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After more than 40 years of fundamental technol-
ogy development, VSPARTICLE was established in 
2014 as a spin-off company from Delft University 
of Technology. Since then, our ambition has been 
to provide academia and industrial researchers 
with the tools to rapidly advance fields based on 
nanotechnology to accelerate the discovery of new 
materials and products.

With over 20 years of experience in the synthesis 
of aerosols and with the help of a young and pas-
sionate team of scientists and engineers, VSPARTI-
CLE’s technology is unlocking a whole new world of 
possibilities at the nanoscale. As we all start to un-
derstand these possibilities it will enable research-
ers to reshape production processes and develop 
novel materials to drive innovative applications.

At VSPARTICLE, we believe that generation of nan-
oparticles should be neither complex nor time-con-
suming. This is why we developed the VSP-P1 Na-
noPrinter. Our technology reduces the preparation 
time of advanced nanoparticle samples to matter of 
hours, enabling researchers to accelerate the pro-
cess of developing novel materials and immediately 
investigate their unique properties. VSPARTICLE has 
based its technology on spark ablation technique 
invented by our co-founder. The company has be-
come a world leader in this method. Spark ablation 
systems are already being used in research labs all 
over the world. The company headquarters in Delft, 
and has an international distribution network in the 
USA, Europe and Asia. Our research tools empower 
material pioneers!

Empowering 
material 
pioneers



Our Vision

Innovative technology 
for production of new 

materials to enable 
impactful solutions.



Users and 
Collaborators



To standardize nanotechnology by providing researchers, innovators, and 

industries with accessible tools to create, manipulate, and study nanopar-

ticles effortlessly. We aim to enable breakthroughs across various fields, 

including materials science, electronics, healthcare, and energy, by making 

nanotechnology more intuitive and widely applicable.

Mission
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Spark ablation technology 
is a physics based process, 
generating pure particles in a 
very controlled setting, with-
out the use of chemicals. Our 
co-founder Andreas Schmid-
tOtt invented the technology in 
1988 and was then developed 
into an easy to use device. The 
spark ablation process used 
inside the VSP-G1 Nanoparticle 
Generator (VSP-G1) is a pure-
ly physical process that only 
requires electricity, a carrier 
gas and electrode material to 

produce clean nanoparticles. 
No additional chemicals are 
required for the production or 
to stabilize the particles in the 
aerosol. First, when the electri-
cal discharge occurs, it creates 
an intense plasma arc between 
the electrodes, leading to the 
localized vaporization and 
ionization of the solid materi-
al. This process results in the 
formation of a highly energetic 
plasma containing vaporized 
atoms and ions of the target 
material.

Then, within the plasma, the 
vaporized atoms and ions 
undergo rapid nucleation and 
condensation processes, lead-
ing to the formation of nano-
particles with nanometer-scale 
dimensions. The precise size, 
composition, and morphology 
of the nanoparticles can be 
controlled by adjusting various 
parameters such as the applied 
voltage, discharge frequency, 
gas flow, and electrode config-
uration.

Spark ablation



The produced nanoparticles can 
be directly incorporated into the 
next process step or applied in a 
product by, for example, impac-
tion, electrostatic precipitation 
or filtering. This way the unique 
physical properties of the nano-
particles are directly available in 
the product. The carrier gas can 
simply be recirculated, minimiz-
ing the environmental impact of 
the process. The output is a high-
ly concentrated aerosol of pure 
(metal) nanoparticles suspended 

in a clean gas at low temper-
atures (<50 °C).
With inert carrier gases such as 
Ar and N2, pure metal nanoparti-
cles are produced with surfaces 
free from (organic) contaminants. 
The carrier gas can simply be 
recycled by passing it through a 
filter and used again, minimiz-
ing the environmental impact of 
the process. Because no waste 
streams are produced, Spark 
ablation is uniquely suitable 
for integration into (existing) 

produc-tion 
Because of the high temperature 
in the spark (>20.000K), there is 
no practical limit to the materi-
als that can be processed. In the 
most basic form, the material is 
an elemental metal.
The technology is compatible 
with all conductive and semi 
conductive materials, with their 
alloys and combinations (See 
figure below).

