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VSPARTICLE

Philosophy

We make machines that produce nanostructured materials. Our philosophy is that these machines
should be simple to operate and based on a scalable principle.

G-1 Accessories G-1 NMP-1

~40cm
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VSPARTICLE timeline

1988

Invention of spark
ablation by Andreas
Schmidt-Ott
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2014

Start of VSPARTICLE,
development of the G1

T

2017

3 Launching
customers

Full management
team covering all
angles of business

Introduction

2018

International expansion to
research oriented
markets in the Americas,
Europe and Asia







Technology

 Ablation/evaporation and
condensation

 Electric discharge
= 10% K,=10°s
« Rapid quench
~ 107 K s1
« ‘Mild’ conditions
» Versatility
* Metals
« Carbon

* Oxides
* Alloys
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Technology

stainless steal

insulator

alactrodes

v
22 Z= capacitor current
2 % :L: Q) source

Fig. 1. Schematic of the generator.

[Schwyn 1988, J. Aerosol Sci., 19 (5), p.639.]



How particle growth works in the system

Particle Production inside G1

Carrier gas Desired material(s)
Ar, N2 or air

Short residence time Long residence time

Electrical spark <«
ablation (20,000K)

\/

Small gap concentration Large gap concentration

The process takes place under atmospheric conditions
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Technology

Particle formation in sparks

 Smoluchowski:

Quenching gas

Marerial sblation ".‘
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Comples lescence

Singles nanoparticles
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[Feng et al. 2016, J. Phys. Chem. C., 120 (1), p. 621.]
[Tabrizi et al. 2009, J. Nanopart. Res., 11 (2), p. 315]
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Possibilities with G1

Materials
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VSP-G1 design

Flexible flow configurations

gads out



VSP-G1 design
Flexible flow configurations

il - HIP
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4.

(a) A pair of hollow, silver (b) The spark chamber, (c) Configuration 1.: Flow (d) Configuration 2.: The
electrodes. connections are numbered trough the electrodes. classical crossflow configu-
from 1 to 4. ration.
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VSP-G1 design

Au, Ar, Crossflow

Ag, 1.7kV, 4 mA, 4 slm

4 Throughflow
¢ crossflow
= hollow inlet
1.0 - 3 hollow outlet
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Tuneable size distribution
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concentration
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diameter
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Size-selected stability
Output VSP-G1 example

Material: Copper 112
h
Carrier Gas: Argon LRt e o ot emes® oo tEnatias. S oy obe o tettng o odo, S o St g e
5 -8E-13 W?*%E?’g?&;%ﬁ’%‘?ﬁ'ww-ﬁwﬁ% et
Flowrate: 1 L/min
Voltage: 1.0 kV < 6E13
-
Current: 5.0 mA e
o ) 3 -4E-13
Stability of 5 nm particles
StDev: <2% -2E-13
Measured with DMA (Differential OE+00
Mobility Analyzer) + Electrometer & FD/C 0 200 400 600 800 1000
Time (s)
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Size-selected stability measurement

Stability measurement
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VSP-G1 emission experiments

Carbon output

—1.3kV, 8 mA, 20 SLM ==—1.3 kV, 8 mA, 15 SLM ==—1.3 kV, 8 mA, 10 SLM =—1.3 kV, 8 mA, 5 SLM ==—1.3 kV, 8 mA, 2 SLM
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VSP-G1 emission experiments

classifier

setpoint diameter: 80
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Who is already using it -

]
TUDelft

Delft

¥ Universiteit

niversi f "",' % . KN B
Toemaiot &N Leiden W TU Clausthal
X MESA+
X U N IVE R S ITY §2% Utrecht University INSTITUTE FOR NANOTECHNOLOGY
UNIVERSITEIT VAN AMSTERDAM OF TWE NTE NS
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VSP-G1 Nanoparticle Generator

R&D scale generator
Commercially available
Outputs an aerosol of nanoparticles

Specifications:
« Particle size between few atoms to 300 nm
» Particle generation rate approx. 1 ~ 10 mg/h

- Particle concentration 108 ~ 101! cm=3
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Carbon output
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Spark ablation Setup
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Self-charging

—&— Neutralized negative Negative particles
particles

—— Neutralized Positive particles
positive particles
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- Self-charging in plasma
3.00E+05 A

- Electrostatic precipitation 2 50E+05 |

- Electrostatic force towards HV Electrode 2 00E+05 |

- Small particles overpresented 1.50E+05 -
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Flow configuration

4
Throughflow
Q o crossflow
hollow inlet
3 hollow outlet
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Flowrate

Influence on size distribution
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