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conclusions in this student report. 

Summary: 

Greenhouse gases have challenging consequences on climate change and CO2 is one of the most 

effective elements in this issue. the methods to mitigate these effects such as capturing the 

carbon dioxide are the aim of this project. CESAR1 (27 wt% 2-amino-2-methyl-1-propanol+13 

wt% Piperazine) as an aqueous solution is the main solution to consider in this project. 

Many experiments have been implemented in this study to evaluate this solution. FTIR, pH as 

well as density measurements are thoroughly studied. All data is evaluated in Unscrambler with 

the PLS-R method. However, NMR results could not be prepared because of a delayed response 

from the SINTEF company as well as titration due to several errors. But all experiments that 

have been completed during this study, were given practical and considerable information about 

the CESAR1 solution. 

pH and density measurements are performed to give results about the effects of loading CO2 in 

the CESAR1 solution. 

FTIR test is performed to determine the composition of the CESAR1. A series of tests have 

been done to analyze the effect of CO2 on CESAR1 solution. 

According to the PLS-R analysis, it has been reached to the composition of the CESAR1 

solution and how the CO2 loaded affected the investigations. 

From my findings, I can conclude that the FTIR technique is an effective method for the 

decomposition of this solution to capture carbon dioxide. 
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of optimization of it. I worked with Mongstad company and the University of South-Eastern 

Norway to improve this solution and detail its characterization and apply this method at a 

company level. 

The project was complete and extensive, and I had interesting results; I did loads of data 

analysis. Nevertheless, I encountered some issues. The most important one was related to the 

time limit for my results from the SINTEF company as well as the technical problem of titration 

device in the university. It was a significant obstacle to do all these experiments for the first 
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Eastern Norway and Technology Center Mongstad for providing materials and laboratory 

rooms. 
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Nomenclature 
AMP= 2-amino-2-methyl-1-propanol 

CCS= Carbon dioxide capture and storage technique 

DEA= diethanolamine 

DIPA= di-isopropanolamine 

FTIR= Fourier transform infrared spectroscopy 

IEA= International Energy Agency 

IGCC= Integrated gasification combined cycle 

MDEA= N-methyldiethanolamine 

MEA= monoethanolamine 

NMR= Nuclear magnetic resonance 

2-PE= 2-piperidineethanol 

PLS-R= Partial least-squares regression model 

PZ= Piperazine 

RMSE= Root mean square error 

SEM= Scanning electron microscopy 

TEA= triethanolamine 
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1 Introduction 
One of the most struggling problems during these years is global warming as well as climate 

change. it is a concern for the earth and the effect of greenhouse gas emissions in particular 

carbon dioxide is the main reason that makes global warming more complicated. A 

classification that explains generally the main sources of carbon dioxide generation is 

illustrated in Figure 1.1 1. International Energy Agency (IEA) announced that the total global 

emissions of CO2 for coal and crude oil are in the most range in comparison to natural gas. 

Because of being cheap and the availability of coal, it uses as the most preferred fossil fuel for 

electricity generation. As a result, coal produces the most carbon dioxide consequently 2. The 

emission of CO2 to the atmosphere affects climate change and a technology namely CO2 

capture can mitigate the negative influence of greenhouse gases considerably. The CO2 capture 

and storage (CCS) technique is employed to remove this CO2 in the process of electricity 

generation which is divided into three main categories including pre-combustion, post-

combustion, and oxy-combustion 2,3. According to the industry application as well as the most 

researched techniques in CO2 capture, these three methods can be ordered as follows: post-

combustion > pre-combustion > oxy-fuel combustion 2. Figure 1.2 demonstrates the 

combustion processes of carbon dioxide capture 3. 

 

Figure 1.1: Main sources of carbon dioxide 1. 

 

 

 

Figure 1.2: The processes of CO2 capture 3. 
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CO2 is well-known as an acid gas and removing it eventuates in both increased heating value 

of natural gas and less corrosive pipelines 4. To separate carbon dioxide, the absorption 

technique is the most applicable method. Figure 1.3 shows the separation techniques for CO2 
1. 

 

Figure 1.3: Classification of CO2 separation methods 1. 

