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Mass transfer in semi-aqueous 

MEA for CO2 Capture



• Introduction: 

• CO2 diffuse and react with amine

• MEA(semi-aq): MEA-physical solvent-water

• Theory

• Experiment Method

• WWC, FTIR, N2O analogy

• Results

• Conclusion
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3Mass transfer with fast and finite rate reaction

interface



Mass balance:  CO2 reacts with amine

𝐶𝑂2 + 2𝑀𝐸𝐴
𝐾𝑒𝑞

𝑀𝐸𝐴𝐶𝑂𝑂− + 𝑀𝐸𝐴𝐻+

𝑑𝑐𝑖

𝑑𝑡
= −𝐷𝑖

𝑑2𝑐𝑖

𝑑𝑥2
+ 𝑉𝑖 ∗ 𝑅

𝑅 = 𝑘3 ∗ 𝑎𝐶𝑂2 ∗ 𝑎𝑀𝐸𝐴
2 −

𝑘3

𝐾𝑒𝑞
𝑎𝑀𝐸𝐴𝐶𝑂𝑂 ∗ 𝑎𝑀𝐸𝐴𝐻

𝑎𝑖 = 𝛾𝑖 ∗ 𝐶𝑖

• i = 𝐶𝑂2, 𝑀𝐸𝐴, 𝑀𝐸𝐴𝐶𝑂𝑂−, 𝑀𝐸𝐴𝐻+

• Can’t solve analytically

• Can be solved with assumptions (PFO)



Solve kg’ by film theory and PFO

(Danckwarts,1970)
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• [amine] >>  [CO2], constant

• Pseudo First Order (PFO)

𝐷𝑐𝑜2
𝜕2[𝐶𝑂2]

𝜕𝑥2
− 𝑘[𝐴𝑚]2[𝐶𝑂2] = 0

𝑁𝐶𝑂2 =
𝐷𝐶𝑂2𝑘 ∗ 𝐴𝑚

𝐻𝐶𝑂2−𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
(𝑃𝐶𝑂2,𝑖 − 𝑃𝐶𝑂2,𝑏

∗ )

𝑘𝑔
′ =

𝐷𝐶𝑂2𝑘3∗[𝐴𝑚]

𝛾𝐶𝑂2𝐻𝐶𝑂2

activity based  

𝑘𝑔
′ =

𝐷𝐶𝑂2 𝑘3 ∗ 𝑎𝑎𝑚
𝛾𝐶𝑂2

0.5𝐻𝐶𝑂2



Semi-aqueous amine, Why higher kg’ ? 

Amine-water-physical solvent              (NMP)

Hypothesis

• 𝛾𝐶𝑂2 reduced, kg’ increase

• 𝑎𝑎𝑚 increase, kg’ increase

• Viscosity increase, 𝐷𝐶𝑂2 decrease, kg’ decrease
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𝑘𝑔
′ =

𝐷𝐶𝑂2 𝑘3 ∗ 𝑎𝑎𝑚
𝛾𝐶𝑂2

0.5𝐻𝐶𝑂2



Experiment method

•kg’ & 𝑃𝐶𝑂2
∗

by the WWC

•𝛾𝐶𝑂2, 

by N2O analogy

•aam,

by FTIR
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Wetted Wall Column (WWC)

N2

CO2

Analyzer

[CO2]Bypass

CO2 flux

P* and kg’

(known ae)

CO2

Solv.
Tank

[CO2] wwc
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Measuring CO2 physical solubility using N2O  analogy

(Versteeg 1988)

𝐻𝐶𝑂2−𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛= 
𝐻
𝐶𝑂2 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟

𝐻
𝑁2𝑂 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟

* 𝐻𝑁2𝑂−𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝐻𝐶𝑂2−𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 𝛾𝐶𝑂2𝐻𝐶𝑂2

𝐻𝐶𝑂2 is the Henry’s constant (std.)
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Known, 

0.73

measured



Activity of amine
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• 𝑃𝑎𝑚 = 𝐻𝑎𝑚𝛾𝑎𝑚𝑥𝑎𝑚 = 𝐻𝑎𝑚𝑎𝑎𝑚
• 𝑎𝑎𝑚 = 𝑃𝑎𝑚/ 𝐻𝑎𝑚

• 𝐻𝑎𝑚 is the Henry’s constant (std.)

