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EVALUATION OF THE PHYSICAL SOLVENTS USED IN CO:2
POST-COMBUSTION PROCESSES

Adrian PASCU!?, Nela SLAVU?, Adrian BADEAS3, Cristian DINCA*

The aim of this article consists in comparing the physical adsorption process
using various physical solvents with the chemical absorption process which uses the
monoethanolamine (MEA) chemical solvents. We noted that the CO. capture
efficiency increased with increasing the L/G ratio respectively with decreasing
temperature of the solvent (in the case of physical solvents) when entering the
absorption column. The L/G ratio value obtained for a 90% efficiency varied
depending on the physical solvent used. Thus, when using the methanol (MeOH) the
L/G ratio was of 61.22 molsonent/mOlsue gas (CONSidering the input temperature of the
solvent 20 °C), when using the propylene carbonate (PC) the L/G ratio was of 6.12
MOlsoven/MOlfie gas (cOnsidering the input temperature of the solvent -50 °C) and
when using the N-Methyl-2-pyrrolidone (NMP) the L/G ratio was of 4
MOlsoven/MOlie gas (CONSidering the input temperature of the solvent -50 °C).

Keywords: physical absorption process, Aspen Plus, physical absorption process
integration, CO; capture

1. Introduction

The main method used today to capture the carbon dioxide from flue gases
resulted from fossil fuel power plants is based on chemical absorption which uses
chemical solvents [1]. The most common chemical solvent in the process of
retaining through chemical absorption is monoethanolamine due to its physico-
chemical properties and high capacity to absorb carbon dioxide [2 — 6].

The physical absorption process takes place at high pressures and low
temperatures (in the case of methanol the process is conducted at a pressure of 28
bar and a temperature of 30°C). The carbon dioxide separation from the physical
solvent takes place by expanding it in expanders or turbines when we want to
recover a share of the mechanical energy used by the compressors. The separation
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process can take place by using expanders / turbines connected in series when the
pressure is high [7].

Solubility measures the dissolved gas in a homogeneous liquid in which
the atoms and molecules distribution is uniform. In general, in order to increase
the solubility of a gas in a liquid we have to increase the gas partial pressure and
decrease temperature of the solvent.The physical solvents analysed in this study (its
physical properties are presented in Table 1) are non-corrosive and non-toxic. Propylene
Carbonate solvent (PC) works at lower temperatures without becoming too viscous, in which case
the mass transfer coefficient is better. N-methyl-2-pyrrolidone (NMP) and methanol (MeOH)
solvents show a higher degree of selectivity than the PC to remove the H,S from gases containing
CO: [8]. The physical solvents capacity to absorb gases resulted from fossil fuel combustion
increases as temperature decreases.

Table 1
Properties of physical solvents [7, 9, 10]
Solvent/ PC NMP MeOH
Parameter
Process Name Fluor Purisol Rectisol
Solvent
Viscosity at 25 °C (cP) 3.0 1.65 0.6
Specific GraV|t3y at25°C 1195 1027 785
(kg/m”)
Molecular Weight 102 99 32
Vapor Pressure at 25 °C 0085 0.40 125
(mmHg)
Freezing Point (°C) -48 -24 -92
Boiling Point at 760
mmHg (°C) 240 202 65
Maximum Operating 65 ) )
Temperature (°C)
Specific Heat 25°C 0.339 0.40 0.566
COzsolubility at25°C o540 003567 0.003178

(m/l)

In 2015, at UN Climate Change Conference (COP21) in Paris, was
approved the framework for action on Climate and Energy policies for period
2020 — 2030 [11]. For the European Union was established a GHG emission
reduction by 20% until 2020 compared whit year 1990 [11]. For the European
Union was established a GHG emission reduction by 30% until 2020 compared
whit year 1990 [11]. The target for Romania is to reduce the GHG emissions by
19% until 2030 [12].

The end of pipe technologies that are used for capturing the CO2 from flue
gases is mainly based on physical and chemical absorption processes. The
drawbacks of the chemical absorption processes consist of a high thermal energy
consumption for the solvents regeneration and of a high rate of corrosion of
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metallic surface [13, 14]. The CO capture by physical absorption processes
depends both on the partial pressure of the physical solvent and on the flue gases
temperature. As the partial pressure increases and the temperature decreases, the
CO2 solubility in the solvent increases [15]. The physical and chemical processes
could be both integrated in the new or existing coal power plants.