Andreas Schmidt-Ott is the 
co-founder of VSParticle where 
he is now working as an advi-
sor. In 1988, during his Ph.D 
from Faculty of Mathematics 
and Physics of ETH in Zurich, 
Switzerland, he discovered the 
spark ablation technique. He 
was an Assistant Professor in 
Faculty of Electrical Engineer-
ing at Duisburg University, 
Germany and then became 
Associate Professor in the Me-
chanical Engineering Depart-
ment of the same university. 
Subsequently, he accepted a 
full professorship in Nanoparti-
cle Technology at the Chemical 
Engineering Department of 
Delft University of Technology, 
Netherlands, where he has an 
emeritus status since 2018. 
He is also Adjunct Professor at 
The Cyprus Institute in Nicosia. 
His main areas of expertise 
are Nanoparticle and Materials 
Technology. He temporarily 
served as Secretary General of 
the German Aerosol Associa-
tion (GAeF) and Board Member 
of the American Association 
for Aerosol Research (AAAR). 
He was a member of several 
Editorial Boards of journals and 
advisor to the Health Council of 
The Netherlands.

Physics 
based process

Start/stop at 
the push of a button

No chemical waste Any (semi)conducting 
material

Versatility of 
Spark ablation

High control 
on particle size

Scalable tech-
nology suitable

Purity and 
Reproducibility

Applications : ca-
talysis, sensing, energy 

storage, biomedical 
applications and more

Operates at room 
temperature and pressure

Key benefits 



VSP-G1 
Nanoparticle Generator



VSP-G1 Nanoparticle Generator 
(VSP-G1) is a user-friendly, table-top 
product that allows the user to produce 
nanoparticles of the desired material 
in a controlled way. The production of 
nanoparticles takes place in the gas-
phase and is based on a physical pro-
cess, namely spark ablation. The pro-

cess is reproducible, occurs at ambient 
temperature and pressure, and requires 
only a pair of (semi)conductive elec-
trodes as the source for pure, sur-
factant-free nanoparticles. With safety, 
simplicity and automation being core 
features of the VSP-G1, our systems are 
easy to operate and require minimal 

Producing the desired nanoparticles 
becomes as easy as pushing a button 

47 cm

3
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m

Inert gas

Place of spark inside 
the closed system

Modular & removable 
reactor chamber

Nanoparticle source 
material placement

Back: power supply and RS 232 port

Viewport: live spark 
monitoring

Front: status display unit, 
manual control dials & on/off 

buttons

Aerosol of clean 
nanoparticles



Every VSP-G1 system is 
equipped with a controller 
and software system that 
allows the user to control 
the VSP-G1’s process param-
eters. This controller system 
(VSP-C1) enables the user 

to remotely and intuitively 
control the VSP-G1 process 
parameters. The controller 
is integrated with a user 
interface which allows the 
adjustment of experimental 
parameters as well as the 

visualisation and logging of 
data.
This makes the device easy 
to use, with remote control, 
automated experimentation 
and data visualization.



Ablation rate: mg/h (material dependent) 
Particle sizes achievable between 1–20 
nm. By adjusting the flow rate of the carri-
er gas (1–25 L/min for Ar), the voltage (up 
to 1.3 kV) and/or the current (up to 10.4 
mA), the user is able to vary the average 
particle size. Surface coverage on substrate 
(See accessories section) is controlled by 
varying the power output and deposition 
time.

Controlling  
VSP-G1 output

The most significant parameter to tune the particle 
size distribution is the flow rate. Higher flow rates 
ensure that the ablated clusters have little time to 
agglomerate thereby yielding the smallest nano-
particles. Similarly, lower flow rates will increase 
the residence time of the ablated material inside 
the reactor, giving the clusters/particles more time 

to agglomerate into larger particles. Neverthe-
less, even at low flows the size distribution of the 
particles remains narrow. In addition, by adjusting 
the total power output (i.e. voltage/current) the 
material ablation rate is varied, with higher voltag-
es/currents resulting in higher ablation rates and 
therefore generally larger particles.

Controlling nan-
oparticle size



The VSP-G1 is compatible with any conductive or 
semiconductive material that can be processed 
into electrodes. That means that all the highlighted 
green elements of the periodic table are compati-
ble* with the VSP-G1.

