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Methodology
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Results
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Figure 1.

Experimental set-up 

for the absorption of 

CO2

Figure 2. Flow regimes map in the 300 mm length and 3 mm internal diameter quartz

capillary

H2O

NaOH
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Results

a) b)

Figure 3. Comparison of the CO2 absorption profile in a) water and b) 

in 0.5M NaOH

Figure 4. Evolution of pH during CO2

absorption in 0.5 M NaOH



Results

Figure 5. CO2 absorption profile in NaOH 0.25M, 0.5M 

and 0.75M 

Figure 6. Effect of the capillary length on CO2 absorption in 

NaOH 0.5 M at 25°C



Results

Temperature, 

°C

Time to reach 

equilibrium, 

minutes

Slope =

kL
0a, s-1

Determination

coefficient, R2

10 15 0.00234 0.987

25 20 0.00169 0.992

35 25 0.00158 0.998

Figure 7. Graph for the calculation of the volumetric mass 

transfer coefficient in the CO2-H2O system

Table 1. Determination coefficient and slope of the linear 

equations plotted in Figure 7

Temperature 10°C 25°C 35°C

Ha 47.0 72.7 127.1

kB (m3/mol s) 0.0372 0.0551 0.0716

kL x 105 (m/s) 3.381 2.831 2.296

k0
L x 106 (m/s) 1.657 1.272 9.939

kL/k0
L 20 22 23

Table 2. Kinetic and mass transfer coefficients obtained in the 

chemical absorption process of CO2 in 0.5M NaOH

NaOH

concentration

0.25M 0.5M 0.75M

Ha 40.5 72.7 103.1

kB (m3/mol s) 0.0537 0.0551 0.0573

kL x 105 (m/s) 2.466 2.83 2.924

k0
L x 106 (m/s) 1.272 1.272 1.272

kL/k0
L 19 22 23

Table 3. Kinetic and mass transfer coefficients 

obtained at 25 ° C in the process of chemical 

absorption of CO2 in NaOH solutions with 

concentrations of 0.25, 0.5 and 0.75M



Results
Figure 8. Chemical Species Concentration and pH temporary profiles in the CO2 absorption process at 25 °C 

a) Ci in NaOH 0.25M b) pH in NaOH 0.25M



Conclusions
 The operating window of the gas and liquid surface velocity to obtain the Taylor-type regime, at 10 ° C in a capillary 

with 3mm internal diameter is 1x10-2 <vG <5x10-2 and 7.9x10-2 <vL <1.1x10-1 m/s, using water and 0.5M NaOH, 

respectively.

 The operating window of the gas and liquid surface velocity to obtain the Taylor-type regime, at 25 ° C in a capillary 

with 3mm internal diameter is 1x10-2 <vG <5x10-2 and 8x10-2 <vL < 1.6x10-1 m / s, using water and 0.5M NaOH, 

respectively.

 There is a greater absorption of CO2 using alkaline solutions than using only water.

 The value of the volumetric mass transfer coefficient in the absorption of CO2 with water, increases with decreasing 

temperature

 The mass transfer coefficient in the absorption of CO2 with NaOH in solution increases directly with temperature.

 The combined method of titration and pH measurement allows monitoring the behavior of the different ionic species 

that can be generated during the absorption of CO2 in alkaline solutions.



References
Beltrán, F. J. (2003). Ozone reaction kinetics for water and wastewater systems. Lewis Publishers.

Centi, G., & Perathoner, S. (2009). Opportunities and prospects in the chemical recycling of carbon dioxide to fuels. Catalysis Today, 148(3–4), 191–205.

https://doi.org/10.1016/j.cattod.2009.07.075

Cotton, F. A. et al. (1999). Advanced inorganic chemistry (6a ed.). Wiley.

Danckwerts, P. V., & Kennedy, A. M. (1958). The kinetics of absorption of carbon dioxide into neutral and alkaline solutions. Chemical Engineering Science, 8(3–4), 201–215.

https://doi.org/10.1016/0009-2509(58)85027-7

Fogler, H. S. (2008). Elementos de ingeniería de las reacciones químicas (4a ed.). México: PEARSON EDUCACIÓN.

Ganapathy, H, Shooshtari, A., Dessiatoun, S., Ohadi, M. M., & Alshehhi, M. (2015). Hydrodynamics and mass transfer performance of a microreactor for enhanced gas

separation processes. Chemical Engineering Journal, 266, 258–270.

Ganapathy, Harish, Al-hajri, E., & Ohadi, M. (2013). Mass transfer characteristics of gas – liquid absorption during Taylor fl ow in mini / microchannel reactors. Chemical

Engineering Science, 101, 69–80. https://doi.org/10.1016/j.ces.2013.06.005

Ganesh, I. (2016). Electrochemical conversion of carbon dioxide into renewable fuel chemicals – The role of nanomaterials and the commercialization. Renewable and

Sustainable Energy Reviews, 59, 1269–1297. https://doi.org/10.1016/j.rser.2016.01.026

Grzelka, J., Sobieszuk, P., Pohorecki, R., & Cygan, P. (2011). Determination of the interfacial area and mass transfer coefficients in the Taylor gas – liquid flow in a

microchannel, 66, 6048–6056. https://doi.org/10.1016/j.ces.2011.08.029

Heiszwolf, J. J., Kreutzer, M. T., Eijnden, M. G. Van Den, Kapteijn, F., & Moulijn, J. A. (2001). Gas – liquid mass transfer of aqueous Taylor flow in monoliths, 69, 51–55.

