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GOALS OF THESE LECTURES
• Understand the overall process and the key phenomena and equipment

• Flow in pipes (momentum transfer)

• pipes, pumps, tanks, fittings and meters

• Heat transfer between fluids (energy transport)

• heat exchangers, boilers and condensers

• Gas absorption and stripping. (mass transfer)

• Packed column absorber and stripper
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PLAN FOR TODAY
• Overview of CO2 absorption

• Motivation and need for the process

• How it works

• Description of fundamental processes that occur

• fluid flow, heat transfer, mass transfer

• Part I:  Fluid mechanics and process fluid flows.
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CARBON DIOXIDE ABSORPTION 
FROM A GAS MIXTURE

• Why do:  To get “pure” CO2

• Reversible, cyclical process:  

• CO2 (selectively) dissolves in (lean) MEA solution in the absorber

• reversible chemical reaction greatly increases solvent capacity and selectivity

• MEA solution is pumped to the “stripper” where heat (from steam) is used to reduce the CO2 
solubility (and reverse the reaction) so that CO2 (now) without N2 will come off. 

• Usually need to hit a “spec” on CO2 emitted.

• Need efficient contacting of gas and liquid

• CO2 capacity per mass of solvent significantly influences the cost

• Energy to regenerate influences cost
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PROCESS OF INTEREST

absorption with the MEA, the DGA and the ammonia solvents are
listed in Table 1. This table also shows the parameters for the
calculation of the equilibrium constants and the kinetic parameters
of the slower reactions 13 and 14. The important reaction of
carbamate formation (Reactions 5, 7, and 12) was described to
proceed very fast by a so-called shuttle mechanism [13] via
a zwitterionic intermediate. Reactions 13 and 14 are slower than
the other reactions considered here. Therefore, the kinetic param-
eters [14] of these reactions are important for a more accurate
simulation of the capture process.

Values for the solubility of the ammonia salts are differing
between manufacturers. Data sets for two major manufacturers are
given in Table 2 [15,16].

Due to the presence of ionic species in theses multi-component
volatile weak electrolyte systems [17,18], liquid and vapour prop-
erties were computed by the electrolyte NRTL method. Henry’s law
was used to calculate the solubility of CO2 in water.

2. Process simulations

All simulations were carried out with Aspen Plus!, which has
become a widely used standard application for computerized
flowsheet simulations in the chemical industry. The model config-
uration for CO2 scrubbing with ammonia included a packed absorber
column of 10 theoretical stages and a filter for the extraction of salt
products from the rich solvent leaving the absorber. The lean solvent
is recycled to the absorber after inserting fresh solvent to make up
for the losses attributed to the removal of ammonia salts.

A standard absorber–desorber configuration (with a packed
absorption column of 6 theoretical stages and a packed desorption
column of 10 theoretical stages) was used for the simulation of the
absorption process with MEA and DGA as reacting amines (see
Fig. 1). All columns were of the type RadFrac! [12], which is used in
Aspen Plus! for the calculation of chemical equilibrium processes.

For all capture processes we assumed the flue gas stream to exit
from a combined cycle, consisting of a methane fired 5.2 MW GE5
gas turbine and a two-pressure steam cycle. The flue gas is
composed mainly by nitrogen; steam, oxygen, and carbon dioxide
(ca. 7% wt.) are the other gases into the flue gas.

Fig. 1. Schematic diagram of absorption section for CO2 scrubbing with MEA and DGA
solutions [10].

Table 1
Chemical reactions of all investigated systems with equilibrium constants Keq and kinetic factors k.

A B C D

CO2-MEA-H2O system (reactions 1 to 5, and 13 – 14)

CO2 þ 2H2O4H3Oþ þ HCO"3 (1) 132.899 "13445.9 "22.4773 0.0

2H2O4H3Oþ þ OH" (2) 216.049 "12431.7 "35.4819 "12431.7

HCO"3 þ H2O4H3Oþ þ CO2"
3 (3) "0.52135 "2545.53 0.0 0.0

MEAHþ þ H2O4MEAþ H3Oþ (4) "3.03833 "7008.36 0.0 "0.00313489

MEACOO" þ H2O4MEAþ HCO"3 (5) 231.466 12092.1 36.7816 0.0

CO2-DGA-H2O system (in addition to reactions 1 – 3, and 13 – 14)

