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a b s t r a c t

Nitrogen doped carbon nanotubes (N-CNT) were synthesized by a Modified Chemical Vapor

Deposition method, using pyridine as carbon and nitrogen source, and ferrocene as cata-

lytic agent for the nanotubes growth. The influence of synthesis parameters as the tem-

perature, carrier gas flow rate, concentration of the reactants and preheating temperature

over the morphology and physical properties of the N-CNT, were investigated by high-

resolution scanning electron microscopy, transmission electron microscopy and X ray

diffraction. The statistical analysis for the length of the N-CNT forest revealed that the

synthesis temperature and carrier gas flow rate have significantly influenced on the

physical properties of the material. The synthesis temperature not only affected the length

of N-CNT forest, but also influenced the mass production, as well as, in diameter and the

nitrogen content in the nanotubes. This is an important step towards the high yield pro-

duction of N-CNT for applications in hydrogen storage, electrocatalysts for fuel cells and

other electrochemical devices.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

The exceptional properties of carbon nanotubes, such as good

electrical conductivity, chemical and mechanical stability,

high thermal conductivity, light weight, and physicochemical

compatibility make them an ideal material to be utilized in

electrochemical devices [1]. However, in certain applications,

it is necessary to modify the nanotubes characteristics to

improve their electrochemical properties. One way to

enhance such properties is by adding different heteroatoms to

their structure (i.e. N, S, B, and Si). Nitrogen atoms have been

used as dopant in the carbon structure [2], the so-called ni-

trogen doped carbon nanotubes (N-CNT) have different po-

tential applications in various areas, such as hydrogen storage

[3e5], field emission devices [6,7] and catalysis [8,9]. One of the

* Corresponding author.
E-mail addresses: ysmaelverde@yahoo.com, yverde@itcancun.edu.mx (Y. Verde G�omez).

1 CONACYT Fellow.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier .com/locate/he

i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 4 2 ( 2 0 1 7 ) 3 0 3 1 8e3 0 3 2 9

https://doi.org/10.1016/j.ijhydene.2017.10.029
0360-3199/© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

mailto:ysmaelverde@yahoo.com
mailto:yverde@itcancun.edu.mx
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijhydene.2017.10.029&domain=pdf
www.sciencedirect.com/science/journal/03603199
www.elsevier.com/locate/he
https://doi.org/10.1016/j.ijhydene.2017.10.029
https://doi.org/10.1016/j.ijhydene.2017.10.029
https://doi.org/10.1016/j.ijhydene.2017.10.029


  

 

RENIECYT  -  LATINDEX  -  Research  Gate  -  DULCINEA  -  CLASE  -  Sudoc  -  HISPANA  -  SHERPA   

UNIVERSIA  -  E-Revistas  -  Google Scholar  -  DOI  -  REDIB  -  Mendeley  -  DIALNET  -  ROAD  -  ORCID 

Certificate of Publication - Research Journal 

ECORFAN-México, S.C. 

244 – 2 Itzopan Street 
La Florida, Ecatepec Municipality 

Mexico State, 55120 Zipcode 

Phone: +52 1 55 6159 2296 

Skype: ecorfan-mexico.s.c. 
E-mail: contacto@ecorfan.org 

Facebook: ECORFAN-México S. C. 

Twitter: @EcorfanC 

www.ecorfan.org 

 

Holdings 

Bolivia Honduras China Nicaragua 

Cameroon Guatemala France Republic of  

the Congo 

El Salvador Colombia Ecuador Dominica 

Peru Spain  Cuba Haití 
Argentina Paraguay Costa Rica Venezuela 

Czech 

Republic 

     

 

CDMX-Mexico, December 30 - 2017 

 

 

TORRES-RIVERO, Ligia A., BEN-YOUSEFF, Cherif, ALCOCER-T, L. Beatriz., y DE LA ROSA-G, 

Darani 

Tecnológico Nacional de México/Instituto Tecnológico de Cancún 

PRESENT:      

 

 

Through this letter we state that TORRES-RIVERO, Ligia A., BEN-YOUSEFF, Cherif, ALCOCER-T, L. 