This gives researchers the freedom to 
prepare, explore and create a wide range 
of nanomaterials. The boundaries of 
exploration are broadened even further 
by combining electrodes of two differ-
ent elements/alloys in a single VSP-G1, 
or by using two VSP-G1 Nanoparticle 

Gener-ators with different electrode 
materials in sequence or in parallel. 
This material versatility allows the 
production of bimetallic nanoparticles 
and diverse combinations of nanoalloys 
even from materials that are immiscible 

*Certain (semi)conductive 
materials may be compat-
ible with the VSP-G1 but 
are excluded from this table 
due to their difficulty to 
manufacture into electrodes. 
If your desired material is 
not highlighted as being 
compatible with the VSP-G1, 
please contact us directly at 
sales@ vsparticle.com.

Material 
compatibility

https://vsparticle.com
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User journey

Purchase 
of the VSP-G1 

Nanoparticle generator

Contact  
with VSParticle 

Presentation 
of the Technvo-

logy and 

Technical 
validation

Support
in Funding application from 

our experts in national 
and European grants

Delivery
of the system within 

3 months
Free installation 

and training 
at your location

2 years warranty, 
free inspection and 

maintenance after 1 
year (software update, 
cleaning, leak testing, 
motor control testing 
and calibration of the 
system), 5 year soft-

ware update

Operating 
the system

Preparation
The workflow of operat-
ing VSP-G1 is a simple 
and fast process. First, 
the electrodes of the se-
lected material are load-
ed in the reactor cham-
ber. If collection of the 
nanoparticles is desired, 
the appropriate deposi-
tion accessory, equipped 
with a substrate, is also 
connected directly to the 
VSP-G1 outlet. Next, the  
process parameters (e.g. 
flow, voltage, current) 
are set and the system 
is ready for nanoparticle 
generation! The required 
deposition (See VSP-A 
Series Accessories) time 
depends on the desired 
substrate coverage, the 
deposition method, and 
ablation rate of the se-
lected electrodes. Typical 
deposition times range 
from a few minutes 
(e.g. TEM grids) to a few 
hours (e.g. filters). After 
the deposition stage is 
complete, the system is 
flushed with the carrier 
gas for approximate-
ly 2 minutes. Finally, 
the substrate with the 
loaded nanoparticles 
can be safely removed 
and is ready for charac-
terization.  This simple 
workflow allows users 
to swiftly change sub-
strates for subsequent 
depositions, and/ or 
switch electrodes to 
prepare nanoparticles 
of a different elemen-
tal composition. This 
process, including the re-
actor cleaning, requires 
approx. 15 minutes, af-
ter which the system is 
ready to reconnect and 
start generating the next 
batch of nanoparticles.

Maintenance
and cleaning Our 
convenient design and 
workflow are accompa-
nied by easy cleaning 
protocols. The reactor 
head can be cleaned 
by wiping the reactor 
chamber, electrode 
holders, electrodes, 
and possible accesso-
ries with paper towels 
and pipe cleaners/
cotton tips. We recom-
mend using common 
lab solvents (e.g. water, 
ethanol, isopropanol, 
acetone) for the best re-
sults. Cleaning must be 
performed when chang-
ing the electrode mate-
rials. For best results, 
regular cleaning of the 
reactor head is advised.

Filter after deposi-
tion The gas exhaust 
should be treated with a 
suitable HEPA or ULPA 
filter. VSParticle rec-
ommends using a large 
capacity HEPA pre-filter, 
followed by an ULPA 
end filter. For particles 
smaller than 20nm as 
generated by the spark 
generator, filter efficien-
cy is typically >99.99%. 
Replace the pre-filter 
before the end-filter 
is filled. Dispose used 
filters according to your 
local disposal guide-
lines and any particular 
requirements outlined 
by the filtration system 
you choose for your 
setup. At a minimum, 
the filters should sealed 
and labelled in a sturdy 
plastic bag.

Customer support 
After purchasing a 
VSP-G1  our team will 
provide all the neces-
sary training as well as 
technical support that 
is required at the initial 
stages of the project. 
We always try to main-
tain a close collabora-
tion with our customers 
in order to assist them 
in getting the most out 
of our technology.



Gas in e as ou

Mass Flow Controller 
Accurately measuring and 
controlling the flow ranges 
that are set by the VSP-C1.

Electrodes (2x) Choose from 
a wide variety of electrode 
materials that suits your ex-
periment.

Electrodes Choose from a 
wide variety of electrode 
materials that suits your 
experiment.

Spark viewport By looking 
through the viewport you 
can safely view the spark.

