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Abstract
In this work, characterization and kinetics of CO2 absorption in potassium carbonate (K2CO3) solution promoted by diethylenetriamine
(DETA) were investigated. Kinetics measurements were performed using a stirred cell reactor in the temperature range of 303.15–323.15 K and
total concentration up to 2.5 kmol m�3. The density, viscosity, physical solubility, CO2 diffusivity and absorption rate of CO2 in the solution
were determined. The reaction kinetics between CO2 and K2CO3 þ DETA solution were examined. Pseudo-first order kinetic constants were
also predicted by zwitterion mechanism. It was revealed that the addition of small amounts of DETA to K2CO3 results in a significant
enhancement in CO2 absorption rate. The reaction order and activation energy were found to be 1.6 and 35.6 kJ mol�1, respectively. In terms of
reaction rate constant, DETA showed a better performance compared to the other promoters such as MEA, EAE, proline, arginine, taurine,
histidine and alanine.
© 2019, Institute of Process Engineering, Chinese Academy of Sciences. Publishing services by Elsevier B.V. on behalf of KeAi Communi-
cations Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The chemical manufacturing plants release a huge amount
of greenhouse gases, particularly carbon dioxide (CO2), into
the atmosphere which causes environmental issues e.g. climate
change [1,2]. Therefore, the reduction of CO2 emissions is
essential to mitigate impacts of climate change. Chemical
absorption is one of the most efficient technologies for capture
of CO2 from gas streams [3]. The operational efficiency of the
chemical absorption process significantly depends on solvent's
characteristics such as absorption rate, loading capacity,
regeneration energy, corrosion tendency, thermal and chemical
stability [4]. The alkanolamines, particularly monoethanol-
amine (MEA) is usually used as an absorbent for CO2 capture
[5]. However, MEA has several drawbacks such as corrosion
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issues, high regeneration energy, low CO2 loading capacity,
high volatility and toxicity [5]. Therefore, research on other
type of solvents with better absorption performance is
essential.

Potassium carbonate (K2CO3) solution is an alternative to
alkanolamines because of its advantages e.g. less corrosive, low
volatility, low toxicity and less regeneration energy [6]. How-
ever, the main disadvantage associated with this solvent is the
low reaction rate with CO2 [7]. Several researchers showed that
the addition of an amine with high absorption rate (as a pro-
moter) to K2CO3 can improve its absorption performance. For
instance, Bhosale et al. [8] studied the effect of addition of
ethylaminoethanol (EAE) toK2CO3 solution onCO2 absorption
rate. They found that K2CO3 þ EAE solution has a higher ab-
sorption rate than single K2CO3. The reaction order and acti-
vation energy were obtained to be 1 and 81.7 kJ mol�1,
respectively. Thee et al. [9] added proline and glycine to K2CO3

solution and compared their performances with several pro-
moters. It was discovered that both proline and glycine
. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
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enhanced the reaction kinetics between CO2 and K2CO3. In
addition, it was observed that proline has faster kinetics than
DEA, MEA and glycine but lower than sarcosine. Shen et al.
[10] used arginine to improve the absorption rate of K2CO3

solution. The results revealed that arginine þ K2CO3 solution
has a better absorption rate compared to pure K2CO3. The pri-
mary amino group in the structure of arginine and its basic
character are two main reasons for this positive effect [10].
Based on their observation, arginine showed a better perfor-
mance than histidine, lysine and boric acid. Kim et al. [11]
investigated the absorption rate of CO2 in PZ þ K2CO3 and
2MPZ þ K2CO3 solutions. They observed that both 2-
methylpiperazine (2MPZ) and piperazine (PZ) have similar
absorption rate and can be considered as potential promoters to
increase the CO2 absorption rate in K2CO3. These blended so-
lutions showed better performance than MEA and AMP at high
partial pressure of CO2. Kang et al. [12] studied the absorption
rate of CO2 into K2CO3 promoted by sarcosine, and found that
the addition of sarcosine to K2CO3 results in a significant
enhancement in CO2 absorption rate. The kinetics of CO2 ab-
sorption in K2CO3 þ MEA solution were evaluated by Thee
et al. [13]. They reported kinetics parameters and compared its
performance with several promoters. The reaction order and
activation energy were determined to be equal to 1 and 44.9 kJ
mol�1, respectively. It was also concluded that the addition of
promoters to potassium carbonate has a positive effect on rate of
absorption of CO2 and make it an interesting solvent for CO2

