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Mass Transfer Controlled Corrosion of the Wall of 
Dual-Impeller Agitated Vessel 

Yehia M. S. ElShazly 
 

Abstract—In this research, the rate of mass transfer from the wall of a dual impeller agitated vessel was studied. The variable studied 
were the physical properties of the solution, the speed of rotation of the impellers and the length of the clearance between the two 
impellers. The dissolution of the copper wall in acidified dichromate solution was the technique applied to determine the values of the mass 
transfer coefficient. The results were correlated by the following dimensionless mass transfer equation: 

𝑆ℎ = 0.346 𝑆𝑆0.33𝑅𝑅0.75 �
𝑆2
𝐻
�
0.185

 

where c 2 is the distance between the two impellers and H is the liquid height in the vessel. The effect of addition of a drag reducing 
polymer and ceramic particles to the solution was also examined. The results showed a decrease of mass transfer with the addition of the 
polymer and an increase with the ceramic particles. The decrease accompanying the polymer addition was dependent on the agitation 
rate and the polymer concentration, while the increase accompanying the ceramic particles was dependent on the size, the amount, as 
well as the agitation rate. 
 

Index Terms—Mass Transfer; Diffusion; Corrosion; Agitated Vessel; Dual Impeller;  Drag Reducing Polymer; Suspended particles. 

——————————      ——————————

1 INTRODUCTION                          
GITATED vessels are used to carry mixing, blending, 
suspending solids, intensifying mass and heat transfer, 
and increasing the homogeneity and the frequency of 

collision between reactant molecules in solutions [1], [2], [3]. 
Therefore they are always almost present in every chemical 
industry like the manufacture of chemicals, agrochemicals, 
pharmaceuticals, petrochemicals, paints, food, drinking water, 
wastewater treatment and minerals processing.  
In recent years, multiple impellers agitated vessel have been 
finding ground in biochemical industrial processes where a 
shear sensitive micro-organisms are present [4]; For equivalent 
power input, impeller speeds will be lower and moderate 
shear values are generated in the vicinity of the impeller[5]. 
Moreover, the high height-to-diameter ratio of the vessel than 
the common value of the single impeller provides more 
compact design and increased gas hold up [5]. Regrettably, it 
is reported that the mixing time for dual impeller is higher 
than for a single impeller [6]. 
Various factors will affect the agitated vessel performance: the 
type of impeller, the clearance of the impeller from the bottom, 
the distance between the two impellers, the height-to-diameter 
ratio, the impeller diameter-to-tank diameter, and the baffles 
width [1], [ 3], [4].  
Previous studies concluded that by varying the distance of the 
clearance between the two impellers, and the height of the 
bottom clearance, there would exist three different flow 
regimes [5], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], 
[18]:  

 
 
 
parallel ( the impellers operate separately and 
independently of one another, and each impeller 
producing its own ring vortex and the impeller 
streams are almost horizontal and directed toward 
the vessel wall),  
merging (the impeller streams follow an almost 
straight-line oriented toward one another and merge 
at a distance approximately midway between the 
impellers to form two large ring vortices,  
diverging (the lower impeller stream follows a path 
toward and impinges upon the base of the vessel, 
while the flow from the upper impeller seems to be 
unaffected and directed horizontally to the wall).  

These distinct flow regimes will have a great effect on the 
performance and applications of the vessel. 
Furthermore, many additives can be present during the 
operation of the vessel; the use of drag reducing agents or 
suspended solid particles is not uncommon. Drag reducing 
polymers are used to reduce the frictional drag in turbulent 
flow and subsequently pressure loss with a resultant decrease 
in power consumption [19], [20], [21], [22], [23], [24], [25]. 
Their behavior was first reported by Toms [26] in 1948. Since 
then, different studies have documented their effects and 
proposed theories for their behavior: suppressing strong 
vorticity fluctuation neat the wall, quenching small scale 
eddies in the viscous sublayer, and damping penetration of 
low-speed fluid region into the high speed regions [27]. This 
was validated by the reported decrease of the associated rates 
of mass transfer [28], [29], [30], [31], [32] and heat transfer [33], 
[34]. However, the polymer action is known to function for a 
period of time before starting to degrade under the effect of 
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turbulence and high shearing forces [35].  Also, many 
industrial processes such as dissolution / crystallization / 
leaching / adsorption / catalytic reactions [4],[36],[37] that 
require the presence of suspended solid particles in the 
solution of the vessel. These particles collide with the wall of 
the tank and erode the wall surface. Additionally, these 
particles will disturb the hydrodynamic and diffusion 
sublayers present near the wall. The synergic effect between 
the particle erosion and corrosion is widely reported [38], [39], 
[40], [41], [42], [43], [44], [45], [46], [47].  
 
