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Introduction
Functional iron oxide (α-Fe2O3, Fe3O4) nanoparticles

• Environmental purification: Heterogeneous Fenton catalyst for degradation of organic 
compounds 1)

• Green energy: Anode material for lithium-ion battery 2)

• Biomedicine: Heating mediator for magnetic hyperthermia treatments 3)

Liquid-phase process
Gas- or solid-phase process 

Relatively high environmental impacts 
Increase in the aggregate size; Low performance

 Mechanochemically assisted quasi-solvent-free synthesis of slightly 
agglomerated iron oxide nanoparticles

High-energy ball-milling (Fritsch P-7)
(600 rpm, 1 h)

Static heating
(100°C, 20 h)

Iron oxide 

FeApꞏnH2O → Fem+ + pAm/p− + nH2O

(NH2)2CO + 3H2O → 2NH4
+ + 2OH− + CO2

Fe2+ + 2Fe3+ + 8OH− → Fe3O4 + 4H2O

Release of crystal water:

Urea hydrolysis:

Formation of iron oxide:

Starting materials

Mechanochemical activation

Mechanical energy
Grinding media

FeApꞏnH2O (NH2)2CO

Si3N4 vessel 
(45 mL)

Synthesis process

2Fe3+ + 6OH− → α-Fe2O3 + 3H2O

A: Anion
p: Generally 1–3
m：2 or 3
n：Generally 2–12

Starting materials and balls      
were placed.

High-energy ball milling 
formed a sol-like precursor.

The milled precursor with 
balls were statically heated.

After washing and drying, 
final products were obtained.

Iron source
(Fe(NO3)3ꞏ9H2O, 
FeCl2ꞏ4H2O, 
or FeCl3ꞏ6H2O) Urea

Balls
(5 mm YSZ
or 3.2 mm SS)

YSZ: Yttria-stabilized zirconia, 
SS: Stainless steel
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Results and discussion

 Polycrystalline iron oxide nanoparticles with high specific surface areas were obtained.

Run No. 1
α-Fe2O3

Coercivity
[Oe]

Residual
magnetization
[emu/g]

Saturation
magnetization
[emu/g]

Pore
volume
[cm3/g]

Specific 
surface 
area [m2/g]

Particle 
size
[nm]

Crystallite 
size [nm]ProductBall material

(size, number)Starting materialsRun No.

200.0030.60.1112261α-Fe2O3: 16α-Fe2O3
YSZ
(5 mm, 180)

Fe(NO3)3ꞏ9H2O (2 mmol)
urea (6 mmol)1

431.613.50.315060α-Fe2O3: 19
Fe3O4: 24α-Fe2O3/Fe3O4

YSZ
(5 mm, 180)

FeCl2ꞏ4H2O (3 mmol)
urea (4 mmol)2

434.541.80.2714557Fe3O4: 29Fe3O4
SS
(3.2 mm, 529)

FeCl3ꞏ6H2O (3 mmol)
urea (4 mmol)2
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Run No. 2
α-Fe2O3/Fe3O4

Run No. 3
Fe3O4
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