
Engineering Conferences International
ECI Digital Archives
BioEnergy IV: Innovations in Biomass Conversion
for Heat, Power, Fuels and Chemicals Proceedings

Spring 6-14-2013

Ni-functionalized carbon nano-filaments as
biodiesel steam reforming catalyst
Nicolas Abatzoglou
Universite de Sherbrooke

Camrina Reyes Plascencia
Universite de Sherbrooke

Follow this and additional works at: http://dc.engconfintl.org/bioenergy_iv

Part of the Chemical Engineering Commons

This Conference Proceeding is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion in
BioEnergy IV: Innovations in Biomass Conversion for Heat, Power, Fuels and Chemicals by an authorized administrator of ECI Digital Archives. For
more information, please contact franco@bepress.com.

Recommended Citation
Nicolas Abatzoglou and Camrina Reyes Plascencia, "Ni-functionalized carbon nano-filaments as biodiesel steam reforming catalyst" in
"BioEnergy IV: Innovations in Biomass Conversion for Heat, Power, Fuels and Chemicals", Manuel Garcia-Perez,Washington State
University, USA Dietrich Meier, Thünen Institute of Wood Research, Germany Raffaella Ocone, Heriot-Watt University, United
Kingdom Paul de Wild, Biomass & Energy Efficiency, ECN, The Netherlands Eds, ECI Symposium Series, (2013).
http://dc.engconfintl.org/bioenergy_iv/52

http://dc.engconfintl.org?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/bioenergy_iv?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/bioenergy_iv?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/proceedings?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/bioenergy_iv?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/240?utm_source=dc.engconfintl.org%2Fbioenergy_iv%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:franco@bepress.com


NI-FUNCTIONALIZED CARBON 

NANO-FILAMENTS 

AS BIODIESEL STEAM REFORMING 

CATALYST

Nicolas Abatzoglou and Carmina Reyes Plascencia

BioEnergy IV June 9-14, 2013



Outline

 Rational

 Objectives

 Carbon-nanofilaments production

 Carbon-nanofilaments functionalization

 Biodiesel Steam Reforming

 Conclusions

 Future Work



Rational

• Cover the energy demand

Why  used the Biodiesel?

• High H2 density

• Safe and easy transport and 

storage

• Could be free of CO2

production

• Biodiesel must be reformed 

to syngas to use it in SOFC



Objectives

 Main objective

 Hydrogen production by steam reforming reaction of 
biodiesel over CNF-supported Ni.

 Specific Objectives

 Deposition of nickel in CNF by impregnation of 
Ni(NO3)2

 Steam Reforming over Ni/CNF

 Why use CNF?

 Controlled CO2 sequestration to form the CNF

 High external surface area + less sintering expected



FexC

Chemical contrast

𝐶𝐻3𝐶𝐻2𝑂𝐻 + 𝐶𝑂2 → 2𝐻2 + 2𝐶𝑂 + 𝐻2𝑂 + 𝐶

Reaction conditions

Hydrocarbon Ethanol

Catalyst Stainless steel

Temperature 550oC

Pressure 1atm

Catalyst mass 20.6g

Ethanol/CO2 1 (molar)

GHSV 2300 ml*g-1*h-1



Nickel impregnation

by Ni(NO3)2 at pH= 5.5

Without acid treatment 
Nickel not found 

FexC



Acid treatment objectives

 Remove the FexC particles of CNF

 Introduce oxygenated groups and imperfections 

at surface of CNF to anchor the metal

Remove the FexC



Acid treatment optimization

4 M

Temperature 110°C

(reflux)

Contact time 1 h

4 M

Temperature 110°C

(reflux)

Contact time 3 h

4 M

Temperature 110°C

(reflux)

Contact time 6 h

Optimal



4 M of HNO3

Temperature 110°C

(reflux)

Contact time 3 h



Wet impregnation

• Using Ni (NO3)2
• Agitation in the solution for 1h

Calcination

• At 290°C  over Ar

• For 8h 

Reduction

• At 450°C  over H2

• For 1h 



Graphite

NiO



Reforming methodology
Reaction conditions

Hydrocarbon Biodiesel

Catalyst Ni/CNF

Reduction T

450°C over 

10% H2

Temperature Variable

Pressure 1atm

Catalyst mass 3g

H2O/C ratio 1.95

MHSV 46 g*g-1*h-1



Reaction to 800°C Conversion 93.9%

NiO

C2H4 C2H6

H2

CO

CO2

CH4

Outflow Conversion 

with CNF

Conversion 

without CNF



Reaction to 700°C Conversion 99%

C2H4 C2H6

H2

CO

CO2 CH4

Outflow
Conversion 

with CNF

Conversion 

without CNF



Reaction to 670°C Conversion 80.2%

C2H4 C2H6

H2

CO

CO2 CH4

Outflow

Conversion 

with CNF

Conversion 

without CNF



Conversion as function of T
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Mass balance

Temperature °C 800 760 760 700 680 670

MHSV g*g-1*h-1 50.0 47.6 46.6 45 43.7 44.1

∆ mass g -0.73 -0.37 -0.97 -0.77 -1.40 0.01

Error % % -2.8 -1.57 -2.07 -2.37 -4.41 0.02

Conversion % 93.9 91.56 90.24 99.11 83.47 80.23

Reaction 

time
h 7 5.5 12 7 7.38 6.8



Conclusion

 The acid treatment is necessary for the

impregnation of Ni over CNF’s

 The Ni-NFC’s show catalytic activity for the steam

reforming of Biodiesel

 The optimum reaction temperature is 700°C

 Sintering of Ni at highest temperature

 Lower catalytic activity at lower temperature

 The CNF shows  damage structure after the steam 

reforming reaction



Future work

Confirm conversion at 700°C

Thermal treatment after acid 

treatment in order to remove CNF of 

low quality

Functionalize CNF with nickel spinel 

(NiAl2O4) instead of metallic nickel
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Questions

Thank you



Characterization des NFC

FexC
y

Graphite
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