One of the major problems that affect the performance of the 
agitated vessels is the corrosion of its walls. Perforation of the 
tank wall would result in a shutdown, repair period and 
spillage control. It affects the designated service life of the 
tank. Moreover, corrosion products contaminate the solution: 
this can be considered a serious problem in processes 
involving bacteria [48], or food and pharmaceutical industries. 
Therefore, the study of the corrosion and determination of 
corrosion kinetics of agitated vessel is of prime importance. 
Corrosion of metals in aerated water is carried by the 
formation of galvanic cells at the surface of the metal. This 
process involves two simultaneous reactions: the anodic 
dissolution of metal, and the cathodic reduction of an 
oxidizing agent.  
At the anodic sites, the metal oxidation and dissolution takes 
place (assumed here to be iron as steel is the most used 
material of construction for vessels): 
 Anode: 2 Fe →2Fe++ + 4e- 
At the cathodic sites, in neutral and alkaline medium, the 
oxygen reduction takes place [49]: 
Cathode: O2+2H2O+4e- →4 OH- 
The corrosion process under these conditions is found to be 
mass transfer controlled: the rate of corrosion is proportional 
to the rate of arrival of oxygen molecules from the bulk of 
solution to the cathodic sites, with no effect of the oxygen 
reduction rate on the overall rate [50],[51],[52]. 
Furthermore, the two reactions products then combine 
together to form the iron hydroxide as follows: 
 
 2 Fe+++4OH-→2 Fe(OH)2. 
 
The Fe(OH)2 deposit on the corroding surface oxidizes to form 
Fe(OH)3 according to the reaction: 
 
  2Fe+3/2 O2 + 3 H2O →2 Fe(OH)3 
 
The deposited Fe(OH)3 film will form a barrier for the 
diffusion of the dissolved oxygen to the cathodic sites and 
supposedly reduces the rate of corrosion considerably. 
However, the fluid shear force results in the erosion and 
removal of the oxide film. Thus, the rate controlling will be 
only the oxygen transfer through the diffusion sublayer 
attached to the tank wall [50], [51], [52]. 
Under these conditions, the dissolved oxygen flux is given by: 
 
𝑁𝑂2 = 𝑘 �𝐶𝑏𝑂2 − 𝐶𝑤𝑂2

�                                                            (1) 

Where 𝐶𝑏𝑂2  𝑎𝑎𝑎 𝐶𝑏𝑂2  are the concentrations of oxygen in the 
bulk of the solution and at the wall respectively; and k is the 
mass transfer coefficient. Under the conditions of diffusion 
controlled reaction, the oxygen reaching the wall goes directly 
into the reduction reaction, and thus its concentration is set to 
zero.  

Accordingly, the equation for the flux of Fe can be calculated 
from the equation: 
 
𝑁𝐹𝐹 = 2𝑘𝐶𝑏𝑂2                                                                             (2) 

The factor of 2 is to account that every molecule of oxygen 
reacts with 2 molecules of iron.  
Eventually, the rate of corrosion of steel (CR), in mm/year, 
can be obtained from the mass transfer coefficient, k, 
according to the following equation [42]: 
 

𝐶𝑅 =
2𝑘𝐶𝑏𝑂2𝑀.𝑊𝑊.𝐹𝑒

𝜌𝐹𝑒
× 24 × 60 × 60 × 365 × 103             (3) 

Many techniques have been used to study the rate of 
solid/liquid mass transfer: the chemical reaction between the 
liquid and solid [28], [53], [54], [55], [56], [57], the dissolution 
of the sparingly soluble solid into liquid[58], [59], [60], [61], the 
electrochemical technique [62], [63], [64], [65], adsorption [66], 
[67], computational fluid dynamics [42], [68], [69], [70], and 
even has been followed with the scanning electron microscope 
[71]. 
 
In this research, the rate of mass transfer of the wall of a dual 
impeller agitated vessel is studied by an accelerated test: the 
diffusion and reaction of the hexavalent chromium ion with 
the copper wall of the vessel proposed by Gregory and 
Riddiford [72]. The determined diffusion transfer coefficient 
can be inserted in equation (3) to determine the rate of 
corrosion of the wall of the vessel. Moreover, diffusion 
controlled catalytic reactions taking place on a solid catalyst 
supported on the vessel wall can also benefit from the 
determined rate of mass transfer. The effects of the addition of 
drag reducing polymers or solid suspended particles on the 
rate of mass transfer/corrosion of the wall have also been 
studied. 
 

