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ABSTRACT 

 Air revitalization for the International Space Station (ISS) has been identified by 

NASA as a mission critical need which requires improvement.  The current method uses 

13X zeolite, a solid adsorbent, to adsorb carbon dioxide. While this is effective, the zeolite 

adsorbent produces dust that is unwelcome on the space station. Furthermore, the adsorbent 

is too sensitive to humidity in moderate temperature gas streams [1]. Aqueous solutions of 

ionic amines show promise as a safe and efficient solution, as they do not volatilize and are 

not water sensitive [2].  Specifically, anionic amines have the most potential because of the 

amine functional group’s ability to readily scrub CO2 out of the air [3, 4].  There are several 

different anionic amine compounds the research group at South Alabama is analyzing that 

show promise for this application in confined environments. Different aqueous ionic amine 

solutions release different amounts of energy when they absorb CO2, which can be useful 

in producing the heat needed to regenerate the solution after absorption, but also will 

require more energy to remove to carbon dioxide. To remove the CO2 after it is chemically 

absorbed, the solution is to be heated and the carbon dioxide will return into the gas phase 

[5]. Ionic amines tend to be very viscous, but water can be added so the solution will flow 

more easily.  However, water has a high heat capacity and will require more energy to heat 

the solution during regeneration and cool afterward.  These circumstances – heat of 

absorption, viscosity, and heat capacities of the solutions – require our research team to 

find data for several different conditions to be able to determine the best ionic solution for 

air revitalization. For this project, the team will not pursue the logistics of viscosity, 

however, it will need to determine the thermophysical properties of the solutions at 
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different concentrations.  The pure component thermophysical properties must also be 

known for these ionic amines to calculate the energetics of the reaction. 
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CHAPTER I 

INTRODUCTION 

1.1 Motivation 

NASA has identified air revitalization on the International Space Station as an area of 

focus, with aqueous solutions of ionic amines as a potential solution [6].  NASA’s Established 

Program to Stimulate Competitive Research (EPSCoR) selected the University of South 

Alabama for the Research Program Cooperative Agreement Notice Award. This award provides 

financial support to improve ISS air revitalization and the university’s research and design 

competitiveness [6]. The team at South Alabama collaborating on this project consists of Dr. 

Davis, Dr. Reichert, Dr. Glover, Dr. Kevin West, three graduate students, and between two and 

six undergraduate students. This team will identify an ionic solution that proves to have the best 

results in the research lab. Figure 1. on page 8 shows the different ionic compounds that will be 

made and tested.  One of the main goals of NASA in this project is to have the safest compounds 

being used, as well as safe byproducts in case of secondary reactions. Aqueous amines are 

currently used to absorb CO2 in combustion flue gas streams, but corrosion, instability, high 

volatility, and high energy for regeneration are all big problems for using amines to capture CO2 

on the ISS for safety and energy reasons [4].  Amine functionalized ionic liquids readily absorb 

carbon dioxide and have no vapor pressure, which gives them promise as a safe and efficient 

method for air revitalization [3]. 

Removal of CO2 in the International Space Station (ISS) has been a focus of NASA, 

because studies have shown that the elevated levels of CO2 exposure are affecting astronauts’ 

physical, neurological, as well as cognitive health [7].  The current method of removing CO2 

involves a solid adsorbent, 13X zeolite. The zeolite, however, produces dust and is less effective 
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in humid gas streams [9].  It has been a manageable problem with the approach currently used, 

but NASA is collaborating with the University of South Alabama to search for a more efficient 

method.  Increased CO2 levels at moderate amounts cause changes in blood pressure, heart rate, 

tissue pH, and blood solubility [7].  At just 3%, heart rate and blood pressure increase, while 

exercise tolerance decreases. Shortness of breath and headaches are common.  Higher exposure 

results in confusion, heart palpitations, sweating, and chest pains.  As levels rise to 10%, 

vomiting, disorientation, severe dyspnea occurs, with long term exposure resulting in seizures 

and loss of consciousness.  High levels of CO2 (35%) have even caused anxiety responses and 

panic attack like symptoms in healthy individuals [7].  Even at only 20-22%, death has been 

reported [7]. It is easy to identify the physiological changes that result from high CO2 exposure, 

but it is more difficult to identify the cognitive effects that low concentrations can cause for a 

prolonged period of time.  A study completed by Allen et al. showed that low-level elevated CO2 

exposure during a full day impaired performance on higher-order decision-making tasks, with 

higher levels of CO2 linearly causing decline in cognitive functioning [8].  Mental health is very 

important on the ISS given that a team of astronauts must work together to complete goals in a 

very abnormal environment.  On Earth, CO2 concentration is consistently at 0.03% by volume. 

