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Introduction
Biogas towards H2

𝐶𝐻! + 𝐶𝑂" ⇄ 2𝐶𝑂 + 𝐻" Methane dry reforming
- high endothermicity

- catalyst stability issues

high T coke
(sintering phenomena) formation

drawbacks

Water addition

𝐶𝐻! + 𝐻"𝑂 ↔ 𝐶𝑂 + 3𝐻" Methane steam reforming

Oxygen addition

𝐶𝐻! + ⁄1 2 𝑂" ⇄ 𝐶𝑂 + 2𝐻" Methane partial oxidation

- mild reduction in endothermicity
- catalyst stability

higher coke
hydrogen yield gasification

advantages
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Aims of this work

o Study of the biogas oxidative steam reforming (BOSR) reaction in different 
catalyzed systems

o Research of highly active catalytic formulations which can be easily 
empolyed in the industrial sector

o Investigation of the aging stability of the most promising formulations and 
evaluation of the deactivation driving mechanisms
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Work overview
Biogas oxidative steam reforming

𝐶𝐻! + 𝑦𝐶𝑂" + 𝑥𝐻"𝑂 + 𝛼𝑂" ⇄ 𝑎𝐶𝑂 + 𝑏𝐶𝑂" + 𝑐𝐶𝐻! + 𝑑𝐻"𝑂 + 𝑒𝐻" + 𝑓𝐶($)

Sample
Nominal metal loading

(wt%)

Ni Rh

10%Ni/Al2O3 10 -

5%Ni/Al2O3 5 -

0.5%Rh/Al2O3 - 0.5

0.5%Rh-5%Ni/Al2O3 5 0.5

5%Ni/CeO2 5 -

0.5%Rh-5%Ni/CeO2 5 0.5

Active species: Ni, Rh

Ø Ni: typical active metal in reforming processes
cheap and easily available

Ø Rh: high activity and stability towards POX

Supports: Al2O3, CeO2

Ø Al2O3: typical support in reforming processes
cheap and easily available
high SSA → good dispersion

Ø CeO2: reduce the coke deposition

Preparation method: wet impregnation

Bimetallic formulations: subsequent impregnations
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Methods
Experimental plant

Coil for water 
vaporisation

Gas in

Gas out

Stainless steel reactor
Diameter = 1/2’’
K-type TC at catalyst bed outlet section
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Reaction performances evaluation
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Results
Catalytic activity tests
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Results
Catalytic activity tests
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Results
Catalytic activity tests
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Results
Stability tests (T = 750°C)
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Results
Stability tests (T = 750°C)
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Results
Stability tests (T = 750°C)
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Results
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Sample
YC

(%)
CFR

(mgcoke/gcat×gC,fed×h)

5%Ni/Al2O3 0.010 0.0046
0.5%Rh/Al2O3 0.230 0.2629

0.5%Rh-5%Ni/Al2O3 0.095 0.0793
5%Ni/CeO2 - -

0.5%Rh-5%Ni/CeO2 - -
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Comparison with literature
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Conclusions

Biogas can be considered as an alternative to natural gas in hydrogen production

Catalysts for biogas reforming suffers of deactivation mainly because of sintering and coke deposition

High metal dispersion ensure higher activity towards BOSR

Background

This work

Ni-Al2O3 interactions are not sufficient to ensure the thermal stability of the catalyst

Ni-Rh-Al2O3 interactions allow the active species stabilization and resistence to sintering and reduce
coke deposition on Rh sites

Ni-CeO2 interactions ensure the catalyst thermal stability and CeO2 avoid coke deposition, but the
activity is lowered by the worse metal dispersion

Al2O3-based formulations offered promising performances if compared to other results in literature
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