capture. Generally, these promoters can be classified into three
main categories, including inorganic, organic and enzymatic
promoters. Based on the above observation, it was found that
organic promoters have better performance than others. For this
reason, the most widely studied promoters for potassium car-
bonate in the literature are organic promoters such as amines
and amino acids. In addition, these studies showed that reaction
kinetics between CO2 and K2CO3þ promoter can be explained
by zwitterion mechanism.

There is always a motivation in finding better promoters
to enhance the CO2 absorption rate of K2CO3 solution.
Hartono et al. [14] measured the kinetics of CO2 absorption
diethylenetriamine (DETA) solution and revealed that
DETA has a higher CO2 absorption rate compared to MEA
and AEEA. For this reason, DETA was chosen in this work
as a promoter to be added to K2CO3 solution. Therefore, an
aqueous blend of solutions of K2CO3 and DETA has been
proposed as a new absorbent for CO2 absorption. The
objective of this work is to study experimentally the effect
of the addition of DETA to K2CO3 on the CO2 absorption
rate and to compare its performance with other common
promoters. Thus, the kinetics of the reaction between CO2

and K2CO3 þ DETA solution were studied. The density,
viscosity, CO2 solubility and diffusivity and the rate of
absorption of CO2 into solution were measured at 303.15,
313.15 and 323.15 K. Then, the kinetics parameters such as
reaction rate constant, reaction order and activation energy
were reported and the effect of temperature and concen-
tration on these parameters was studied.
2. Kinetic study

The chemical reactions during the absorption of CO2 in
K2CO3 þ DETA solution [15,16] was described in the sup-
porting information. To study the kinetics of CO2 with
K2CO3 þ DETA, it is important that condition given in Eq. (1)
be satisfied [17]. This condition shows that reaction regime is
the fast pseudo-first-order reaction.

3 < Ha ≪Ei ð1Þ

Where the values of Hatta number (Ha) and enhancement
factor (Ei) are calculated by:

Ha¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
KOV DCO2

p
KL

ð2Þ

Ei¼1þDsolvent ½solvent�
bDCO2

½CO2�i
ð3Þ

The CO2 physical solubility in the solution was calculated
by Henry's law:

½CO2�i¼
PCO2

He

ð4Þ
The flux of the absorbed gas in solution can be obtained by

[18]:

NCO2
¼EAKLð½CO2�i�½CO2�Þ ð5Þ

In the fast pseudo-first-order reaction, EA is equal to Hatta
number, and consequently, the specific absorption rate can be
determined by:

NCO2
¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

KOVDCO2

p PCO2

He

ð6Þ
This equation was used to find the overall reaction rate

constant. Then, the apparent reaction rate constant can be
obtained as follows:

kapp¼ kov� kOH� ½OH��¼ kDETA ½DETA�n ð7Þ

By plotting of log (kapp) vs. log (DETA), kDETA and n can
be determined.

3. Materials and methods
3.1. Materials
The potassium carbonate and diethylenetriamine with pu-
rity of 99% were purchased from Acros in Italy. The N2O, N2

and CO2 gases with purity of 99.9% were also supplied by Air
Liquid (Italy). Four different mixed solutions with concen-
trations of 2 M K2CO3 þ 0.2 M DETA, 2 M K2CO3 þ 0.3 M
DETA, 2 M K2CO3 þ 0.4 M DETA and 2 M K2CO3 þ 0.5 M
DETA were selected in this study as absorbents.
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3.2. Density and viscosity measurements
An Ubbelohde viscometer and Gay-Lussac pycnometer were
used in thiswork tomeasureviscosity and density of the solutions,
respectively. The procedure for density and viscosity measure-
ments is the same as our previous publications [19–21]. The
measurements were performed at different temperatures of 303–

323 K and concentrations of 2 M K2CO3 þ (0.2–0.5) M DETA.
3.3. CO2 absorption rate measurement
Table 1

Density and viscosity of water at 303, 313 and 323 K.

