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Kim et al., 2019In 2019…

We have completed simulations for ORGANIC SPECIES 

(covering 64 total compounds) in 2019.

https://doi.org/10.25611/fmxp-ff31

https://doi.org/10.25611/fmxp-ff31
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Inorganic Contaminants

Figure 1. Heterogeneous porous media and contaminants in water. 1/10

❑ Lead
o US EPA primary drinking 

water pollutant

o US EPA Action Level: 15 ppb

o Damage to brain, kidneys, 

nervous system.

Source: 

Water Quality Association (WQA) Fact Sheet

NSF/ANSI 53 – Lead: CERTIFIED

NSF/ANSI 53 – Mercury: CERTIFIED

NSF/ANSI 53 – Radon: CERTIFIED



Process Diagram
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Full 3D vs. Axisymmetric

Computation time

~1 day

Computation time

~2 min
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Kim et al., 2019

https://doi.org/10.25611/fmxp-ff31

https://doi.org/10.25611/fmxp-ff31


Model Equations

4/10

• Model Equations for Inorganic Contaminants
• Based on Langmuir model

• Transport and reaction on the surface (source term, f)

• Assume chemical reaction (𝑟𝑎 >> 𝑟𝑑 )

• Rate of adsorption: numerically solving surface mass balance using PDE

𝑓 = 𝑟𝑎−𝑟𝑑= 𝑘𝑎𝑑𝑠,𝐴𝑐𝐴 Γ𝑝,𝐴 − 𝑐𝑝,𝐴 − 𝑘𝑑𝑒𝑠,𝐴𝑐𝑝,𝐴

where 

𝑟𝑎, 𝑟𝑑 is the rate of adsorption and desorption, respectively (mol/m3-min)

𝑘𝑎𝑑𝑠,𝐴 and 𝑘𝑑𝑒𝑠,𝐴 is the rate constant for the adsorption (m3/mol-min) and desorption (1/min), respectively

Γ𝑝,𝐴 is the total volume concentration of active sites in particle pores (mol/m3)



Model Equations
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• Model Equations for Inorganic Contaminants

• PDE based modeling (General Form PDE Interface)

• Source term: adsorption rate, 𝑟𝑎 (assume 𝑟𝑎 >> 𝑟𝑑)

• Conservative laws (diffusive mass transfer)

• Coordinate system (Cartesian vs. Curvilinear) 

• Cylindrical

• Axisymmetric

𝑒𝑎,𝐴
𝜕2𝑐𝑝,𝐴
𝜕𝑡2

+ 𝑑𝑎,𝐴
𝜕𝑐𝑝,𝐴
𝜕𝑡

+ ∇ ∙ −𝐷𝑝,𝐴∇𝑐𝑝,𝐴 = 𝑘𝑎𝑑𝑠,𝐴𝑐𝐴 Γ𝑝,𝐴 − 𝑐𝑝,𝐴

where 

𝑒𝑎,𝐴 and 𝑑𝑎,𝐴 is the mass coefficient and the damping coefficient, respectively 

𝐷𝑝,𝐴 is the surface diffusivity of the chemical species, A (m2/s) 

𝑘𝑎𝑑𝑠,𝐴 is the rate constant for the adsorption (m3/mol-min)

Γ𝑝,𝐴 is the total volume concentration of active sites in particle pores (mol/m3)



Model Equations
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• Model Equations for Inorganic Contaminants

• PDE based modeling (General Form PDE Interface)

• Using an alternative source term for compensating the conservative flux term

➔

• For conservative flux, ∇ ∙ −𝐷𝑝,𝐴∇𝑐𝑝,𝐴

• For source term, f

𝑘𝑎𝑑𝑠,𝐴𝑐𝐴 Γ𝑝,𝐴 − 𝑐𝑝,𝐴 + 𝐷𝑝,𝐴
𝑐𝑝,𝐴
r

−𝐷𝑝,𝐴
𝜕𝑐𝑝,𝐴

𝜕r
, −𝐷𝑝,𝐴

𝜕𝑐𝑝,𝐴

𝜕z

https://www.comsol.com/blogs/guidelines-for-equation-based-modeling-in-axisymmetric-components/

https://www.comsol.com/blogs/guidelines-for-equation-based-modeling-in-axisymmetric-components/


Physics/Interface-selected

Fluid movement in the entire reactor: 

Free and porous media flow (fp)

Mass transport of the chemical species in the porous media: 

Transport of Diluted Species in Porous Media (tds)

interface with a time-dependent study step. 

*contaminants level: ng/L (ppt) - μg/L (ppb)

Chemical Engineering module: partial differential equation (PDE)

General Form PDE interface
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Chemical Adsorption Study
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• Simulated result < 1% difference

Media +/- %

Media A N/A

Media B 0.7%

• Same media weight, different kinetics (𝑘𝑎𝑑𝑠)

C/C0



Conclusions

1. A mass-transport equation describing the concentration of 

contaminant in the fluid (𝑐𝑓) and on the adsorptive material 

surface (𝑐𝑝) was solved numerically using the built-in PDE 

interface. 

2. The simulated results successfully explain how material’s 

embedded kinetic characteristic, in terms of adsorption rate, 

plays an important role in the filtration performance of 

adsorptive media.

3. The Chemical Engineering module in COMSOL can minimize 

lab-works and protect researchers from dangerous 

experiments, especially during pandemic situations.
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Thank you!


