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CO2 absorber pilot plant tests 

Experimental matrix 
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Experimental space 
Munmorah 

pilot tests[1] 

Optimized profiles 

presented at GHGT-13 

[1] Yu et al. Chem Eng Res Des 89 (2011) 1204-1215 

%vol CO2 in the 
inlet fluegas 

Munmorah[1] 8.5 – 12 

22% 

18% 

vol. CO2 
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Experimental space 
Munmorah 

pilot tests[1] 

Pilot tests – This work 

%vol CO2 in the 
inlet fluegas 

Munmorah[1] 

This work 

8.5 – 12 

15 – 35 

[1] Yu et al. Chem Eng Res Des 89 (2011) 1204-1215 
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Experimental results after data reconciliation 
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CO2 absorber pilot plant tests 

Sensitivity analysis on the experimental CO2 absorption 
rate 
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CO2 loading of the inlet liquid stream (1) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟒 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟏𝟎 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 
𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟏𝟔 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 15°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 1

m

s
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CO2 loading of the inlet liquid stream (2) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟏𝟎 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟑𝟎 𝐤𝐏𝐚 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 11
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 40°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 0.7

m

s
 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟑𝟎 𝐤𝐏𝐚 
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Temperature of the inlet liquid stream (1) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟒 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫  

𝑃𝐶𝑂2

𝑖𝑛 = 20 kPa ;  
𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5
kg

kg
 ; 𝑙𝐶𝑂2

𝑖𝑛 = 0.45 − 0.52
molCO2

molNH3

 ; 𝑣𝑠,𝐺
𝑖𝑛 = 0.7

m

s
 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫  
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Temperature of the inlet liquid stream (2) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟒 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟑𝟎 𝐤𝐏𝐚 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 11
kg

kg
 ; 𝑙𝐶𝑂2

𝑖𝑛 = 0.5 − 0.55
molCO2

molNH3

 ; 𝑣𝑠,𝐺
𝑖𝑛 = 0.7

m

s
 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 
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NH3 concentration in the inlet liquid stream (1) 

𝒍𝑪𝑶𝟐

𝒊𝒏 = 𝟎. 𝟑𝟐𝟓 𝐦𝐨𝐥𝐂𝐎𝟐
/𝐦𝐨𝐥𝐍𝐇𝟑

 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟏𝟔 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝒍𝑪𝑶𝟐

𝒊𝒏 = 𝟎. 𝟒𝟓 𝐦𝐨𝐥𝐂𝐎𝟐
/𝐦𝐨𝐥𝐍𝐇𝟑

 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 15°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 1

m

s
 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 
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NH3 concentration in the inlet liquid stream (2) 

𝒍𝑪𝑶𝟐

𝒊𝒏 = 𝟎. 𝟓 𝐦𝐨𝐥𝐂𝐎𝟐
/𝐦𝐨𝐥𝐍𝐇𝟑

 

𝑃𝐶𝑂2

𝑖𝑛 = 30 kPa ;  
𝐿𝑖𝑛

𝐺𝑖𝑛 = 11
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 40°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 0.7

m

s
 

𝒍𝑪𝑶𝟐

𝒊𝒏 = 𝟎. 𝟔 𝐦𝐨𝐥𝐂𝐎𝟐
/𝐦𝐨𝐥𝐍𝐇𝟑
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Inlet liquid-to-gas flowrate ratio 

𝒗𝒔,𝑮
𝒊𝒏 = 𝟎. 𝟕 𝐦/𝐬 

𝑃𝐶𝑂2

𝑖𝑛 = 20 kPa ;  𝑙𝐶𝑂2

𝑖𝑛 = 0.35
molCO2

molNH3

 ; 𝑇𝐿
𝑖𝑛 = 15°C ;  𝑚𝑁𝐻3

𝑖𝑛 = 10
molNH3

kgwater
 

𝒗𝒔,𝑮
𝒊𝒏 = 𝟏 𝐦/𝐬 
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Inlet gas superficial gas velocity 

𝑃𝐶𝑂2

𝑖𝑛 = 20 kPa ;  𝑙𝐶𝑂2

𝑖𝑛 = 0.35
molCO2

molNH3

 ; 𝑇𝐿
𝑖𝑛 = 15°C ;  𝑚𝑁𝐻3

𝑖𝑛 = 10
molNH3

kgwater
 ;  

𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5 
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CO2 absorber pilot plant tests 

Sensitivity analysis on the overall gas phase mass transfer 
coefficient for CO2 
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Simplified equation of the CO2 absorption rate 

𝑁𝐶𝑂2
= 𝐾𝐺,𝐶𝑂2

𝑉𝐴𝑖𝑛𝑡(𝑃𝐶𝑂2
− 𝑃𝐶𝑂2

∗ )  

𝐴𝑖𝑛𝑡 = 𝑓 hydrodynamics    

(𝑃𝐶𝑂2
− 𝑃𝐶𝑂2

∗ ) = 𝑓 thermodynamics    
Thomsen thermodynamic model to 
compute the driving force 

Rochelle model to compute the 
effective G-L interfacial area 

𝐾𝐺,𝐶𝑂2
= 𝑓

physical mass transfer
reaction kinetics in the L − phase

   
Computed from CO2 absorption rate 
experimental results 

𝑁𝐶𝑂2
 Experimental value from pilot tests 
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CO2 loading of the inlet liquid stream 
(exemplary sensitivity analysis) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟒 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟏𝟎 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 
𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 
𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟏𝟔 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 
𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 15°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 1

m

s
 



Technology for a better society 

17 

CO2 absorber pilot plant tests 

Sensitivity analysis on the enhancement factor (E) of the 
physical mass transfer in the liquid due to chemical 

reaction 
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Mass transfer resistance 

1

𝐾𝐺,𝐶𝑂2

=
𝑅𝑇

𝑘𝑔,𝐶𝑂2

+
𝐻𝐶𝑂2

𝑚

𝐸𝑘𝑙,𝐶𝑂2
0   

𝑘𝑔,𝐶𝑂2
  

Rochelle model to compute the gas-
film mass-transfer coefficient 

𝑘𝑙,𝐶𝑂2

0   
Rochelle model to compute the liquid-
film mass-transfer coefficient 

𝐻𝐶𝑂2

𝑚   
Partition coefficient computed by 
Thomsen model 

𝐸  Enhancement factor due to chemical 
reaction computed from the overall 
CO2 mass transfer resistance 
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CO2 loading of the inlet liquid stream 
(exemplary sensitivity analysis) 

𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟒 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟔 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 𝒎𝑵𝑯𝟑

𝒊𝒏 = 𝟏𝟎 𝐦𝐨𝐥𝐍𝐇𝟑
/𝐤𝐠𝐰𝐚𝐭𝐞𝐫 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟖 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟏𝟔 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝑷𝑪𝑶𝟐

𝒊𝒏 = 𝟐𝟎 𝐤𝐏𝐚 

𝐿𝑖𝑛

𝐺𝑖𝑛 = 8.5
kg

kg
 ; 𝑇𝐿

𝑖𝑛 = 15°C ; 𝑣𝑠,𝐺
𝑖𝑛 = 1

m

s
 


