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Research interest



• 3-16 nm C and Ag particles

Developments
Proof of principle

Technical



Developments
First prototype

Technical

• Spark under N2 atmosphere

• Ambient pressure

• Measurement of charged  

gold particles



• Deposition of charged silver particles

• Size selection based on electrical mobility

• 8 nm deposited on carbon film

Developments
Monodisperse output

Output



• Atomic clusters 1 – 40 Pd, Al atoms

• Setup in vacuum

Developments
Clusters

Output



• Particle size distribution has a fixed width (1.27 < σ < 1.34)

• For large particles, the absolute spread is larger

• By continuously adding small NPs to the aerosol, the absolute width can remain constant (1 nm)

Developments
Narrow size distribution for large particles

Output



• Production of carbon

nanoparticles

• 8 mg/h output

• Relatively large

particles

Developments
First commercial spark generator

Technical



• Methanation: 4 H2 + CO2 - > CH4 + 2 H2O using Ni

Developments
Aerosol catalysis

Application



• Application of radioactive Tc in liquid

applied to spark electrodes

Developments
Radiolabeling of carbon aerosol

Application



Developments
Synthesis of oxides

Material



Developments
Synthesis of titania by sparking in air

Material



• 10 – 20 nm particles

• Collection by filtration

Developments
XRD studies

Output



• Precious metals in N2 gas

• High production rates give higher  

concentrations and larger particles  

(Au > Pt > Pd > Ag)

Developments
Influence of nanoparticle material of size distributions

Output



• Pt particles in N2 gas

• 5 min deposition using

thermophoresis (ΔT)

Developments
Patterning with metal catalyst particles

Patterning



• Gases have various breakdown voltages

changing the energy delivered to the spark

• Materials have different ablation rates depending on:

• Thermal conductivity

• Evaporation enthalpy

• Boiling point

Developments
Influence of carrier gas and various metals

Material



Developments
Carbon encapsulation

Output



Developments
Producing alloyed electrodes

Material



Deposition by electrostatic precipitation

Developments
Using nanoparticles as seeds for epitaxial growth

Application



• Size selected Pd nanoparticles

• Deposition on Si by electrostatic precipitation

Developments
Study of model catalysts using aerosol deposition

Application



• text

Developments
Metallic nanoparticles from immiscible metals

Material



• Doping decreases  

electrical resistivity  

(0.17 Ω cm)

1015 boron atoms/cm3

Developments
Semiconducting nanoparticles

Material



• Deposition of Ag nanoparticles by diffusion

• Annealing at 300 C for 30 min

• Layer height of 104 nm

• Surface roughness of 8.7 nm

Developments
Deposition of uniform layers

Output



• Production of Mg nanoparticles

• Purification of 5N Ar: 5 ppm H2O, O2

• Bake-out of the system

• Preloading of the system with Mg NPs

Developments
Production of highly oxidizing metals

Material



• text

Developments
Size selected deposition of Au, Ge

Output



• 10 nm Au particles on carbon

Developments
Writing by electrostatic focussing

Patterning



• Configurations have different electrical fields

and gas flow profiles

Developments
Effect of different configurations

Technical



Developments
High stability by thiol capping of Au NPs



• Particles > 10 nm tend to

agglomerate

• Higher temperature increases  

mobility and produces spherical

particles

Developments
Production of large spherical particles



Developments
Titania nanoparticles for photocatalysis

• Spark ablation under air stream

• Deposition on graphene



• Dust captured in filters can

serve as nutrients for bacteria

• Ag limits growth

Developments
Antibacterial silver coatings on HEPA filters



Developments
Growth of superstructures

• Nanosecond spark

duration

• Mo in air

• Deposition of MoO3 on

Cu foil 3 mm from spark

• Nanoparticles

• Nanoflakes

• Nanowalls

• Nanocrystals

• Nanotubes



• Si around molten Fe

• Fe diffuses inside Si because of temperature gradient

Developments
Synthesis of hollow NPs



• Standard operation: 200 Hz (0.3 mg Cu / h)

• Large scale: 10 kHz (30 mg Cu / h)

Developments
Increased production rate by increasing the frequency
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• Spark behavior depends:

• Electrode geometry

• Electrode gap

• Gas flow rate

Developments
Spark behavior in time



Developments
Patterning by electrostatic focusing

• Patterning by floating

metal mask



• Direct observation of Au particle size

distributions by TEM

• Comparison of initial size and  

reference downstream

Developments
Particle size distributions from TEM data



• Growth of SWCNT

by Fe NP seeding

Developments
Synthesis of single-walled carbon nanotubes



• Measurement of Ag clusters in He gas

• Using generic and purified helium gas

• Selection by DMA

• Detection by uCPC

Developments
Cluster production at atmospheric pressure



• A bias voltage is maintained

• This repels positive particles

• The yield is doubled

Developments
Increased yield of charged particles



• Using alloys as starting materials gives alloyed NPs

• The composition is not affected

• The yield can be predicted

Developments
Deposition of alloy NPs



• Flow rate of 1.68 slpm

• Plasma temperature around 12000 K

• Quenching rate is around 6x108 K/s

• After 25 μs the plasma is at room temperature

Developments
Temperature and quenching rate of the plasma



• Ion-assisted aerosol litography

• Resist is in a + shape

• Deposition of Cu NPs

Developments
Nanopatterning



• Deposition of Ag, Au, Ag/Au on TiO2

Developments
Enhanced photocatalysis by plasmonic nanoparticles



• Example of arc-discharge unit

• Production rate scales linearly

Developments
Scale-up by parallelization



• text

Developments
Influence of electrode diameter



• Carbon encapsulation depends on

condensation temperature of C:

• Tm < Tc: core-shell particle

• Tm ~ Tc: partially filled particle

• Tm > Tc: composite

Developments
Core-shell particles



• Silver nanoparticles

Developments
Production of SERS samples



Developments
Making alloyed NPs using elemental electrodes

• Ablation produces ions and electrons

• Ions have a stronger albation compared to electrons

• Discharge is oscillatory  

and can be manipulated



• Hydrogen is a

reducing agent

Developments
Preventing oxidation



• text

Developments
Self aligning growth of NP-based interconnects



• text

Developments
Electrochemical sensor



お問合せ先

Email: info@tokyo-dylec.co.jp

Tel: 03-5367-0891（営業部）
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