HEPA filter Installing the 
HEPA filter at the exhaust of 
your setup will guarentee a 
safe way of working

Alignment pins (2x) Use 
both the alignment pins to 
insure proper installation of 
the reactor.

MFC+ unit The MFC+ unit 
makes the connection with 
the MFC and the pressure 
sensor within your setup.

VSP-C1 Easily control the 
output parameters, visualise 
and retrieve data from your 
experiments

After purchasing a VSP-G1 system, you 
will receive a setup that is ready to be 
used in an instant. In addition to the 
basic VSP-G1 Nanopareticle Generator, a 
complete VSP-G1 setup also contains a 
mass flow controller, HEPA filter, neces-
sary Swagelok connections and tubing 
as well as the VSP-C1 controller that you 
will need in order to properly set and 
log your experiment. A pair of copper 
electrodes is included in all orders, with 
additional electrodes available upon 
request. The only requirements that your 
lab needs to have for a smooth instal-
lation and training process are the gas 
supply and a basic wrench trool kit.

Delivered equipment

Technical 
specifications



VSP A-Series:
Deposition

Once synthesis of the desired nanomaterials 
has been achieved with the VSP G1 Nanoparticle 

generator, R&D users can then collect and deposit 
the synthesized nanoparticles with the accessories 

designed by VSParticle.



VSP-A1 Accessory has been designed for deposition of isolated unagglomerat-

ed particles on a substrate (placed in parallel to the flow of nanoparticles). This 

accessory allows low surface coverage (usually between 1 to 10%), which low 

impact and no particle deformation.

2D Substrates
•	 10x10 mm

•	 Brownian motion

•	 Surface coverage 1-10%

•	 Applications

•	 In situ TEM

•	 Electrocatalysis

•	 Photocatalysis

•	 In situ spectroscopy

•	 Materials research

Substrates
•	 TEM grids

•	 Si-wafer

•	 Coated wafers

VSP-A1 : Diffusion Accessory



Examples of deposition using the 
VSP-A1 Diffusion Accessory

Set up :
Electrodes : Au 
Gas : Argon 
Voltage : 1.3kV 
Current : 8.1mA
Flowrate : 10 SLM  
Deposition time : 30minutes

Results : 
30 min deposition time 
gives a 20% surface cov-
erage with some atomic 
clusters and large (15nm) 
particles. Coverage can be 
changed by varying the 
deposition time. A depo-
sition of 1 to 2 min gives 
enough material on the 
sample for TEM Analysis.

Set up 
Electrode : Ni  
Gas : Argon  
Voltage : 1.3kV
Current : 8.1mA 
Flowrate : 10 SLM 
Deposition time : 5min

Set up
Electrode : Au
Gas : Argon
Voltage : 1.3kV Current : 8.1mA
Flowrate : 10 SLM
Deposition rate : 5 minutes

Set up
Electrode : Au and Cu
Gas : Argon
Voltage : 1.3kV Current : 8.1mA
Flowrate : 10 SLM  
Deposition rate : 1 to 4 hours

Results
Successful gas synthesis of Au-Cu nanoparticles us-
ing 2 different electrodes. The high gas glow meant 
the materials are well mixed in the gas phase, 
which produces alloyed nanoparticles from pure 
metal electrodes.

Deposition of Au (Gold) Nanoparticles

Deposition of Ni (Nickel) Nanoparticles

Deposition of Au (Gold) Nanoparticles

Au-Cu Alloys nanoparticles

TEM images of Ni nanoparticles deposited by diffusion. Analysis by in situ TEM at Oak-Ridge National Laboratory. Images: Deposition on DENS climate chip and composition analysis

High resolution TEM images of Au NPs on TEM grid

Results
High resolution TEM images in collaboration with TU Vienna. Gold particles are crystalline and bimodal 
twins appear, even when produced at atmospheric conditions

Fig 1
Impact of the flow rate on particle 
size- Size analysis with SEM.

fi
g 

2
  

Fig 2 Images : SEM and TEM images 
of the same type of sample. Au on 
Silicon and Au on carbon TEM grid.



VSP-A2 Filtration Accessory has been designed for deposition of nanoparticles 
with high coverage on porous substrates. Examples of substrates are membrane 
filters, fibre filters and carbon cloths.