2 EXPERIMENTAL PART 
In this research, the rate of mass transfer controlled corrosion 
of the wall of an agitated vessel equipped with dual impeller 
is studied using the transport of the Cr6+ ion and subsequent 
reaction with the copper wall of the vessel [72] according to 
the equation: 

3𝐶𝐶 + 7𝐻2𝑆𝑆4 + 𝐾2𝐶𝐶2𝑆7
→ 3𝐶𝐶𝑆𝑆4 + 𝐶𝐶2(𝑆𝑆4)3 +𝐾2𝑆𝑆4 + 7𝐻2𝑆 

The rate of reaction is followed by titration of the solution 
against standard ferrous ammonium sulphate using 
diphenylamine indicator [73]. The agitated vessel (figure 1) 
consisted of cylindrical tank with pure copper wall and 
plexiglass bottom. The inside diameter of the tank was 12 cm 
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and its height was 26 cm. The tank had four baffles made of 
plexiglass with width of 1.2 cm and extending the whole 
height of the tank. The role of these baffles is to inhibit the 
formation of swirl flow of the liquid [1]. The agitation was 
carried by a dual- six flat blades Rushton disc turbine with 
diameter of 4 cm. This type of impellers produces radial flow 
in the solution.  
 

Three different shafts with varying distance between the two 
impellers are used (4, 8 and 11 cm). The distance between the 
lower impeller and the bottom was kept constant at 4 cm. The 
shaft was rotated by means of electrical motor equipped with 
digital speed controller. The tank was filled with acidified 
dichromate solution up to the height of 21 cm. The solution 
composition was 0.003 M K2Cr2O7 + x M H2SO4, where x is 
0.5, 1, and 2. The physical properties of the solution are 
presented in table 1.  Seven different rotation speeds were 
tested to study the rate of mass transfer (100- 700 rpm). Each 
tests lasted for 30 minutes and a sample was withdrawn every 
5 minutes for titration. Temperature during test was 24 ±2 oC. 
A.R. grade chemicals and distilled water were used in the 
tests. The shaft and impellers were coated with epoxy to 
isolate them from the solution. Prior to each test, the wall 
surface was ground with fine abrasive paper and washed with 
distilled water. 
 
Table 1: Physical properties of the solutions used. 

 Density 
(gm/cm3) 

Viscosity 
(poise) 

Diffusivity 
of Cr *106 

(cm2/s) 

Sc  
Number 

0.003 M K 2Cr2O7 1.02 9.273 *10-3 10.7 850 

and ½ M H 2SO4 
0.003 M K 2Cr2O7 
and 1 M H 2SO4 

1.06 1.035 *10-2 9.55 1023 

0.003 M K 2Cr2O7 
and 2 M H 2SO4 

1.12 1.208 *10-2 8.18 1322 

 
 
 
Only the 8 cm-clearance dual impeller and the 0.5 M acidified 
dichromate were used in the polymer and suspended particles 
tests. The drag reducing polymer used was Polyox WSR 308, a 
product of DOW Chemicals. Three different concentrations of 
the polymer were used: 100, 200 and 400 ppm at five different 
agitation speeds (500, 700, 900, 1100 and 1300 rpm). For the 
suspended particles tests; Ceramic particles were ground and 
sieved to three different sizes: 150±25, 300±50 and 600±100 μm. 
Two different concentrations of particles were used: 10 and 25 
g/L. To ensure the complete fluidization of the particles, the 
testing speeds were raised to 700, 900, 1100 and 1300 rpm. The 
increased rate of mass transfer at the presence of the ceramic 
particles resulted in the decrease of the test duration and thus 
samples were withdrawn at shorter time intervals. Tests were 
carried to check the stability of the dichromate against the 
polymer or the ceramic particles and it was found that the 
dichromate concentration does not change.  
 