T (K) r (g cm�3) m (mPa s�1)

Exp. Ref. [24] Exp. Ref. [25]

303 0.9951 0.9957 0.7903 0.7975

313 0.9919 0.9922 0.6501 0.6532

323 0.9872 0.9880 0.5504 0.5471

Standard uncertainties: u(T) ¼ 0.01 K, u(r) ¼ 0.0001 g cm�3,

u(m) ¼ 0.0001 mPa s�1.
The absorption rate measurements were conducted by a
stirred cell reactor. A schematic diagram of the equipment was
given in Fig. 1. This experimental setup consisted of an
equilibrium cell, water bath, gas storage tank, magnetic stirrer,
temperature indicator, vacuum pump and pressure transmitter.
The experimental method for CO2 absorption rate measure-
ment and the equipment used in this work are similar to that
described in our previous publications [21–23]. The double
jacketed stirred cell reactor with a plane interface which was
purchased from Buchiglas (Switzerland) is main part of the
experimental setup. The reactor temperature was kept constant
by a jacket. The reactor was also equipped with external
magnetic motor, pressure transmitter and temperature sensor.
The solution in the reactor is stirred using impeller mounted
on shaft of magnetic motor. The temperatures of the solution
and gas storage tank were controlled within ±0.1 K using a
water bath. The reactor was first purged with Nitrogen gas to
remove air. Then, the solution of K2CO3 þ DETAwas charged
in the reactor. CO2 was injected to gas storage tank to be
heated to the desired temperature and was transferred to the
Fig. 1. Schematic diagram of
reactor. Once CO2 was injected, the stirrer is switched on at a
constant speed. The pressure inside the reactor because of
reaction between CO2 and K2CO3 þ DETA solution de-
creases. The pressure decrease versus time was recorded by
pressure transmitter and slope of pressure plot versus time
(
dPCO2

dt ) was used to calculate CO2 absorption rate. A knowl-
edge of gas phase volume in the reactor (V), the gas–liquid
interfacial area (A), temperature (T) and therefore enable
CO2 absorption rate to be calculated.

NCO2
¼ � V

RT A

dPCO2

dt
ð8Þ

4. Results and discussion
4.1. Density and viscosity
The density and viscosity of water at temperatures of 303–

323 K were measured and compared with the literature [24,25]
to check the validity of our procedure. According to Table 1, a
the experimental setup.
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good agreement between our results and literature were
observed. The obtained densities and viscosities of
K2CO3 þ DETA were given in Fig. 2 and Fig. 3, respectively.
As it can be seen, both of these parameters increase as the
concentration of DETA increases and decreases as temperature
increases.
sc
os
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4.2. Reactionkinetics ofCO2absorption inK2CO3þDETA
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Fig. 3. The viscosity of K2CO3 þ DETA solution at different temperatures and

concentrations.
The values of solubility (HCO2
) and diffusivity of CO2

(DCO2
) in K2CO3 þ DETA solution are required to obtain the

kinetics parameters and to analyze the results of CO2 ab-
sorption rate. Since CO2 undergoes a chemical reaction with
the K2CO3 þ DETA solution, HCO2

and DCO2
in solution

cannot be directly measured [26]. It has been proved by many
works that the N2O analogy can be used to estimate the values
of HCO2

and DCO2
in amines [26,27]. Therefore, this method

and modified Stokes–Einstein equation were applied in this
work to calculate diffusivity and HCO2

in K2CO3 þ DETA
solutions [27].

