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Figure 23.  TGA curves for WKU sample 01050401 at 300@10°C/min. 
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Figure 24.  TGA curves for WKU sample 01060401 at 300@10°C/min. 
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From the above discussion, TGA can be used to distinguish the ammonium bicarbonate 

from ammonium carbonate.  Double peaks in the TGA curve show the existence of ammonium 

carbonate.   

4. XRD Technique 

Figures 25, 26 and 27 represent the XRD spectra of ABC, ammonium carbonate and 

ammonium carbamate.  The three highest peaks of ABC in Figure 25 are at 2θ: 29.7, 16.5, and 

21.9, with relative intensity of 100%, 26.5%, and 19.43%. The three highest peaks of ammonium 

carbonate in Figure 26 are at 2θ: 29.6, 23.8, and 34.5, with relative intensity of 100%, 49.7%, 

and 42.8%.  The three highest peaks of ammonium carbamate in Figure 27 are at 2θ: 30.4, 31.6, 

and 27.4, with relative intensity of 100%, 32%, and 5.98%.  The three highest peaks 2θ and their 

relative intensity are summarized in Table 4.  Table 5 shows the XRD spectral data from the 

Library.  Comparison between the data indicate that the 2θ of the first strongest peaks are very 

close, although their relative intensities are different.   

Figures 28 and 29 are XRD spectra of sample 01050401 and sample 01060401 from the 

CO2 capture experiments.  Both spectra show an obvious second highest peak at about 2θ: 16.5, 

which indicates these two samples are ammonium bicarbonate.   

In the Table 4 and 5, it is found the following 2θ degree can be used to distinguish the 

NH4HCO3, (NH4)2CO3 and NH2CO2NH4 samples: NH4HCO3 : 29.7, 16.5, and 21.9; (NH4)2CO3 : 

29.6, 23.8, and 34.5; NH2CO2NH4 : 29.7, 23.8, and 34.5.   
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Figure 25.  XRD spectrum of sample NH4HCO3 standard. 

 



54 

 

 

 

 

Figure 26.  XRD spectrum of sample (NH4)2CO3 standard. 

 



55 

 

 

 

 

Figure 27.  XRD spectrum of sample NH2CO2NH4 standard. 
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Table 4.  XRD Data from Samples (wavelength 1.54056Ǻ) 

 

Item 2θ d spacing Ǻ Relative 
Intensity % 

29.7 3.00 100 
16.6 5.36 26.5 
21.9 4.04 19.43 

NH4HCO3 Standard 

24.5 3.63 18.02 
29.6 3.01 100 
23.8 3.74 49.7 

(NH4)2CO3 Standard 

34.4 2.60 42.8 
30.4 2.94 100 
31.6 2.83 31.95 

NH2CO2NH4 Standard 
 

27.4 3.25 5.98 
 
 
 

Table 5.  XRD Data from ICDD Library 
(wavelength 1.54056Ǻ) 

 
 

Item 2θ D spacing Ǻ Relative 
Intensity 

29.9 2.99 100 
16.7 5.30 42 
22.1 4.02 27 

Ammonium Bicarbonate 
NH4HCO3 
Card #01-0868 

 24.6 3.61 27 
29.7 3.00 100 
23.9 3.71 40 
26.2 3.40 30 

Ammonium Carbonate 
Hydrate (NH4)2CO3 H2O 
Card #01-0858 

30.9 2.89 30 
30.5 2.93 100 
19.7 4.50 40 

Ammonium Carbamate 
NH2CO2NH4 
Card #26-1565 27.0 3.30 40 
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Figure 28.  XRD spectrum of sample 01050401. 
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Figure 29.  XRD spectrum of sample 01060401. 
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In conclusion, XRD provides obvious spectral difference among these three samples.  

Hence XRD can be used as an analysis method to differentiate the products of the CO2 capture.   

5. CHN Element Analysis 

A LECO CHN-2000 carbon, hydrogen and nitrogen analyzer was used to analyze the C%, 

H% and N% in the ammonium salts.  The C, H and N are the only elements in the products from 

the reaction of aqueous ammonia and CO2.  There are stoichiometric relations among these 

chemicals, which makes quantitative analysis of the ammonium bicarbonate in ammonium salt 

mixture by C H N element analysis possible.  In accordance with the reaction mechanism 

between CO2 and aqueous ammonia, the only products in solution are NH4HCO3 and (NH4)2CO3 

under the controlled conditions.   