 

Alkanolamines as an aqueous solution are employed in this technique. The most noticeable 

alkanolamines in the industry for the process of carbon dioxide removal are monoethanolamine 

(MEA), diethanolamine  (DEA), N-methyldiethanolamine (MDEA), di-isopropanolamine 

(DIPA), triethanolamine (TEA), 2-piperidineethanol (2-PE), and 2-amino-2-methyl-1 propanol 

(AMP) 5,6. 

Several properties can define a solvent as an ideal solvent such as low absorption heat, low 

amine volatility, low cost, low corrosivity, low viscosity, high cyclic capacity, fast reaction 

kinetics, high thermal degradation, and high resistance to oxidation 7. Amine solutions have a 

high range of absorption of CO2 as well as more efficient in comparison to other solutions 4,8,9 

and utilize for gas cleaning inside the flue and react fast with carbon dioxide 10. Although they 

have some drawbacks such as being expensive, losing solvent, and requiring energy 5, the 

combination of 2-amino-2-methyl-1-propanol (AMP) and piperazine (PZ) mitigates high 

energy requirement and causes to react CO2 with PZ more with high CO2 loading capacity 9. 

This solvent is called CESAR1 which is included 27 wt% AMP and 13 wt% PZ 11. It is proved 

that PZ has a considerable effect on the rate of CO2 capture and can enhance it even if is a small 

amount 6. 

Adding Piperazine to the AMP solution which has a low reaction rate, increases the rate of CO2 

absorption 6,12 because of the higher reaction rate, oxidation resistance, thermal degradation, 

and cyclic structure of PZ 8,13,14. It is approved that in the absorption process the highest ratio 

of AMP and PZ without solid precipitates at 40 ℃ is 40 wt% amine 8. During the carbon 
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dioxide absorption process by AMP and PZ solvent, several components including carbamates, 

and bicarbonates have been identified 9. 

Mangalapally and Hasse studied about CESAR1 and they reported that the regeneration energy 

was reduced by 20% and the circulation rate of the solvent decreased by 45% in comparison to 

MEA 15. 

Zhang et al. indicated that the regeneration of AMP is faster than other amines categories 

including less loss of absorption capability. Based on their findings the order for the 

performance of regeneration is  AMP > MDEA > DEA > MEA 5. 

The absorption of CO2 containing less than 15% carbon dioxide concentration was studied at 

the atmospheric pressure 16–18. It is limited to implementing the test at high pressure. 

Godini et al. conducted the absorption of CO2 as well as H2S in different conditions at higher 

pressure (more than 1.0 MPa) with increasing the ratio of the flow rate (L/G). The consequence 

showed that the increase in both parameters eventuated in the enhanced efficiency of absorption 
19. 

Dash et al. evaluated a simulation model of 8 wt% PZ and 22 wt% AMP at more than 2.0 MPa 

pressure with the same ratio of L/G which is reported for higher carbon dioxide capture result 
20. 

 

1.1 CO2 capture techniques 

1.1.1 Post-combustion 

Post-combustion is like that once the fuel is being completely burned with air, CO2 would be 

captured in the exhaust gases 3. The produced flue gas by fossil fuel combustion follows the 

reaction 1.1 2. 

𝐶𝑥𝐻𝑦 + 𝑧(𝑂2 + 3.76𝑁2) → 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝑐𝑂2 + 𝑑𝑁2                                                 (R1.1) 

 

The stoichiometric coefficients a, b, c, and d as productions hinge upon the coefficients of x, 

y, and z as reactants. 

Although the main products in this reaction are CO2, H2O, unreacted O2, and N2, other gases 

such as SOx, NOx, and fly ash produces which are impurities in the reaction and consequence 

of the degradation of amine solvent. These impurities remove before CO2 capture as Figure 1.4 

demonstrates. During the post-combustion process, the CO2 concentration is 10-15% for coal 

and 3-8% for natural gas 2. 
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Figure 1.4: CO2 capture through the post-combustion process 2. 

 

1.1.2 Pre-combustion 

In pre-combustion, the process of capturing begins after the formation of CO to CO2 and before 

fuel combustion 3. In other words, the CO2 captures previously by a technique namely IGCC 

(integrated gasification combined cycle). Figure 1.5 shows the pre-combustion CO2 capture. In 

this technique, the production of syngas is implemented by gasification of fossil fuels with 

water or steam. The percentage of carbon dioxide in the syngas is different between 5 to 15% 

and the productions are including both gaseous (H2, CO2) and liquid phases (methanol, 

dimethylether). The produced hydrogen can be utilized for electricity applications such as 

electric vehicles 2. 