The aim of this study was to establish the physical solvents advantages
compared to the chemical ones knowing that the latter have two major drawbacks:
a) their corrosive nature greatly affect the metal surfaces of the equipment in the
COz capture power plant; and b) in the regeneration of chemical solvents we need
a significant amount of heat for their regeneration.

2. Description of the physical absorption process in Aspen PLUS

The scheme of the analyzed process was built in the ASPEN Plus work
environment and in which we defined the parameters for all the equipment used
[18]. Table 2 shows the parameters defined for each equipment used in the
physical absorption process shown in Figure 1.
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Fig. 1. The CO; physical absorption process [16]

The flue gases are introduced into the absorption unit at the bottom, but
not before being compressed and cooled so as to maintain in the absorption
column a cold temperature. The gases introduced in the absorption unit circulate
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in countercurrent with the physical solvent introduced at the top of the absorption
column.

For a high value of CO> capture efficiency, the process is performed at
high pressure (between 20 bar and 30 bar) [17] and low temperatures (between -
50°C and 20°C) [18]. In this context, we have chosen the values for each
equipment in the absorption process in order to reduce the energy consumption
and to increase the CO» capture efficiency. After the absorption, the CO»-rich
solvent exits at the bottom of the absorption column and enters an expander
(depending on the pressure of the solvent we can use more expanders / turbines
connected in series). The expander’s aim is to reduce solvent’s pressure (from 28
bar to about 6 bar) [19]. Subsequently, the CO:> rich solvent is introduced into a
separator where the CO: is separated from the physical solvent. The CO, flow
with a purity of over 95% is cooled and compressed to 70 bar for shipment to the
storage area. The lean CO2 physical solvent comes out at the bottom of the
separator and enters a moisture separator where the water will be eliminated from
the solvent. The lean CO; physical solvent is transported through a heat exchanger
to be cooled to the operating temperature (the parameter values are presented in
Table 2) and reintroduced into the absorption column.

Table 2
Installation parameters
No. .
Crt. Equipment Parameters
1. Compressor flue gases T =80°C/ Pin =1 bar / Poy: = 28 bar
2. Cooler flue gases Tin=80°C/ Tou =30°C /P =28 bhar
3. Absorber unit Stage no. : 10/ P = 28 bar
Expander COzrich _ o _ _
4. solvent T =-15.4°C / Pin = 28 bar / Poy = 6 bar
Separator CO; rich e o _
5. solvent T =40°C/ Piy =6 bar / Poyt = 1 bar
6. Dehydrator T=30°C/Piy=1bar/Pox=1 bar
— o —Nn° =
7. Refl’lgera’[lon Tin - 18 C / Tou[ - O C / P|n - 1 bar/
Pout = 1 bar
Separator flue gases o o _
8. treated T =7°C/Pin=28bar / Poy = 28 bar
9. Expander flue geses T =26°C/ Pin =28 bar / Poy = 1 bar

treated

Table 3 shows the parameters defined for each stream:
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a) physical solvents: temperature, pressure, weight concentration, lean /
rich loading solvent; b) combustion gases: composition, temperature, pressure.

The physical solvents and flue gases parameters were chosen to have a
high CO: capture efficiency. Thus, in the absorption unit, the solvent temperature
was established at 40°C and the pressure of the CO, capture process was
maintained at 1.4 bar. The weight concentration of the physical solvent was
chosen of 100% due to the non — corrosive its properties [20].

Table 3
Stream parameters
No. Stream Parameters
Crt.
. T=-20°C/P=28bar
Physical
1. sosllvent MeOH =100 wt. % / NMP =100 wt. % /
PC =100 wt. %
T =12°C/P=28bar
2. Flue gases CO; =10.081 %; N, = 70.629 %; H,O =
12.048 %; O, = 7.041 %
3 Rich loading =-15.4°C /P =28 bar
) solvent vrich = 0.005 mol CO,/ mol solvent

The elementary analysis of the flue gases analyzed in this study is
presented in Table 4.