DGAHþ þ H2O4DGAþ H3Oþ (6) "13.3373 "4218.71 0.0 0.0

DGACOO" þ H2O4DGAþ HCO"3 (7) 3.66110 "3696.17 0.0 0.0

CO2-NH3-H2O system (in addition to reactions 1 – 3, and 13 – 14)

NH3 þ H2O4NHþ4 þ OH" (8) "1.25656 "3335.7 1.4971 "0.0370566

NH3 þ HCO"3 4NH2COO" þ H2O (9) "4.58344 2900 0.0 0.0

NH4HCO3 4
SALT

NHþ4 þ HCO"3 (10) 554.818 "22442.5 "89.0064 0.0647321

ðNH4Þ2CO3 4
SALT

2NH3 þ CO2 þ H2O (11) By minimization of Gibbs free energy

NH2COONH4 4
SALT

NHþ4 þ NH2COO" (12) By minimization of Gibbs free energy

lnðKeqÞ ¼ A þ B
T þ C,lnðTÞ þ D,T; T in Kelvin

Kinetic reactions for all solvent systems k n E

CO2 þ OH"/HCO"3 (13) 4.3152& 1013 0.0 13,249

HCO"3 /CO2 þ OH" (14) 3.7486& 1014 0.0 25271.76

r ¼ k,Tn,expð- E
RTÞ,

QN
i¼1 Cai

i ; k in kmol=ðKn,m3,sÞ; E in cal=mol

G. Pellegrini et al. / Energy 35 (2010) 851–857852
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WHY SCRUB CO2?
• Natural gas clean up 

• Very large volumes of gas, low concentration of CO2 (but at elevated pressure)

• Production of hydrogen  (also at some elevated pressure)

• C + 2H2O —> CO2 + 2 H2

• CH4 + H2O —> CO + 2 H2

• CO + H2O —> CO2 + H2

• Life support (1 ATM)

• Clean up of combustion gases (~1 ATM coming in.)

• ~3 mol% (CO2) from natural gas, 10-15% from coal
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HAVE TO HAVE A GOOD 
REASON…

Figure 1:  Coal-fired Power Plant Prior to CO  Sequestration (600 MW)2
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Note: GHGs (CO , CH , and N O) expressed in million tonnes CO -equivalents/yr at 100% capacity2 4 2 2

prior to adding CO2 capture and sequestration.  The coal-fired power plant design and ultimately the
CO2 capture technology is the same as one given in Chris Hendriks thesis2.  The predominant
greenhouse gas emitted from coal combustion is CO2 and there are negligible amounts of CH4 and
N2O.  The nitrogen is primarily emitted in the form of NOx.  Figure 1 shows the GWP for the
reference system to be 4.44 million tonnes CO2-equivalent/yr and the energy balance reveals that
2,090 MWth of fossil energy is consumed to produce 600 MW of electricity.  The GHG emissions
for coal mining and transportation were taken from a previous LCA on coal-fired power production3.

After adding CO2 capture via a monoethanolamine (MEA) system, the CO2 was compressed,
transported via pipeline, and sequestered in underground storage such as a gas field, oil field, or
aquifer.  CO2 capture and sequestration consumes additional energy, therefore, in order to maintain
power generation capacity, additional capacity must come from another source.  Two scenarios were
examined to account for the capacity loss: adding extra capacity from a natural gas combined-cycle
system and adding extra capacity from the grid.  The NGCC system was chosen because this type
of power generation is currently being constructed and future power plants are anticipated to be
NGCC.  For the grid option, the mid-continental U.S. generation mix was used.

CO2 TRANSPORT ASSUMPTIONS

To examine the effect of distance, the CO2 transport distance was varied from 300 km to 1,800 km
then the CO2 was discharged to an underground depth of about 800 m.  To recover the pipeline
pressure drop, compressor stations were assumed to be at 300 km intervals.  The electricity for the
re-compression step was assumed to be the generation mix of the mid-continental United States,
which according to the National Electric Reliability Council, is composed of 64.7% coal, 5.1%
lignite, 18.4% nuclear, 10.3% hydro, 1.4% natural gas, and 0.1% oil.  The greenhouse gas (GHG)
emissions associated with this mix were taken from a database, known as Data for Environmental
Analysis and Management (DEAM), within the life cycle assessment (LCA) software package Tools
for Environmental Analysis and Management (TEAM®), by Ecobalance, Inc.