 

 

 

Figure 1.5: CO2 capture through the pre-combustion process 2. 
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1.1.3 Oxy-fuel combustion 

The process of oxy-combustion is about oxygen combustion with exhaust gas recycling to 

remove incondensable gasses by CO2 flow purification 3. The main object of this method is to 

enhance the performance of combustion. This is accomplished by using pure oxygen (O2) 

rather than air to burn the fuel (Figure 1.6). The CO2 concentration in this process through the 

flue gas is 70-90%. This concentration and the combination of water and carbon dioxide in the 

flue clarify that condensation or liquefaction would be feasible to capture CO2. 

 

Figure 1.6: CO2 capture through the oxy-fuel combustion process 2. 

 

1.2 CO2 capture via amine aqueous solution 

The absorption method with an aqueous solution to capture carbon dioxide requires two 

columns including an absorber as well as a stripper individually. In the absorber column, the 

gases inside the flue contact with the mixture of amine and water. CO2 removal will be 

implemented by a weak bonding between carbon dioxide and amine. Then, these weak bonds 

transfer to the stripper column. After that, the solvent will heat to release CO2 to regenerate. 

This regenerated amine is still utilized for the same process of CO2 capture again. The 

procedure occurs through the following chemical reactions 1: 

 

1. Carbamate formation: 

 

𝐶𝑂2 + 2𝑅1𝑅2𝑁𝐻 ↔  𝑅1𝑅2𝑁𝐶𝑂𝑂− +  𝑅1𝑅2𝑁𝐻2
+                         (R1.2) 

 

2. Bicarbonate formation with 𝑂𝐻−: 

 

𝐶𝑂2 +  𝑂𝐻−  ↔  𝐻𝐶𝑂3
−                     (R1.3) 

 

3. Bicarbonate formation with 𝐻2𝑂: 

 

𝐶𝑂2 +  𝐻2𝑂 + 𝐻𝐶𝑂3
− +  𝐻+                  (R1.4) 

 

4. Alkylcarbonate formation: 

 

𝐶𝑂2 + 𝑅1𝑅2𝐶(−𝑂𝐻) − 𝐶𝐻2 − 𝑁𝐻 + 𝑂𝐻− 

 

↔ 𝑅1𝑅2 − 𝐶(−𝑂 − 𝐶𝑂2
−) − 𝐶𝐻2 − 𝑁𝐻 + 𝐻2𝑂                              (R1.5) 
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1.3 Amine concentration and CO2 capture 

To evaluate the effect of amine concentration on capturing carbon dioxide, it has been reported 

a study including AMP+PZ. During this measurement, the weight of total amine was kept at 

30%, and 40%. Moreover, the ratio of L/G was constant at 3, and 2 (mol/mol). Figure 1.7 shows 

the percentage of CO2 capture at 30 wt% aqueous amine with the L/G ratio at 3 20. 

 

 

Figure 1.7: CO2 capture rate with 30 wt% (AMP+PZ) and L/G=3 20. 

 

 

The result of %CO2 capture at 40 wt% aqueous amine with the L/G ratio at 2 illustrates in 

Figure 1.8. 

 

 

Figure 1.8: CO2 capture rate with 40 wt% (AMP+PZ) and L/G=2 20. 
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1.4 Corrosivity of amine solution in CO2 capture 

In the process of carbon dioxide capture, corrosion is a parameter due to the components of 

amine solutions. It has been reported that approximately 25% of the cost of maintenance 

dedicates to corrosion control. Many factors influence the rate of corrosivity such as the 

temperature of the process, type and concentration of the used amine, and amount of CO2. The 

rate of corrosiveness is ranked, and Table 1.1 explains it in order of single and blended amines 
21. Some SEM images of corrosion are presented in Appendix A. 

 

Table 1.1: Corrosivity of amine systems in CO2 capture 21. 

Amine type Corrosivity order 

Single amine MEA > AMP > DEA > PZ > MDEA 

Blended amines MEA-PZ > MEA-AMP > MEA-MDEA > MDEA-PZ > AMP-PZ 

 

1.5 CESAR1 solvent analysis 

To evaluate CESAR1 solvent, several methods implement to examine the effects of CO2 loaded 

into the solvent and how much the AMP+PZ solution can capture carbon dioxide. Regarding 

this aim, Fourier Transform Infrared Spectroscopy (FTIR), Nuclear Magnetic Resonance 

(NMR), and Multivariate data analysis (PLS-R) have been used. 