VSP-A2 : Filtration Accessory 

Applications Substrates
•	 Filter paper

•	 Carbon cloth

•	 Metallic mesh

Deposition
•	 ø= 47mm

•	 Ideal for porous 

substrates

The Filtration accesso-
ry enables high coverage 

deposition of nanoparticles 
on the substrate, which is 

placed perpendicular to the 
flow of nanoparticles.

• Electrocatalysis

• Photocatalysis

• In situ spectroscopy

• Unsupported (clean) 

NP production
• Ground-up (electro)

catalyst synthesis



Set up Elec-
trode : Gold
Gas : Argon
Voltage : 1.3kV 
Current : 8.1mA
Flowrate : 3 SLM  
Deposition time : 30 minutes

Results
Depositon of Gold nanoparticles on carbon cloth. 
Carbon acts as a support and Gold as a catalyst

Set up
Electrode : Au-Al
Gas : Argon
Voltage : 1.3kV Current : 8.1 mA
Flowrate : 3 SLM  
Deposition time : 30 minutes

Results
Particles are deposited on the 
electrospun wires. They grow 
porous structures.

Catalyst Fabrication on Carbon cloth substrate

Catalyst Fabrication on Electrospin wires

(Left) SEM pictures of porous structures 
(Right) TEM image where Aluninium oxide particles are observed (grey) as well as gold parti-

cles (black). The fiber is on the top left of the image

SEM picture of Gold nanoparticles deposited on carbon cloth for elec-
trocatalysis studies using the VSP A2 Filtration Accessory.

Examples of deposition on porous substrates 
using VSP-A2 Filtration Accessory



VSP-A3 Impaction Accessory has been designed for 
deposition of multiple layers of nanoparticles

VSP-A3: Impaction Accessory 

Applications
•	 Gas sensors

•	 Bio sensors

•	 Porous layers of 

nanomaterials

Substrates
•	 Si-wafer

•	 TEM grid

Deposition
•	 Adjustable spot size (up 

to 3 mm)

•	 Compatible with metal 

(e.g. Au) and metal oxides 

(e.g. CuxO)

•	 Operating conditions:       
- Room temperature -0.1 
mbar

The flow of generated nanopar-
ticles passes through a nozzle 
(Different nozzles with differ-
ent sizes are provided with the 
accessory depending on the de-
sired spot size), which creates 
acceleration before being im-
pacted on the substrate, placed 
perpendicular to the flow of 
particles. When multiple layers 

of particles are deposited, users 
can achieve growth of a stable 
nanoporous structure at ambi-
ent conditions. (Metal oxide and 
noble metals for example)

This accessory has to be con-
nected to an oil free Vacuum 
Pump, which can be provided 
by VSParticle on demand.



Set up 1
Electrode : Cu 
Inert gas : Argon 
Voltage : 1kV 
Current : 4mA
Flowrate : 1SLM  
Deposition time : 1min

Set up 2
Electrode : Au 
Inert gas : Argon 
Voltage : 1kV 
Current : 4mA
Flowrate : 1SLM  
Deposition time : 1min

Deposition of porous layers of Cux O and Au 

Examples of deposition of layers of nanoparticles 
Using the VSP-A3 Impaction Accessory

SEM picture of CuxO nanoporous film (upper) and Au nanoporous film (lower). It is possible to tune the deposition parameters such as 
spot size (0.1um-3mm), porosity, layer thickness (50nm to multiple microns)



VSP-P1 
Nanoprinter



Connected to one or two VSP-G1 Nanoparticle 
generator(s) as a nanomaterial source, the VSP-P1 
Nanoprinter enables you to locally print inorganic 
nanostructured materials with unique properties 
(all semi conductive and conductive materials 
compatible with the VSP-G1). 
The building blocks for the printed layer are gas-
phase produced, sub-20 nm nanoparticles, free of 
surfactants or any other organic impurities. With 
the VSP-P1 NanoPrinter, automated printing of 
nano porous layers of different composition and/or 
layer thicknesses is possible.

Particle generation happens within the VSP-G1. Us-
ing the spark ablation method, nanoparticulate ma-
terial is ablated from the electrodes and captured 
in a gas stream. This gas stream is then directed 
into the VSP-P1 Nanoprinter. This aerosol is redi-
rected towards the nozzle of the device. From the 
nozzle, the aerosol flow impacts upon a substrate 
inside the print chamber (Rough vacuum chamber 
between 0.1 and 0.8 mbar) The pressure difference 
and the opening constraints of the nozzle acceler-
ates the flow of nanoparticles, which allows ad-
hesion of the material on your sample due to high 
kinetic energy. The mechanism is called supersonic 
impaction.