On the ISS, CO2 concentration is consistently higher at around 0.5%, and can fluctuate much 

more quickly than Earth’s standards [7].   

1.2 Aqueous Amine Solutions 

 The removal of CO2 gas from air has been an area of focus for many industries because 

of humanity’s burning of fossil fuels.  The combustion of fossil fuels release CO2 and H2O gas, 

in which CO2 acts as a greenhouse gas that causes the rising temperatures of the Earth. Using 

amines for capture of CO2 is currently the most effective and common method for post-
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combustion flue gas streams, again because of the amine’s ability to scrub gaseous CO2.  A CO2 

laden gas stream flows from the bottom of an absorption column where it is contacted with 

aqueous amine solution.  Lloret and Vega have described aqueous amine solutions to have high 

volatility and corrosion. These properties cause the amine solution to degrade at high 

temperatures, requiring low pressure gas to counteract the degradation.  This greatly lowers the 

capacity for absorption, however, because CO2 is in low concentrations in the gas line.  All of 

this considered, amine absorption is still the best way to scrub CO2 out of the gas phase due to 

the effectiveness of amine capture and the reusability of the whole process [3].  In aqueous 

solution, Stowe and Hwang have shown that primary and secondary amines undergo 2:1 capture 

of CO2 [5].  This means it takes two amine molecules for every one CO2 molecule captured, 

which costs more money than 1:1 capture.  The resulting products include one carbamate ion and 

a protonated amine ion.  The amine attacks the CO2 and forms a zwitterion.  A zwitterion is a 

molecule that holds a true positive and negative charge at the same time, resulting in an overall 

neutral charge. Then, a second amine comes and takes one proton from the zwitterion to form the 

carbamate and ammonium ion [5].  

 

 

 In addition to the 2:1 requirement of aqueous amines, solvent degradation accounts for about 

10% of the cost of CO2 scrubbing using this method [5].   

Figure 1. illustrates process of CO2 

capture by aqueous amines. 
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1.2 Ionic Amines 

 Ionic liquids have been a key candidate for CO2 removal from air because of the 

properties that resolve the problems stated above.  They can be thought of as molten salts, with 

very high thermal stability and virtually no vapor pressure due to their Coulombic attractions [2].  

Because of this they have a low volatility, they’re stable, and they have low corrosivity.  There 

are seemingly endless combinations of cations and anions to create the perfect ionic pair for 

specific tasks.  As compared to organic solvents, IL’s can physically absorb more CO2, but 

without being modified, their chemical absorption capacity is too low to be practical for CO2 

removal [4].  By adding the aforementioned amine group to the cation or anion, many different 

IL’s yield the potential for efficient CO2 scrubbing.  Amino acid ionic liquids (AAILs) are 

available at reasonable prices for industrial use, and they capture CO2 better than most other 

compounds with amine groups found in them, such as pure amino acids or amino acid salts [4].  

In 2001, the first ionic liquid was made for CO2 capture at the University of South Alabama in 

2002 by the Davis research group, with the amine group covalently bonded to the cation [2].  

The uptake of CO2 is completely reversible, which is beneficial because the same solution can be 

used continuously to scrub the air.  The uptake of carbon dioxide is exothermic, so to remove the 

chemically bonded CO2 from the ionic amine, it can be heated around 100°C for several hours in 

a vacuum.  The Davis research group repeated this process five times, and no loss of efficiency 

was observed [2].  This discovery has put ionic liquids at the center of attention for CO2 capture.  