�
DCO2

DN2O

�
solution

¼
�
DCO2

DN2O

�
H2O

ð9Þ

�
HCO2

HN2O

�
solution

¼
�
HCO2

HN2O

�
H2O

ð10Þ

The solubility and diffusivity of CO2 and N2O in water
were determined using Eqs. 11–14:

DCO2;H2O¼2:35� 10�6 exp

��2119

T

�
ð11Þ

DN2O;H2O¼5:07� 10�6 exp

��2371

T

�
ð12Þ

HCO2;H2O¼2:8249� 106 exp

��2044

T

�
ð13Þ
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Fig. 2. The density of K2CO3 þ DETA solution at different temperatures and

concentrations.
HN2O;H2O¼8:547� 106 exp

��2284

T

�
ð14Þ

Also, N2O diffusion in solution was determined by Eq.
(15):

DN2O;solvent¼DN2O;H2O �
�

mH2O

msolvent

�0:6

ð15Þ

The HN2O in the solution was calculated from the correla-
tions proposed by Schumpe [28] and Wiesenberger [29]. Then,
using these results and Eqs. 9–15, HCO2

and DCO2
in

K2CO3 þ DETA solution can be estimated. To confirm the
results and also measurement method in this work, HCO2

and
DCO2

in 35 wt% K2CO3 solution at 303 K were calculated and
compared to with those published previously. For example, the
obtained data in this work for HCO2

and DCO2
in K2CO3 are

2.68 � 104 (kPa m3 kmol�1) and 0.74 � 10�9 (m2 s�1),
respectively. These data show a good agreement with
2.55 � 104 (kPa m3 kmol�1) and 0.83 � 10�9 (m2 s�1) which
were reported by Shen et al. [10]. The HCO2

and DCO2
in

K2CO3 þ DETA solution at 303, 313 and 323 K calculated in
this study were plotted in Fig. 4 and Fig. 5. As can be observed
in Fig. 4, DCO2

increases with temperature and decreases with
increasing DETA concentration. The reason for this is that
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Fig. 4. The diffusivity of CO2 in K2CO3 þ DETA solution.
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Fig. 7. The absorption rate of CO2 in K2CO3 þ DETA solution at 313 K.
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Fig. 8. The absorption rate of CO2 in K2CO3 þ DETA solution as a function of
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viscosity of the solution is higher at higher concentrations and
lower temperatures. The effect of temperature and concen-
tration on the solubility of CO2 in the solution were investigate
in Fig. 5. It can be seen that HCO2

increases from 1.45 � 104 to
2.16 � 104 (kPa m3 kmol�1) when temperature and concen-
tration increases.

To verify the reliability of the results and also measurement
method for kinetics study, initial runs were made for the CO2

absorption rate in single K2CO3 solution and compared with
the literature. The measured CO2 absorption rate in K2CO3

solution at 303 K by stirred cell reactor in this study was found
to be 0.64 � 10�6 kmol m�2 s�1, which is in excellent
agreement with the data given by Bhosale et al.
(0.50 � 10�6 kmol m�2 s�1) [8]. The absorption rate of CO2

in K2CO3 solution promoted by DETA was then measured at
different temperatures, concentrations and agitation speeds,
and the results were shown in Figs. 6–8. The value of CO2

absorption rate as a function of agitation speed at 313 K and at
two different concentration of DETAwere illustrated in Fig. 6.
It is clear from this figure that the absorption rate of CO2 is
independent of the speed of agitation which shows reaction is
in the pseudo-first-order regime [8]. Fig. 7 shows the effect of
addition of DETA to 2 kmol m�3 K2CO3 solution on ab-
sorption rate of CO2 at 313.15 K. The CO2 absorption rate
increases as DETA concentration increases from 0.2 to
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Fig. 6. The absorption rate of CO2 in K2CO3 þ DETA solution as a function of

speed of agitation.
0.5 kmol m�3. In addition, the results indicated that all the
promoted solutions has higher absorption rate than pure
K2CO3. This can be due to the structure of DETA which has
three amino groups. The amino groups make DETA a very
reactive amine [14]. The effect of temperature on CO2 ab-
sorption rate of K2CO3 þ DETA solution was also shown in
Fig. 8. It is observed that, temperature actually has a positive
effect on absorption rate. The decrease in viscosity with
Fig. 9. The effect of DETA concentration on overall reaction rate constant.



