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Abstract  
A two-stage technological scheme is shown for the utilization of fat-containing waste with high free 

fatty acids contents. According to scheme the first stage provides the separation the oil from free fatty acids by 
extraction with methanol or ethanol, and in the second stage there are two separated process: acid-catalyzed 
esterification reaction of free fatty acid, and alkali-catalyzed transesterification of pure vegetable oil according 
to the traditional technology. For acid-catalyzed esterification the conditions are shown. These conditions 
allow to reach the high level of fatty acids conversion during the minimum possible reaction time. The results 
of the conversion are improved through transition of the reaction system to homogenous condition, under 
presence of H2SO4 used as catalyst. The negative role of water impurity in the reaction mixture for the 
conversion of fatty acids is confirmed and the possibility to weaken this effect due to excess of alcohol in the 
reaction mixture is shown. The reasons of water influence on conversion are discussed according to the basis 
of the classical mechanism of the fatty acid esters hydrolysis. Recommendations of the acid-catalyzed 
esterification conditions of fatty acids by different alcohols (the number of carbon atoms in the chain vary 
from 1 to 4) are given. These conditions increases the possibilities of the product diversification in the 
conversion of the fat-containing wastes. 

 
 

References 
[1] E.F. Aransiola, T.V. Ojumu, O.O. Oyckola, T.F. Madzimbamuto. A review of current technology for 

biodiesel production: state of the art. Biomass and Bioenergy. 2014. Vol.61. P.276-297. 
[2] M.G. Kulkarni, A.K. Dalai. Waste cooking oil – an economical source for biodiesel: a review. Ind. Eng. 

Chem. Res. 2006. Vol.45. P.2901-2913. 
[3] M. Berrios, J. Siles, M.A. Martin, A. Martin. A kinetic study of the esterification of free fatty acids (FFA) 

in sunflower oil. Fuel. 2007. Vol.86. P.2383-2388. 
[4] M.I. Al-Widyan, A.O. Al-Shyoukh. Experimental evaluation of the transesterification of waste palm oil 

into biodiesel. Bioresour. Technol. 2002. Vol.85. P.253-256. 
[5] J.M. Marchetti, M.N. Pedernera, N.S. Schbib. Production of biodiesel from acid oil using sulfuric acid as 

catalyst: kinetics study. Int. Jour. Of Low-Carbon Technol. 2011. Vol.6. P.38-43. 
[6] G. Guan, N. Sakurai, K. Kusakabe. Synthesis of biodiesel from sunflower oil at room temperature in the 

presence of various cosolvents. Chem. Eng. J. 2009. Vol.146. P.302-306. 
[7] G.-T. Jeong, D.-H. Park, C.-H. Kang, W.-T. Lee, C.-S. Sunwov, C.-H. Yoon, B.-C. Choi, H.-S. Kim, S.-

W. Kim, U.-T. Lee. Production of biodiesel fuel by transesterification of rapseed oil. Applied Biochem. 
Biotechn. 2004. Vol.113-116. P.747-758. 

[8] H. Fukuda, A. Kondo, H. Noda. Biodiesel fuel production by transesterification of oils. Biosci. 
Bioeng.2001. Vol.92. No.5. P.405-416. 

[9] E. Sendzikiene, V. Makarevicience, P. Janulis, S. Kiys. Kinetics of free fatty acids esterification with 
methanol in the production of biodiesel fuel. Eur. J. Lipid Sci. Technol. 2004. Vol.106. P.831-836. 

[10] J.M. Encinar, J. F. Gonzalez, A. Rodrigues-Reinares. Ethanolysis of using frying oil. Biodiesel 
preparation and characterization. Fuel Proc. Technol. 2007. Vol.88. P.513-522. 



CONVERSION OF FAT-CONTAINING WASTES BY ACID-CATALYZED ESTERIFICATION REACTION… ____ 56-74 

©Бутлеровские сообщения. 2018. Т.54. №4. _____________ E-mail:  journal.bc@gmail.com ________________ 57  

[11] G.-T. Jeong, D.-H. Park. Batch (one- and two-stage) production of biodiesel fuel from rapseed oil. 
Applied biochemistry and biotechnology. 2006. Vol.129-132. P.668-679. 