Beatriz., y DE LA ROSA-G, Darani has been published in Revista de Ciencias Naturales y Agropecuarias, 

with an article entitled "Efecto de la temperatura y del tiempo de reacción sobre la esterificación y la 

transesterificación de aceites comestibles usados", in Volume 4 Number 13 with ISSN: 2419 -356X, at pages 

19-35 segment. 

 

License: Creative Commons Attribution-No commercial 2.5 Mexico and GNU/GPL 
 

The Research Journal is Arbitrated by peer review is Indexed and deposited in Databases:  
 

19502  For indexing in Latin America and the Caribbean 

20-281 HB9  For indexing Latin American Dating in Social Sciences and Humanities 

671  For indexing in scientific journals Electronic Spanish and Latin American 

7045008  For disclosure and publication in the Ministry of Education and Culture-Spain 

25409  For repository in the Library University-Madrid 

16258  For indexing Dialnet Foundation-University of La Rioja 

20589  For indexing in journals published in the countries of Latin America and the Caribbean-UNAM 

15048  For international registration of Congresses and Symposia-International 

2007-1582  For registration to the International Index in print 

2007-3682  For registration to the International Index in electronic format 

 

This research is published in: 
http://www.ecorfan.org/bolivia/researchjournals/Ciencias_Naturales_y_Agropecuarias/vol4num13/Revista_de_Ciencias_Naturales_y_Agropecuarias_V4_N13_3.pdf 

 

We issue this certificate for the purposes of science, technology and innovation 

 

Regards. 

 

 

 
María Ramos-Escamilla, PhD. 

CEO-ECORFAN-México, S.C. 

CONACYT-RENIECYT: 2015-20795

mailto:contacto@ecorfan.org
https://www.facebook.com/ECORFAN-M%C3%A9xico-S-C-717112418391483/
https://twitter.com/ecorfanc
http://www.ecorfan.org/


International Journal of Environmental Science and Technology
 

Simultaneous esterification/transesterification of waste cooking oil and Jatropha curcas

oil with MOF-5 as a heterogeneous acid catalyst
--Manuscript Draft--

 

Manuscript Number: JEST-D-19-00922

Full Title: Simultaneous esterification/transesterification of waste cooking oil and Jatropha curcas

oil with MOF-5 as a heterogeneous acid catalyst

Short Title: Simultaneous esterification/transesterification of waste cooking oil and Jatropha curcas

oil with MOF-5

Article Type: Original Paper

Keywords: Biodiesel;  esterification;  transesterification;  nonedible oil;  metal-organic framework;

response surface methodology

Corresponding Author: Susana Rincón, Ph. D.

Instituto Tecnologico de Mérida

Mérida, Yucatán MEXICO

Corresponding Author Secondary

Information:

Corresponding Author's Institution: Instituto Tecnologico de Mérida

Corresponding Author's Secondary

Institution:

First Author: A. Chávez-Yam

First Author Secondary Information:

Order of Authors: A. Chávez-Yam

C. Ben-Youssef, Ph. D

A. Zepeda, Ph. D.

J. M. Rivera, Ph. D.

Susana Rincón, Ph. D.

Order of Authors Secondary Information:

Funding Information: CONACYT

(215242 and INFR-2016-01-270022)
Professor Susana Rincón

Abstract: Metal-organic framework MOF-5 was used for the first time as a heterogeneous acid

catalyst for the simultaneous esterification/transesterification of two nonedible oils,

waste cooking oil and Jatropha curcas oil. Fatty acid methyl ester (biodiesel)

production was evaluated using an experimental central composite design. A surface

response methodology allowed the determination of optimal reaction conditions in

terms of methanol/oil molar ratio (3:1–45:1), reaction time (1–15 h), temperature

(118–152 °C) and catalyst amount (0.1–0.9 wt %) with a variation lower than 10 % with

respect to the experimental yield value. The best oil to biodiesel yield conversions were

90.8 % (36:1 M/O molar ratio, 12 h, 145 ºC, and 0.75 wt% catalyst amount) for waste

cooking oil and 88.3 % (36:1 M/O molar ratio, 9.59 h, 145 ºC, and 0.75 wt% catalyst

amount) for Jatropha curcas oil together with respective 93.3 % and 94.8 % decreases

of the free fatty acid content respectively. It was also verified that the produced

biodiesel meets the ASTM D6751 quality standard for some properties of the biofuel.