There will be emissions associated with building, drilling, and laying the pipeline.  The GHG
emissions for building the pipeline were taken from a previous NREL report which examined the
life cycle assessment of a natural gas combined cycle power plant 4.  In this report, the emissions for
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25% MORE ENERGY IS NEEDED 
WITH SEQUESTRATION

Figure 2:  Coal-fired Power Plant with CO  Sequestration and 145 MW of NGCC Capacity Added to Maintain 600 MW2
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Figure 3:  Coal-fired Power Plant with CO  Sequestration and 145 MW of Grid Capacity Added to Maintain 600 MW2

Notes: (a) GHGs (CO , CH , and N O) expressed in million tonnes CO -equivalents/yr at 100% capacity;  (b) Change in GWP and change in fossil energy consumption compared to reference2 4 2 2

(U.S. mid-continental grid mix is 64.7% coal,  5.1% lignite, 18.4 10.3% hydro, and 0.1% oil)% nuclear, 1.4% natural gas, 
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Figure 2 shows that if natural gas is used to account for the lost capacity then the net reduction in
GWP from the reference system (shown in Figure 1) is only 71% and the fossil energy consumption
increases by 17%.  The net reduction in GWP is not as large if the additional capacity comes from
the grid.  However, there is still a savings of 60% with a 25% increase in fossil energy consumption
(Figure 3).

In order to further reduce the GWP of the system, CO2 could be sequestered from successive power
plants.  For example, in the NGCC case, the CO2 from the 145 MW NGCC plant could also be
sequestered.  In this case, the GWP for the system is reduced by 77% from the reference system
(shown in Figure 1) with a 20% increase in fossil energy consumption.  One could continue to
sequester CO2 from the last fossil fueled power plant but it was found that further sequestering of
CO2 reduces the system GWP and increases the fossil energy consumption by negligible amounts
compared to the values stated above.

COMPARISON TO BIOMASS-BASED ELECTRICITY

Past NREL LCA studies5,6 have shown that biomass-based electricity production has the opportunity
to make significant reductions in greenhouse gas emissions per kWh of electricity produced.  Figures
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OTHER APPLICATIONS FOR CO2 
SCRUBBING
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HYDROGEN PRODUCTION

CO+CO2 + H2

CO+ H2
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METHODS FOR CO2 
SEPARATION

• Membranes

• Absorption into basic solutions (carbonate, hydroxides)

• Absorption into amines

• Solid bed adsorption

• Cryogenic distillation

4 The Scientific World Journal

capture

Absorption

Chemical

Physical

MEA, caustic, ammonia solution

Selexol, Rectisol, fluorinated 
solvents
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Gas 
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CO2 separation and Chemical CaO, MgO, Li2ZrO3, Li4SiO4

Figure 4: Different technologies for CO2 separation [29].
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gas 
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Figure 5: Schematic diagram of CO2 absorption pilot plant.

On the other way, MEA can react more quickly with
CO2 than MDEA, but MDEA has higher CO2 absorption
capacity and requires lower energy to regenerate CO2 [39, 57,
58]. Thus, it can be concluded that MEA is one of the best
amine solvents for CO2 separation. Idem et al. [59] reported
substantial reduction in energy requirements and modest
reduction in circulation rates for amine blends relative to
the corresponding single amine system of similar total amine
concentration. Wang et al. [57] found that when MEA
and MDEA are mixed at the appropriate ratio, the energy
consumption for CO2 regeneration is reduced significantly.
Dave et al. [28] compared the performance of several amine
solvents and ammonia solutions at various concentrations.
They showed that 30wt% AMP based process has the lowest
overall energy requirement among the solvents considered in
their study (30%MEA, 30%MDEA, 2.5%NH3, and 5%NH3)
[28, 60].

Knudsen et al. [61] studies showed that it is possible to
run the post-combustion capture plant continuously while
achieving roughly 90%CO2 separation levels andCASTOR-2
(blended amine solvents), operated in pilot scale with lower

steam requirement and liquid-to-gas ratio (L/G) than the
conventional MEA solvent.

