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Reduction of Zinc Oxide Particles and Synthesizing Zinc Nanoparticles by Pulse Laser
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Metal air (fuel) cells are expected as future electrical power source because the stored energy densities
are single order higher than that of conventional lithium ion batteries. In this paper, zinc was selected and
used as the negative electrode that consists of metal air cells. Zn nanoparticles were produced from ZnO
particles by pulse laser ablation in liquids, and sintered Zn nanopastes were produced. Electricity was
generated successfully using metal air cell with the Zn nanopastes. Experiments for reduction of ZnO
powder were conducted to research differences in the diameter of the starting material, laser wavelength
(1064 nm, 532 nm, and 355 nm) and solvent. We recognized the differences in reduction rates that
irradiations of shorter-wavelength light result in higher absorption to ZnO particles and higher reduction
rates. It was confirmed that all the sintered Zn nanopastes with Zn nanoparticles prepared under these
conditions could be used as negative electrodes of metal air cells.
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Fig. 1 Experimental setup for laser ablation in liquid.
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Fig. 2 Structure of metal air cell using sintered Zn nanopaste.
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Fig.3 Photos of suspensions with ZnO powder after laser irra-
diation. (a) Pure water, (b) acetone, (c) MeCN, (d) EtOH.
All the quantities of solutions were 30 ml. Weight of ZnO
powder was 5 mg. Laser irradiation: 1064 nm, 2.8 W, 10 Hz,
1 hour.
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Fig. 4 Absorption spectrum. (a) With Zn powder after laser irradiations. (b) With Zn oxide powder
after laser irradiations. EtOH (Bold solid line), MeCN (solid line), pure water (dashed line).
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Fig. 5 Suspensions with ZnO nanoparticles after laser
irradiation. Mean diameter of ZnO nanoparticles was 20 nm.
Weight was 50 mg. Solution was EtOH. Laser irradiation:
1064 nm, 2.3 W. Left side: before laser irradiation (0 min.),
center: 60 min. after laser irradiation. Right side: 90 min. after
laser irradiation.
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Omin. 15min. 30min.

Fig. 6 Suspensions with ZnO nanoparticles after laser
irradiation. Mean diameter of ZnO nanoparticles was 20 nm.
Weight was 50 mg. Solution was EtOH. Laser irradiation: 355 . . . .
nm, 0.5 W, 10 Hz. Left side: before laser irradiation (0 min.), Fig. 9 BI:lg}.lt field STEM. image of produced particles after
laser irradiation to suspension with ZnO/EtOH (1064 nm, 2.8
W, 10 Hz, 1 hour).

center: 15 min. after laser irradiation. Right side: 30 min. after
laser irradiation.
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Fig. 10 Results of EDX analysis for produced particles. Laser irradiation to suspension
with ZnO/EtOH. Quantitative mapping. Left: Bright field STEM image. Center: oxygen,
right: Zn.

20nm

Fig. 11 Bright field STEM image of produced particles after
laser irradiation to suspension with ZnO/MeCN (532 nm, 1.3
W, 10 Hz, 1 hour).
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Fig. 12 Results of EDX analysis for produced particles. Laser irradiation to suspension
with ZnO/MeCN. Quantitative mapping. Left: Bright field STEM image. Center: oxygen,

right: Zn.
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(a)
1s0-BuOH 1s0-PrOH  EtOH MeOH

Fig. 13 Comparison of suspensions with alcohols and ZnO
powder by 15 min. laser irradiation. (a) 0 hours after laser
irradiation. (b) 12 hours after laser irradiation.
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(a) (b)

Fig. 14 Photos. (a) Illumination(load), (b) sintered
Zn nanopaste on Mg plate.
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Fig. 15 Temporal dependence on output voltage of Zn paste metal air cell. (a) Using Zn nano-
particles reduced by 1064 nm laser. (b) Using Zn nanoparticles reduced by 355 nm laser.
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