The amine group undergoes the same mechanism as Stowe reported, forming the zwitterion 

briefly before forming a carbamate and ammonium ion.  Carbamate ions, ammonium ions, and 

carbamic acids remain in equilibrium until the ionic amine is regenerated [4].  The CO2 capacity 

varies from 2:1 to 1:1 this way, depending on external and molecular conditions.  2:1 capture 
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occurs when the zwitterion rearranges to make a carbamic acid, so it is desirable to keep the 

equilibrium favoring the zwitterion.  By lowering the temperature or increasing the CO2 partial 

pressure, 1:1 capture is favored.  However, raising the CO2 partial pressure is not practical to this 

application, because by the time the pressure is high enough, most of the astronauts have 

probably already died.  Firaha and Kirchner have shown that attaching the amine to the anion 

instead of the cation increases absorption capacity, as well as increasing the cation size [4].  The 

same researchers have also shown that using the surface of the IL instead of the bulk favors 1:1 

capture at moderate pressures [4].   

The advances that have been made using ionic amines show promising results for 

capturing CO2 in dry gas streams.  When water is present in the gas stream, the behavior changes 

greatly [9].  The equilibrium between carbamate ions, ammonium ions, and carbamic acids is not 

the only one that exists in wet conditions.  Carbonate and bicarbonate also form due to rapid 

proton exchange [9].  These are unwanted products not only because there is a less 

straightforward way to rid them from solution to regenerate the original solution, but they also 

change the pH of solution.  If CO2 is in excess of its stoichiometric balance, the 

carbonate/bicarbonate mode of capture dominates [9].  The carbamate still forms, but only 

briefly.  In this application, excess CO2 should not be a problem because normal levels of CO2 in 

the ISS are around 0.5%. AAIL’s have shown to perform 1:1 capture in dry gas streams, but the 

ionic liquids are often very viscous without the addition of water.  Drawbacks such as high 

viscosity and 2:1 capture have encouraged Dr. Seo and his research team to focus on aprotic 

heterocyclic anions and phase change ionic liquids.  Aprotic heterocyclic anions (AHAs) were 

observed to absorb CO2 in 1:1 capture at pressures between 0 -1 bar and reversibly give it off 

with no efficiency loss [10,11].  Because there are not as many free protons in the heterocyclic 
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structure of the ionic liquid, the hydrogen bonding network is not as strong, so the viscosity 

doesn’t notably increase [10,11]. However, over time the AHA can become protonated in the 

presence of water into neutral species.  Because of this, useful absorbent is lost over several 

cycles [10].  Phase change ionic liquids greatly reduce the amount of energy needed to 

regenerate the original absorbent.  This is because ionic amines can be synthesized to lower the 

melting point after sequestering CO2 [12].  Many ionic amine’s melting points increase when 

reacted with CO2 because of the new possibility for hydrogen bonding.  The extensive previous 

research done and Dr. Davis’s experience making ionic compounds for industrial use has aided 

him in presenting the most promising ionic amines for this application. For this project, 1:1 

capture is favorable, but not critical.  Steric effects, solvent environment, and electron 

withdrawing/donating effects of substituents on the amine all contribute to the rearrangement of 

the zwitterion to the carbamic acid and cause 2:1 capture. The general method for constructing 

the ionic amines as described in the project proposal include the ring opening of cyclic sultones 

by primary amines. Separation techniques are then used to purify the ions used. The ionic 

compounds being synthesized feature an amine group in both the cation and anion.  Capturing 

CO2 as a carbamate is more achievable this way because there is a lone pair and a hydrogen on 

the nitrogen atom that discourages the rearrangement of the zwitterion.   

The Departments of Chemistry and Chemical & Biomolecular Engineering at South 

Alabama are investigating several different ionic amine combinations to determine the best one 

for this project as shown in the EPSCoR Research Program Cooperative Agreement Notice 

Award 0002 2019: 
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Using this chart as a guideline, the chemistry department will produce eight compounds for 

analysis: 

• tetramethylammonium taurinate 

• tetramethylammonium homotaurinate 

• tetramethylammonium N-propyl-homotaurinate 

• tetramethylammonium N-methyl-homotaurinate 

• choline taurinate 

• choline homotaurinate 

• choline N-propyl-homotaurinate 

• choline N-methyl-homotaurinate 

As can be seen, using ionic liquids for CO2 capture has been a focus for several years, and 

scientists have continually discovered better and better methods for scrubbing.  The original 

reason behind the ionic liquid research was to help reduce the emission of greenhouse gases 

Figure 2. Shows the layout of ionic amines being 

produced as given in the project proposal. 
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caused by the burning of fossil fuels [2].  There are several other applications, however, with air 

revitalization on the International Space Station being one of them. 

CHAPTER II 

METHODS 

2.1 Characteristics of Interest 

Solutions of nonvolatile ionic aqueous amines will demonstrate improved performance of 

capacity and energy requirements over monoethanolamine for CO2 capture under air 

revitalization conditions. To validate this, the pure component thermophysical properties of 

several ionic compounds listed on page 9 will be determined. These properties are melting 

points, enthalpies of fusion, and heat capacities, and they will also be determined for different 

concentrations (20 mass% - 60 mass% ionic compound) of aqueous ionic solution.  The enthalpy 

of absorption of CO2 will be determined for choline taurine and will be compared to current 

aqueous amine solutions to demonstrate improved performance with negligible vapor pressure. 

2.2 Density Measurement 

 The heats and rates of absorption are being compared for three different compounds at 

30% mass solution: choline taurine, monoethanolamine, and 2-(2-aminoethyoxy) ethanol.  In 

order to understand the impact the diffusion of carbon dioxide into the amine solutions has, a 

density measurement is required to convert from mass to volume of solvent.  The DSA 5000 will 

be used to accurately measure density to six decimal points. 

2.3 Differential Scanning Calorimeter 

The Differential Scanning Calorimeter (DSC) will be used to determine thermophysical 

properties such as heat capacity and heat of fusion, as well as reaction behavior for absorption. 

NASA has granted the funds that allowed the Department of Chemical and Biomolecular 
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Engineering to purchase a new DSC and SDT for this project. The DSC will take data on 

aqueous solutions of ionic amines with concentrations ranging from 20% – 60% and pure with a 

temperature generally ranging from 0 – 70°C.  This data will include melting point, enthalpy of 

fusion, and heat capacity.  After the thermophysical properties are determined, data on CO2 

absorption can be taken.  The experimental CO2 partial pressure will range from 0 – 2 Torr to 

model the conditions on the International Space Station. The temperature will be held constant, 

with an inert nitrogen stream flowing over the ionic liquid.  Then, the gas stream will be 

switched to carbon dioxide and the enthalpy of absorption can be determined.  This is important 

to establish the conditions needed for solvent regeneration.  The data will be compared against 

that of common aqueous amine solvents such as MEA to compare the heats and rates of 

absorption and desorption. 

 

 

2.4 Rotary Evaporation 

 The compounds being tested are hygroscopic, meaning they will absorb water from the 

air when left open to the atmosphere. Because of this, the compounds will be dried in a rotary 

evaporator.  There is inert nitrogen on backflow to ensure no water-containing air is contacted 

with the dry ionic amine.  The compounds are capped quickly and weighed in order to accurately 

determine the weight percentages when water is added. 

Figure 3. TA Instruments Discovery DSC 2500 
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CHAPTER III 

RESULTS AND DISCUSSION 

3.1 Melting Points of Pure Components 

3.1.1 Choline Taurinate 

 

 

For the pure component melting point of choline taurinate, the solution was heated to 90°C and 

left isothermal at that temperature for 300 minutes (5 hours). This was to remove all water from 

the sample before determining the melting point. This strategy of leaving the sample isothermal 

for more than an hour was used for all the compounds. The sample was then cooled to -80°C and 

heated back to 110°C (figure 3). This was done using the DSC 2500 and the melting point was 

found to be 57.52°C± 0.09 °C 

Figure 4. shows the melting point for choline taurinate as found by the 

DSC. 
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3.1.2 Tetramethylammonium Taurinate 

 

Figure 5. shows the melting point of tetramethylammonium taurinate as found by the 

SDT. 

This run was completed on the SDT and reported for a project completed by a previous student 

[13]. For the pure component melting point of tetramethylammonium taurinate, the sample was 

heated to 110 °C and kept isothermal for 240 minutes to ensure all water was removed.  Then, 

the sample was cooled to 25 °C to refreeze it before heating to 130 °C.  The melting point peak 

was analyzed and found to be 103.4 ± 0.5 °C.  
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3.1.3 Choline n-methyl homotaurinate 

 

 

The pure component melting point of choline n-methyl homotaurinate was difficult to 

conclude due to the energetics of the molecule changing at a temperature right before the melting 

point.  The DSC found the onset temperature of this peak to be 80.08°C, however this result is 

likely imprecise to the true melting point of this compound when it is in its most stable form 

because of the wide peak range the program is analyzing. 

 

 

 

Figure 6. shows the melting point for choline n-methyl homotaurinate found 

using the DSC. 
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3.2 Heat Capacity of Aqueous Solutions 

In order to observe the effect of composition on heat capacity, three different percentages of 

ionic amine in water, 20%, 40%, and 60%, were tested over a temperature range from 0-70 °C.  

After the data was taken, Excel was used to find the coefficients to model the solutions using the 

following equation: 

𝐶𝑝 = 𝑎 + 𝑏𝑇 + 𝑐𝑇2 

The coefficients for each solution for each compound are shown in table n. 

    a b c 

Taurine Choline 

20% 3.41997011 0 1.2815E-05 

40% 2.80405013 0.00465987 0 

60% 2.31924108 0.00562084 0 

Tetramethyl ammonium 

taurinate 

20% 2.90129177 0.00484001 4.9683E-06 

40% 2.59256132 0.0033355 0 

60% 2.34662274 0.00414389 0 

946 

20% 3.29700741 0 0 

40% 2.96102035 0.00385698 0 

60% 2.63659068 0.00442651 0 

Choline n-

methylhomotaurinate 

20% 3.03337037 0 0 

40% 2.58350256 0.003065 0 

60% 2.25841757 0.00440246 0 

Tetramethyl ammonium n-

isopropylhomotaurinate 

20% 2.98419868 0.00190631 0 

40% 2.49634895 0.00360757 1.4134E-05 

60% 2.14302692 0.00413838 6.2989E-06 
 

 

Most of the heat capacities give a linear result, with the c value equal to zero.  The 

compounds that have a non-zero value for c have values that are very close to zero.  This is 

because for many runs, the heat capacity data points begin to drop at higher temperatures, 

especially for low concentrations of ionic amines.  There is more water present in these solutions 

that creates a higher vapor pressure in the T-Zero pans as temperature rises.  The data points 

Table 1. shows heat capacity coefficients for 20%, 40%, and 60% mass 

concentrations for five different compounds. 
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begin to drop off because this vapor pressure consistently overcomes the force of the lid of pans 

causing it to deform and leak [14]. This allows for vapor to escape the pan, causing the mass of 

the sample to decrease.  As mass leaves the pan, the heat capacity of the run drops.   

3.2.1 Choline Taurinate 

  

 

 

As ionic amine concentration declines and water concentration rises, heat capacity 

increases.  This shows that there is no ideal concentration of ionic amine that minimizes heat 

capacity.  However, the heat capacity trendline for 20% concentration is higher by a larger 

difference than the other concentrations.  The experimental data points begin to drop at 60°C for 

20% and 40% concentration from the increased pressure in the pan causing deformation of the 

lid.  At 0°C, the experimental heat capacity for 20% concentration is significantly higher than the 

model would suggest.  At 80% mass of water, the likely explanation of this is the water 
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Figure 7. shows heat capacity of choline taurine and water solutions versus 

temperature. 
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somewhat solidifies at temperatures below its pure component freezing point, and this affects the 

linear nature of the heat capacity curve of the aqueous solution at temperatures below 0°C. 

 

 

 

 20°C was chosen to compare heat capacities for different concentrations because it is 

ambient air temperature and returns an accurate model.  For choline taurine, the heat capacity 

declines linearly as composition of ionic amine increases. 
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Figure 8. shows composition versus heat capacity at 20°C 

for choline taurine. 
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3.2.2 Tetramethylammonium taurinate 

  

 

 

 The same trends follow for this compound as compared to taurine choline, but they are 

not as pronounced.  This suggests that tetramethylammonium taurinate is more hydrophilic than 

taurine choline, causing water to stay in solution more. The 20% concentration varies farther in 

heat capacity than the 40% and 60% solutions, as shown in figure n. 
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Figure 9. shows heat capacity of tetramethylammonium taurinate and water 

solutions versus temperature. 

