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A new technique of carbon capture by ammonia with the reinforced crystallization was put forward in this paper
in view of existing problems. Through the application of low concentration of ammoniawith alcohols added in to
reinforce crystallization process, ammonia escapes less, and the load capacity increases and at the same time, low
energy consumption of regeneration could be achieved easily. By experiments and theoretical calculation, it was
found that the absorbent capacity could reach 1.64 kgCO2/kgNH3, and ammonia escape at the outlet could be
neglected. What's more, through rough estimation, thermal energy consumption for regeneration was only
about 1/3 as much as that of conventional rich solution regeneration. In conclusion, the new technique is an im-
provement with great advantages for carbon capture by ammonia.

© 2015 Published by Elsevier B.V.

1. Introduction

Due to the growing crisis in climate caused by the increasing
emission of carbon dioxide (CO2), more and more people pay close
attention to the study of CO2 capture in coal-fired power plant.
Chemical absorption is the most developed method of post-
combustion capture to reduce CO2 emissions from power plants
[1]. Absorption by ammonia is one of the carbon removal technolo-
gies after combustion, with the advantages [2–6] of a high CO2 ab-
sorbing load, no corrosion and degradation problem and the energy
consumption much lower than that of MEA [7–10]. With the tremen-
dous potential, it is expected to achieve combined removal of SO2,
NO2, CO2, HCl and HF [11–13].

According to the study of CO2 capture by ammonia at present,
there are still following problems: highly volatile ammonia leads to
the waste of absorbent; the absorption rate is low [14,15]; it is diffi-
cult in the later stage to raise the load ability of ammonia; and it's still
necessary to reduce the energy consumption of regeneration in the
future. With the increase of ammonia concentration, the amount of
ammonia escape would increase further [16]. At room temperature

the kinetic rate constant (kabsorbentT and kTH2O ) for ammonia was
around 9 times and 3 times lower than the values of MEA respective-
ly and much lower than these of other solvents such as AEEA, EDA,

DETA and PZ [17]. In the experimental conditions, the reaction rate
of CO2 and aqueous ammonia was proportional to the 2 parties of
NH3 concentration in the liquid phase [18]. Therefore, it's difficult
to further improve the loading capacity of ammonia in the late pro-
cess of absorption.

In view of these problems, a new technique of CO2 capture with
the reinforced crystallization of low ammonia concentration was
put forward in this paper. Its ideas are stated as follows: application
of low ammonia concentration, decreasing amount of ammonia es-
cape; load capacity of low ammonia concentration increased by the
reinforced crystallization process; and low energy consumption of
regeneration with the recycling of crystalline product. With the pro-
cess optimization, the rate of CO2 absorption increased at the same
time.

As shown in Fig. 1, compared with conventional process, crystal ap-
peared in the solution once the ratio of carbon to nitrogen reaches to
0.57–0.63. After the solution with crystal discharged from the bottom
of absorption–crystallization tower, crystal product was obtained via
liquid–solid separation device. It was sent to heating and regenerating
device. The mixed gas produced by decomposition went through the
separation device of ammonia–carbon, NH3 among it would be separat-
ed and sent back to the absorption tower for recycling with the liquid
obtained by liquid–solid separation device together. Then CO2 in the
flue gas was finally enriched.

The key point of this process is the realization of enhanced crystalli-
zation in absorption process when the carbonized ratio is relative low.
Hence we carried out following experiments, and preliminary experi-
mental results showed that this technology was feasible.
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2. Materials and method

2.1. Experiment system

The experiment system used in this paper is described as follows
(Fig. 2). Simulated flue gas made by N2 and CO2 for a certain proportion
was provided by gas distribution device, and then went through the
bubbling reactor body in the constant temperature water bath. After
the post-processing devices comprised by two washing devices, the
condenser and the CaCl2 dryers, the concentration of CO2 in the exit
was measured by CO2 analyzer, finally the real-time data was recorded
by a computer. The concentration of CO2 before the reaction was mea-
sured through the bypass, and the carbonized solution was analyzed
by an automatic titrator after sampling.

The use of CaCl2 dryers was absorbing the alcohols before they en-
tered the CO2 analyzer. From Fig. 3, we can see that the application of
CaCl2 dryer, especially the way of multiple series has an influence on
the data measured by CO2 analyzer. It could reduce the measurement
error of the concentration CO2 concentration in the outlet to about

2.8% or so, whichwillmake the calculation of the amount of CO2 absorp-
tion more accurate.

2.2. Titration method

After reaction, the crystals, carbonized solution in the reactor and
the liquid in the two washing bottles were all sampled and titrated by
the ZDJ-5 automatic titrator which was produced by Leici instrument
factory, Shanghai precision scientific instruments limited. During the ti-
tration process, pH value and its rate of change (ERC) were recorded by
a computer, then the titration process equilibrium is given according to
the ERC [19].

To verify the feasibility of titration when the alcohols join in, we ti-
trated aqueous ammonia and absorption solution (aqueous ammonia
mixed with ethanol in proportion) for many times, and calculated the
content of ammonia among them, respectively. The average relative
error is about 5% as shown in Table 1. Thus, the method of electric po-
tential titration for the analysis of liquid phase could be adopted.
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Fig. 1. Program of the improved technique.
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Fig. 2. Experiment system.
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Fig. 3. Influence of CaCl2 dryer on the measurement of CO2 analyzer.
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