3 RESULTS AND DISCUSSION 
3.1 Rate of mass transfer at the wall of dual impeller 

agitated vessel 
The mass transfer coefficient can be obtained from the decay 
of the dichromate concentration with time according to the 
first order reaction equation: 
 

−𝑑𝐶
𝑑𝑊

= 𝑘𝑘𝐶
𝑄

                                                                               (4) 

which upon integration yields the form: 
 
𝑙𝑎 �𝐶0

𝐶
� = 𝑘𝑘

𝑄
𝑡                                                                                    (5) 

The values of k are calculated from the slopes of the  𝒍𝒍�𝑪𝟎
𝑪
� vs 

time (figure2).  

Figure 2: ln(C0/C) versus time curves for the 4 cm clearance between 
impellers at Sc=960. 

Figure 1: Schematic diagram and dimensions of the dual impeller 
agitated vessel. 
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Figures 3 and 4 revealed that the values of K increases with the 
increase of the clearance between the impellers and with the 
increase of the rotation speed.  

The data are fitted by regression to yield the overall mass 
transfer correlation (figure 5): 
 

𝑆ℎ = 0.322 𝑆𝑆0.33𝑅𝑅0.75 �𝑐2
𝐻
�
0.185

                          (6) 

which is valid for the conditions 960<Sc<13600, 
2400<Re<19600 and 0.19< C2/H <0.52. The mean percent 
relative error of this correlation is found to be 5 and the 
standard deviation is 4.1. 
The increase of the mass transfer with the increase of the 
rotation speed is expected; the increase in the degree of 
turbulence will result in more eddies penetrating the diffusion 
sublayer attached to the wall and the increase of the amount of 
reactant available at the surface of reaction.  
The increase in the mass transfer with the increase of the 

distance between the two impellers is due to decrease of 
volume of interaction between the two impellers; the two 
impellers become more independent of each other and little 

interaction between the upper circulation loop of bottom 
impeller and lower circulation loop of upper impeller. This 
results in liquid at higher velocity and more eddies reaching 
larger area of the wall and a subsequent increase in the rate of 
mass transfer. 
 

 
 

3.2 Comparison with single impeller 
The mass transfer from the wall in a single impeller agitated 
vessel was determined by Askew and Beckmann [58] by the 
dissolution of benzoic acid technique. They presented their 
results for the vertical 6 blade Chemineer impeller in terms of 
the mass transfer correlation: 
 
𝑆ℎ = 3.30 𝑆𝑆0.3𝑅𝑅0.55  ;    24000<Re<110000                                
(7) 

For comparison, this correlation was used to estimate the 
values of mass transfer coefficient for a vessel of 12 cm 
internal diameter and 12 cm liquid height equipped with a 4 
cm impeller and 4 baffles of 1.2 cm width. It has to be noted 
that both the Chemineer and Rushton turbine impellers 
produce radial flow. Figure 6 shows a comparison between 
the mass transfer coefficient at the wall of a single and a dual 
impeller agitated vessels. It is found that the coefficient of 
Reynolds Number is higher for the dual impeller (0.75 against 
0.55). This might be a result of the low Reynolds Number used 
in this study (2400-19600 vs. 24000-110000). However, the 
values of the mass transfer coefficient are higher for the single 
impeller, and the difference decreases with the increase of the 
Reynolds Number (130% at 2800 and 57% at 20000). 
 

Figure 4: Effect of the impellers clearance on the rate of mass transfer. 

Figure 5: Mass transfer correlation for dual impeller agitated vessel. 

Figure 3: Values of mass transfer coefficient obtained at the different 
impellers spacing, different Schmidt numbers and different impeller 
rotation speed. 
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 This can be the result of three reasons. The first reason is that 
the presence of the two impellers with two flow regimes poses 
impedance to the flow directed to the wall and decreasing the 
intensity of eddies reaching the wall compared to the single 
impeller system. The second reason is that Askew and 
Beckmann used the technique of the dissolution of benzoic 
acid wall which suffers from the development of surface 
roughness during the test and a change in the surface 
morphology, hydrodynamic conditions and surface area of the 
dissolving wall. The third reason is the difference of the values 
of Re and Sc numbers in the two studies. 
 

3.3 Power consumption in mass transfer 
Calderbank and Moo-Young [74] developed a relation 
between the mass transfer coefficient in agitated vessels to the 
power consumed as follows:  

𝑘 = 0.13 �
�𝑃𝑄�𝜇

𝜌2
�

1
4�

𝑆𝑆−2 3�                                                        (8) 

The power input in the process of agitation can be calculated 
according the equation [1], [75]: 
 
𝑃 = 𝑁𝑃𝑎5𝑎3𝜌                                                                (9) 

The power number, Np, is found in literature to be 4 for the 
case of 6 blade Chemineer single impeller [75] and 8.4, 10 and 
10 for the case of dual impeller with clearance of 4, 8 and 11 

cm respectively [7]. 
 
