 240 7.66 

420 8.2 360 7.88 300 7.19 
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Table 5: 

Toluene-Water n-Butylacetate-Water n-Butanol-Water 

N (rpm) m V0(mm/s) N (rpm) m V0(mm/s) N (rpm) m V0(mm/s) 

300 -4.74 5.86 240 1.68 9.56 180 -1.12 7.08 

360 -3.57 6.04 300 1.77 9.19 240 -1.56 5.74 

420 -5.74 4.05 360 0.79 6.47 300 -3.82 3.89 
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