Nanoprinter mechanism

VSP-P1 Nanoprinter



System overview and 
main components 
The main components of the VSP-P1 are the print 
chamber with the print stage and printhead inside, the 
gas infrastructure and the control system. The VSP-G1 
spark generator(s), that consist of a base unit and reac-
tor chamber, is necessary to run the printer.

VSP-G1 Nanoparti-
cle generator
The VSP-G1 creates the 
nanoparticle aerosol by 
repetitively evaporating 
a small amount of elec-
trode material with elec-
tric discharges (sparks). 
While mounted on a 
VSP-P1 nanomaterial 
printer, the VSP-G1 can 
be controlled completely 
by the VSP-P1.

Print chamber
The print chamber is a 
rough vacuum cham-
ber (0.1 to 0.8 mbar) 
that is connected to a 
vacuum pump where 
the deposition of the 
nanomaterial takes 
place.

Vacuum Pump
The VSP-P1 uses a Ley-
bold Ecodry 65 oil free 
vacuum pump to create 
the necessary low vacu-
um for deposition while 
avoiding contamination.

Nozzle
The VSP-P1 is delivered 
with three nozzle sizes. 
Smaller nozzles allow 
printing with a smaller 
spot size. Because of 
the different flow rate, 
the chamber pressure 
also depends on the 
nozzle.

Camera
The VSP-P1 is equipped 
with 2 camera’s. One 
overview camera for 
quality control of the 
printed substrates (op-
tical zoom 2x) and one 
precision camera for 
alignment of the sub-
strate and print pattern 
(optical zoom 10x).

Print stage (Where 
your sample is 
placed)
The print stage consists 
of an XYZ stage mount-
ed in the print chamber. 
This stage accounts for 
all the movement made 
during deposition, as 
the nozzle is fixed and 
does not move. The 
stage operates using a 
threaded system inter-
meshing stepper motors 
with axes. The stage can 
move in three dimen-
sions and allows coordi-
nated motion.



The workflow of operating VSP-P1 is a simple 

and fast process. First, the electrodes of the se-

lected material are loaded in the reactor chamber 

of the integrated VSP-G1. Next, the nozzle and 

substrate are placed inside the vacuum chamber. 

To start the experiment, power, flow and by-pass 

flow values are set. Then the appropriate pattern-

ing script is selected and the chamber is brought 

under vacuum. After that, the system is ready to 

start deposition, The whole preparation process 

before the experiment requires approximately 30 

minutes. The required deposition time depends on 

the desired substrate coverage, the desired pattern 

and the ablation rate of the selected electrodes. 

Typical deposition times range from a few minutes 

or even seconds (e.g dots, lines,sparse layers) to 

a few hours (e.g full layers covering cm2 range of 

area). After the deposition is complete, the system 

is flushed with the carrier gas for approximately 2 

minutes. An automated purging cycle takes place to 

remove any remaining nanoparticles from the vac-

uum chamber. The whole process after the end of 

the experiment requires approximately 15 minutes.

Our convenient design and workflow are accompa-

nied by easy cleaning protocols. The reactor head 

of the VSP-G1 system can be cleaned by wiping the 

reactor chamber, electrode holders and electrodes 

with paper towels and pipe cleaners/cotton tips. We 

recommend using common lab solvents (e.g. water, 

ethanol, isopropanol, acetone) for the best results 

(See VSP-G1 Nanoparticle Generator section) Clean-

ing must be performed when changing the electrode 

materials. For best results, regular cleaning of the 

reactor head is advised. To avoid clogging, regular 

cleaning of the nozzle using common lab solvents 

and sonication is also recommended. Finally, the 

VSP-P1 system comes with a fully automated flush-

ing protocol which ensures the safe opening of the 

chamber after the end of the experiment.

Every standard VSP-P1 system includes the VSP-G1 

Nanoparticle Generator and all the necessary com-

ponents for the system’s operation (e.g Bronkhorst 

mass flow controller, vacuum pump, 3 different 

nozzle sizes, Copper electrodes and the user inter-

face to control the experimental parameters). The 

user is responsible for providing the gas supply and 

power (standard power connection). Installation and 

training at your laboratory are free of charge and 

included in the VSP P1 system package.

