
  
 
 

Journal of Applied Research 
and Technology 

 

www.jart.ccadet.unam.mx 
Journal of Applied Research and Technology 16 (2018) 455-465 

 

Mauricio Lopez Luna*, Luis Cedeño-Caero  
 

 
 

Received dd mm aaaa; accepted dd mm aaaa 
Available online  dd mm aaaa 

 

 

 

 

 

  

 

 

 

 

  

  

 

  

 

    

   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

file:///C:/Users/KM/Desktop/REVISTA%20CCADET/dx.doi.org/10.1016/j.jart.2017.01.013
http://www.jart.ccadet.unam.mx/
http://www.jart.ccadet.unam.mx/
mailto:mauricio.lopez.luna.chem.eng@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


  



 



  



 

 

   

            

 

 

 

 

 

  

 

 
  

  

 
  

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 



  

 -

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

  

             

            

            

        

  

 

  

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

 

 

 

 
 

 



  

‐

‐

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

            

        

  

 

  

 

 

 

 

 

 

   

 



  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



  

 

 

‐ ‐ ‐

 

  

 

 

 

 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

            

            

            

        

  

 

  

 

 

 

 

 

 

   

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S0920586116304679
https://www.sciencedirect.com/science/article/pii/S0920586116304679
https://www.sciencedirect.com/science/article/pii/S0920586116304679
https://www.sciencedirect.com/science/article/pii/S0920586116304679
https://link.springer.com/article/10.1007/s11144-017-1237-4
https://link.springer.com/article/10.1007/s11144-017-1237-4
https://link.springer.com/article/10.1007/s11144-017-1237-4
https://link.springer.com/article/10.1007/s11144-017-1237-4
https://www.sciencedirect.com/science/article/pii/S0926860X98002361
https://www.sciencedirect.com/science/article/pii/S0926860X98002361
https://www.sciencedirect.com/science/article/pii/S0926860X98002361
https://www.sciencedirect.com/science/article/pii/S0378382012001257
https://www.sciencedirect.com/science/article/pii/S0378382012001257
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://www.sciencedirect.com/science/article/pii/S0378382012001257
https://www.sciencedirect.com/science/article/pii/S0378382012001257
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://www.degruyter.com/view/j/ijcre.2005.3.1/ijcre.2005.3.1.1246/ijcre.2005.3.1.1246.xml
https://pubs.rsc.org/en/content/articlehtml/2003/dt/b303073n
https://pubs.rsc.org/en/content/articlehtml/2003/dt/b303073n
https://pubs.rsc.org/en/content/articlehtml/2003/dt/b303073n
https://onlinelibrary.wiley.com/doi/full/10.1002/jctb.2371
https://onlinelibrary.wiley.com/doi/full/10.1002/jctb.2371
https://link.springer.com/article/10.1007/s11144-014-0729-8
https://link.springer.com/article/10.1007/s11144-014-0729-8
https://link.springer.com/article/10.1007/s11144-014-0729-8
https://link.springer.com/article/10.1007/s11144-014-0729-8
https://www.sciencedirect.com/science/article/pii/S0920586107008358
https://www.sciencedirect.com/science/article/pii/S0920586107008358
https://www.sciencedirect.com/science/article/pii/S0920586107008358
https://www.sciencedirect.com/science/article/pii/S0920586107008358
https://www.sciencedirect.com/science/article/pii/0022459687903598
https://www.sciencedirect.com/science/article/pii/0022459687903598
https://www.sciencedirect.com/science/article/pii/0022459687903598
https://www.jstage.jst.go.jp/article/jpi/51/1/51_1_14/_article
https://www.jstage.jst.go.jp/article/jpi/51/1/51_1_14/_article
https://www.jstage.jst.go.jp/article/jpi/51/1/51_1_14/_article
https://books.google.es/books?hl=en&lr=&id=O6qH071W1PYC&oi=fnd&pg=PA1&dq=World+Energy+Outlook,+France:+International+Energy+Agency,+(2016).&ots=AVesFxwyem&sig=k4u0glVN9JCgC0QKWaG-lU5VBkw#v=onepage&q=World%20Energy%20Outlook%2C%20France%3A%20International%20Energy%20Agency%2C%20(2016).&f=false
https://books.google.es/books?hl=en&lr=&id=O6qH071W1PYC&oi=fnd&pg=PA1&dq=World+Energy+Outlook,+France:+International+Energy+Agency,+(2016).&ots=AVesFxwyem&sig=k4u0glVN9JCgC0QKWaG-lU5VBkw#v=onepage&q=World%20Energy%20Outlook%2C%20France%3A%20International%20Energy%20Agency%2C%20(2016).&f=false
https://www.taylorfrancis.com/books/9781420028126
https://www.sciencedirect.com/science/article/pii/S0926860X07006461
https://www.sciencedirect.com/science/article/pii/S0926860X07006461
https://www.sciencedirect.com/science/article/pii/S0926860X07006461
https://www.sciencedirect.com/science/article/pii/S0926860X07006461
https://www.sciencedirect.com/science/article/pii/S0920586109001850
https://www.sciencedirect.com/science/article/pii/S0920586109001850
https://www.sciencedirect.com/science/article/pii/S0920586109001850
https://www.sciencedirect.com/science/article/pii/S092058610900577X
https://www.sciencedirect.com/science/article/pii/S092058610900577X
https://www.sciencedirect.com/science/article/pii/S092058610900577X
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018