Figure 7 shows a comparison of the values of mass transfer 
coefficient for single and dual impeller agitated vessel versus 
the calculated specific power consumption. The values 
estimated from the equation proposed by Calderbank and 
Moo-Young were superimposed on the figure.  
It is noticed the good agreement between the experimental 
results for the dual impeller and the equation. This may 
suggest that the turbulence generated under the present 
conditions is isotropic turbulence for which Calderbank and 
Moo-Young equation was derived. On the other hand, the 
values for the single impeller are higher than expected. Again 
this can be a result from the different techniques used in the 
study and the developed roughness and attrition of the solid 
benzoic acid wall. Also it is probable that the turbulence 
generated by a single impeller is not isotropic as noticed by 
other investigators [76], [77]. It has to be mentioned that these 
results are in accordance with the reported finding that at 
equal power input, the dual impeller will have lower speed 
and lower shearing force [5]. 
 

3.4 Mass transfer at the different parts of the agitated 
vessel 

Figure 8 compares the values of mass transfer coefficient at 
different parts of the agitated vessel. The values are estimated 
from the reported equations in literature (table 2). The results 
show that the maximum mass transfer occurs at the impeller 
itself, followed by the walls of the tank of the single impeller, 
followed by the baffles, the walls of dual impeller vessel and 
finally the flat bottom. This can be attributed to the difference 
of turbulence and eddies generated at these places, being 
highest near the impeller and lowest near the bottom and the 
wall. These findings point to which parts should be given 
more attention regarding corrosion protection when designing 
the agitated vessel parts. 
 
Table 2: Mass transfer correlation for the different parts of the agitated 
vessels 

Agitated 
vessel 
part 

Equation Reynolds 
Number 
Range 

Ref
eren
ce 

Rushton 
Turbine 

𝑆ℎ = 0.22 𝑆𝑆0.33𝑅𝑅0.75 3350-
37600 

[32] 

-3.3

-3.1

-2.9

-2.7

-2.5

-2.3

-2.1

3.4 3.6 3.8 4 4.2 4.4

lo
g(

K(
cm

/s
)) 

log(Re) 

Single
Impeller

Dual
Impeller; 4
cm

Dual
Impeller; 8
cm

Dual
Impeller; 11
cm

Figure 6: Values of estimated mass transfer coefficient for the single 
impeller (estimated from the work of Askew and Beckmann and the 
dual impeller with different spacing (current study) at Sc=960. 

Figure 7: Comparison between the values of the mass transfer 
coefficient in terms of the specific power consumption.  

Figure 8: Mass transfer coefficient at different parts of the agitated 
vessel. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 5, May-2016                                                                                                     236 
ISSN 2229-5518 

IJSER © 2016 
http://www.ijser.org 

Wall/ 
Single 
Impeller  

𝑆ℎ = 3.3 𝑆𝑆0.3𝑅𝑅0.55 
 
Vertical 6 blade Chemineer impeller 

24000-
110000 

[58] 

Wall/  
Double 
Impeller 

𝑆ℎ

= 0.346 𝑆𝑆0.33𝑅𝑅0.75 �
𝑆2
𝐻�

0.185
 

2400-
19600 

 

Baffles 𝑆ℎ = 0.336 𝑆𝑆0.33𝑅𝑅0.67𝑌−0.42 
Y: dimensionless geometrical factor 
for the width of the baffle. 

7500-
60000 

[53] 

Flat 
Bottom 

𝑆ℎ = 0.586 𝑆𝑆0.33𝑅𝑅0.658 
The impeller was 4 blade 45O pitched 
turbine. 