After purchasing a VSP-P1, our team will stay in 

close collaboration with you. The system will be 

installed by VSPARTICLE engineers who will also 

provide the essential training to the users. After 

the successful installation and training our team 

will continue to provide technical support that may 

be required especially at the initial stages. of the 

project. We always try to maintain close collabora-

tion with our customers in order to assist them in 

getting the most out of our technology. By offering 

expertise and by constantly listening to the needs 

of the customers, VSPARTICLE promotes innovation 

and encourages the concept of co-development.

Workflow

Customer support 

Maintenance and cleaningDelivered equipment

Automated deposition 
of nanoparticles 

Patterning

Controlling layer width, 
thickness and porosity

The VSP-P1 NanoPrinter can be controlled directly 
through the on-device touch-screen, as well as re-
motely through the hybrid control interface acces-
sible from any device with an internet connection. 
By controlling the movements of the XYZ stage on 
which the sample lies, users can achieve automat-
ed deposition of any type of pattern of layer. All 
experimental parameters can be controlled via the 
User Interface using VSP Software.

Different layer thicknesses from sparse agglomer-
ates to continuous layers up to a few microns thick 
are possible using the VSP-P1. The parameters that 
impact the layer thickness are:
•	 Nozzle distance to substrate
•	 Power of ablation
•	 Printing speed

You can determine the desired printing pattern by 
running a script through the user interface. Both 
complex patterns and in-series production of more 
than one samples are possible using different or 
modified scripts.

Free installation

Free training 

2 years warranty 

5 years software update 

Free inspection and maintenance after 1 year



Technical 
specifications

Technical specs
Gas inlet 6 mm tubes (with Serto connectors)

Gas exhaust NW16KF or 10mm Swagelok

Dimensions of the apparatus 147 x 90 x 70 cm

Weight of the apparatus Approx. 220 kg

Input voltage range 200 – 240 V AC
a power plug based on your country of residence will be provided

Maximum power consumption 1.85 KW

Spatial requirements Access to lab ventilation system Not necessary to be placed in a 
cleanroom

Operating window
Mass production rate order 0.01 – 10 mg/h

Primary Particle Size 1 – 20 nm (material dependent)

Operating Conditions Room temperature and rough vacuum (0.2 mbar – 1 mbar)

Gas supported
Ar or N2 (recommended purity 5.0) Combination with reactive 

gases such as O2 or H2 is possible after consultation with VSPAR-

TICLE 

Material Any conductive or semiconductive material

Substrate size Max. 20 x 20 cm

Max printable area 15 x 17 cm (only with nozzle)

Layer thickness From sparse agglomerates (100 nm) up to a few microns

Layer morphology Nano porous

Spot size 100 µm up to 1 cm (material dependent)

Position Accuracy 10 μm

Zoom Camera Reach

Nozzle Reach Overview 

Camera Reach



VSP-P1 Nanomaterial 
deposition examples

Print W on Si/SiO2 with different geometries

For the line, we need to show on the side, 
from top to bottom : 2 passes. 4 passes. 
6 passes, 8 passes, 10 passes (for the 3 
columns of lines)

Cross section of IrOx coating on Nafion mem-
brane, applied with the VSP-P1 nanoprinter 
(TEM) Zoomed-in section shows nanoporous IrOx 
material with high surface to volume ratio (SEM).

Printing properties of ZnO lines

Printing properties of ZnO lines

SEM cross-section showing 
the nanoparticle distribution 
across the nanoporous layer

Control the Material deposition: Primary flow and printing flow

Tungsten
Iridium Oxide coating 
on Nafion membrane

with Zinc Oxide

Source: Dutch institute for Fundamental Energy Research 
(DIFFER)

• 5 lines at different powers were printed. 
• 8 passes were printed in each line. 
• The samples were cleaved at the center 
of the lines.
 • SEM cross-section measurement were 
performed to measure the line thickness.

Control the thickness: 
Number of passes, Sparking 
power and Printing speed.

•	 The material distribution can be tuned adjusting the flow at the G1 (primary flow) and the flow reach-
ing the nozzle printer.