Suggested Reviewers: Abdullah Ahmad, Ph D.

Professor, Universiti Sains Malaysia

chzuhairi@eng.usm.my

The Ph D. Ahmad has worked in the biodiesel production and optimization of this

process using response surface methodology.

Maheria Kalpana, Ph D.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Research Article
Highly Efficient Adsorption of Aqueous Pb(II) with Mesoporous
Metal-Organic Framework-5: An Equilibrium and Kinetic Study

José María Rivera,1 Susana Rincón,2 Cherif Ben Youssef,3 and Alejandro Zepeda4

1Facultad de Ciencias Quı́micas, Universidad Veracruzana, Prolongación Oriente 6, No. 1009 Colonia Rafael Alvarado,
94340 Orizaba, VER, Mexico
2Instituto Tecnológico de Mérida, Av. Tecnológico km 4.5, 97118 Mérida, YUC, Mexico
3Instituto Tecnológico de Cancún, DEPI, Av. Kabah km 3, 77500 Cancún, QROO, Mexico
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Mesoporous metal-organic framework-5 (MOF-5), with the composition Zn4O(BDC)3, showed a high capacity for the adsorptive
removal of Pb(II) from 100% aqueous media. After the adsorption process, changes in both morphology and composition were
detected using a scanning electron microscope (SEM) equipped with an energy dispersive X-ray (EDX) system, Fourier transform
infrared spectroscopy (FTIR), andX-ray photoelectron spectroscopy (XPS) analysis.The experimental evidence showed that Zn(II)
liberation fromMOF-5 structure was provoked by the water effect demonstrating that Pb(II) removal is not due to ionic exchange
with Zn. A kinetic study showed that Pb(II) removal was carried out in 30min with a behavior of pseudo-second-order kinetic
model. The experimental data on Pb(II) adsorption were adequately fit by both the Langmuir and BET isotherm models with
maximum adsorption capacities of 658.5 and 412.7mg/g, respectively, at pH 5 and 45∘C. The results of this work demonstrate that
the use of MOF-5 has great potential for applications in environmental protection, especially regarding the removal of the lead
present in industrial wastewaters and tap waters.

1. Introduction

As a result of intensive industrial activity, wastewaters have
been increasingly contaminated by heavy metals capable of
causing severe health and environmental problems. These
undesired wastes are principally formed in the industrial pro-
duction of fertilizers, batteries, paints, ceramics, glass, explo-
sives, and photography products, as well as metal-extractive
industries [1, 2]. Once heavymetals are introduced into living
organisms (including humans), they tend to accumulate and
promote a variety of physiological disorders [1]. Lead, in
particular, is one of the most disturbing metals in the envi-
ronment and is considered highly dangerous in terms of envi-
ronmental risk. Exposure to lead can causemental deficiency,
convulsions, and reduction in hemoglobin production, which
may cause anemia [3, 4]. To prevent environmental exposure,

the US Environmental Protection Agency [5] has established
a maximum concentration of Pb(II) in drinking water of
0.015mg/L. As a consequence, industrial effluents containing
high lead concentrations must be treated before being dis-
charged into water bodies.

Different techniques are used to eliminate Pb(II) from
wastewaters, including chemical precipitation, membrane fil-
tration, ion-exchange resins, solvent extraction, adsorption,
and coprecipitation [6–8]. However, the applications of these
methods in some cases are costly with disadvantages such as
incomplete removal and the generation of toxic wastes that
require further treatment [7]. Adsorption, in particular, has
shown promising results in water treatment in terms of easy
operation, high removal efficiency, and its applicability for
various pollutants. So far, different materials for removal
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