We can assume there are “X” Percentage of NH4HCO3 (MW: 79.06) and “Z” Percentage 

of (NH4)2CO3 (MW: 96.09) in the mixture.   

In the case of two components in chemicals mixture, the equations are:   

X/79.06*12.01 + Z/96.09*12.01 = C                                                                           (18) 

X/79.06*14.01 + Z/96.09*28.02 = N                                                                            (19) 

The “C” and “N” are the percentage of carbon and nitrogen in the mixture by CHN2000.   

So the solutions of the equation are as follows: 

X = 79.06 * (2*C/12.01 – N/14.01)                                                                              (20) 

Z = 96.09 * (N/14.01 – C/12.01)                                                                                   (21) 

C H N in standard chemicals by calculation is shown in Table 6.   

C H N results in the samples from CO2 Scrubbing by Ammonia are shown in Table 7.   
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Table 6.  C H N Concentration (Weight%) in Standards by Calculation 

 

 M.W. C% H% N% 

NH4HCO3 79.056 15.193 6.375 17.718 

NH2CO2NH4 78.071 15.385 7.746 35.882 

(NH4)2CO3  96.086 12.500 8.392 29.154 

 

Table 7.  Quantitative Results of Two Unknown Samples by CNH Element Analysis 

 

Sample ID C% H% N% ABC % 
Ave 

ABC% Std Dev 

15.083 6.212 17.76 98.30
15.001 6.158 17.69 97.62
15.104 6.203 17.78 98.4601060401 

14.938 6.114 17.59 97.36

97.93 0.53 

15.025 6.178 17.82 97.18
15.091 6.173 17.90 97.60
15.068 6.201 17.86 97.5301050401 

15.109 6.213 17.89 97.89

97.55 0.29 
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Compared with Table 6 the C H N concentration in standard chemicals, the C H N 

concentrations in the product sample of Table 7 are very close to the standard C H N percentage 

in ABC.   

Using equations 20 and 21, the calculated results are:  

Sample 01060401: Average ABC 97.93% Standard Deviation 0.53 

Sample 01050401: Average ABC 97.55% Standard Deviation 0.29 

 The nitrogen content of sample 01050401 and sample 01060401 are both above 17.2%, 

the index of good quality of ABC as stipulated in GB -3559-92 Agriculture Ammonium 

Bicarbonate National Standard of China 24.  Both products are of good quality.   

Carbon, hydrogen and nitrogen are the predominant elements in the products from CO2 

scrubbing by aqueous ammonia.  So elemental analysis can be used as quantitative analysis of 

ABC.  A LECO CHN-2000 CHN Analyzer provides fast and accurate quantitative analysis of 

ABC.   

The calculation results show that the ABC assay of Sample 01050401 and Sample 

01060401 is above 97%.  ABC is successfully produced by the CO2 Scrubber.   

6. NIR technique 

The spectra collected from the Brimrose AOTF spectrometer were imported into the 

Unscrambler chemometric software package using a U5 file structure.  A principle component 

analysis (PCA) was completed to attempt to separate the 3 subsets of samples.  The results of the 

PCA indicated that samples with high percentages of bicarbonate were grouped together and not 

dependent on whether the remainder of the sample was comprised of carbamate or carbonate.  
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However as the percentage of either carbonate or carbamate increased, the samples were then 

separated into two groups.  The samples that contained all three constituents were grouped 

together as well.   

The same spectra were then used to perform a partial least squares regression (PLS) along 

with the constituent data that accompanied the samples.  The constituent of interest in this study 

is bicarbonate.  A regression was created that used three latent variables to explain 100 percent 

of both the spectra and constituent variation for bicarbonate.   

NIR absorbance spectra of the samples are shown in Figure 30.  Analysis of Figure 30 

shows that there is a baseline ramp.  This offset is most likely multiplicative in nature due to the 

fact that the samples were scanned using an overhead approach.  This overhead approach allows 

for variability in the sampling pathlength.  A corrective measure that can be implanted to correct 

for this baseline ramp is a second derivative pretreatment.  The absorbance data was pretreated 

with a second derivative and the resultant spectra are shown in Figure 31.   

At first, the resultant spectra appear to present excessive noise, but only a portion of the 

entire spectra are utilized.  The structure of bicarbonate has one oxygen-hydrogen bonds.  This 

bond would result in a peak at around 1450 nm.  Figure 32 is an enlargement of the hydroxyl 

peak around 1450 nm.  This is the region that is of most importance and is free of noise with 

spectral variation that could be used to perform a regression with. 

Figure 33 was produced by a principal component analysis of the spectra using the 

wavelength region of 1400 nm to 1550 nm.  This narrow range allows for fast analysis with the 

Brimrose Free Space Spectrometer.  The red points in Figure 33 correspond to  
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Figure 30.  NIR Absorbance spectra of samples. 
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Figure 31.  Absorbance spectra after a second derivative pretreatment. 
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Figure 32.  Second derivative spectra between 1400 nm and 1550 nm. 
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Figure 33.  Scores plot of PCA. 
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bicarbonate/carbamate samples, the green points are the ternary samples, and the blue points are 

bicarbonate/carbonate samples.  The grey points are the unknown samples that were provided 

and were used as test samples for the regression model.  As indicated above, the three samples 

subsets can be separated by the spectral data in the range of 1400 to 1550 nm.  The region of 

interest is where the samples are similar to the unknown samples.  In this area of PC space, a 

PCA can not distinguish between bicarbonate/carbamate and bicarbonate/carbonate samples,  

due to the fact that the bicarbonate will dominate the spectra.   

Figure 34 shows that 99.9 percent of the variance of the spectra is explained in the first 

three principle components.  This is indicative of a robust model.   

Figure 35 shows that 97 percent of the variance of the particle size is explained by the 

first three principle components.  This plot is also indicative of robustness.   

Figure 36 shows which wavelengths are used to determine the percentage of bicarbonate 

along with how strongly each variable affects the final results.   

Figure 37 and Figure 38 show the predicted versus measured plot for calibration and 

predicted versus measure plot of cross validation, respectively.  The regression model for percent 

bicarbonate indicates a strong correlation between the spectral data and reference values.  The 

slope and bias for both calibration and cross validation are almost ideal.  This translates into an 

accurate quantitative model from 0 % bicarbonate to 100 % carbonate.  The residuals for both 

calibration and cross validation are small and show promise of a precise model.   

 The predicted versus measured plot for cross validation is almost identical to calibration.  

This would indicate the model is indeed robust, using only 3 principle  
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Figure 34.  Variance plot of variables. 
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Figure 35.  Variance plot of particle size. 
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Figure 36.  X-Loadings for regression model. 
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Figure 37.  Predicted versus measured plot for calibration. 
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Figure 38.  Predicted versus measure plot of cross validation. 
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components to explain all the variation between samples.  The model produces an SEC of 4.1 

and an SEP of 4.7.   

 Table 8 shows the results of a prediction using the above regression model.  The 

predicted results have the standard deviations of 0.26 and 0.17, which indicate the model and 

NIR technique have very good repeatability.  When comparing NIR results with the results from 

the CHN analysis, it is found the difference of Sample 01050401 is -2.79 and relative error is 

2.8%, and the difference of 01060401 sample is -0.48 and relative error is 0.49%.  Both the CHN 

and NIR techniques indicated the ABC purities of two WKU samples are above 95% and gave 

very close ABC concentration.   

Since the model is using a region of the spectrum that only contains 150 wavelengths, the 

method of analysis is extremely efficient, a typical analysis would only take about 1 second to 

produce accurate and precise results.  If increased accuracy is needed the number of scans per 

sample can be increased without increasing the scanning time greatly.   

The AOTF-NIR Free Space spectrometer is the ideal tool for real-time, on-line 

measurements.  The AOTF technology allows for fast scanning using no moving parts and 

without the need to recalibrate the system.  In this case, a free space spectrometer can be 

mounted above a production line and non-contact classification analysis can be performed.  The 

spectrometer can send a signal to the process control system indicating the results of the 

classification.  The results of this study proved the feasibility of determining percent bicarbonate 

of samples from spectral data collected using the NIR technique for either on-line or laboratory 

determination.  
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Table 8.  NIR Prediction Results of WKU Samples. 

 

Sample Predicted Average Standard Deviation 

wku01050401 95.73 
wku01050401 95.61 
wku01050401 95.67 
wku01050401 95.23 
wku01050401 95.95 

 
 

95.64 
 
 

 
 

0.26 
 
 

wku01060401 98.26 
wku01060401 98.64 
wku01060401 98.22 
wku01060401 98.38 
wku01060401 98.29 

 
 

98.36 
 
 

 
 

0.17 
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B. Thermal Stability Analysis of Ammonium Bicarbonate and Long Effect Ammonium 

Bicarbonate 

There are many factors that can affect the loss of carbon from ABC, such as temperature, 

environmental gas flow rate, humidity, stored volume, sealing conditions, application measures, 

and so on.  Temperature and environmental air flow rate are two of the most important factors 

since volatilization rapidly increases with the temperature and flow rate.  TGA is very suitable 

for the analysis of the influences of these two factors on the evaporation speed because 

temperature and gas flow rate can be easily controlled by TGA when measuring the weight loss.  

Figures 39 and 40 show experimental results on volatilization speed of ABC and LEABC at 

different temperature conditions with an air flow rate of 50 mL/min.  The weight losses of ABC 

and LEABC are summarized in Table 9. As shown in Table 9, the evaporation speed of ABC is 

approximately 2.0 - 3.8 times higher than that of LEABC between 25 oC and 55 oC.  The highest 

evaporation speed ratio of ABC to LEABC is at 30 oC, which is 3.8 times.  However at 60oC and 

65oC, the evaporation speeds are close and the ratios are 1.4 and 1.1 respectively.  This is 

because the ammonium bicarbonate decomposes into ammonia, water and carbon dioxide at 

about 60oC.  LEABC does not increase the decomposition temperature of ABC.  The comparison 

of evaporation speeds between ABC and LEABC at different temperatures indicates LEABC 

evaporates much slower than ABC.   
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Figure 39.  Overlaid TGA curves of ABC at different temperatures. 
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Figure 40.  Overlaid TGA curves of LEABC at different temperatures. 
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Table 9.  Summarized Weight Losses of ABC and LEABC at Different Temperatures 

 

Volatilization speed 
(Weight Loss Percentage after 6 hrs) Temperature (ºC) 

ABC LEABC ABC/LEABC Ratio 
25 6.4 2.4 2.7 
30 13.3 3.5 3.8 
35 20.1 6.3 3.2 
40 34.3 10.4 3.3 
45 52.2 17.5 3.0 
50 76.7 30.0 2.6 
55 95.8 47.8 2.0 
60 100.0 69.4 1.4 
65 100.0 91.0 1.1 
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Figures 41 and 42 show experimental results on volatilization speed of ABC and LEABC 

at 30 oC under different air flow rates conditions.  The weight losses of ABC and LEABC are 

summarized in Table 10.  It is shown that when the flow rate is from 25mL/min to 75mL/min, 

the weight loss changes from approximately 10% to 15% for ABC, and about 3.3% to 3.5% for 

LEABC, around one-third of ABC.  Increasing air flow rate from 25mL/min to 75mL/min 

increases volatilization speed of ABC by nearly 50%, but only 6% for LEABC.   

The results indicate that at different temperature and air flow rate conditions, 

volatilization speed of LEABC is much lower than ABC.  Hence LEABC has good performance 

in retarding the release of CO2 and has much better capacity for carbon fixation than ABC.  

There are three reasons.  First, the hydrogen bonds between the DCD and the ABC affect 

physical properties of ABC, such as volatility and stability.  Second the hydration of ABC is an 

irreversible reaction and ABC decomposes to NH3, H2O and CO2.  DCD decreases the hydration 

radius of NH4+ and then reduces the free water and the release rate of CO2.  Third, the LEABC 

has a smaller surface area than ABC, which decreases the evaporation speed.  Although LEABC 

improves carbon stability, it vaporizes slowly. It should be covered by soil immediately after 

application in the field, especially under conditions of high temperature.  In order to reduce the 

release of CO2, the short term storage of ABC should be in a dry environment with a low air 

ventilation rate.   
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Figure 41.  Overlaid TGA curves of ABC at different flow rates. 

 



81 

 

 

 

 

 

 

 

Figure 42.  Overlaid TGA curves of LEABC at different flow rates. 
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Table 10.  Summarized Weight Losses of ABC and LEABC at Different Air Flow Rates 

 

Volatilization speed (Weight Loss Percentage after 6 hrs) Flow Rate (mL/min) 
ABC LEABC ABC/LEABC Ratio 

25 10.0 3.3 3.0 
50 13.3 3.5 3.8 
75 15.3 3.5 4.3 
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C. Kinetic Study of Ammonium Bicarbonate and Long Effect Ammonium Bicarbonate 

The Flynn and Wall21 method is limited to well-resolved single step decompositions and 

first order kinetics.  Before using this method, it is necessary to test the studied reaction for first 

order kinetics.   