 

1.5.1 Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier Transform Infrared Spectroscopy (FTIR) measures the infrared region of the 

electromagnetic radiation spectrum. FTIR is a straightforward method to determine the 

functional groups' composition and identify as well as quantify the compounds in a sample 9,22. 

This method has a lower frequency and a longer wavelength than visible light. wavelength can 

be measured by passing infrared radiation through the sample. Therefore, the sample absorbs 

light at various frequencies based on the molecular structure. The functional groups in the 

sample are determined based on the wavelength of the reflected radiation 23. 

FTIR device equipped with a detector MCT (mercury cadmium telluride) and resolution and 

spectra ranges is 4 cm-1 and 400-4000 cm-1, respectively 24. 
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1.5.2 Multivariate data analysis 

Multivariate data analysis namely unscrambler used for analyzing objects based on prediction 

and is useful to develop mathematical models. One of the common methods in multivariate 

calibration is PLS-R (Partial least squares regression). Cross-validation is commonly used in 

PLS to predict the calibration's average performance. The predictor matrix X and the response 

vector Y are described as linear combinations of orthogonal components in PLS regression 25. 

Y is predicted by selecting a set of orthogonal elements known as latent variables from the 

predictors, X, and increasing the covariance between X and Y. All variables are maintained in 

PLS-R. The model includes related variables with relevant weights, while the model includes 

unrelated variables with irrelevant weights 26. The analysis demonstrates four different plots 

including score, regression coefficients (R2), RMSE (root mean square error), and predicted 

vs. reference. 
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2 Materials and methods 
In this section, it is going to explain about all devices, methods and chemical materials had 

been used in the project 

2.1 CESAR1 

The object of the project was to compare CESAR1 solution in two different ways, including 

loaded with and without CO2, and examine the effect of loaded CO2 weight on several 

parameters such as pH, density, and ingredients of the samples by FTIR test. 

 

2.1.1 Solution preparation 

To prepare the CESAR1 solution, it used 270 gr of 2-amino-2-methyl-1-propanol (AMP), 130 

gr of piperazine (PZ), and 600 gr of distilled water (H2O). These amounts gave 1 kg of CESAR1 

solution. Figure 2.1 shows three different beakers including the mentioned constituents. 

 

 

Figure 2.1: CESAR1 preparation constituents. 

 

2.1.2 CO2 loading 

The prepared unloaded CESAR1 solution was loaded with carbon dioxide. It was planned to 

load 87 g of CO2 for the 1 kg of the solution, but it had been added 87.68 g of CO2 to the 

solution practically. Figure 2.2 presents the set-up used for CO2 loading. 
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Figure 2.2: CO2 loading instrument. 

 

2.1.3 Fourier transform infrared spectroscopy (FTIR) samples 

To analyze ingredients of loaded as well as unloaded CESAR1, 44 samples were prepared 

based on different solutions. As Figure 2.3 shows, each sample consists of 25 g CESAR1 with 

various loaded and unloaded solutions. In other words, it has been blended to evaluate the effect 

of CO2 on the solution. The first sample of this series included 25 g of unloaded CESAR1. For 

the rest of the samples, it added 0.25 g approximately of loaded CESAR1 continuously until 

the last one with 25 g of loaded CESAR1. 

 

 

Figure 2.3: Sample series of CO2 loading. 
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2.2 Fourier transform infrared spectroscopy (FTIR) 

FTIR spectrometer model MB-3000 of ABB company was used for characterization. The 

device configuration includes calibration of an empty cell at scan step of 20 and wavelength 

span between 400 – 4000 cm-1. This is used as a reference spectrum in the database. 

All 44 samples were analyzed by FTIR and examined the influence of loaded solution amount 

into the sample on the plot. A drop of the sample was placed on the ATR crystal and covered 

by a metal lid. The experiment parameters are presented in Table 2.1. 

 

 
Table 2.1: Experimental parameters of FTIR test. 