• 𝛾𝑎𝑚 is the activity coefficient 

• 𝑎𝑎𝑚 is the activity of the amine. 

•
𝑃𝑎𝑚,2

𝑃𝑎𝑚,1
=

𝑎𝑎𝑚,2

𝑎𝑎𝑚,1
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12kg’ of 7 m MEA in different solvents at 40 oC by WWC 

1.E-07

1.E-06

1.E-05

100 400 1600

k
g
',
 m

o
l/

s
*P

a
*m

2

P*CO2 at 40 oC, Pa

95NMP

5water

1NMP

3water

3NMP

1water

7 m aq MEA 
5 m aq PZ



PMEA above different 7 m semi-aqueous MEA at 40 oC by FTIR 
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Numerical solution of penetration theory by MATLAB 

𝐶𝑂2 + 2 𝑀𝐸𝐴
𝐾𝑒𝑞

𝑀𝐸𝐴𝐶𝑂𝑂− + 𝑀𝐸𝐴𝐻+

𝑑𝑐𝑖

𝑑𝑡
= −𝐷𝑖

𝑑2𝑐𝑖

𝑑𝑥2
+ 𝑉𝑖 ∗ 𝑅

𝑅 = 𝑘3 ∗ 𝑎𝐶𝑂2 ∗ 𝑎𝑀𝐸𝐴
2 −

𝑘3

𝐾𝑒𝑞
𝑎𝑀𝐸𝐴𝐶𝑂𝑂 ∗ 𝑎𝑀𝐸𝐴𝐻

𝑎𝑖 = 𝛾𝑖 ∗ 𝐶𝑖

regressed parameters 

k3 = 12711
𝑚6

𝑚𝑜𝑙2∗𝑠

𝐷𝑐𝑜2 = 𝐷𝑐𝑜2,𝑎𝑞 (
𝜇

𝜇𝑎𝑞
)−0.52
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PFO approximation is adequate

MEA concentration profile by MATLAB
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Rich loading, more NMP: 

PFO is not accurate 

MEA concentration profile by MATLAB



Sensitivity analysis:
𝝏𝐥𝐧𝒌𝒈

′

𝝏 𝒍𝒏 𝒑𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓
, deviation from 𝒌𝒈

′ =
𝑫𝑪𝑶𝟐 𝒌𝟑∗𝒂𝒂𝒎

𝜸𝑪𝑶𝟐
𝟎.𝟓𝑯𝑪𝑶𝟐
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Explain the rate increase by PFO
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Lean:0.37 mol CO2/mol MEA

𝑘𝑔
′ =

𝐷𝐶𝑂2 𝑘3∗𝑎𝑎𝑚

𝛾𝐶𝑂2
0.5𝐻𝐶𝑂2

𝐷𝐶𝑂2 ∝ µ−0.52

Rich loading: not PFO, must use the MATLAB model 



Conclusion

• At lean loading (P*CO2 at 40 oC = 100 Pa) , kg’ of 7 m MEA in 3 water/1 NMP, 1 

water/3 NMP, and 5 water/95 NMP is 1.25 times, 4 times, and 17 times that of 

7 m MEA(aq), respectively. 

• Adding NMP increases kg’: lower loading, higher physical solubility, higher 

MEA activity.  

• A MATLAB mass transfer model was built for semi-aqueous MEA.

• PFO approximation is adequate to represent the CO2 mass transfer in 

aqueous MEA but not accurate for semi-aqueous MEA. 
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