 

Figure 10. shows composition versus heat capacity at 

20°C for tetramethylammonium taurinate. 
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3.2.3 Choline homotaurinate 

  

 

 

 

 The 20% experimental data for choline n-isopropyl homotaurinate begins to decline at 

40°C severely.  This compound does not hold the water in solution well for 20% mass 

concentration.  A concentration increase of ionic amine again decreases the heat capacity, with 

the difference in the 20% solution heat capacity being slightly higher than the other two. 
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Figure 11. shows heat capacity of choline n-isopropyl homotaurinate and 

water solutions versus temperature. 

 

Figure 12. shows composition versus heat capacity at 

20°C for tetramethylammonium taurinate. 
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3.2.4 Choline n-methylhomotaurinate 

  

 

  

This compound follows very similar trends to choline n-isopropyl homotaurinate.  The 20% 

solution vapor pressure of water builds up considerably at 45°C.  The overall heat capacities are 

lower for this compound than choline taurine and n-isopropyl homotaurinate, and the 

concentration has the same effect on heat capacity as the other compounds.  

 

2

2.2

2.4

2.6

2.8

3

3.2

0 10 20 30 40 50 60 70

H
ea

t 
C

p
ac

ai
ty

 (
J/

g
 °

C
)

Temperautre (°C)

20% Data
40% Data
60% Data
20% Model
40% Model
60% Model

2

2.5

3

3.5

4

4.5

0% 10% 20% 30% 40% 50% 60%

H
ea

t 
C

p
ac

ai
ty

 (
J/

g
 °

C
 )

Percent Composition Ionic Amine

Data

Model

Figure 13. shows heat capacity of choline n-methyl taurinate and water 

solutions versus temperature. 

 

Figure 14. shows composition versus heat capacity at 

20°C for choline n-methylhomotaurinate. 
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3.2.5 Tetramethylammonium n-isopropylhomotaurinate 

 

 

 

This compound again shows the same trends as the others.  Heat capacity increases with 

temperature, and leaks occur at higher temperatures.  Heat capacity drops considerably with a 

small addition of compound, and continue to decreases as concentration increases. 
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Figure 15. shows heat capacity of choline n-methyl taurinate and water 

solutions versus temperature. 

 

Figure 16. shows composition versus heat capacity at 

20°C for tetramethylammonium n-

isopropylhomotaurinate. 
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3.3 Heats of Absorption 

The heat of absorption was compared for three different compounds.  The following 

figures depict a heat cycling run for taurine choline and monoethanolamine on the differential 

scanning calorimeter, with the enthalpy of absorption analyzed using TA Universal Analysis. 

 

 

 

 

Figure 17. Shows heat flow versus time for choline taurine at 

35°C, alternating between inert nitrogen gas and carbon dioxide. 

Figure 18. Shows heat flow versus time for monoethanolamine at 

35°C, alternating between inert nitrogen gas and carbon dioxide. 
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 The standard deviation values are high for this measurement.  This is due to the 

fluctuating composition of the open pan under a gas stream. These values should serve more for 

a comparative purpose than accuracy. 

Each compound showed the same pattern for the gas cycling runs, where the solution 

takes in energy for the first few cycles, until the heat flow zeroes out and the enthalpy of the final 

peaks becomes more consistent. This is because each compound was made at 30% mass of 

amine and 70% mass of water.  The energy being absorbed into the solutions is used to vaporize 

some of the water in the solutions, until it reaches a stable concentration where the ionic 

attractions of the anionic amine hold the water molecules in solution so they do not vaporize 

anymore.  This is confirmed by comparing the mass lost by each sample before and after the 

cycling run. 

 

 

 

 

 

 

    

Average 

(J/g) Standard Deviation 

Choline Taurinate 20°C 2.5355 2.67233 

Choline Taurinate 35°C 0.6646 0.23836 

MEA 20°C 4.2777 2.02586 

MEA 35°C 1.4241 0.60128 

Ethoxy Ethanol 20°C 2.4487 0.55581 

Ethoxy Ethanol 35°C 8.8222 0.69474 

Table 2. Shows average heats of absorption found for three 

compounds. 
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  Sample Mass (mg)   

Choline Taurine Before Run After Run Percent Loss 

20°C 20.476 8.824 56.906% 

35°C 20.694 8.38 59.505% 

Monoethanolamine       

20°C 21.008 9.122 56.578% 

35°C 22.098 9.482 57.091% 

2-(2-aminoethoxy) ethanol       

20°C 19.586 8.482 56.694% 

35°C 19.722 8.302 57.905% 

 