•	 The primary flow also plays a major role on the nanoparticle size.
•	 Both the primary flow and the flow reaching the nozzle are critical on the porosity tunning of the 

nanoporous layer.

with Zinc Oxide

Printing properties of ZnO lines 
Lines reproducibility



Substrates
(max 15x15cm)

Gas sensors Electrocatalysis 

•	 Si/SiO2-based
•	 Silicon nitrides (SiNx)
•	 Alumina (Al2O3)

•	 PTLs (often made of Titanium granules compressed or Titanium fibres pressed 

or Ni mesh and Ni foam like structures – almost like an Al sponge but pressed to 

a few hundred microns)

•	 Transparent CCMs: Nafion, Sustanion, Piperion (+ potentially other names with 

-ion in it)

•	 GDLs (almost always made of Carbon and Graphite).

•	 CO2 electrolysis: PTFE, PEEK and PET, PP type of filter like papers (some reac-
tions like hydrophobicity thus we may apply conductive + catalytic films….)

•	 Batteries: Cu and Al foils (as thin as a kitchen Al foil)
•	 Solid oxide catalysis: ZrO2 ceramics
•	 Supercapacitors / capacitors: Metal foils (Al or Cu), PE (mylar) & PP films, Tanta-

lum pellets.
•	 Thermoelectrics: Alumina, SiNi films, SS and Cu foils
•	 Solar cells: Si wafers, Glass, Flexible substrates (PET, ultra slim SS)

•	 Fundamental lab research for water electrolysis: Silicon wafer, 100 nm 
thin SiC film, a few layer thick Graphene sheets, Conductive Oxide coated Glass 
Slides (FTO, ITO), Mirror polished Glassy Carbon (which is very popular…)

•	 vQuartz

Others Others



VSP 
Electrodes



VSParticle technology is compatible with more than 30 materials. All semi con-
ductive and conductive, their combinations and alloys can indeed be used with 
the VSP-G1 Nanoparticle generator and the deposition devices (VSP-A Series 
and VSP-P1 Nanoprinter).

The easy plug & play system means switching from one material to the next 
can be done in a matter of minutes. High-level engineering empowers the user 
to experiment with different electrode types and logging of electrode history. 
VSPARTICLE electrodes are available in 5 different configurations for different 
materials and modes of operation. The number indicates the diameter of the 
functional surface of the electrode (3,6 or 9), the letter indicates either solid (S) 
or hollow (H).

Plug and Play system

VSP Electrodes

Order your electrodes 
directly to VSParticle 

and receive them within 
4 weeks.

Order your electrodes 
to a local supplier. 

Manufacture your own 
electrodes and VSPar-
ticle can provide you 
with the design plan.

Different options are possible for ordering electrodes : 

Option 1 Option 2 Option 3

For more information see our Health and Safety Brochure.

Configuration 
IN :
Inert gas

OUT :
Aerosol

Switching materials is fast and easy and only re-
quires a 10 min cleaning procedure of the reactor 
chamber of the VSP-G1 Nanoparticle generator to 
avoid contamination :

Clean every part 
with 2-propanol (IPA)

Disassemble reactor 
in a fume hood

( On a wet tissue to catch falling particles)

Clean every part with H2O
• Small metal nanoparticles 

may be pyrophoric or catalytically active. 
Water passivates them.

•Strong oxidizing metals (e.g. La, Ce...) may react 
with water. Wipe with a dry cloth instead.

1

3

2

Cleaning 
procedure



At VSPARTICLE, our mission is to share innovation, 
drive progress, and shape a sustainable future 
together. Through collaboration and our cutting-edge 
technology, we aim to unlock a century of material 
innovation, paving the way towards a decarbonized 
society. Our aspiration is to leave a lasting legacy in the 
history of inorganic materials, marking a significant 

shift in progress for generations to come.

As high-school student Aaike van Vugt was already 
thinking about the new energy system if society 
needs to stop using Fossil Fuels. 

During his time at Delft University of Technolo-
gy he realized the scale and speed of innovation 
needed in the space of advanced materials to be 
able to move away from fossil fuels. 

During his final year at the University Aaike 
co-founded VSPARTICLE with a clear goal in mind. 
Unlocking a century of material innovation in the 
next decade. 

VSPARTICLE started with a unique technology de-
veloped at the TU Delft but is currently combining 
it with most of the exponential technologies of this 
time (e.g. robotics, AI, Big Data). Aaike has been 
recognised by Forbes in 2019 for his contribution 
in the material space.




