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Introduction
e Back ground

v CO,, Capture = Chemical absorption

e Research area
v Heat of absorption 4H,_, .

e Absorbent

v Aqueous ammonia (Qin F., 2010)
v’ Piperazine solution (Hilliard M., 2008; Kim 1., 2009)

v NH,/PZ blended solution ® NTNU
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Chemical reactions of CO, with NH, (aq)

The reaction of CO, with NH; (aq) is deeply discussed by Kohl et al
(1997) and Yeh et al (2005). The total reaction can be described as the
equation (1):

CO, + NH, + H,0 & NH,HCO, A H,=64.26 ki/mol (1)

The actual process of the reaction can be described as step-by-step
reactions. First of all, reaction (2) occurs as:

CO, +2NH, &2 NH,COONH, AH_ =72.32 kJimol (2)
Then, NH,COONH, has an irreversible reaction (3) in solution:
NH,COONH, + H,O0 2 NH,HCO, + NH, aH _=8.06 kiimol  (3)
At the same time, the following two reactions are possible to occur:
CO, +2NH,+ H,0 2 (NH,),CO, AH_=101.22 kd/mol (4)
CO, +H,0+(NH,),CO, 2 2NH,HCO, H_=26.88 kimol (5)

LY
www.ntnu.no “



% + %

Tsinghua University

Chemical reactions of CO, with PZ slutlon

Heat of reaction of CO, with PZ solution was determined mainly
by the following two reversible reactions (Bishnoi and Rochelle,
2000; Ermatchkov et al., 2002; Derks and Versteeg, 2006).

First of all, at the beginning of the absorption process, reaction
(6) mainly determined the AH_, .

PZ +H,0+CO, 2 PZCOO™ +H,O" (6)

As the absorption process going on, the CO, loading of solution
increased, free PZ decreased, and the generation of PZCOO made
reaction (7) gradually began to occuir.

PZCOO +H,0+CO, 2 PZ(COO"), +H.,O" (7)
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CO, loading (moles/equiv PZ)
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Experimental apparatus in thls work

 The experimental setup of the 2L reaction calorimeter
CPA-122 (ChemiSens AB, Lund, Sweden)
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Experimental section
NH; (aq)

4 Concentration: 3.1 m (5 wt% )

v’ Temperature: 40°C,607C, 80C
« PZ solution

v Concentration: 0.86 m (6.9 wi%)
v' Temperature: 40°C,607C, 80C

NH,/PZ blended solution

v Concentration:
3.1m NH;+0.86m PZ; 3.1m NH,;+0.43m PZ; 1.5m NH;+0.86m PZ

v’ Temperature: 40°C,60C, 80°C @ NTNU
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Chemicals
« CO, (AGA, =99.99% pure)
 Distilled water (NTNU Lab)
* Piperazine (SIGMA-ALDRICH, > 99 % pure)
« Ammonia (SIGMA-ALDRICH, = 25wt% )

e All the concentrations of tested solutions were

determined by Metrohm 809 Titrando auto titrator.
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Heat of absorption of CO, in PZ solutions
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Heat of absorption of CO, in 3.1m NH;,
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Effect of PZ concentration to the heat of absorption
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Fig.17. Heat of absorption of CO, with NH; (ag) and NH; blended
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Comparison of NH;/PZ blends with MEA/PZ blends at 40°C
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NH,/PZ blended solutions compared with other mixtures
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Conclusions

A reaction calorimeter CPA-122 was used to determine the heats of
absorption ( 4H,, ) of CO, in NH; (aq), PZ solutions and their mixtures
at 40, 60 and 80C. The trends of 4H_, . changing with CO, loading a
were obtained at each temperature.

H_. of CO, in 5 wt% NH, (aq) at low CO, loading interval (0-0.5) was
estlmated to be 74.8 kJ/moI CO, at407C and 65.9 kd/mol CO, at80°C.

AH, of CO, in 0.86m PZ solution were estimated to be 72-74 kJ/mol
CO, at low CO, loading interval (0-0.5) at 40-80°C.

AH,,, of CO, in NH,;/PZ blended solutions were measured and found to
demonstrate a high degree of consistency with only NH; (aq)’s results
during entire CO,, loading interval at each temperature.

The mechanism of the heat of absorption controlled by the reactions of
CO, with NH; and PZ in the mixtures was also discussed.
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Conclusions

Thank you fer your adention!

Questions?
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