Besides alkanolamines, carbonate-bicarbonate buffers
and hindered amines are used in the bulk removal of CO2
owing to the low steam requirement for its regeneration.Mit-
subishi Heavy Industries and Kansai Electric have employed
other patented chemical solvents—strictly hindered amines
called KS-1, KS-2, or KS-3. The regeneration heat of KS
solvents is said to be ∼3GJ/t CO2, that is, 20% lower than
that of MEA with ∼3.7GJ/t CO2 [60, 64, 77]. Generally, the
overall cost of amine absorption/stripping technology for
CO2 capture process is 52–77US$/ton CO2 [71].
(2) AminoAcid.Amino acids have the same functional groups
as alkanolamines and can be expected to behave similarly
towardsCO2 but do not deteriorate in the presence of oxygen.
Based on the results of tests, the aqueous potassium salts
(composed of sarcosine and proline) are considered to be
the most promising solvents.The most common amino acids
used in the gas treating solvents are glycine, alanine, dimethyl
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COMPARING SEPARATION METHODS

Clean Hydrogen Production from SMR 



chemeprof.comUniversity of Notre Dame, USA

PROCESS OF INTEREST

absorption with the MEA, the DGA and the ammonia solvents are
listed in Table 1. This table also shows the parameters for the
calculation of the equilibrium constants and the kinetic parameters
of the slower reactions 13 and 14. The important reaction of
carbamate formation (Reactions 5, 7, and 12) was described to
proceed very fast by a so-called shuttle mechanism [13] via
a zwitterionic intermediate. Reactions 13 and 14 are slower than
the other reactions considered here. Therefore, the kinetic param-
eters [14] of these reactions are important for a more accurate
simulation of the capture process.

Values for the solubility of the ammonia salts are differing
between manufacturers. Data sets for two major manufacturers are
given in Table 2 [15,16].

Due to the presence of ionic species in theses multi-component
volatile weak electrolyte systems [17,18], liquid and vapour prop-
erties were computed by the electrolyte NRTL method. Henry’s law
was used to calculate the solubility of CO2 in water.

2. Process simulations

All simulations were carried out with Aspen Plus!, which has
become a widely used standard application for computerized
flowsheet simulations in the chemical industry. The model config-
uration for CO2 scrubbing with ammonia included a packed absorber
column of 10 theoretical stages and a filter for the extraction of salt
products from the rich solvent leaving the absorber. The lean solvent
is recycled to the absorber after inserting fresh solvent to make up
for the losses attributed to the removal of ammonia salts.

A standard absorber–desorber configuration (with a packed
absorption column of 6 theoretical stages and a packed desorption
column of 10 theoretical stages) was used for the simulation of the
absorption process with MEA and DGA as reacting amines (see
Fig. 1). All columns were of the type RadFrac! [12], which is used in
Aspen Plus! for the calculation of chemical equilibrium processes.

For all capture processes we assumed the flue gas stream to exit
from a combined cycle, consisting of a methane fired 5.2 MW GE5
gas turbine and a two-pressure steam cycle. The flue gas is
composed mainly by nitrogen; steam, oxygen, and carbon dioxide
(ca. 7% wt.) are the other gases into the flue gas.

Fig. 1. Schematic diagram of absorption section for CO2 scrubbing with MEA and DGA
solutions [10].

Table 1
Chemical reactions of all investigated systems with equilibrium constants Keq and kinetic factors k.

A B C D

CO2-MEA-H2O system (reactions 1 to 5, and 13 – 14)

CO2 þ 2H2O4H3Oþ þ HCO"3 (1) 132.899 "13445.9 "22.4773 0.0

2H2O4H3Oþ þ OH" (2) 216.049 "12431.7 "35.4819 "12431.7

HCO"3 þ H2O4H3Oþ þ CO2"
3 (3) "0.52135 "2545.53 0.0 0.0

MEAHþ þ H2O4MEAþ H3Oþ (4) "3.03833 "7008.36 0.0 "0.00313489

MEACOO" þ H2O4MEAþ HCO"3 (5) 231.466 12092.1 36.7816 0.0

CO2-DGA-H2O system (in addition to reactions 1 – 3, and 13 – 14)

DGAHþ þ H2O4DGAþ H3Oþ (6) "13.3373 "4218.71 0.0 0.0

DGACOO" þ H2O4DGAþ HCO"3 (7) 3.66110 "3696.17 0.0 0.0

CO2-NH3-H2O system (in addition to reactions 1 – 3, and 13 – 14)