7330-
61300 

[28] 

3.5 Effect of Drag Reducing Polymer 
Figure 9 shows the effect of the addition of the drag reducing 
polymer to the solution while using the 8 cm dual impeller at 
Schmidt Number 960. The percent change in coefficient of 
mass transfer is calculated from: 
 
𝑃𝑅𝐶𝑆𝑅𝑎𝑡 𝐶ℎ𝑎𝑎𝑎𝑅 = |𝑉𝑎𝑙𝑢𝐹  𝑏𝐹𝑓𝑜𝑟𝐹−𝑉𝑎𝑙𝑢𝐹 𝑎𝑓𝑊𝐹𝑟|

𝑉𝑎𝑙𝑢𝐹 𝑏𝐹𝑓𝑜𝑟𝐹
                           (10) 

The polymer addition resulted in a decrease in the value mass 
transfer coefficient. The mass transfer coefficient decreased 
with the increase of the polymer concentration and the 
decrease of the agitation speed: a maximum reduction of 35% 
occurred at 400 ppm polymer and 500 rpm. The results 
comply with the previous studies [28],[29],[30],[31],[32] that 
drag reducing polymers decrease the rate of mass transfer. 
Possible reason for this behaviour is the damping of strong 
vorticity fluctuation near the wall and small scale eddies in the 
hydrodynamic viscous sublayer. This will result in decrease of 
the disturbance of the diffusion sublayer and lower transport 
of the oxidizer to the wall. The increase in the reduction of 
mass transfer coefficient with the decrease of rotation speed is 
possibly due to the decrease in the rate of polymer 
degradation [35]. The results shows that drag reducing 
polymer can be used as corrosion inhibitor beside its main 
application in energy saving provided a continuous supply is 
secured for the make-up of the degraded polymer. 

3.6 Effect of suspended particles 
Figure 10 shows the effect of the addition of ceramic particles. 
It is seen that the mass transfer coefficient increases with the 
increase of concentration of particles and with the increase of 
rotation speed. Generally, the increase of mass transfer 
coefficient is the result of collision and penetration of the solid 
particles with the diffusion sublayer formed at the wall. This 
results in disturbance at this layer and entrainment of fresh 
solution to the wall. These phenomena are associated directly 
with the number of particles and subsequently explain its 
increase with the decrease of the particle size and increase of 
particles concentration. Moreover, the higher momentum 

gained by these particles at the higher rotational speeds results 
in more particles set in motion and higher number of collisions 
with the wall and at higher force. These results are consistent 
with previous studies [32], [38], [44], [78]. 
 

4 CONCLUSIONS 
In this work, the mass transfer controlled corrosion of the wall 
of a dual impeller agitated vessel was studied. It was found 
that the rate of mass transfer increases with the increase of the 
clearance between the impellers and with the increase of 
agitation. A mass transfer correlation was formulated relating 
Sherwood Number to Schmidt Number, Reynolds Number 
and the dimensionless distance between the two impellers. 
Comparing the current results with previous studies showed 
that the mass transfer rate was lower than for the case of a 
single impeller. Moreover, the rate of corrosion will be lower 
than at the impeller but higher than the bottom of the vessel. 
Good agreement was obtained between the current results and 
the equation proposed by Calderbank and Moo-Young for the 
mass transfer per energy dissipated. 
Furthermore, the addition of drag reducing polymer to the 
solution resulted in a decrease of the mass transfer; the higher 
decrease is obtained at the lower rotation speed and the higher 
polymer concentration. Thus, drag reducing polymer can be 
used as corrosion inhibitor provided of maintaining a constant 
supply to the vessel. On the other hand, the addition of 
suspended hard particles to the solution resulted in an 
increase in the rate of mass transfer; this increase depends on 

Figure 9: Effect of concentration of drag reducing polymer on 
the mass transfer coefficient. 

Figure 10: Effect of concentration and size of ceramic particles on 
the mass transfer coefficient. IJSER
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the amount of particles and the impeller rotation speed. 
Therefore, the rate of corrosion is to be expected to increase if 
particles have to be present in the solution. 

 

NOMENCLATURE 
 
A Area of mass transfer; cm2 

B Baffle width  

C Concentration; mol/L 

C0 Initial concentration; mol/L 

c1 Lower impeller clearance from the bottom. 

c2 Distance between impellers. 

c3 Distance between top impeller and liquid line. 

Cb Concentration at wall 

Cw Concentration in bulk 

CR Corrosion rate; mm/year 

d Impeller diameter 

D Diffusion coefficient; cm2/s 

H Liquid height  

k Mass transfer coefficient; cm/s 

L Vessel height  

M Molar 

M.Wt. Molecular Weight; g/mol 

n Rotation speed; rps 

N Mass flux; g/cm2 s 

Np Power Number 

P Power; erg/s 

Q Volume of solution; cm3 

t Time; s 

T Tank diameter 

μ Viscosity; g/cm s 

ρ Density; g/cm3 

Re Reynolds Number (ρd2n/μ) 

Sc Schmidt Number (μ/ρD) 

Sh Sherwood Number (kH/D) 
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