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Abstract
The production of agglomerate-free SiO2 particles exhibiting a monomodal distribution of particle sizes of around

300 nm by means of direct laser fuming of micrometric SiO2 powders has been successfully demonstrated. With a
12 kW cw CO2 laser system, a production rate of up to 1 kilogram powder per hour was achieved. Almost ideal spherical
amorphous SiO2 particles in a broad particle size distribution between 10 nm and several 100 nm (d50 ≈ 300 nm) were
synthesized. Several observations suggest weak agglomeration forces between the particles. A temperature reduction
of 200 °C for sintering powder compacts was observed.
Keywords: Laser, SiO2, nanopowder

I. Introduction
One of the main advantages of using submicrometer

powders for the fabrication of ceramic parts relies on the
considerable reduction of the required sintering tempera-
ture. Consequently, different technologies have been de-
veloped in recent years in order to achieve ever finer par-
ticle sizes. Among the most common routes, the chemical
methods, such as nucleation and growth, hydrolysis of salt
solutions, sol-gel, gas-phase reaction as well as the new-
ly developed “gel combustion” 1 have become well estab-
lished both commercially and technically 2. On the other
hand, the mechanical routes, based on particle size reduc-
tion with grinding of coarse powders, have also evolved
thanks to the latest developments in energy milling meth-
ods 3. Among the thermal routes, flame spray pyrolysis
(FSP) has been established as one of the most common
methods applied for the synthesis and large-scale produc-
tion of ceramic powders in submicrometer and nano-scale
sizes 4, 5, 6. With the adjustment of certain process param-
eters, it has been possible to produce ceramic nano-par-
ticles from different systems like, for instance, zinc ox-
ide 7 8, alumina 9, magnesium-aluminate 10, titania 11 and
zirconia 4. However, control of the powder morphology
as well as the particle size distribution is sometimes limit-
ed. Another issue is related to the achievement of particle
sizes in the range of 5 nm but only in form of 100 nm ag-
glomerated structures, which are undesirable for the fur-
ther steps in ceramic processes, i.e. forming and sintering.
The generation of ceramic nano-particles based on direct
laser-gas reaction has also been reported 12. In another ap-
proach, CO2 lasers are coupled into flame spray pyroly-
sis 13. With this method, the powder was irradiated just
after leaving the spraying nozzle. The irradiated aggre-
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gates were heated to high temperatures, to be sintered af-
terwards to more sphere-like particles.

In general, laser technologies are well established for pro-
cessing all classes of materials. Laser systems can provide
energy in a defined volume in a controlled process. Fur-
thermore, the transfer of process heat by means of lasers
does not involve the risk of contamination or chemical re-
actions with gaseous media from, for example, a combus-
tion process. Besides the fact that a variety of laser tech-
nologies have already found their way into industrial ap-
plication, these unique properties are continuously stimu-
lating new applications for lasers as energy sources in ther-
mal processing. Besides laser machining technologies for
ceramics like cutting, drilling, welding and polishing 14,
the evaporation or ablation of ceramic materials for the
generation of nano-disperse ceramic particles has evolved
to an active field of research:

Laser vaporization has been seen as a promising nov-
el nano-particle synthesis route based on laser heating of
raw materials by direct irradiation of a target with a laser
beam. According to Sysoev et al. 15, different processes
can take place at the target depending on the applied laser
power density (Ps). On the irradiation of silica glass rods
with a CO2 laser beam, it was possible to observe heating
without plastic deformation (Ps < 0.5 kW/cm2), material
melting (0.5 < Ps < 1 kW/cm2), material melting with va-
porization (1 < Ps < 10 kW/cm2) or high-rate sublimation
(Ps > 10 kW/cm2).