  

⋅

γ

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

  

 

 

 

 
 

 

 

https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://pubs.acs.org/doi/pdf/10.1021/j100299a018
https://www.sciencedirect.com/science/article/pii/S0926860X0400897X
https://www.sciencedirect.com/science/article/pii/S0926860X0400897X
https://www.sciencedirect.com/science/article/pii/S0926860X0400897X
https://www.tandfonline.com/doi/abs/10.1080/01614940.2011.596426
https://www.tandfonline.com/doi/abs/10.1080/01614940.2011.596426
https://www.sciencedirect.com/science/article/pii/S0021951707000024
https://www.sciencedirect.com/science/article/pii/S0021951707000024
https://www.sciencedirect.com/science/article/pii/S0021951707000024
https://aip.scitation.org/doi/abs/10.1063/1.368596
https://aip.scitation.org/doi/abs/10.1063/1.368596
https://aip.scitation.org/doi/abs/10.1063/1.368596
https://www.sciencedirect.com/science/article/pii/S0920586196000569
https://www.sciencedirect.com/science/article/pii/S0920586196000569
https://www.journal.csj.jp/doi/abs/10.1246/cl.2013.8
https://www.journal.csj.jp/doi/abs/10.1246/cl.2013.8
https://www.journal.csj.jp/doi/abs/10.1246/cl.2013.8
https://www.ingentaconnect.com/content/ben/cheng/2010/00000003/00000001/art00003
https://www.ingentaconnect.com/content/ben/cheng/2010/00000003/00000001/art00003
https://www.ingentaconnect.com/content/ben/cheng/2010/00000003/00000001/art00003
https://www.sciencedirect.com/science/article/pii/S0021951784710815
https://www.sciencedirect.com/science/article/pii/S0021951784710815
https://www.sciencedirect.com/science/article/pii/S0021951784710815
https://www.sciencedirect.com/science/article/abs/pii/S0360056408600589
https://www.sciencedirect.com/science/article/pii/S0021951706001096
https://www.sciencedirect.com/science/article/pii/S0021951706001096
https://www.sciencedirect.com/science/article/pii/S0021951706001096
https://www.degruyter.com/view/j/revce.2014.30.issue-4/revce-2014-0001/revce-2014-0001.xml?format=INT&intcmp=trendmd
https://www.degruyter.com/view/j/revce.2014.30.issue-4/revce-2014-0001/revce-2014-0001.xml?format=INT&intcmp=trendmd
https://www.sciencedirect.com/science/article/pii/S1878535216300442
https://www.sciencedirect.com/science/article/pii/S1878535216300442
https://www.sciencedirect.com/science/article/pii/S1878535216300442
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
https://pubs.acs.org/doi/abs/10.1021/ef034001z
http://www.dof.gob.mx/nota_detalle.php?codigo=2092335&fecha=20/09/2005
http://www.dof.gob.mx/nota_detalle.php?codigo=2092335&fecha=20/09/2005
http://www.dof.gob.mx/nota_detalle.php?codigo=2092335&fecha=20/09/2005
https://www.sciencedirect.com/science/article/pii/0021951773902339
https://www.sciencedirect.com/science/article/pii/0021951773902339
https://www.sciencedirect.com/science/article/pii/0021951773902339
https://www.opec.org/opec_web/static_files_project/media/downloads/publications/WOO_2011.pdf
https://www.opec.org/opec_web/static_files_project/media/downloads/publications/WOO_2011.pdf
https://www.sciencedirect.com/science/article/pii/S1381116997002276
https://www.sciencedirect.com/science/article/pii/S1381116997002276
https://www.sciencedirect.com/science/article/pii/S1381116997002276
https://www.sciencedirect.com/science/article/pii/S1381116997002264
https://www.sciencedirect.com/science/article/pii/S1381116997002264
https://www.sciencedirect.com/science/article/pii/S1381116997002264
https://pubs.acs.org/doi/abs/10.1021/ef000096i
https://pubs.acs.org/doi/abs/10.1021/ef000096i
https://pubs.acs.org/doi/abs/10.1021/ef000096i
https://link.springer.com/article/10.1007/s12182-016-0127-0
https://link.springer.com/article/10.1007/s12182-016-0127-0
https://link.springer.com/article/10.1007/s12182-016-0127-0
https://link.springer.com/article/10.1007/s12182-016-0127-0
https://www.sciencedirect.com/science/article/pii/S0021951703003294
https://www.sciencedirect.com/science/article/pii/S0021951703003294
https://www.sciencedirect.com/science/article/pii/S0021951703003294
https://www.sciencedirect.com/science/article/pii/S1381116915300868
https://www.sciencedirect.com/science/article/pii/S1381116915300868
https://www.sciencedirect.com/science/article/pii/S1381116915300868
https://pubs.acs.org/doi/pdf/10.1021/j150624a035
https://pubs.acs.org/doi/pdf/10.1021/j150624a035
https://pubs.acs.org/doi/pdf/10.1021/j150624a035
https://www.sciencedirect.com/science/article/pii/S1387181108001078
https://www.sciencedirect.com/science/article/pii/S1387181108001078
https://www.sciencedirect.com/science/article/pii/S1387181108001078
https://www.sciencedirect.com/science/article/pii/S0920586103004127
https://www.sciencedirect.com/science/article/pii/S0920586103004127
https://www.sciencedirect.com/science/article/pii/S0920586103004127
https://scholar.google.es/scholar?hl=en&as_sdt=0%2C5&q=N.+El-Gendy%2C+J.+Speight%2C+Handbook+of+refinery+desulfurization%2C+CRC+Press%2C+Taylor+%26+Francis+group%2C+2015%2C+p.+271.&btnG=
https://scholar.google.es/scholar?hl=en&as_sdt=0%2C5&q=N.+El-Gendy%2C+J.+Speight%2C+Handbook+of+refinery+desulfurization%2C+CRC+Press%2C+Taylor+%26+Francis+group%2C+2015%2C+p.+271.&btnG=
https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0926860X01006998
https://www.sciencedirect.com/science/article/pii/S0926860X01006998
https://www.sciencedirect.com/science/article/pii/S0926860X01006998