 

Because the percent loss of mass is comparable for all three compounds at their 

respective temperatures, it is assumed that the molecules that were vaporizing were mostly 

water.  Using this assumption to calculate the final concentrations of the solutions after the run, 

the results are as follows: 

Choline Taurine 

• 69.61% for 20°C 

• 74.08% for 35°C 

Monoethanolamine 

• 69.09% for 20°C 

• 69.92% for 35°C 

2-(2-aminoethoxy) ethanol 

• 69.92% for 20°C 

• 71.27% for 35°C 

This shows that in order to keep an aqueous solution of these compounds that are less 

concentrated than the values above, a steady stream and method of mixing of water into these 

solutions is required. The temperatures tested for these runs were 20°C and 35°C.  As 

temperatures rise above these, the solutions will lose more water than what is reported above. 

 

 

 

Table 3. Shows percent mass loss of three different solutions before and after a 

cycling run alternating between carbon dioxide and nitrogen. 
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3.3 Rates of Absorption 

3.4.1 Density determination 

Density measurements were taken for three compounds, with one being an ionic amine 

and the others aqueous amine solutions for comparative purposes. These compounds were 

choline taurine, ethanolamine, and 2-(2-aminoethoxy)ethanol. Their densities and standard 

deviations are reported in table n. 

Average density and standard deviation measured in g/cm3 

Choline Taurine Ethanolamine 2-(2-aminoethoxy) ethanol 

20°C 35°C 20°C 35°C 20°C 35°C 

1.06188 1.0507 1.0058 1.0034 1.0203 1.01627 

±0.00003 ±0.0001 ±0.0002 ±0.0005 ±0.0009 ±0.00009 

 

 

Knowing the density of these compound is important when comparing the rate of 

absorption of the carbon dioxide into the amine solution.  The rate it takes a solution to come to 

equilibrium with a CO2 stream is an important factor in the process of CO2 uptake.  To 

understand and compare the effect this rate has on the absorption, the thickness of the layer of 

solution must be known.  Because the cross-sectional area of the DSC T-Zero pans are the same, 

knowing the density and mass of the solutions in the pans allows for the thickness of the amine 

layer to be compared.  

 

 

 

Table 4. shows density for three different compounds at 20°C and 30°C.  The DSA 5000 was 

used for accurate results. 
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Max Percent Height Difference 

  20°C 35°C 

Choline Taurinate 8.564% 13.748% 

MEA 8.163% 12.387% 

Ethoxy ethanol 8.888% 14.139% 

 

 

The maximum difference of the samples was 14%.  This is not a significantly high 

difference, and it was due to the greater MEA content in the 35°C run. 

 

The rates of absorption were compared for three compounds:  

• Choline taurinate 

• Monoethanolamine 

• 2-(2-aminoethoxy) ethanol 

Monoethanolamine is the industry standard for carbon dioxide absorption due to its uptake and 

regenerative capabilities for large concentrations of gas.  2-(2-aminoethoxy) ethanol is another 

effective aqueous amine, with a lower vapor pressure compared to MEA due to its larger size.  

These amines are being compared to an ionic amine, choline taurinate. 

 

 

 

 

 

 

Table 5. shows relative height differences of the three 

samples. 
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The rates of absorption for these three compounds are very comparable.  The time it takes 

for the absorption peaks and the desorption downward peaks to flatten is similar for all three 

compounds.  At 20°C, the heat of absorption is also very close for each compound as well. Each 

Figure 19. shows relative rates of absorption for choline taurinate, 

MEA, and ethoxy ethanol at 20°C. 

Figure 20. shows relative rates of absorption for choline taurinate, 

MEA, and ethoxy ethanol at 35°C. 
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solution was within a height difference of 14% for 35°C, and 9% for 20°C.  This shows that 

ionic amines possess very similar qualities compared to other common amine solutions for the 

rate of the absorption and desorption process. 
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CHAPTER IV 

CONCLUSIONS 

 The current method of carbon dioxide removal on the International Space Station is 

insufficient for future goals.  The solid zeolite adsorbent currently used produces dust and is too 

sensitive to humidity, causing extra down time of the system to do maintenance and clean up.  