Laser ablation is described in the literature as a process
for removing macroscopic amounts of material, in a non-
equilibrium thermodynamic state. The process is often
characterized by the formation of a plume of ionized spec-
imens. Here, the vaporization rate as well as the products
of vaporization also strongly depend on the laser power
density (Ps), which in turn depends on the relative posi-
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tion of the focal plane to the surface of the irradiated ma-
terial 16, 17, 18. With laser ablation of a ceramic bulk or a
powder bed, by means of a focused laser beam, the produc-
tion of ZrO2 nano-particles was demonstrated in 16. De-
pending on the applied laser power (1 – 4 kW), up to 130 g
of ZrO2 per hour has been produced. In addition to the
laser power density, the dimension of the irradiated area
was also found to be a factor influencing the surface area
of the obtained particles. 17 and 18 report on the production
of nano-particles from Al2O3, ZrO2 and TiO2, both from
a single component as well as from stoichiometric mix-
tures of these oxides. The laser configuration consisted of
a focused 2 kW CO2 laser beam operating in continuous
mode.

Laser fuming is performed at moderate laser power den-
sities, normally in the range of 1 kW/cm2, significantly be-
low the ablation threshold for ceramic materials. In this
case, a thermodynamic equilibrium can be established and
the energy of the impinging laser can dissipate into heat
without ionization of the specimens. With the use of a
CO2 laser system, SiO2 can be annealed easily, as most
of the impinging laser light (wavelength 10.6 lm) is dissi-
pated into heat by direct photon-phonon interaction. At
10-lm wavelengths, the diffractive index of SiO2 is about
2, amounting to approximately 10 % reflected intensity at
normal incidence of the light 19. As a consequence of the
laser-induced heat generation, the vaporization of molec-
ular silicon oxide species from the surface of a melt pool
takes place. According to 20, 21, 22, decomposition of SiO2
at high temperatures is mediated by the formation of sili-
con monoxide (SiO) according to Eq. (1):

2SiO2 (liquid) → 2SiO (gaseous)+O2 (1)

The atmosphere just above the hot spot in the melt pool
provides a large temperature gradient for the evaporated
material. Hence, the evaporated silicon oxide forms a su-
persaturated vapor phase above the hot spot, the conden-
sation to a fume of silica particles can be observed even
with the naked eye. Since the formation of the fumed silica
submicrometer particles is in a thermodynamic equilibri-
um process, the authors named this type of vaporization
process laser fuming.

In Snytnikov et al. 23 the production of submicrome-
ter Al2O3 and ZrO2 particles by means of laser fuming
from ceramic powder has been demonstrated. With a con-
tinuous CO2 laser (≤ 120 W), up to 1 g powder per hour
has been produced. Noticeable was the amorphous char-
acter of the generated powders. The production of small
amounts of stoichiometric nano-sized borosilicate glass
powders from glass rods has been reported by Clasen 20.
These particles could be fully sintered to a transparent
glass at 800 °C.

Several potential advantages make laser fuming a unique
technique within the variety of laser vaporization process-
es. Just to mention some of these, owing to the formation
of a macroscopic pool of several cm3 of molten material
and effective mixing of the melt pool via convection-in-
duced mass flow, the described laser fuming process can
be applied to material powder blends without selective
vaporization of the single powder specimen (Fig. 1). Sec-
ondly, owing to the high temperature gradient established

above the melt pool, ceramic powders with a unique phase
composition might be achieved thanks to the quenching of
the condensed particles. The high cooling rate during par-
ticle condensation favours the formation of amorphous
particles above crystalline ones. Finally, since vaporization
starts after complete intermixing of the raw materials with-
in the melt, a continuous self-re-feed and contamination-
free melt pool is achieved, which is expected to allow the
production of submicrometer and nano particles from a
mixture of oxides with, for example, a final eutectic com-
position.

Fig. 1: Schematic laser fuming process of SiO2 powder. (1) Melt
pool and heat-affected area: the heat is transferred from the laser-
affected upper side of the melt to the bottom through convection
and heat and light conduction. (2) Region containing the unmolten
ceramic particles: self re-feed of the melt pool.