  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

            

            

            

        

  

 

  

 

 

 

 

 

 

   

 

 

 

 

  

https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0920586110003299
https://www.sciencedirect.com/science/article/pii/S0926860X01006998
https://www.sciencedirect.com/science/article/pii/S0926860X01006998
https://www.sciencedirect.com/science/article/pii/S0926860X01006998
https://research.tue.nl/en/publications/a-temperature-programmed-reduction-study-of-gamma-alumina-support
https://research.tue.nl/en/publications/a-temperature-programmed-reduction-study-of-gamma-alumina-support
https://research.tue.nl/en/publications/a-temperature-programmed-reduction-study-of-gamma-alumina-support
https://www.sciencedirect.com/science/article/pii/0021951789900985
https://www.sciencedirect.com/science/article/pii/0021951789900985
https://www.sciencedirect.com/science/article/pii/0021951789900985
https://pubs.acs.org/doi/pdf/10.1021/j100191a051
https://pubs.acs.org/doi/pdf/10.1021/j100191a051
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/2010/cs/c0cs00145g
https://pubs.rsc.org/en/content/articlehtml/2010/cs/c0cs00145g
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://pubs.acs.org/doi/abs/10.1021/jp000055n
https://pubs.acs.org/doi/abs/10.1021/jp000055n
https://pubs.acs.org/doi/abs/10.1021/jp000055n
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/1996/ft/ft9969203259
https://pubs.rsc.org/en/content/articlehtml/2010/cs/c0cs00145g
https://pubs.rsc.org/en/content/articlehtml/2010/cs/c0cs00145g
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://www.sciencedirect.com/science/article/pii/S0166983400811525
https://pubs.acs.org/doi/abs/10.1021/jp000055n
https://pubs.acs.org/doi/abs/10.1021/jp000055n
https://pubs.acs.org/doi/abs/10.1021/jp000055n

	Tungsten based catalysts for oxidative desulfurization: surface species and partially reduced systems as key features to improve the activity 
	1. INTRODUCTION
	2. EXPERIMENTAL
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES



