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Figure 1. Showing inflow and outflow of 3-D Geometry  
and 2-D Axisymmetric surface concentration of the model 
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Introduction:  
Many experiments, mathematical and numerical 
simulations have been carried out to evaluate behaviour, 
performance and interaction of squeezed Scale Inhibitors 
within porous media relative to their efficiency in 
addressing the frequent scale formation and its associated 
consequences. However, several physical (loose sand 
particles) and chemical processes affect the adsorption and 
performance of squeezed scale inhibitors onto formations. 
In this research, Transport of Diluted Species in Porous 
Media node of COMSOL Multiphysics 5.3 software was 
used to simulate the adsorption and desorption isotherms 
of Methylenephosphonic acid scale inhibitor. The result 
showed a good fit with that of Veloso et al., 2014. 

Aim:  
To use 3-D model and Transport of Diluted Species in 
Porous Media node of COMSOL Multiphysics software to 
study the interactions of Scale inhibitors with surface area 
of porous Sandpack. 

Numerical Method:  
Transport of Diluted Species in Porous Media node of 
COMSOL was used to simulate the adsorption and 
desorption isotherms. The Langmuir equation solved is as 
shown below; 

Results: 
Figures (2) and (3) show adsorption while Figures (4) and 
(5) show desorption isotherms of COMSOL simulations 
(purple) in comparison with gProms Linear Driving Force 
(red) and experimental (blue) obtained by Veloso et al., 
2014 at concentrations of 3.34mol/m3 and 33.4mol/m3 

respectively. 

Discussion: 
• The results of 3-D model using Transport of Diluted 

Species in Porous Media of COMSOL Multiphysics 5.3 
were correlated with the results obtained from gProms 
Linear Driving Force model (Veloso et al., 2014). 

• Minimum and maximum concentrations of 3.34mol/m3 
and 33.4mol/m3 were used as feed concentrations to 
simulate the scale inhibitor break through adsorption.   

• The results showed close fit between the Veloso Linear 
Dynamic Force simulated curve (red)/experimental 
(blue) and the COMSOL simulated curve (Purple).  

Conclusions: 
• Transport of Diluted Species in Porous Media node of 

COMSOL Multiphysics software is a veritable software 
for the work carried out in this study and for future 
simulation works to be carried out. 

• Concentration affects the rate of adsorption of scale 
inhibitors on porous Sandpack. 
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Where qa = the adsorption capacity (mol/kg), qs = saturation capacity 
(mol/kg), Ceq = concentration at equilibrium in the liquid phase (mol/m3), 
b = affinity coefficient between the adsorbate/adsorbent (m3/mol). 

Where: Ci is the concentration of the species (mol/m3). 
u is the velocity vector (m/s), Ri is the reaction rate expression 
(production or consumption rate) for the species (mol/(m3s)), Pi and P2 
are the inlet and outlet pressures respectively (atmospheric). 

Eqn. 1 

Eqn. 2 

COMSOL uses the following partial differential equation 
(PDE) Eqn. 2 to evaluate mass transfer to the adsorbent. 


