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Ferrimagnetic Fe2O3 NP 
Variation of the O2 content in the condensation atmosphere 

Functional ceramic nanoparticles (NP) facilitate innovations in biomedical 
therapy and diagnosis. In order to exploit this potential, processes are 
required making a wide range of suitable NP accessible and enabling the 
adaption of their properties to the targeted application. The highly versatile 
CO2 laser vaporization (LAVA) technique meets these requirements. LAVA 
allows the production of ceramic NP by gas-phase condensation under 
defined and stable conditions. 

A broad spectrum of functional ceramic nanopowders is procurable, since no 
particularly designed precursors are necessary. Thus, potential 
contaminations by reaction by-products can be excluded. The co-
vaporization of mixtures of at least two different raw powders enables the 
preparation of functional multiphase NP in one single process. Different 
morphological sub-structures can be obtained including solid solutions, 
nanocrystallites embedded in a glass matrix, and intraparticular dispersions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Superparamagn. Fe2O3-SiO2 NP 
Variation of the Fe2O3 content in the raw powder 

Al2O3-ZrO2 dispersion NP 
Further reinforcing of ATZ/ZTA ceramics 

Summary 

γ-Fe2O3 NP  ε-Fe2O3 NP  

Raw powder: equimolar mixture of α-Al2O3 and SrO with 5 wt.% Eu2O3 

as prepared  

1100°C  

Raw powders: mixtures of SiO2 (quartz sand) and 15 
wt.%, 50 wt.%, and 80 wt.% α-Fe2O3 (hematite) 

Different morphologies depending on the SiO2/α-
Fe2O3 ratio of the raw powder mixture 

50 wt.% Fe2O3 15 wt.% Fe2O3 80 wt.% Fe2O3 

α-Fe2O3 content in the raw mixture with SiO2 

FexOy nanocrystallites 
(d < 7 nm) in SiO2 NP 
(d < 30 nm) 

SiO2 NP (d > 30 nm) 
with FexOy NP 

(d < 10 nm) 

„Janus“ NP (d < 70 nm) 
consisting of a SiO2 and 

an FexOy hemisphere   

γ-Fe2O3-SiO2 NP combine superparamagnetism and 
a reactive Si-O interface which can be easily 
functionalized 

Phase analysis and magnetic data of the γ-Fe2O3 (maghemite) / ε-Fe2O3 NP 

The γ-Fe2O3/ε-Fe2O3 ratio and thus the saturation magnetization MS and the 
coercivity HC of the NP can be controlled by the O2 content of the process gas 

XRD reflections: γ-Fe2O3         , ε-Fe2O3 
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Raw powder: α-Fe2O3 (hematite) 

O2 [vol%] ε-Fe2O3 [wt%] MS [Am2/kg] HC [kA/m]  

As-prepared        amorphous NP, red luminescence 
due to the incorporation of Eu3+ into the glass 

matrix 

Annealing (T = 1100 °C, reducing N2/H2)  
crystalline Eu2+:SrAl2O4 NP, green luminescence of 

Eu2+ ions 

Eu-doped solid solution SrAl2O4 NP 
Nanophosphors: as prepared and after thermal treatment 

EDX-Mapping: Zr, Al 

Raw powder: mixtures of t-ZrO2 and α-Al2O3   

LAVA method 

• CO2 laser radiation  λ = 10.59 µm (IR) 
• Power in continuous mode Pmax = 2 kW  
• Peak power in pulsed mode Ppeak = 3.5 kW  
• Process gas flow: normal pressure,  15 m3/h 
• Production rate: several 10 g/h 

NP consisting of an intraparticle 
dispersion of Al2O3 and ZrO2 crystallites 
       ceramics with further enhanced 
hardness and abrasive wear resistance 
 
Variation of the Al2O3/ZrO2 ratio in the raw 
powder       tuning of morphology  and 
mechanical properties  

Due to their tunable magnetic properties LAVA derived FexOy NP are of 
particular interest for biomedical applications including cancer treatment, 
targeted drug delivery, and biological imaging. The impact of O2 in the 
condensation gas on the phase composition and thus, magnetic properties 
of ferrimagnetic Fe2O3 polymorphs was studied. Furthermore, 
superparamagnetic γ-Fe2O3 crystallites embedded in a nanoscale SiO2 glass 
matrix were prepared. Their reactive SiO2 interface facilitates the 
functionalization by silanization to couple drugs and tumor target antibodies. 

Inorganic NP doped with lanthanide ions are of potential interest for 
biological fluorescence labeling. As a member of this material class 
photoluminescent Eu:SrAl2O4 NP were prepared. Al2O3/ZrO2 dispersions are 
applied in load bearing ceramic implants because they combine the high 
strength of Al2O3 and the high fracture toughness of ZrO2. Here, NP 
consisting of an intraparticular dispersion of crystalline Al2O3-/ZrO2-phases 
were prepared to further increase the mechanical properties of the related 
ceramic materials. 

PL emission spectra of the 
reference, as-prepared and 
thermally treated samples  

70 wt.% ZrO2/30 wt.% Al2O3 25 wt.% ZrO2/75 wt.% Al2O3 
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