Holum, J. R. (1990). Principios de fisicoquímica, química orgánica y química. México: Limusa.

Hurtado Alva, L. (2016). Reactores capilares para fotosíntesis artificial. Universidad Autónoma del Estado de México.

Hurtado, L., Solís-Casados, D., Escobar-Alarcón, L., Romero, R., & Natividad, R. (2016). Multiphase photo-capillary reactors coated with TiO2 films: Preparation,

characterization and photocatalytic performance. Chemical Engineering Journal, 304, 39–47. https://doi.org/10.1016/j.cej.2016.06.003

Hurtado, Lourdes, Natividad, R., & García, H. (2016). Photocatalytic activity of Cu2O supported on multi layers graphene for CO2 reduction by water under batch and

continuous flow. Catalysis Communications, 84, 30–35.



Mebrahtu, C., Krebs, F., Abate, S., Perathoner, S., Centi, G., & Palkovits, R. (2019). and Challenges, 178, 85–103.

Natividad, R., Kulkarni, R., Nuithitikul, K., Raymahasay, S., Wood, J., & Winterbottom, J. M. (2004). Analysis of the performance of single capillary and multiple capillary

(monolith) reactors for the multiphase Pd-catalyzed hydrogenation of 2-butyne-1,4-diol. Chemical Engineering Science, 59(22–23), 5431–5438.

https://doi.org/10.1016/j.ces.2004.09.011

Ola, O., & Maroto-Valer, M. M. (2015). Review of material design and reactor engineering on TiO2 photocatalysis for CO2 reduction. Journal of Photochemistry and

Photobiology C: Photochemistry Reviews, 24, 16–42. https://doi.org/10.1016/j.jphotochemrev.2015.06.001

Palmer, D. A., & Van Eldik, R. (1983). The chemistry of metal carbonato and carbon dioxide complexes. American Chemical Society, 83, 651–731.

Perry, R. H., Green, D. W., & Maloney, J. O. (1992). Manual del ingeniero químico (6a ed.). McGraw-Hill.

Pohorecki, R., & Moniuk, W. (1988). Kinetics of reaction between carbon dioxide and ions in aqueous electrolyte solutions. Chemical Engineering Science, 43(7), 1677–1684.

Savage, D. W., Astarita, G., & Joshi, S. (1980). Chemical absorption and desorption of carbon dioxide from hot carbonate solutions. Chemical Enginering Science, 35, 1513–

1522.

Shehzad, N., Tahir, M., Johari, K., & Murugesan, T. (2018). A critical review on TiO 2 based photocatalytic CO 2 reduction system : Strategies to improve e ffi ciency,

26(May), 98–122. https://doi.org/10.1016/j.jcou.2018.04.026

Shim, J.-G., Lee, D. W., Lee, J. H., & Kwak, N.-S. (2016). Experimental study on capture of carbon dioxide and production of sodium bicarbonate from sodium hydroxide.

Environmental Engineering Research, 21, 297–303.

Skoog, D. R. (2014). Fundamentals of analytical chemistry (9th ed.). CENGAGE Learning.

Yang, H., Zhang, C., Gao, P., Wang, H., Li, X., Zhong, L., Sun, Y. (2017). A review of the catalytic hydrogenation of carbon dioxide into value-added hydrocarbons. Catalysis

Science and Technology, 7(20), 4580–4598. https://doi.org/10.1039/c7cy01403a

References



© 2009 Rights Reserved | ECORFAN,S.C. (ECORFAN®-México-Bolivia-Spain-Ecuador-Cameroon-Colombia-Salvador-Guatemala-Paraguay-Nicaragua-Peru-Democratic Republic of Congo-Taiwan)

ECORFAN®

© ECORFAN-Mexico, S.C.

No part of this document covered by the Federal Copyright Law may be reproduced, transmitted or used in any form or medium, whether graphic, electronic or mechanical, including but not limited to the

following: Citations in articles and comments Bibliographical, compilation of radio or electronic journalistic data. For the effects of articles 13, 162,163 fraction I, 164 fraction I, 168, 169,209 fraction III and other relative of

the Federal Law of Copyright. Violations: Be forced to prosecute under Mexican copyright law. The use of general descriptive names, registered names, trademarks, in this publication do not imply, uniformly in the absence of

a specific statement, that such names are exempt from the relevant protector in laws and regulations of Mexico and therefore free for General use of the international scientific community. BCIERMMI is part of the media of

ECORFAN-Mexico, S.C., E: 94-443.F: 008- (www.ecorfan.org/booklets)