[12] J.M. Marchetti, V.U. Miguel, A.E. Errazu. Heterogeneous esterification of oil with high amount of free 
fatty acids. Fuel. 2007. Vol.86. P.906-910. 

[13] S. Saraf, B. Thomas. Influence of feedstock and process chemistry on biodiesel quality. Trans. IChem. 
Part. 2007. Vol.85. No.B5. P.360-364. 

[14] M. Canakci, H. Sani. Biodiesel production from various feedstocks and their effects on the fuel 
properties. J. Ind. Microbiol. Biotechnol. 2008. Vol.35. P.431-441. 

[15] I.M. Atadashi, M.K. Arona, A.R. Abdul Aziz, N.M.N. Salaiman. Production of biodiesel using high 
free fatty acid feedstocks. Renew. Sust. Energy Rev. 2012. Vol.16. No.5. P.3275-3285. 

[16] K. Kara, F. Ouanji, El M. Lotfi, M. El Mahi, M. Kacimi, M. Ziyad. Biodiesel production from waste 
fish oil with high free fatty acid content from Moroccan fish-processing industries. Egypt. J. Petrol. 
2017. http://dx.doi.org/10.1016/j.ejpe.2017.07.010 

[17] D.A. Aranda, R.T. Santos, N.C. Tapanes, A.L.D. Ramos, O.A.C. Antunes. Acid-catalyzed 
homogeneous esterification reaction for biodiesel production from palm fatty acids. Catal. Lett. 2008. 
Vol.122. No.1-2. P.20-25. 

[18] H.J. Berchmans, S. Hirata. Biodiesel production from crude Jatropha curcas L. seed oil with a high 
content of free fatty acids. Bioresour. Technol. 2008. Vol.99. No.6. P.1716-1721. 

[19] J. Zhang, L. Jiang. Acid-catalyzed esterification of Zanthoxylum bungeanum seed oil with high free 
fatty acids for biodiesel production. Biores. Technol. 2008. Vol.99. No.18. P.8995-8998. 

[20] Y. Wang, S. Ou, P. Liu, Z. Zhang. Preparation of biodiesel from waste cooking oil via two-step 
catalyzed process. Energy convers. Manag. 2007. Vol.48. No.1. P.184-188. 

[21] R. Tesser, L. Casale, D. Verde, M. Di Serio, E. Santacesaria. Kinetics of free fatty acids esterification: 
batch and loop reactor modeling. Chem. Eng. J. 2009. Vol.154. P.25-33. 

[22] M. Canakci, J.V. Gerpen. Biodiesel production from oils and fats with high free fatty acids. Trans 
ASAE. 2001. Vol.44. No.6. P.1429-1436. 

[23] Patent 2625676 C1 Russian Federation, IPC C11B 7/00, C11C 1/00. Method of extraction of fatty 
acids from oils I.A. Permyakova, N.S. Voronina, D.A. Kazakov, V.V. Volkhin; applicant and patent 
holder Perm National Research Polytechnic University.– No.2016115282; declare 04.19.2016 publ. 
07/18/2017, Bull. No.20. (russian) 

[24] I.A. Permyakova, E.A. Kasatkina, G.V. Leontieva, Vladimir. The influence of acidity on the phase 
equilibrium of the systems, including triglycerides, fatty acid and low molecular alcohol. Butlerov 
Communications. 2017. Vol.52. No.10. P.74. DOI: 10.37952/ROI-jbc-01/17-52-10-74 

[25] A.I. Kourdioukov, A.R. Gabitova, F.M. Gumerov, E.N. Ofitserov, and A.F. Mingaliev. Quantum-
chemical study of the transformations of triglycerides. Part 1. Elementary acts of noncatalytic 
transesterification reaction of triglycerides and their analogs under the conditions of supercritical fluids. 
Butlerov Communications. 2014. Vol.39. No.9. P.1-18. ROI: jbc-02/14-39-9-1 