Aqueous amine solutions do a great job of removing carbon dioxide in flue gas streams from 

combustion columns, but are too unsafe for confined environments due to their volatility and 

corrosion.  Aqueous solutions of ionic amines have shown to be a promising solution for all 

these problems because they readily absorb CO2 without possessing the volatility and corrosion 

that aqueous amine solutions do, and they do not produce dust or are humidity sensitive.  The 

data taken for this project shows that these aqueous solutions of ionic amines are an excellent 

solution for air revitalization in confined environments compared to monoethanolamine.  

Knowing the heat capacities of these solution is an essential piece in determining the 

energetics for a carbon dioxide removal and solvent regeneration process. Because these 

solutions must be heated and cooled to complete the uptake and release of CO2, the heat capacity 

represents the largest energy requirement of the system. Just adding 20% ionic amine to a water 

solution decreases the heat capacity significantly.  Adding more of the ionic amine causes the 

heat capacity to decrease linearly.  Each compound experienced the same trend for the effect of 

temperature on heat capacity; as temperature increased, so did the heat capacity. For solutions 

with higher water content, raising the temperature caused water to vaporize and increase the 

pressure inside the pan to the point where leaks were made.  This usually began between 60°C-

70°C.   
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The rate of absorption for aqueous solutions of ionic amines is analogous to that of 

aqueous amine solutions such as MEA.  Even for 30% solution, the aqueous ionic amine solution 

absorbed the maximum amount of CO2 at a rate very close to that of MEA and ethoxy ethanol.  

The desorption rate was also just as similar. Using the density to calculate the film layer based on 

the mass of solution used, these results confirm the height of the compound had little effect on 

the rate. This shows that aqueous anionic amine solutions hold comparable rate qualities to other 

common amine solutions. Having a fast rate of absorption provides safer conditions for confined 

environments because this property ensures that an increase in carbon dioxide concentration 

would equally increase the rate of carbon dioxide removal, given an appropriate mass of solution 

for absorption was provided. 
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APPENDICES 

Appendix A: Melting Point 

  Choline Taurinate TMN Taurinate 

  Temperature (°C) Temperature (°C) 

  56.77 103.21 

  57.58 104.52 

  57.68 103.94 

  57.55 102.81 

  57.5 104.25 

  57.38 102.8 

  57.48 102.61 

  57.45   

Average  57.42375 103.4485714 

Standard Deviation 0.279025728 0.776775999 

 

 

 

Appendix B: Heat Capacity 

 

 

 

 

Table A.1 Melting point values for choline taurinate and 

tetramethylammonium taurinate 

Table B.1 Heat capacity data for 20% solution of choline taurinate. 
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Table B.2 Heat capacity data for 40% solution of choline taurinate. 

Table B.3 Heat capacity data for 60% solution of choline taurinate. 
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Table B.4 Heat capacity data for 20% solution of tetramethylammonium taurinate. 

Table B.5 Heat capacity data for 40% solution of tetramethylammonium taurinate. 

Table B.6 Heat capacity data for 60% solution of tetramethylammonium taurinate. 
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Table B.7 Heat capacity data for 20% solution of choline homotaurinate. 

Table B.8 Heat capacity data for 40% solution of choline homotaurinate. 

Table B.9 Heat capacity data for 60% solution of choline homotaurinate. 
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Table B.10 Heat capacity data for 20% solution of choline n-methylhomotaurinate. 

Table B.11 Heat capacity data for 40% solution of choline n-methylhomotaurinate. 

Table B.12 Heat capacity data for 60% solution of choline n-methylhomotaurinate. 
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Table B.13 Heat capacity data for 20% solution of tetramethylammonium n-

isopropylhomotaurinate. 

Table B.14 Heat capacity data for 40% solution of tetramethylammonium n-

isopropylhomotaurinate. 

Table B.15 Heat capacity data for 60% solution of tetramethylammonium n-

isopropylhomotaurinate. 
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Appendix C: Heat of Absorption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table C.1 Concentration of three amine solutions for heat of absorption 

runs. 

Table C.2 Enthalpy of absorption values analyzed by the DSC.  Average and standard 

deviation are based off last four data points. 

Table C.3 Percent amine concentration calculation for heat of absorption runs. 
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Appendix D: Rate of Absorption 

 

 

 

 

Table D.1 Height variations in pans calculated using average mass before and after run and 

density found by the DSA 5000. 
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