Table 4
Analysis of the lignite used in the combustion process [2, 6]
Elementary composition of lignite
: . . . : : ) LHV",
C!, [9%0] H', [%] S, [%] 0!, [%] N', [%] W [%] Al [%] [Ki/k]
24.27 1.4 1.3 1.8 0.86 31 39.37 8935.54

Flue gases composition

Dry condition Wet condition
COg, [%] 11.461 10.081
SOz, [%0] 0.23 0.202
N2, [%0] 80.304 70.629
02, [%0] 8.005 7.041
H:20, . 12,048

[%6]
* LHV — low heating value of lignite
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3. Results and discussions

In this study we performed a comparative analysis of the CO. capture
efficiency from the flue gases for the (MEA) chemical solvent and, respectively, for
the physical solvents: MeOH, PC, NMP, for different values of the L/G ratio and for
different temperatures of the solvent .

Table 5 presents the results obtained from the analysis carried out on
chemical solvents. The simulations were made for different chemical solvents in
order to see which solvent has the highest absorption capacity. In these
simulations, there were varied the followings parameters: the L/G ratio, the
solvent temperature, and weight concentration, in order to identify their influence
on the CO- capture efficiency. So, we determined the values of each parameter
considering the carbon dioxide capture efficiency of 90% and the lean loading
solvent of 0.21 molcoz/molsoivent.

Table 5
The chemical absorption simultion
Weight L/G ratio Thermal energy
Nr. Chemical solvent  concentration (mol_liquid/ consumption
(%) mol_flue_gas) (GJIICOy)
1 20 1.86 2.27
2 MEA 30 1.13 2.37
3 40 0.8 2.49
4 20 2.86 2.37
5 DEA 30 2.46 212
6 40 1.6 1.78
7 20 3.25 1.38
8 MDEA 30 2.33 0.91
9 20 6.25 5.72
10 TEA 30 4.79 3.61
11 40 3.91 2.25
12 20-10 1.18 3.23
13 MEA + MDEA 20-20 0.85 2.88
14 20-30 0.65 2.65
15 20-10 1.16 3.22
16 MEA + TEA 20 -20 0,93 2.99
17 20-30 0.77 3.42
18 20-10 2.0 5.37
19 DEA + MDEA 20 -20 1.67 4.37
20 20-30 1.55 3.77

When sizing the CO> capture plants by chemical absorption it is preferable
that the ratio L/G to be as low as possile because of the high degree of the amines
corrosion and high thermal energy consumption necessary for the regeneration. In
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the case of 30 wt. %, MEA, the thermal energy consumption obtained was of 2.37
GJMNCO2 for a L/G ratio of 1.13 molmea/molfiue gases.

3.1. The influence of the L/G ratio on the CO; capture efficiency when
using the monoethanolamine (MEA)

Fig. 2 shows the influence of the L/G ratio on the CO; capture efficiency
and respectively on the rich loading solvent at the bottom of the absorption
column. We can see that the higher the L/G ratio, the greater the CO. capture
efficiency. Thus, when using the MEA with a weight concentration of 30% we
obtained a capture efficiency of 90% for an L/G ratio of 1.2 molmea/molesive gas.
To obtain a higher CO» capture efficiency we increased the L/G ratio, but with
increasing the L/G ratio there also increased the energy consumption for the
solvent regeneration. However, given that the rich loading solvent decreases with
increasing the L/G ratio, the consumption of energy showed a maximum [5].

The influence of the L/G on the CO: capture efficiency and CO: rich amine

— e o

€Oz richamine [molCO2 /mol amine]
CO2 capture efficiency [%)]

L/G ratio [mol amine/ mol flue gas]

Fig. 2. The influence of the L/G ratio on the CO, capture efficiency and on the absorption capacity of
the solvent using the MEA of 30%

3.2. The influence of the L/G ratio on the CO: capture efficiency when
using the methanol (MeOH)

In Fig. 3 we present the results obtained when using the methanol (MeOH)
physical solvent for capturing CO2 from the flue gases. In the case of using the
methanol, the simulations were carried out varying both the L/G ratio and the
temperature of the solvent (the temperatures used were of 20°C, -20°C, -37°C, -
50°C). When using the MeOH, we can see that the highest CO> capture efficiency
(70%) was obtained for the solvent temperature of -20°C and respectively for an L/G
ratio of 14.29 molwveon/MOlfie gas. However, we do not recommend using a high flow
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rate of the physical solvent which even if it is not corrosive it requires a high energy
pumping consumption.

COn capture process efficiency variation according to L/G ratio
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Fig. 3. The influence of the L/G ratio on the CO- capture efficiency using the MeOH for different
temperatures

3.3. The influence of the L/G ratio on the CO. capture efficiency when

using the Propylene - Carbonate (PC)

When using the PC (Propylene - Carbonate) solvent (Fig. 4), we observed
that the CO; capture efficiency from the flue gases has increased with the L/G ratio.
The amount of the CO» capture efficiency of 90% was obtained for the L/G ratio of 6
molpc/molfive gas, and for the temperature of the solvent of -50°C. From the
simulations performed at different temperatures and different L/G ratios we observed
that with decreasing the solvent temperature, the CO. capture efficiency increased.
Moreover, the physical properties of the PC solvent indicate that its capture
efficiency is better in the case of reducing the temperature from 0°C to - 60°C.

CO: capture process efficiency variation according to L/G ratio
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Fig. 4. The influence of the L/G ratio on the CO, capture efficiency using the PC



Evaluation of the physical solvents used in CO; post-combustion processes

311

higher the capture efficiency is.

3.4. The influence of the L/G ratio on the CO capture efficiency when

using the N-Methyl-2-pyrrolidone (NMP)
In the case of using the NMP (N-Methyl-2-pyrrolidone) solvent for an L/G
ratio of 4 molnme/moliue gas We had 90% efficiency at a solvent temperature of -50°C.
As with using the PC solvents we observed that the lower the temperature is, the

-
=]
=]

C0O, capture efficiency [%o]
In -
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Fig. 5. The influence of the L/G ratio on the CO; capture efficiency using the NMP

The results of simulations using the physical solvents are summarized in
Table 6. We considered that the CO: capture efficiency is of 90%; the only
exception was noticed in the case of the MeOH solvent where the CO2 capture
maximum efficiency from the flue gases was of 70%.

Table 6

Comparative assessment of the physical — chemical solvents used according to the CO2
capture efficiency

Nr. Solvent Concentration  T_solvent L/G ratio COz2 capture
Crt. [%6] [°C] [mol solvent/mol flue gas] efficiency [%0]
1. MEA 30 50 1.2 90
2. 100 20 61.22 90
3. 100 -20 91.84 90
4. MeOH 100 37 122.45 90
5. 100 -50 163.27 90
6. 100 20 28.57 90
7. pC 100 -20 13.27 90
8. 100 -37 8.16 90
9. 100 -50 6.12 90
10. 100 20 17.35 90
11, 100 -20 8.16 90
1. NMP 100 37 5.10 90
13. 100 -50 4 90
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Fig. 6 presents a comparison between the chemical solvent (MEA 30%) and
the physical solvents (MeOH, PC, NMP), in the case of a CO capture efficiency of
90% (except for the MeOH where the maximum CO; capture efficiency was of 70
%) for different L/G ratios. If we maintain a CO> capture efficiency of 90%, the L/G
ratio varied with the inlet temperature of the solvent in the absorption column. It is
interesting the fact that in the case of the MeOH solvent, decreasing the L/G ratio
was possible by raising the temperature at the entrance into the absorption column
unlike the PC and NMP solvents in whose case the reduction of ratio L/G the was
obtained by lowering the temperature.

CO: capture process efficiency variation according to L/G ratio
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Fig. 6. Comparative analysis between chemical and physical solvents
4. Conclusions

The simulation of CO2 post-combustion capture by chemical and physical
absorption processes have been developed based in the simulation program
ASPEN Plus.

Following the simulations carried out we observed that with decreasing
temperature of the solvent, there increased the CO. absorption capacity of
physical solvents. In the case of the MeOH solvent, the CO> capture efficiency of
70% was obtained for an L/G ratio of 14.29 molmeon/MOlfie gas. For the NMP
solvent, the capture efficiency of 90% was obtained for an L/G ratio of 4
molnmp/Molfie gas. In the latter case analysed (the PC solvent) we saw that the CO»
capture efficiency of 90% was obtained for an L/G ratio of 6 molpc/molsiye gas.

From the point of view of the solvent amount used, considering the same
CO- capture efficiency, it is preferred to use the NMP solvent for which the L/G
ratio was 4 at the inlet temperature of - 50°C.
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