NH3 þ H2O4NHþ4 þ OH" (8) "1.25656 "3335.7 1.4971 "0.0370566

NH3 þ HCO"3 4NH2COO" þ H2O (9) "4.58344 2900 0.0 0.0

NH4HCO3 4
SALT

NHþ4 þ HCO"3 (10) 554.818 "22442.5 "89.0064 0.0647321

ðNH4Þ2CO3 4
SALT

2NH3 þ CO2 þ H2O (11) By minimization of Gibbs free energy

NH2COONH4 4
SALT

NHþ4 þ NH2COO" (12) By minimization of Gibbs free energy

lnðKeqÞ ¼ A þ B
T þ C,lnðTÞ þ D,T; T in Kelvin

Kinetic reactions for all solvent systems k n E

CO2 þ OH"/HCO"3 (13) 4.3152& 1013 0.0 13,249

HCO"3 /CO2 þ OH" (14) 3.7486& 1014 0.0 25271.76

r ¼ k,Tn,expð- E
RTÞ,

QN
i¼1 Cai

i ; k in kmol=ðKn,m3,sÞ; E in cal=mol

G. Pellegrini et al. / Energy 35 (2010) 851–857852
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SIGNIFICANT COMPRESSION 
IS NEEDED
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PILOT PLANT 
FACILITY
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SCHEMATIC OF 
IMPERIAL PILOT 

PLANT
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PILOT PLANT
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THE TWO 
COLUMNS
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STUDENTS WORKING IN PLANT
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PROFESSOR SADDAWI INSPECTS THE REBOILER!
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CONTROL ROOM
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LOTS OF SENSORS FOR “CONTROL”



chemeprof.comUniversity of Notre Dame, USA

PROCESS DIAGRAM

ASPEN SIMULATION OF CO2 ABSORPTION SYSTEM 
WITH VARIOUS AMINE SOLUTION 

 

Seok Kim, Hyung-Taek Kim 
 

Dept. of Energy Studies, Ajou University 

Wonchon-dong San-5, Paldal-gu 

Suwon, Korea 442-749  
 

 

Introduction 
The desire to alleviate the problem of global warming has resulted 

in the environmental concern over a reduction of greenhouse gas 
emissions from industrial sources. CO2 is the major contributor to the 
global warming phenomena due to its abundance comparing to other 
greenhouse gases, as a result, it is considered to be a primary target 
for reduction. The gas absorption process with a chemical reaction 
using amine is recognized as the most cost effective and has the best 
proven operability record. The main purpose of this study is to 
minimize the amount of energy required in the desorption 
(commonly called regeneration) process through the simulation of 
various process concept of solvent absorption and to suggest the 
optimum operating condition to the actual CO2 absorption 
experimental setup. Bench-scale, continuous CO2 absorption reactor 
(capacity =5 Nm3/hr) located in the Korea Institute of Energy 
Research is modeled and simulated with ASPEN Plus for this 
purpose.  

 
In the present research, CO2 absorption process is simulated with 

commercial ASPEN Plus code and various combination of the 
operating parameters, such as flow rates of flue gas and amine 
solution, concentration of amine solution, temperature of absorption 
and regeneration tower, etc. Every set of operating condition of CO2 
absorption process is compared in terms of energy usage. 

 

Methods 
Carbon Dioxide Absorbents  
Absorbents utilized in the CO2 absorption technology can be 

classified according to their reactivity/solubility with CO2. Widely-
used absorbents in the industrial application are family of 
alkanolamines. Alkanolamines are usually utilized as aqueous 
solution in the CO2 absorption process. Alkanolamines are divided 
into three classes: primary, secondary and tertiary amines according 
to their functional group. The classification is based on the substitute 
of the hydrogen on the nitrogen atom. Primary amines, which are 
most reactive among amine compounds, represent 
monoethanolamine (MEA) and diglycoamine (DEA).Initially, 
monoethanolamine (MEA) is used in the simulation investigation of 
CO2 absorption.  

 
The reactions of MEA and CO2 are mainly occurred by 

electrochemical reaction in the aqueous solution. Typical reaction 
mechanism are as in the following equations. 

 
2RNH2 + CO2 + H2O ↔ (RNH3)2CO3 

 
(RNH3)2CO3 + CO2 + H2O ↔ 2RNH3HCO3 

 
2RNH2 + CO2 ↔ RNHCOONH3R 
 

Description of Absorption Process 
 Flue gases containing CO2 are introduced into a direct cooler 

where they are cooled by a circulating stream of water. The gas is 

then compressed with a blower to overcome the pressure drop inside 
the absorber. The flue gases are flowed through the absorber in the 
countercurrent direction to the flow direction of absorbent solution. 
Inside absorber tower, the absorbent solution reacts chemically with 
the carbon dioxide in the flue gases. The CO2-lean gases then enter 
the wash section of the absorber, where and entrained absorbent are 
removed and returned to the absorber. The washed gases are vented 
to the atmosphere. For the simulation, the CO2 concentration in the 
washed gas is set to less than 1%. 

