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Introduction

Choice of substrates

Catalytic reactions
Advantages

Magnetic-induced catalysis is based on the property of ferromagnetic materials to release heat when they are exposed to
an alternating magnetic field. At the LPCNO, the synthesis of magnetic nanoparticles (NPs) is optimized to obtain the best
heating properties. In these systems the response to the magnetic field is immediate, and high local temperatures are
achieved at the surface of the NPs. They can also display good catalytic activity, as in the case of FeNi3 NPs, which can act as
magnetic heating agents and catalytic species at the same time.1 Ni-decorated FeNi3 NPs, FeNi3@Ni NPs, have
demonstrated to catalyze the C-O bond activation in the Sabatier reaction (solid-gas phase). In this work, we present the
catalytic properties of FeNi3@Ni NPs in the hydrodeoxygenation (HDO) and hydrogenolysis of biomass-derived molecules
and model molecules. These reactions, reported in the literature to be performed at harsh conditions (50 bar H2, 200 °C),2
are successfully performed in mild conditions thanks to the magnetically-induced catalysis.3

Lignocellulose 

Biofuel
Chemicals4

Platform molecules

Hydrolysis

• Cellulose: 40-50 %

• Hemicellulose: 25-35 %

HDO

290 KJ/mol 215 KJ/mol 330 KJ/mol

Model moleculesMost common linkages5
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Toluene

Conversion

CBE

Cyclohexanol

Synthesis and characterization

Mean size: 18.6 ± 2.4 nm
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Superparamagnetic at RT. 
Hc (300K) = 0,07 T, Ms (300K) = 80 emu/g

HYDROGENOLYSIS

• Benzyl phenyl ether

HYDRODEOXYGENATION

• Furfural • Hydroxymethylfurfural

Time 
(h)

Conversion 
(%)

Yield (%)
Toluene CyOH CBE

1 21 20 20 1
2 56 52 42 1
5 100 86 88 2

Time 
(h)

Conversion 
(%)

Yield (%)
HMMF DMF

2 100 59 41
6 100 40 60
8 100 17 83

12 100 4 96
16 100 0 100

Time 
(h)

Conversion 
(%)

Yield (%)
FA MF

0.5 28 24 4
1 64 51 13
3 97 61 36
8 100 46 56

16 100 0 100

0 2 4 6 8 10 12 14 16
0

20

40

60

80

100

Yi
el

d/
C

on
ve

rs
io

n 
(%

)

Time (h)

Benzene

Conversion
CyOH

Cyclohexane

CPE

• Diphenyl ether

Time 
(h)

Conversion 
(%)

Yield (%)
Benzene CyOH Cy CPE

1 23 13 21 2 2
2 29 15 23 3 3
5 64 47 48 12 6
8 76 61 64 21 6

15 86 62 74 26 6

Fcc structure corresponding to 
Fe, Ni and FeNi3 alloy

• Fast increase of the temperature
• Easy turn on/off
• Very small overpressure
• High local temperatures and 

pressures
• Mild conditions

FeNi3@Ni NPs present high magnetic heating
properties at low magnetic fields (soft material).
It is a versatile catalyst active in the C-O cleavage of
different carbonyl groups. Even though no noble
metal is present, these reactions can take place in
mild conditions and without high overpressures,
thanks to the magnetically induced catalysis.

Conclusions
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12 mol% cat.
3 bar H2
49mT

12 mol% cat.
3 bar H2
49mT

Conditions: 1 mmol substrate, 10 mg NPs, 5 mL decane, 3 bar H2

Conditions: 1 mmol substrate, 10 mg NPs, 5 mL mesitylene, 3 bar H2