Table 2

Kinetic data for the CO2 absorption in solution of K2CO3 þ DETA.

T (K) [K2CO3] (kmol m�3) [DETA] (kmol m�3) NCO2
� 106 ðkmol m�2 s�1Þ kOV ðs�1Þ KL � 105ðm s�1Þ Ha Ei

313 2 0.2 2.97 3899 2.76 104 782

313 2 0.3 3.89 7054 2.68 142 822

313 2 0.4 4.74 11061 2.63 179 872

313 2 0.5 5.81 17425 2.57 228 918

303 2 0.5 4.25 8942 1.96 183 860

323 2 0.5 6.77 33760 3.04 275 973

y = -4.2852x + 24.411

8

9

10

11

12

3.05 3.10 3.15 3.20 3.25 3.30 3.35

1000/T (1/K)
ln

 (k
D

ET
A)

Fig. 11. Arrhenius plot for the K2CO3 þ DETA þ H2O system.
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temperature and increase in reaction rate constant are two
reasons for this positive effect.

The values of overall reaction rate constant (kov) for CO2 þ
K2CO3 þ DETA þ H2O system were determined from Eq.
(17) and the results were presented in Fig. 9 and listed in Table
2. As can be observed in this figure, kov increases with
increasing of DETA concentration.

Using these values of kov and Eq. (18), apparent reaction
rate constant (kapp) were determined at different temperatures.
The reaction order and reaction rate constant can be calculated
from the plot of log (kapp) versus log (DETA) as shown in
Fig. 10. The value of the reaction order with respect to DETA
determined in this study at 313.15 K was found to be 1.61
which is in good agreement with the 1.7 value reported by
Hartono et al. [14]. In addition, values of reaction rate constant
at temperatures 303, 313 and 323 K were calculated and the
results at 313 K were depicted in Fig. 11. The activation en-
ergy which was calculated using Arrhenius regression of re-
action rate constant to be 35.6 kJ mol�1, and reaction rate
constant was correlated as follows:

kDETA¼3:99� 1010 exp

��4285:2

T

�
ð16Þ

The liquid mass transfer coefficient was calculated using
correlation given by Kierzkowska-Pawlak et al. [30] and the
results were presented in Table 2. This parameter is necessary
to calculate Hatta number and enhancement factor.

KLds
DCO2

¼0:3929

�
nsd

2
sr

m

�0:6632�
m

rDCO2

�0:33

ð17Þ

Fig. 12 shows the calculated Hatta number and enhance-
ment factor for CO2 absorption in K2CO3 þ DETA solution at
y = 1.6124x + 4.7053
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Fig. 10. Plot of log(kapp) versus log of DETA concentration.
313.15 K. It is clear that, Hatta numbers are greater than 3 and
lower than enhancement factor which satisfies condition given
in Eq. (1).

A comparison between predicted and measured absorption
rates of CO2 was illustrated in Fig. 13. As can be seen,
experimental results are in excellent agreement with model
calculations with the average absolute deviation percent
(AAD) about 3%.

%AAD¼100 � 1

n

Xi¼n

i¼1

�����
jðNCO2

Þexp � ðNCO2
Þcorj

ðNCO2
Þexp

����� ð18Þ

The performance of different promoters in terms of
enhancement reaction rate of K2CO3 with CO2 was
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Fig. 12. The Hatta number and enhancement factor for K2CO3 þ
DETA þ H2O system.



Fig. 13. Parity plot for the predicted absorption rate and the experimental data.

Fig. 14. Comparison of reaction rate constant for different absorbents at

313.15 K.
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investigated at 313.15 K and shown in Fig. 14. DETA shows a
higher absorption rate in comparison with proline [31], EAE
[8], arginine [10], MEA [10], taurine [32], histidine [33],
alanine [34] and AMP [10]. It can be concluded that the
addition of DETA to K2CO3 results in significant enhancement
in CO2 absorption rate compared to the investigated pro-
moters. Therefore, DETA can be considered as a promising
amine in order to improve reaction kinetics of potassium
carbonate with CO2.