 
The CO2-rich solution leaves the absorber and is pumped to the 

lean/rich cross heat exchanger. In the cross heat exchanger, the CO2-
rich solution is heated and the CO2-lean solution is cooled. The CO2-
rich solution is entered into regeneration tower where the absorbent 
amine solution is regenerated. To regenerate the solvent, the CO2-
rich solution is heated in a reboiler using low-pressure steam. Due to 
the heating, water and absorbent are vaporized. The water vapor and 
absorbent vapor leave the reboiler and enter the regenerator. The 
vapors move up in the condenser section of regenerator while 
liberating the CO2 and heating the down-coming solution. Some 
vapor and CO2 enter the wash section of the regenerator where 
absorbent vapor is removed. Water vapor and CO2 enter the reflux 
condenser where the water vapor is condensed and the CO2 is cooled. 
The condensed water is returned to the regenerator. 

 
The CO2-lean solution leaves the reboiler and enters the cross heat 

exchanger where it is cooled. The solution is then pumped and 
cooled further before it re-enters the absorber. The entire schematic 

diagram of CO2 absorption process is illustrated in Figure 1. 

HEAT EXCHANGER

ABSORBER

TREATED GAS

COOLER PREHEATER

REGENERATOR

PUMP

CO2 GAS

PUMP

FEED GAS

 
 
Figure 1. ASPEN Plus Block Diagram of CO2 Absorption Process 
 

Results and Discussion 
Carbon dioxide absorption phenomena with amines is simulated 

with ELECNRTL method in the ASPEN PLUS. The ELECNRTL 
Property Method is the most versatile electrolyte property method. It 
can handle aqueous and mixed solvent systems. 

 
During the simulation, The concentration of MEA solution is 

varied for sensitivity analysis. Concentration of MEA solution is 
fixed at 30 w% for the initial simulation study. Flue gas flow rate 
was set as 35 l/min and the composition of flue gas is CO2=13.89%, 
N2=82.56% and O2=3.55%.Within this simulation set-up, the 
absorber pressure is varied from 1 to 10 atm. The results are 

illustrated in Figure 2. The increase of absorber pressure resulted in 
the better absorption rate up to the absorber pressure 3 atm. The 
absorption rate was almost saturated at about 3 atm or more. 

 

Prepr. Pap.-Am. Chem. Soc., Div. Fuel Chem. 2004, 49 (1), 251 

H100
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SOLVENT

• Monoethanolamine (15% in 
water)

• Reactions with CO2 and water
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LEAN-COO CO2-COMP

Figure 4.5: MEA absorption simulation flowsheet

The solution chemistry can be represented by equilibrium reactions 4.1 through 4.5.
There is one class of property methods, one property model, and several property inserts
that are indicated for use in modelling processes containing CO2, MEA, and H2O: the
electrolyte NRTL methods, the AMINES property model, and the emea, kemea, mea,
and kmea property inserts.7 These are listed and described in Table 4.2.8

2H2O OH H3O (4.1)
CO2 2H2O HCO3 H3O (4.2)
HCO3 H2O CO23 H3O (4.3)
RNH3 H2O RNH2 H3O (4.4)

RNHCOO H2O RNH2 HCO3 (4.5)

7The Pitzer-based property methods PITZER, PITZ-HG, and B-PITZER are also indicated for use
for aqueous electrolyte solutions. Unfortunately, the Aspen Physical Property System does not contain
interaction parameters involving MEA, CO2, or their derivatives.

8A complete description of these entities can be found in the software documentation [8].
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ETHANOLAMINES

Monoethanolamine

Diethanolamine

Triethanolamine
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Typical Physical Properties
The properties of Dow’s family of ethanolamines enable these versatile materials to be
utilized in a broad range of applications. Typical properties of the ethanolamines are shown
in the table below and in Figures 1-23.

Table 1 • Typical Properties of DOW Ethanolamines
Monoethanolamine Diethanolamine Triethanolamine

Formula H2NCH2CH2OH HN(CH2CH2OH)2 N(CH2CH2OH)3
Molecular Weight 61.08 105.14 149.19

Apparent Sp. Gr. at 20/20°C 1.017 1.092(a) 1.126(f)

∆Sp. Gr./∆t at 10 to 80°C 0.00080 0.00065(b) 0.00059

Boiling Point at 760 mm Hg, °C 170.4 268(c) 335(c)

at 50mm Hg, °C 101 182 245(c)

at 10mm Hg, °C 71 150 205

Vapor Pressure at 20°C, mm Hg <1 <0.01 <0.001

Freezing Point, °C(°F) 10.5 (50.9) 28.0 (82.4) 21.6 (70.9)(e)

