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Abstract 

A methodology for the determination of mass transfer resistances in three-phase mechanically agitated 

slurry reactors under the reaction conditions is presented. The mass transfer resistances affect significantly 

the overall mass transfer rate, the design equation and consequently the scale up of the reactor. There is 

no establishment methodology to separate the mass transfer resistances under reaction conditions 

resistances by manipulating the process variables, pressure and agitation speed. The hydrogenation of 

styrene over Pd/C (5% catalyst content) was used as case study to demonstrate the methodology.    
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Introduction

Gas-liquid-Solid three-phase reactors are of great 

importance in pharmaceutical and fine chemical industry. 

The most common type of three phase reactor which is used 

within these industries is the mechanically agitated vessels. 

During the three phase reaction a number of physical 

transport processes need to take place before the surface 

catalytic reaction. The physical transport processes may 

affect strongly the rate of the overall process. As a result, 

the observed reaction rate may differ from the intrinsic rate 

of the chemical reaction (Hoffer et al., 2004).  

Taking into account that the intrinsic rate of the 

chemical reaction is scale independent but the physical 

transport processes are highly dependent on scale, it 

becomes clear that the limiting regime (physical transport 

or chemical reaction) should be defined before the scale up 

(Hoyle, 1999). 

In this paper, we introduce the concept of mass 

transfer resistance, Ω, and build a methodology to calculate 

each one of the resistances.  

Description of Method 

The hydrogenation of styrene over Pd/C was used as 

case study for the calculation of mass transfer resistances. 

The overall reaction rate MTRH2
assuming a first order 

surface reaction with respect to hydrogen pressure and 

adopting the mass transfer in series model is given as, 
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The overall mass transfer resistance Ωtot, as, 
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Table 1: Definition of mass transfer resistances. 
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If one observes the MTRH2
at different catalyst loading, 

w, keeping same the rest of the variables and plots Ω vs 

V/w, then the intercept of the graph will be equal to the 



  

 

1/KLα. Repeating the same procedure at different stirrer 

speed, the 1/KLα can be calculated for several agitation 

speeds. On the other hand, if one observes the MTRH2
at 

different hydrogen concentrations, by changing the 

pressure, keeping same the rest of the variables and plots Ω 

vs CH2,i

0.5 , then the slope of the graph will be equal to 
1
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. Therefore, the three mass transfer resistances can 

be calculated and the limiting regime can be specified based 

on the higher mass transfer resistance.   

Results and Discussion 

Experiments to calculate the resistance to gas-liquid 

mass transfer, 1/KLα, took place at agitation speeds from 

200 to 1200rpmand catalyst concentration from 0.05g/L to 

1.5g/L.  Figure 1 illustrates the results for 200 and 500 and 

1000rpm. As stirrer speed increases, 1/KLα decreases, 

reaching a plateau. This trend is shown clearer in Figure 2. 

The significant enhancement between 400 and 500rpm 

could be resulted from the surface breakage which was 

observed visually using a transparent copy of the reactor 

vessel. The plateau could be resulted from a reduced 

residence time of the bubble in the liquid which cannot be 

compensated by the higher contact surface area.  

Once the  𝛺 𝑡𝑜𝑡 vs V/w plots have been built, one is able 

to calculate the ratio between 𝛺 1and 𝛺 2 + 𝛺 3. 

Experiments with varying pressure at ratios lower than 

unity allows the calculation of 𝛺 3 as shown in Figure 4. 

 

Figure 1: Plots of Ωtot vs V/w at 200,500,1000rpm. 

 

Figure 2 Plot of KLα vs agitation speed. 

 

Figure 3: Plot of Ωtot vs𝐶𝐻2,𝑖

0.5 . 

Ω3 is independent of mixing conditions. Therefore, the 

calculated value at 1200rpm can be used to calculate the 

𝛺 1and  𝛺 2 at any agitation speed. As Figure 4 shows the 

plateau at high agitation speeds does not ensure a chemical 

reaction regime.  

 

Figure 4: Mass transfer resistances vs agitation 

speed. 

Conclusion 

The mass transfer resistances can be calculated 

manipulating only the agitation speed and the pressure. The 

limiting regime cannot be always ensured by observing the 

mass transfer rate plateau at different agitation speeds.  
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