5. Conclusions

In this work, reaction kinetics between K2CO3 þ DETA
solution and CO2 was studied using a stirred cell reactor. The
solubility and diffusivity of CO2 were estimated using N2O
analogy. It was found that both solubility and diffusivity in-
crease as temperature increases. The CO2 absorption rate of
the solution was measured and the results were compared to
pure K2CO3. The obtained results showed that the absorption
rate increases with increasing temperature and concentration.
In addition, the slower reaction kinetics of K2CO3 can be
promoted by addition of DETA, indicating DETA acts as an
effective promoter. The order of reaction, activation energy
and reaction rate constant were obtained to be 1.61,
35.6 kJ mol�1 and 3.99 � 1010 exp(�4285:2
T ), respectively. A

comparison between reaction rate constant determined in this
study and other promoters indicated that reaction kinetics
between CO2 and K2CO3 þ DETA solution was faster than
other blended solutions.

Conflict of interest

The author (editor) declares no conflict of interest, financial
or otherwise.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.gee.2019.11.004.

References

[1] G. Capannelli, A. Comite, C. Costa, R. di Felice, Ind. Eng. Chem. Res.

52 (2013) 13128–13136.

[2] Z. Dai, L. Ansaloni, L. Deng, Green Energy Environ. 1 (2016) 102–128.

[3] R. Ramezani, S. Mazinani, R. di Felice, Open Chem. Eng. J. 12 (2018)

67–79.

[4] K.H. Smith, T. Harkin, K. Mumford, S. Kentish, A. Qader, C. Anderson,

B. Hooper, G.W. Stevens, Fuel Process. Technol. 155 (2017) 252–260.

[5] K. Mumford, K. Smith, C. Anderson, S. Shen, W. Tao,

Y. Suryaputradinata, A. Qader, B. Hooper, R. Innocenzi, S. Kentish,

G. Stevens, Energy Fuels 26 (2012) 138–146.

[6] A. Lee, M. Wolf, N. Kromer, K. Mumford, N.J. Nicholas, S.E. Kentish,

G. Stevens, Int. J. Greenh. Gas Con. 36 (2015) 27–33.

[7] G. Hu, N. Nicholas, K. Smith, K. Mumford, S. Kentish, G. Stevens, Int. J.

Greenh. Gas Con. 53 (2016) 28–40.

[8] R. Bhosale, A. Kumar, F. AlMomani, U. Ghosh, A. AlNouss, J. Scheffe,

R. Gupta, Ind. Eng. Chem. Res. 55 (2016) 5238–5246.

[9] H. Thee, N.J. Nicholas, K.H. Smith, G. da Silva, S.E. Kentish,

G.W. Stevens, Int. J. Greenh. Gas Con. 20 (2014) 212–222.

[10] S. Shen, X. Feng, R. Zhao, U.K. Ghosh, A. Chen, Chem. Eng. J. 222

(2013) 478–487.

[11] Y.E. Kim, J.H. Choi, S.C. Nam, Y.I. Yoon, J. Ind. Eng. Chem. 18 (2012)

105–110.

[12] D. Kang, M.G. Lee, Y. Yoo, J. Park, J. Mater. Cycles Waste Manage. 20

(2018) 1562–1573.

[13] H. Thee, Y. Suryaputradinata, K.A. Mumford, K.H. Smith, G. da Silva,

S.E. Kentish, G.W. Stevens, Chem. Eng. J. 210 (2012) 271–279.

[14] A. Hartonoa, E.F. da Silva, H.F. Svendsen, Chem. Eng. Sci. 64 (2009)

3205–3213.

[15] N. Zhong, H. Liu, X. Luo, M. AL-Marri, A. Benamor, R. Idem,

P. Tontiwachwuthikul, Z. Liang, Ind. Eng. Chem. Res. 55 (2016) 7307–

7317.

[16] J.T. Cullinane, G.T. Rochelle, Chem. Eng. Sci. 59 (2004) 3619–3630.