Absolute Viscosity at 20°C, cP 24.1 — 921(f)

at 30°C, cP 16.2 380 404

Solubility at 20°C, % by wt
In Water Complete Complete(f) Complete(f)

Water In Complete — Complete(f)

Solubility in Organic Liquids 
at 25°C, % by wt

Acetone Complete Complete(f) Complete
Benzene 0.6 0.03 2
Carbon Tetrachloride 0.1 0.01 Complete
Ethyl Ether 0.7 0.5 2
Heptane 0.1 0.03 <0.03
Methanol Complete Complete(f) Complete

Surface Tension, dynes/cm 48.3(d) 48.5(g) 48.9(d)

Refractive Index, nD
20 1.4539 1.4747(g) 1.4852(f)

∆ND/∆t at 20 to 40°C per °C 0.00034 0.00027(b) 0.00020

Flash Point, °C (°F) 96 (205)(h) 191 (375)(h) 208 (407)(h)

(a) At 30/20°C (e) Supercools easily
(b) At 35 to 65°C (f) Supercooled liquid
(c) Extrapolated (decomposes) (g) At 30°C
(d) At 25°C (h) Determined by ASTM Method D 93, 

using the Pensky-Martens Closed Cup

NOTE
This table sets forth typical properties of Monoethanolamine, Diethanolamine, and
Triethanolamine based upon analysis(ses) of commercial product or purified sample, etc.;
however, Dow does not analyze each shipment of product for all of these properties. Dow
warrants only that, at the time of delivery, product will conform to Dow’s standard specifica-
tions as then in effect.
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Figure 5
Weight Percent Ethanolamine in Aqueous Solutions vs Normality of Solution

Figure 6
pH of Ethanolamine Solutions
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DATA FOR CO2 INTO MEA
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PACKED TOWER FOR GAS ABSORPTION

• kjf/KJQHFK/JGH;’kjvcn;”Lkjheeemxjdmdnj1kj12kj 

350 m2/m3

high contacting area

Structured 
packing in 
absorber
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RANDOM PACKING IN 
STRIPPING COLUMN
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HEAT EXCHANGERS
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IMPERIAL HEAT EXCHANGERS
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PUMPS

• http://upload.wikimedia.org/wikipedia/commons/4/4a/Centrifugal_Pump.png http://upload.wikimedia.org/wikipedia/en/archive/c/cd/20120624060631!Centrifugal_Pump-mod.jpg
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PUMP FOR MEA
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GAS COMPRESSOR/BLOWER
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PROCESS DIAGRAM

ASPEN SIMULATION OF CO2 ABSORPTION SYSTEM 
WITH VARIOUS AMINE SOLUTION 

 

Seok Kim, Hyung-Taek Kim 
 

Dept. of Energy Studies, Ajou University 

Wonchon-dong San-5, Paldal-gu 

Suwon, Korea 442-749  
 

 

Introduction 
The desire to alleviate the problem of global warming has resulted 

in the environmental concern over a reduction of greenhouse gas 
emissions from industrial sources. CO2 is the major contributor to the 
global warming phenomena due to its abundance comparing to other 
greenhouse gases, as a result, it is considered to be a primary target 
for reduction. The gas absorption process with a chemical reaction 
using amine is recognized as the most cost effective and has the best 
proven operability record. The main purpose of this study is to 
minimize the amount of energy required in the desorption 
(commonly called regeneration) process through the simulation of 
various process concept of solvent absorption and to suggest the 
optimum operating condition to the actual CO2 absorption 
experimental setup. Bench-scale, continuous CO2 absorption reactor 
(capacity =5 Nm3/hr) located in the Korea Institute of Energy 
Research is modeled and simulated with ASPEN Plus for this 
purpose.  

 
In the present research, CO2 absorption process is simulated with 

commercial ASPEN Plus code and various combination of the 
operating parameters, such as flow rates of flue gas and amine 
solution, concentration of amine solution, temperature of absorption 
and regeneration tower, etc. Every set of operating condition of CO2 
absorption process is compared in terms of energy usage. 

 

Methods 
Carbon Dioxide Absorbents  
Absorbents utilized in the CO2 absorption technology can be 

classified according to their reactivity/solubility with CO2. Widely-
used absorbents in the industrial application are family of 
alkanolamines. Alkanolamines are usually utilized as aqueous 
solution in the CO2 absorption process. Alkanolamines are divided 
into three classes: primary, secondary and tertiary amines according 
to their functional group. The classification is based on the substitute 
of the hydrogen on the nitrogen atom. Primary amines, which are 
most reactive among amine compounds, represent 
monoethanolamine (MEA) and diglycoamine (DEA).Initially, 
monoethanolamine (MEA) is used in the simulation investigation of 
CO2 absorption.  

 
The reactions of MEA and CO2 are mainly occurred by 

electrochemical reaction in the aqueous solution. Typical reaction 
mechanism are as in the following equations. 

 
2RNH2 + CO2 + H2O ↔ (RNH3)2CO3 

 
(RNH3)2CO3 + CO2 + H2O ↔ 2RNH3HCO3 

 
2RNH2 + CO2 ↔ RNHCOONH3R 
 

Description of Absorption Process 
 Flue gases containing CO2 are introduced into a direct cooler 

where they are cooled by a circulating stream of water. The gas is 

then compressed with a blower to overcome the pressure drop inside 
the absorber. The flue gases are flowed through the absorber in the 
countercurrent direction to the flow direction of absorbent solution. 
Inside absorber tower, the absorbent solution reacts chemically with 
the carbon dioxide in the flue gases. The CO2-lean gases then enter 
the wash section of the absorber, where and entrained absorbent are 
removed and returned to the absorber. The washed gases are vented 
to the atmosphere. For the simulation, the CO2 concentration in the 
washed gas is set to less than 1%. 

 
The CO2-rich solution leaves the absorber and is pumped to the 

lean/rich cross heat exchanger. In the cross heat exchanger, the CO2-
rich solution is heated and the CO2-lean solution is cooled. The CO2-
rich solution is entered into regeneration tower where the absorbent 
amine solution is regenerated. To regenerate the solvent, the CO2-
rich solution is heated in a reboiler using low-pressure steam. Due to 
the heating, water and absorbent are vaporized. The water vapor and 
absorbent vapor leave the reboiler and enter the regenerator. The 
vapors move up in the condenser section of regenerator while 
liberating the CO2 and heating the down-coming solution. Some 
vapor and CO2 enter the wash section of the regenerator where 
absorbent vapor is removed. Water vapor and CO2 enter the reflux 
condenser where the water vapor is condensed and the CO2 is cooled. 
The condensed water is returned to the regenerator. 

 
The CO2-lean solution leaves the reboiler and enters the cross heat 

exchanger where it is cooled. The solution is then pumped and 
cooled further before it re-enters the absorber. The entire schematic 

diagram of CO2 absorption process is illustrated in Figure 1. 

HEAT EXCHANGER

ABSORBER

TREATED GAS

COOLER PREHEATER

REGENERATOR

PUMP

CO2 GAS

PUMP

FEED GAS

 
 
Figure 1. ASPEN Plus Block Diagram of CO2 Absorption Process 
 

Results and Discussion 
Carbon dioxide absorption phenomena with amines is simulated 

with ELECNRTL method in the ASPEN PLUS. The ELECNRTL 
Property Method is the most versatile electrolyte property method. It 
can handle aqueous and mixed solvent systems. 

 
During the simulation, The concentration of MEA solution is 

varied for sensitivity analysis. Concentration of MEA solution is 
fixed at 30 w% for the initial simulation study. Flue gas flow rate 
was set as 35 l/min and the composition of flue gas is CO2=13.89%, 
N2=82.56% and O2=3.55%.Within this simulation set-up, the 
absorber pressure is varied from 1 to 10 atm. The results are 

illustrated in Figure 2. The increase of absorber pressure resulted in 
the better absorption rate up to the absorber pressure 3 atm. The 
absorption rate was almost saturated at about 3 atm or more. 
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CARBON DIOXIDE ABSORPTION 
FROM A GAS MIXTURE

• Why do:  To get “pure” CO2

• Reversible, cyclical process:  

• CO2 (selectively) dissolves in (lean) MEA solution in the absorber

• reversible chemical reaction greatly increases solvent capacity and selectivity

• MEA solution is pumped to the “stripper” where heat (from steam) is used to reduce the CO2 
solubility (and reverse the reaction) so that CO2 (now) without N2 will come off. 

• Usually need to hit a “spec” on CO2 emitted.

• Need efficient contacting of gas and liquid

• CO2 capacity per mass of solvent significantly influences the cost

• Energy to regenerate influences cost


