
Session 22: Powders and plasmas

Thursday, September 18, 2014

OR2201

Nanoparticle Synthesis in Highly Ionized Pulsed Plasmas

Iris Pilch

1

, Nils Brenning

2

, Daniel Söderström

3

, Ulf Helmersson

3

1

Linköping University, Linköping, Sweden 

2

Division Space & Plasma Physics, School

of Electrical Engineering, KTH Royal Institute of Technology, Stockholm, Sweden 

3

Plasma & Coatings Physics Division, IFM-Materials Physics, Linköping University,

Linköping, Sweden

iripi@ifm.liu.se

The utilization of plasma processing for synthesizing nanoparticles is explored for a

case where the properties of single particles needs to be preserved and

agglomeration of nanoparticles is undesired. As a source of material for the synthesis

of nanoparticels, a hollow cathode was used as sputter target and high power pulses

were applied to the cathode to achieve a high degree of ionization of the sputtered

material. The nanoparticles grow from the sputtered material and they attain a

negative potential (and a negative charge) which is defined by a balance of electron

and ion currents onto the nanoparticle. Due to the negative charge, agglomeration of

nanoparticles in the gas phase of the plasma can be prevented. However, this also

means that coagulation is impeded and the growth by this process becomes slow. To

circumvent a phase of slow growth, growth by collection of ions can be fostered in

order to increase the growth rate. This is possible because the collection cross

section of ions can be much larger - of the order of 100 for an electron temperature of

3 eV and an ion temperature of 0.025 eV (300 K) – than the collection cross section of

neutrals. In this contribution, the synthesis of copper nanoparticles is presented. The

effect of a fast growth by fostering growth by collection of ions was investigated and a

good agreement between theoretical estimations and experimental measurements of

the growth rate was found, confirming a higher growth rate by collection of ions than

by collection of neutrals. The growth by collection of ions allows also for controlling

the size of nanoparticles via the pulse parameters (i.e., frequency, pulse width and

peak current). This behavior can be understood in terms of an interaction between

consecutive pulses and the applied average power.
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