[26] A.I. Kourdioukov, A.R. Gabitova, F.M. Gumerov, E.N. Ofitserov, and A.F. Mingaliev. Quantum-
chemical study of the transformation of triglycerides. Part 2. Elementary acts of the hydrolysis reaction 
of triglycerides and catalytic role of intermediately authentic aliphatic carboxylic acids in the formation 
of their methyl esters in the physical conditions of supercritical fluids. Butlerov Communications. 2014. 
Vol.39. No.9. P.19-26. ROI: jbc-02/14-39-9-19 

[27] N. Mahesh, V. Madras, G. Madras. Synthesis of biodiesel from castos oil in supercritical fluids. Ind. 
Eng. Chem. 2007. Vol.46. P.1-6. 

[28] Mondala, K. Liang., H. Toghiani H., R. Hernandez., T. French. Biodiesel production by in 
situ transesterification of municipal primary and secondary sludges. Biores. Technol. 2009. Vol.100. 
P.1203-1210. 

[29] Z. Hewani, M.R. Othman, N. Aziz, W.J.N. Fernando, J. Kim. Technologies for production of biodiesel 
focusing on green catalytic techniques: a review. Fuel Process Technol. 2009. Vol.90. No.12. P.1502-
1514. 

[30] T. Issariyakul, M.G. Kulkarni, A.K. Dalai, N.N. Bakhshi. Production of biodiesel from waste fryer 
grease using mixed methanol/ethanol system. Fuel Processing Technol. 2007. Vol.88. P.429-436. 

[31] M. Chai, Q. Tu, M. Lu, Y.J. Yang. Esterification pretreatment of free fatty acid in biodiesel production, 
from laboratory to industry. Fuel Processing Technology. 2014. Vol.125. P.106-113. 

[32] B. Klofutar, J. Golab, B. Likozar, C. Klofutar, E. Zagar, I. Poljanseu. The transesterification of rapseed 
and waste sunflower oils: Mass-transfer and kinetics in a laboratory bath reactor and in an industrial-
scale reactor/separator setup. Biores. Technol. 2010. Vol.101. P.3333-3344. 



Full Paper _________________________ I.A. Permyakova, E.A. Kasatkina, G.V. Leontieva, and V.V. Volkhin 

 58 ______________ http://butlerov.com/ _______________ ©Butlerov Communications. 2018. Vol.54. No.4. P.56-74.  

[33] E. Santacesaria, K. Tesser, M.D. Serio, M. Guida, D. Guetano, A.G. Agreda. Kinetics and mass transfer 
of free fatty acids esterification with methanol in a tubular packed bed reactor: a key preatreatment in 
biodiesel production. Ind. Eng. Chem. Res. 2007. Vol.46. No.15. P.5113-5121. 

[34] S.M.P. Meneghetti, M.R. Meneghetti, C.R. Wolf, E.C. Silva, G.E.S. Lima, L. de Lirasieva, T.M. Serra, 
F. Canduro, L.G. de Oliveira. Biodiesel from Castor Oil: A comparison of Ethanolysis versus 
methanolysis. Energy and fuel. 2006. Vol.20. P.2262-2265. 

[35] Organic chemistry. G.M. Loudon. Oxford, New York: Oxford University Press. 2002. 1353p.  
[36] A. Demirbas. Biodiesel production from vegetable oils via catalytic and non-catalytic supercritical 

methanol transesterification methods. Progr. Energy Combus. Sci. 2005. Vol.31. P.466-487. 
[37] A. Demirbas. Comparison of transesterification methods for production of biodiesel from vegetable oils 

and fats. Energy conversion and management. 2008. Vol.49. P.125-130. 
[38] G.L. Maddikeri, A.B. Pandit, P.R. Gogate. Intensification approaches for biodiesel synthesis from 

waste cooking oil: a review. Ind. Eng. Chem. Res. 2012. Vol.51. P.14610-14628. 
[39] Y. H. Shen, J. K. Cheng, J. D. Ward, C. C. Yu. Design and control of biodiesel production processes 

with phase split and recycle in the reactor system. J. Taiwan Inst. Chem. Eng. 2011. Vol.42. No.5. 
P.741-750. 
 

 


