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Regenerative process analysis of the new carbon capture technique
based on mixed absorbent

ZHANG Yu,GAO Jianmin, FENG Dongdong, DU Qian, WU Shaohua

(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; Using a new kind of absorbent which is the mixture of aqueous ammonia and ethanol, a process of
carbon capture by ammonia of low concentration with reinforced crystallization and lower energy consumption is
presented. By the application of antisolvent crystallization to reinforce crystallization process, low energy
consumption of regeneration could be achieved easily due to saving the energy to heat the water of carbonized
ammonia in the desorption process. TGA is adopted to study the regeneration process of crystal product, and heating
method pyrolysis and constant temperature pyrolysis are used respectively. What’ s more, if the waste heat from the
power plant can be used as heat source of the regeneration process, the more energy can be saved for the
technology. With the regeneration temperature between 40 C and 80 °C , the active energy can be as low as 48.38
kJ/mol. The regeneration process is studied at the constant temperature of 60 C , 80 °C and 100 °C. And if the rate
of rising temperature is 5 K/min, the crystal product will be totally decomposed when the temperature reaches
80°C ,not only can achieve low energy consumption but also have fast regeneration rate which have the advantage
over the process of rich carbonated ammonia. For the mixed absorbent, the different proportion of the dissolved
agent has little effect on the regeneration process, and the composition of the mixture is determined only by the
absorption rate. The better regeneration rate can be obtained by the constant temperature of 80 °C. After the
calculation of 16 classical models, the model function was selected for the study of crystal products.
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Tab.1 Common model functions in solid-state reaction kinetics

ETRe i BEX g(@)
M1 Nucleation model, Mampel power law, n = 1/4 o (V¥

M2 Nucleation model, Mampel power law, n = 1/3 o (V3

M3 Nucleation model, Mampel power law, n = 1/2 o (V?

M4 Nucleation model, Mampel power law, n = 3/2 o ¥?

An(1-a) ]V

Al Nucleation model, Avrami-Erofeev, n = 1/4

A2 Nucleation model, Avrami-Erofeev, n = 1/3 An(1-a)]"?

A3 Nucleation model, Avrami-Erofeev, n = 1/2 AIn(1- ) ]V?
“In(1- ) ]¥?

-In(1-a)]3

A4 Nucleation model, Avrami-Erofeev, n = 3/2

A5 Nucleation model, Avrami-Erofeev, n = 3
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A6  Nucleation model, Avrami-Erofeev, n = 4

RI (:yeometr%cal contraction model , 1= (1-a)?
Contracting area, n = 1/2

Geometrical contraction model ,

R2 (1 —a)3
Contracting volume, n = 1/3 [-(-9

F1  Reaction-order model, Zero-order o

-In(1-a)

F2  Reaction-order model, First-order

(1-a) ™' =1

F3  Reaction-order model, Second-order

(1/2)[(1-
a)?-1]

F4  Reaction-order model, Third-order
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Fig.2 The mass of crystal product varying with time
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Fig.3 The rate of mass loss varying with time
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Tab.2 Kinetic parameters of different condition
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B 1 5 77.18 1.00 % 10°  -0.999 3
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B 1 15 48.38 7 580 -0.999 4
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