[17] S. Shen, Y.N. Yang, Energy Fuels 30 (2016) 6585–6596.

[18] P.V. Danckwerts, Gas–Liquid Reactions, McGraw-Hill Book Co. New

York, 1970.

[19] R. Ramazani, S. Mazinani, R. di Felice, Chem. Eng. Sci. 206 (2019)

187–202.

[20] R. Ramezani, S. Mazinani, R. di Felice, Korean J. Chem. Eng. 35 (2018)

2065–2077.

[21] R. Ramezani, S. Mazinani, R. di Felice, J. Environ. Chem. Eng. 6 (2018)

3262–3272.

[22] R. Ramezani, S. Mazinani, R. di Felice, S. Darvishmanesh, B. van der

Bruggen, Int. J. Greenh. Gas Con. 62 (2017) 61–68.

[23] R. Ramezani, S. Mazinani, R. di Felice, B. van der Bruggen, J. Nat. Gas

Sci. Eng. 45 (2017) 599–608.

https://doi.org/10.1016/j.gee.2019.11.004
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref1
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref1
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref2
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref3
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref3
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref4
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref4
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref5
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref5
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref5
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref6
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref6
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref7
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref7
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref8
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref8
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref9
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref9
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref10
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref10
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref11
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref11
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref12
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref12
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref13
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref13
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref14
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref14
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref15
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref15
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref15
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref16
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref17
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref18
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref18
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref19
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref19
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref20
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref20
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref21
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref21
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref22
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref22
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref23
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref23


90 R. Ramezani, R. Di Felice / Green Energy & Environment 6 (2021) 83–90
[24] H. Li, Y. Moullec, J. Lu, J. Chen, J.C.V. Marcos, G. Chen, Int. J. Greenh.

Gas Con. 31 (2014) 25–32.

[25] P. Chung, A. Soriano, R. Leron, M. Li, J. Chem. Thermodyn. 42 (2010)

802–807.

[26] B. Lu, X. Wang, Y. Xia, N. Liu, S. Li, W. Li, Energy Fuels 27 (2013)

6002–6009.

[27] G.F. Versteeg, W.P.M.V. Swaaij, J. Chem. Eng. Data 33 (1988) 29–34.

[28] A. Schumpe, Chem. Eng. Sci. 48 (1993) 153–158.

[29] S. Weisenberger, A. Schumpe, AIChE J. 42 (1996) 298–300.
[30] H. Kierzkowska-Pawlak, A. Chacuk, Chem. Eng. J. 168 (2011) 367–375.

[31] S. Paul, K. Thomsen, Int. J. Greenh. Gas Con. 8 (2012) 169–179.

[32] S. Shen, Y.N. Yang, Y. Bian, Y. Zhao, Environ. Sci. Technol. 50 (2016)

2054–2063.

[33] G. Hu, K.H. Smith, L. Liu, S.E. Kentish, G.W. Stevens, Chem. Eng. J.

307 (2017) 56–62.

[34] M. Kim, H.J. Song, H.Y. Jo, J.W. Park, Ind. Eng. Chem. Res. 51 (2012)

2570–2577.

http://refhub.elsevier.com/S2468-0257(19)30112-8/sref24
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref24
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref25
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref25
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref26
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref26
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref27
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref28
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref29
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref30
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref31
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref32
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref32
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref33
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref33
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref34
http://refhub.elsevier.com/S2468-0257(19)30112-8/sref34

	Kinetics study of CO2 absorption in potassium carbonate solution promoted by diethylenetriamine
	1. Introduction
	2. Kinetic study
	3. Materials and methods
	3.1. Materials
	3.2. Density and viscosity measurements
	3.3. CO2 absorption rate measurement

	4. Results and discussion
	4.1. Density and viscosity
	4.2. Reaction kinetics of CO2 absorption in K2CO3 + DETA

	5. Conclusions
	Conflict of interest
	Conflict of interest
	Appendix A. Supplementary data
	References