A CO2 laser system, providing a power output up to
12 kW in continuous wave (cw) mode, was combined with
a defocused optical system. As a result, the primary laser
beam could be widened to a spot size of 100 mm and the
formation of a macroscopic melt pool of some cm3 in vol-
ume could be attained. The purpose of this paper is to
present the first results for the production of submicrom-
eter SiO2 particles by means of laser fuming with a de-
focused CO2 laser system. From micrometric high-puri-
ty silica as the raw material, agglomerate-free SiO2 parti-
cles have been produced. The powders formed have been
characterized by means of imaging analysis techniques and
their sintering activity has been described.

II. Experimental Procedure
For the laser vaporization experiments, a commercially

available ultra-pure amorphous silica powder, purchased
from Mitsubishi Co. Japan, with a d50 of 100 lm and metal
impurities totalling less than 300 ppb was used.

During laser treatment, the silica powder was placed in a
500-cm3 cylindrical graphite crucible measuring 100 mm
in diameter and positioned in the beam line of a CO2 laser
system (TLF 12000 turbo, TRUMPF, Germany) provid-
ing a power output of up to 12 kW continuous wave (cw).
The CO2 laser light, emitting at a wavelength of 10.6 lm,
is readily absorbed by most ceramic materials. The lin-
ear polarized primary laser beam, 25 mm in diameter, was
shaped by a single concave mirror lens with a focal length
of f = 300 mm. The sample was placed relative to the op-
tics in a way that a circular laser spot of 50 mm in di-
ameter was generated on the sample surface. The central
laser beam impinges with normal incidence onto the hori-
zontally oriented sample surface. With the given parame-
ters, a maximum mean incident laser power density (Ps) of
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611 W/cm2 is calculated on the sample surface, however,
inhomogeneities in the beam profile result in local power
densities of up to 50 % higher than the mean value.

The condensed fume was extracted from the hot sam-
ple surface via a vacuum extraction system operating with
conventional dry filters. The filters are not optimized for
the collection of nano-sized particles and it is likely that
they discriminate smallest particles such that they are not
collected with the same rate as larger particles. On the oth-
er hand, after the collection of a significant amount of par-
ticles subsequent clogging of the filter improves its ability
to collect silica particles of all sizes, even the smallest parti-
cles. The analysis of the collected particles was performed
under this premise.

Obtained particles were characterized by means of elec-
tron microscopy (FEI Helios Nanolab 600). Particle size
and particle size distribution were measured with an ul-
tra sound spectrometer (DT 1200, Quantachrome, Ger-
many). The measurements were performed in water media
with stabilization of the powder by the addition of NaOH
until a pH of 8.3 was reached.

The sintering behaviour was studied on 5 x 5 x 5 mm
powder compacts prepared by means of uniaxial pressing.
The volumetric shrinkage was measured with a heating
microscope (EM-201, Hesse Inst., Germany), at a heating
rate of 10 °C/min, up to 1400 °C. The projected image of
the sample during sintering was measured with a camera
system. The images were collected at a rate of 40 frames
per minute.

III. Results
Fig. 2 shows the pool of melted quartz glass formed dur-

ing the laser fuming of the high-purity amorphous silica
studied. As shown previously 24, a mean laser power den-
sity of about 150 W/cm2 was sufficient to reach temper-
atures exceeding the softening point of amorphous silica,
1713 °C 25. At this power density, the silica powder start-
ed to melt almost instantaneously upon laser exposure.
This good annealing efficiency is reported to be derived
from the high absorbance of the CO2 laser radiation in sil-
ica glass 15. Accordingly, the energy provided by the laser
light dissipates into heat at the silica sample’s surface. Ow-
ing to thermal conduction within the silica powder, pro-
longed laser treatment results in the formation of a pool of
molten silica of several cm3 in volume, which is supported
by the not yet molten silica powder, ensuring that no cru-
cible material can contaminate the silica melt.

Fig. 2: Pool of molten quartz glass formed during the laser fuming
of high-purity amorphous silica after cooling down to room tem-
perature.