Consider the reaction: A  Products                                                                          (23) 

If first order kinetics is followed, then the rate of the reaction is proportional to the 

concentration of A:30 

Rate = k x (conc. A)                                                                                                     (24) 

Let α be the concentration of A at t=o and (α -x) be the concentration of A at any other time 

denoted by t. 

The reaction rate for decomposition is: 

dx/dt = k (α - x) )                                                                                                         (25) 

On Integration, this equation becomes: 









−
=

xt
k

α
αln1                                                                                                             (26) 

Using values of α, α-x, and t from the ABC and LEABC isothermal 30oC experimental curve 

shown in Figures 39 and 40, the rate constant, k, can be calculated at any point in the reaction.  

The data is shown in Table 11 and 12. 

Within experimental accuracy, the data are consistent with first order kinetics at least up 

to t = 90 min.   
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Table 11.  ABC Isothermal 30oC Experimental Data (Starting Wt. 81.6656mg) 

 

t (min) α-x (mg) k (min-1) 

30 80.7977 0.000356 

60 79.9296 0.000358 

90 79.0471 0.000362 

120 78.1253 0.000369 

 

Table 12.  LEABC Isothermal 30oC Experimental Data (Starting Wt. 92.0377mg) 

 

t (min) α-x (mg) k (min-1) 

30 91.8572 0.000065 

60 91.6941 0.000062 

90 91.5188 0.000063 

120 91.3343 0.000064 
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Figures 43 and 44 display the overlaid weight loss curves for the ABC and LEABC at 

several different heating rates.  The first step in the data analysis process is the choice of level of 

decomposition.  Typically, a value early in the decomposition profile is desired since the 

mechanism here is more likely to be that of the actual product failure.  On the other hand, taking 

the value too early on the curve may result in the measurement of some volatilization (e.g. 

moisture) which is not involved in the decomposition mechanism.  ABC and LEABC are 

materials with high volatile matter (about 6.4% and 2.4%), as shown in Part B: Thermal Stability 

Analysis of ABC and LEABC. So a value of 7.5% decomposition level (sometimes called 

“conversion”) is the chosen value.   

Using the selected value of conversion, the temperature (in kelvin) at that conversion 

level is measured for each thermal curve.  A plot of the logarithm of the heating rate versus the 

corresponding reciprocal temperature at constant conversion is prepared.  The plotted data 

produce a straight line.   

Figures 45 and 46 show a series of such lines created from the five curves shown in 

Figures 43 and 44 by plotting data at different conversion levels.  If the particular specimens 

decomposition mechanism were the same at all conversion levels, the lines would all have the 

same slope.  This is not the case here.  The lines for the low conversion cases are quite different 

from those of 5% and higher conversion.  This justifies the selection of 7.5% conversion as the 

“best” point of constant conversion for the purposes of this test.   
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Figure 43.  Overlaid weight loss curves for ABC. 
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Figure 44.  Overlaid weight loss curves for LEABC. 
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Figure 45.  The logarithm of the heating rate versus the corresponding reciprocal temperature at 

various conversion of ABC. 
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Figure 46.  The logarithm of the heating rate versus the corresponding reciprocal temperature at 

various conversion of LEABC. 

 



90 

The next step in the process is the calculation of activation energy (E) from the slope in 

Figures 45 and 46 using the method of Flynn and Wall21.   

Tables 13 and 14 summarized the kinetic parameters at different conversion levels for 

ABC and LEABC.  At the 7.5% conversion rate, LEABC’s activation energy is 111.9 kJ/mole, 

which is greater than ABC’s activation energy 93.6 kJ/mole.  LEABC has higher activation 

energy, the decomposition reaction rate of LEABC is lower than that of ABC.  This explains the 

reason why LEABC is more stable than ABC.  In addition, the activation energy plays an 

important role in the engineering design such as sizing the CO2 regeneration reactor as well as 

optimizing the its operation condition.   

Figures 47 and 48 display the estimated lifetime of ABC and LEABC.  They are used to 

predict the amount of time that the material will remain stable at specified storage temperatures.  

