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Pulsed laser ablation (PLA) in a liquid is the unique method of preparation of pure nanocolloids and ultrafine 

powders on their basis [1]. PLA of chemically active metals allows one to initiate a large number of chemical reactions 
and to influence effectively on the structure and composition of the prepared nanoparticles (NP) [2, 3]. Aluminum with 
electrochemical potential of 1.7 V belongs to these metals. The NP of various compositions were prepared by ablation 
with variable solvents, including addition of precursors, at different laser radiation wavelengths [4–6]. For a number of 
fundamental and applied problems, of interest are nanodispersed materials based on aluminum without impurities 
characteristic for their chemical synthesis, in particular, Al(OH)3 for use in medicine as sorbents and -Al2O3 for use in 
catalysts. The purpose of the present work is preparation of pure aluminum oxide and hydroxide nanoparticles by the 
method of pulsed laser ablation and their subsequent characterization. 

The experimental conditions of PLA for preparation of NP dispersions were described in [2]. Nd:YAG-laser 
radiation (1064 nm, 7 ns, and 20 Hz) was used for ablation. The Al target had a purity of 99.5 %, and ablation was 
performed in distilled water. 

Figure 1 shows SEM images of nanoparticles prepared by Al ablation. Right after the preparation of the 
dispersion, a large number of spherical metal aluminum nanoparticles were observed (Fig. 1а) that converted into 
hydroxide (Fig. 1b) within several hours. The nanodispersed hydroxide powder consisted of flat flake structures 
(Fig. 2а) and had the -Al(OH)3 gibbsite crystal structure (curve 1 in Fig. 3). Its annealing to 120С was accompanied 
by evaporation of unbound water, and from 200 to 300С, it was accompanied by intense oxidation (Fig. 4). As a result, 
the oxide was formed with a low degree of crystallinity representing -Al2O3. Its subsequent annealing to temperatures 
exceeding 1000С led to the formation of the thermodynamically stable -Al2O3 crystal structure [6]. The -Al(OH)3 
nanopowder prepared by annealing at 500С consisted of well faceted particles of pyramidal shape (Fig. 2c). It should 
be noted that for all samples, the presence of the metal Al phase was observed caused by the presence of 
an insignificant amount of large particles (<1 %) that were not oxidized during annealing to 500С.  

The oxide particles were formed by PLA in water and as a result of air purging through the solution. In this 
case, the particles had spherical shape (Fig. 2d), and a significant amount of amorphous aluminum hydroxide was 
present in the sample. 

Thus, pure Al(OH)3 and -Al2O3 nanoparticles have been prepared by the method of pulsed laser ablation in 
water without any precursors, and their morphology and composition have been investigated. These materials in the 
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form of dispersions and powders will be used as components for preparation and investigation of catalysts for carbonic 
oxide oxidation. 

This work was supported in part by the Russian Foundation for Basic Research (Project No. 16-32-
50076_mol_nr). 

 
 

    

Fig. 1. SEM images of nanoparticles prepared by PLA of aluminum in water:   
a) freshly prepared dispersion and b) dispersion after 6 h storage.  

    

    

Fig. 2. SEM images of nanopowders prepared by PLA of aluminum in water: a) 
initial powder after drying; b) after annealing in air at temperatures of 300 and 
500С, respectively; c) initial powder prepared by PLA with air purging through 
the solution.  
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Fig. 3. X-ray diffraction patterns of powders prepared by PLA of Al in H2O: curve 1 is for the 
initial sample, curve 2 is for the same sample with air purging during PLA, curve 3 is after 
annealing at 300С, and curve 4 is after annealing at 500С.  

Fig. 4. Thermogram of the aluminum hydroxide powder prepared by PLA of aluminum in water 
and drying of the dispersion. 
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