No. Parameter Value 

1 Resolution 8 

2 Scans 20 

3 Measurement interval 0.1 min 

4 Acquisition mode Absorbance 

5 Wavelength range 400 – 4000 𝑐𝑚−1 

6 Detector first gain 671.41 

7 Detector number 1 

 

2.3 pH measurement 

This test was performed for CESAR1 solutions with various CO2 amounts to evaluate how 

much the CO2 loaded could affect the pH value. It employed the pH probes of the same device 

for titration and measured all samples. Figure 2.4 illustrates the probes for measuring the pH 

of the solutions. 
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Figure 2.4: pH probes for pH measurement. 

 

2.4 Partial Least-Squares Regression (PLS-R) 

PLS-R model preparation was performed by Unscrambler X version 10.3. It is considered a 

test matrix for validation to avoid any optimistic results as well as to acquire a more realistic 

analysis. According to 44 available samples, it was defined two ranges for rows of data 

including calibration set (odd samples), and validation set (even samples).  It selected two main 

sets for the elements that contributed to the analysis. Calibration sets were employed for odd 

samples, whereas the validation set used even samples. Each set contained 22 samples and the 

algorithm utilized was NIPALS (nonlinear iterative partial least squares algorithm).  This is a 

common algorithm that uses for PLSR to compute components with orthogonal vectors. 

Moreover, plotting results of FTIR in form of a line graph gave an overview of picks that 

showed the most important constituents. Afterward, it was separated all the picks on the line 

graph into another individual line plot regarding some literature reviews that defined the 

considerable wavenumbers of compositions. 

Finally, the results of PLS-R are presented in 4 different axes based on the T-U plot, Loadings, 

RMSE (Root Mean Square Error), and Predicted versus Reference. 

By removing outliers in T-U as well as Predicted versus Reference plots, checking the most 

valuable factors, correlation, and slope values, I could consequence the how extent did the 

analysis was accurate. Because a model based on existing outliers makes an unstable prediction 

with error. 

 

 



 

19 

2.5 Density measurement 

To analyze the density of samples, it employed a device namely “Anton Paar” (Figure 2.5) 

which could be utilized for both low- and high-pressure situations. Based on the aim of the 

project, it used low-pressure measurement. 

Before measuring the density, checking the calibration and density was necessary. The index 

sample to calibrate the device was distilled water. The calibration step started with washing the 

U-tube inside the device by injection. 

Firstly, the tube was washed with distilled water and secondly, ethanol was injected to clean 

the water inside the U-tube. Finally, an air pump dried the tube for 15 minutes to get prepared 

it for injection of the sample. The process of washing the tube was implemented after measuring 

the density of each sample. 

It was selective samples for this measurement (odd and the last samples) and it has been used 

interpolation method to reach the density values of even samples. The temperatures considered 

for this measurement were 20 and 40 °C and each sample had two different density values 

regarding the temperatures. 

 

 

Figure 2.5: Density measurement device. 
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3 Results 
 

3.1 FTIR 

Table 3.1 illustrates the wavelengths and the species of CESAR1 aqueous solution including 

the numbers of picks during the FTIR test. Moreover, the wavelengths of this study were 

compared with many literature reviews to check the accuracy of this analysis. 

 

Table 3.1: Vibrational test of CESAR1 and the species. 

No. of picks 
Wavelength 

[cm-1] 

Wavelength 

[cm-1] 

(Literature review) 

Species formula 

1 995 985-995 27 C−H out-of-plane bend 

2 

1049 
1043-1049 9,28,29 

1043 30 

C−N, 

C−O bending, hydroxyl, 

AMP 

1053 
1052 31 

1054 9 

C−O 

AMPCOO−  

AMPH+ 

1072 1072 9 

C−N 

Carbamate 

AMPCOO−  AMPH+ 

1076 1076 30 C−N 

1095 1095 32 C-C stretching 

3 

1126 1116 33 

1119 32 

1159 33 

C−O stretching 1130 

1134 
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4 1234 1235-1245 34 C−N stretching 

5 1261 

1260 28,29,35,36 C−O bending 

1265 9 
𝑁 − 𝐶𝑂𝑂− 

PZCOO− 

6 

1319 1315-1330 34 

 

1327 37 

C−O vibration 1323 

1327 

7 

1377 1370 38 C−O stretching 

1384 1382 30 
Carbonate 

HCO3
− 

1388 1388 39 C−H stretching 

8 1415 1410 40,41 C=O symmetric stretching 

9 1469 

1460 42 

1461 32 

1464 33 

C−H banding 

1470 9 

𝑁𝐻2
+ 

PZH+  

 +HPZH+ 

10 

1508 1500 37 C=C aromatic 

1523 1524 9 

COO− 

Carbamate 

PZCOO− 
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Monocarbamate 

1535 1535 43 C−N stretching 

1550 

1546 9 
COO− 

Carbamate 

1548-1550 31 

−OOCPZCOO− 

Di-carbamate 

N−H  

 C−N 

1558 1555 40 C=O asymmetric stretching 

11 

1635 

 

1635 44 
Water 

1620-1640 37,42 

1620 37 

O-H bending 

Hydroxyl or water, 

 

1628 9 H-O-H 

1643 

1645 30 𝑁 − 𝐻 

1647 

1651 1650 45,46 C=O stretching of amide 

1658 

1657 32 

1655 33 

1654 32 

C=C stretching 
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3.2 pH measurement 

Measured values of the pH for 44 different CESAR1 samples are illustrated in Figure 3.1. As 

shown, the highest value of pH belongs to sample 1 (25 g of unloaded CESAR1) with 12.6. 

The more added loaded solution to the sample, the less the pH value is in the line graph. It can 

be deducted that 25 grams of unloaded as well as loaded samples with CO2 (samples 1 and 44) 

have about 3 values difference in their pH from 12.6 to 9.7 respectively. 

 

 

Figure 3.1: pH measurement results. 

 

3.3 FTIR analysis 

The compositions of the samples have been determined by the FTIR method and the following 

figures illustrate several characterizations of CESAR1 solvent. The considerable region in this 

project is between 950 to 1700 cm-1 and all the remarkable picks are identified in the mentioned 

wavelengths. Figure 3.2 illustrates the whole noticeable areas of the study and there are some 

main picks that are marked with their wavelengths to discriminate the unloaded as well as 

loaded samples. 
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Figure 3.2: The wavelength range of FTIR analysis for CESAR1 solvent. 

 

Figure 3.3 can show clearly that the highest loaded sample (number 44) generated the highest 

picks in the plot, while sample number 1 did not affect picks dramatically. In other words, the 

more added CO2-loaded solvent, the higher pick generates in the FTIR plot. 

 

 

Figure 3.3: The two highest and lowest picks regarding the unloaded and loaded samples. 

 

According to literature reviews, each pick corresponds to some earmarked compositions, and 

it is recognized in 7 significant picks. The wavelength regions and the bonds are shown in 

Figure 3.4. 
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Figure 3.4: Corresponding wavelengths to the constituents of solvent. 

 

3.4 PLS-R analysis based on the FTIR outlet 

The results of the unscrambler analysis are represented based on several objectives as the 

Figures below clarify. 

 

 

 

(a)                                                                                        (b) 

Figure 3.5: Predicted vs. Reference plot with outliers (Wavelength range: 400-4000 cm-1) [mol/kg solvent]; (a) 

and without outliers (Wavelength range: 950-1600 cm-1) [mol/kg solvent]; (b). 
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(a)                                                                       (b) 

Figure 3.6: Regression coefficients plots with outliers (Wavelength range: 400-4000 cm-1) [mol/kg solvent]; (a) 

and without outliers (Wavelength range: 950-1600 cm-1) [mol/kg solvent]; (b). 

 

 

 

(a)                                                                     (b) 

Figure 3.7: RMSE plots with outliers (Wavelength range: 400-4000 cm-1) [mol/kg solvent]; (a) and without 

outliers (Wavelength range: 950-1600 cm-1) [mol/kg solvent]; (b). 

 

 

 

 

(a)                                                                       (b) 

Figure 3.8: X-loading plots with outliers (Wavelength range: 400-4000 cm-1) [mol/kg solvent]; (a) and without 

outliers (Wavelength range: 950-1600 cm-1) [mol/kg solvent]; (b). 
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3.5 Density measurement 

The density values of samples are presented in Figure 3.9. It illustrates that sample 1 with 

unloaded solution (25 g without CO2) has the least value of density (0.99 and 1.01 g/cm3 at 40 

and 20 °C respectively), whereas the sample 44 with 25 g of fully CO2 loaded CESAR1 is 1.10 

as well as 1.09 g/cm3 for the temperatures 20 and 40 °C. In the case of the temperature, the 

difference between the measured densities for each sample is approximately 0.01 g/cm3. It 

means these two lines of density measurements had roughly 0.01 g/cm3 in the entire 

investigation. The density was always lower at 40 in comparison to 20 °C. 