For example, at 15oC, the ABC predicted lifetime is about 30 hrs, but the LEABC predicted 

lifetime is about 400 hrs.  LEABC obviously has better stability performance than ABC.   
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Table 13.  ABC Kinetic Parameters at Different Conversion Levels 

 

Conversion % Activation Energy 

kJ/mole 

Log[Pre-exp 

Factor1/min] 

60 min Half- Life 

Temp °C 

1.0 118.1 17.18 49.0 

2.5 106.8 15.19 52.5 

5.0 97.6 13.64 54.2 

7.5 93.6 12.96 55.0 

10.0 89.5 12.29 55.3 

20.0 79.3 10.70 54.9 

 

Table 14.  LEABC Kinetic Parameters at Different Conversion Levels 

 

Conversion % Activation Energy 

kJ/mole 

Log[Pre-exp Factor 

1/min] 

60 min Half-Life 

Temp°C 

1.0 139.6 9.47 67.5 

2.5 129.9 7.85 69.7 

5.0 118.4 6.04 70.8 

7.5 111.9 5.05 71.1 

10.0 105.7 4.10 71.1 

20.0 92.1 2.08 70.2 
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Figure 47.  Estimated lifetime of ABC. 
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Figure 48.  Estimated lifetime of LEABC. 

 

 



 

IV. CONCLUSIONS 

 

 Various analytical techniques were used to measure the ammonium bicarbonate in the 

products of CO2 scrubbing by aqueous ammonia.   

 FTIR can be used to distinguish the ammonium carbamate from the ammonium 

bicarbonate and ammonium carbonate because the spectrum of ammonium carbamate has the 

NH2 peak at about 3472cm-1.  However, it is difficult to distinguish the ammonium bicarbonate 

from ammonium carbonate by FTIR.   

The DSC curve of ammonium carbonate shows double peaks.  The DTG curve of 

ammonium carbonate also shows double peaks.  But ABC’s DSC and TGA curve do not.  Hence 

DSC and TGA techniques can be used to distinguish the ammonium bicarbonate from 

ammonium carbonate.   

XRD provides obviously different spectra among ABC, ammonium carbonate and 

ammonium carbamate.  The following 2θ angles can be used to distinguish NH4HCO3, 

(NH4)2CO3 and NH2CO2NH4 samples: NH4HCO3 : 29.7, 16.5, and 21.9; (NH4)2CO3 : 29.6, 23.8, 

and 34.5; NH2CO2NH4 : 29.7, 23.8, and 34.5. XRD can be used as the main analysis method to 

differentiate the products the CO2 capture.   

Carbon, hydrogen and nitrogen are the predominant elements in the products from CO2 

scrubbing by aqueous ammonia.  The elemental analysis can be used as quantitative measure of 

ABC.  A LECO CHN-2000 CHN Analyzer provides fast and accurate quantitative analysis of 

ABC.

94 
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The AOTF-NIR Free Space spectrometer is the ideal tool for real-time, on-line 

measurements of ABC.  The AOTF technology allows for fast scanning using no moving parts 

and without the need to recalibrate the system.  A Free Space spectrometer can be mounted 

above the CO2 capture device and non-contact classification analysis can be performed.  NIR can 

be used to determine percent bicarbonate of the products on-line. 

 Sample 01050401 and Sample 01060401 from the CO2 scrubbing experiment by aqueous 

ammonia at WKU were determined to be ammonium bicarbonate.  The nitrogen content of 

Sample 01050401 and Sample 01060401 are both above 17.2%, the index of good quality of 

ABC as stipulated in GB -3559-92 Agriculture Ammonium Bicarbonate National Standard of 

China24.  When NIR results are compared with the results from the CHN analysis, both the CHN 

technique and NIR technique indicated the ABC purities of the two WKU samples are above 

95% and gave very close ABC concentrations.   

 ABC thermal stability by TGA indicated that the evaporation speed of ABC is 

approximately 2.0 - 3.8 times higher than that of LEABC between 25 oC and 55 oC under the air 

flow rate of 50 mL/min.  The evaporation speed of LEABC is approximately one-third of ABC 

between 25 mL/min and 75mL/min.  The temperature and air flow rate has much less influence 

on the evaporation of the LEABC than on the ABC.   

 A kinetic study of ABC and LEABC gives their activation energy.  At the 7.5% 

conversion level, LEABC’s activation energy is 111.9 kJ/mole, which is greater than ABC’s 

activation energy 93.6 kJ/mole.  The decomposition reaction rate of LEABC is lower than that of 
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ABC.  In addition, the activation energy plays an important role in engineering design such as 

sizing the CO2 regeneration reactor as well as optimizing its operating condition.   

 LEABC has a much better effect than ABC on retarding the release of CO2 and is suitable 

for short-term storage of CO2 scrubbed by aqueous ammonia from the flue gas of power plants.   
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