 

 

Figure 3.9: Density measurements of loading CO2 in CESAR1 in two different temperatures. 

 

0.99

1.01

1.03

1.05

1.07

1.09

1.11

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

g/
cm

3

44 Samples

Density measurement

20 °C

40 °C



 

28 

4 Discussion 
Evaluating the CESAR1 solution indicates that it can be considered as a high potential aqueous 

carbon dioxide capture. CO2 absorption is significantly affected by applying the blend of AMP 

and PZ as the CESAR1. 

Loading carbon dioxide was run in different ranges of weights to reach the effect of loaded 

CO2 on the parameters pH as well as density. Figure 3.1 shows that pH measurements for 

CESAR1 follow the rule that the more CO2 loaded, the less pH value. However, Figure 3.9 

proves that CO2 loading shows the reverse result for density measurement. The findings show 

that the density study for the fully loaded CESAR1 with carbon dioxide has the highest value 

for density measurement in comparison to the pH test. 

Peaks in the FTIR analysis show that CESAR1 is actively reacting to the applied loaded CO2. 

According to Figure 3.2, several different wavelength ranges were picked for the chemical 

decomposition of CESAR1. Findings from the FTIR study give an idea about the last pick that 

it is related to water which is not notable and was removed from the test. 

FTIR spectra of CESAR1 samples showed some stretching groups including C-N, C-H, C-C, 

C-O, C=O, C=C, and N-H. As Table 3.1 demonstrates, carbonate, carbamate, monocarbamate, 

and di-carbamate were recognized during FTIR analysis. Therefore, this method is promising 

because of its simplicity, efficiency, and the mild reaction conditions needed. Chemical 

characterization by FTIR is found to be a simple, cheap, and fast method to identify the 

functional groups in this aqueous solution. An attempt to quantify the functional groups in 

CESAR1 with the FTIR results has been tried. Indeed, looking at the FTIR graph (Figure 3.4) 

gives several picks of the intensity of each functional group.  

Results from PLS-R represented in Figures 3.5, 3.6, 3.7, and 3.8, illustrate wavelength ranges 

between 400 and 4000 cm-1 with outliers and 950 and 1600 cm-1 without outliers. 

Since many picks can share the same functional groups, quantification of functional groups is 

not enough to fully characterize the specific chemical components in the CESAR1 solution. 

Because of this limitation, NMR could report more information about the concentration of each 

component, however, the NMR results did not prepare and this study has not been done as it 

requires more specialized knowledge in this area. 

 



 

29 

5 Conclusion 
 

CESAR1 could be a promising solution due to its renewability, environmentally friendly 

nature, and compatibility with existing technologies to capture carbon dioxide. 

Among the carbon capture techniques, CESAR1 (AMP+PZ) mitigates high energy 

requirements and causes to react CO2 with PZ more with high CO2 loading capacity. It is 

proved that PZ has a considerable effect on the rate of CO2 capture and can enhance it even if 

is a small amount. pH and density measurements were selected to evaluate the CESAR1 

solution. The best results were observed for sample 44 because of its highest loaded CO2 during 

the FTIR tests. Findings illustrate that if the CO2-loaded solution adds to the sample, it will 

give the highest pick in the FTIR curve. 

The effect of the different methods on the AMP+PZ (CESAR1) is evaluated by applying pH 

analysis. The results determine the effect of the CO2 loading on the solution is considerably 

different from the density evaluation. The test clarified the most loaded carbon dioxide, the 

least value in pH measurement. However, the highest components of CO2 increased the density 

amount of the solution. Thus, a thorough study of each method is recommended, especially for 

density as well as pH measurements.

According to Figure 3.5 for PLS-R analysis, the results obtained for 22 elements were 

considerably had less correlation (83%). By removing the outliers and decreasing the elements 

to 20, it has caused a more accurate correlation of approximately 99%. As a consequence, lower 

numbers of outliers, eventuate in more effective as well as a realistic predictions. 

Consequently, the FTIR and PLS-R may have clarified the characteristics of the CESAR1. 

Better results could be obtained with NMR and the concentration of each component in the 

solution. 
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Appendices 
 

Appendix A: Corrosion images by SEM 21 
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Figure A.1: (a) Fresh surface before the test; (b) corroded surface in DEA system; (c) corroded surface in PZ 

system. 21. 

 