Excessive vaporization of SiO2 from the melt pool
formed in this way could be observed at mean power
densities > 150 W/cm2. This phenomenon could be easily
recognized by the formation of a white fume over the melt
pool. The fume must have been formed by the vaporiza-
tion process directly from the overheated silica melt since
the applied power density (Ps) was far below the ablation
threshold of silica. Nonetheless, the laser-irradiated sur-
face should have reached a significantly high temperature,
promoting the detachment of silicon oxide specimens
from the liquid to the vapour phase as suggested in 21

and 26. This viewpoint is supported by the observation
that no boiling of the silica melt in the pool was evidenced,
even at the highest vaporization rates.

During the continuous emission of material via vaporiza-
tion, the melt pool did not change significantly in volume.
Material from the silica powder bed continuously replaced
the lost material.

By means of the discussed setup, vaporization rates ex-
ceeding 1 kg per hour could be reached. Given an elec-
trical energy efficiency of the CO2 laser system of typ-
ically 10 %, an energy consumption of approximately
120 kWh could be estimated for the production of 1 kg
powder. This would correspond to energy costs of approx.
10 US$ per 1 kg of nano particles. Taking into account five
years equipment depreciation and a capital expenditure of
600 000 US$ for the described laser system, an additional
cost of approx. 13 US$ per kg powder should be consid-
ered.

In Fig. 3, a representative micrograph of the produced
silica powder is shown. The powder consists of almost ide-
ally spherical beads of submicrometer size. Since no crys-
talline phase could be detected with XRD (not shown),
the obtained particles can be regarded as amorphous sili-
ca. Most striking, however, since this is highly appreciated
for ceramic processing of submicrometer powders, the

Fig. 3: Quartz glass beads formed by laser fuming of high-purity
amorphous silica.

particle alignment seen in Fig. 3 clearly suggests weak ag-
glomeration forces. Thus, the small particles, which have
been condensed from water steam onto the substrate, are
arranged closely packed almost in mono-layers. Large
spheres stand out of these mono-layers, but they are al-
most free of agglomerated smaller ones. Additionally,
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there is no hint of large three-dimensional agglomerates
formed before particle deposition onto the substrate.

Fig. 4 shows the mean particle size and particle size dis-
tribution of the fumed SiO2 particles. A d50 of 300 nm
was measured in a water-based suspension containing the
powder. At pH 8.3, values for the zeta potential at the
surface of the particles were found to be between 41 and
43 mV. This size distribution was confirmed with image
analysis of the micrographs, which showed particle diam-
eters between 10 nm and some 100 nm.

Fig. 4: Particle size and particle size distribution of the fumed SiO2
nano particles.

This size distribution, however, should depend on pro-
cess parameters, such as the fume extraction speed out of
the laser-influenced volume and the applied laser power
density 18. Both parameters could influence the temper-
ature and super saturation vapour of silicon oxide above
the silica melt pool 21, 26. Furthermore, the nucleation and
growth of the liquid silica droplets, which condense into
a fume during cooling, should also be considered. Thus, a
more rapid extraction of the fume of silica particles, away
from the melt pool, would favour the formation of smaller
particles and a well-defined extraction speed would make
the size distribution narrower.

Fig. 5 presents the sintering curves of compacts prepared
from the fumed SiO2 powder in comparison with a mi-
crometric powder compact (d50 ∼ 15 lm). The latter pow-
der is the raw material used for the laser fuming process,
but ground in a jet mill. Thus, the two powders are very
similar in respect of their purity. Moreover, their particle
surfaces have not been in contact with any material oth-
er than the silica powder itself. Owing to some restric-
tions on the sintering microscope in reaching tempera-
tures higher than 1400 °C, full densification of the sam-
ples prepared with the micrometric silica could not be ob-
served. Nonetheless, the final density of the samples pre-
pared with the fumed silica was 2.4 ± 0.2 g/cm3. This val-
ue, aside from being obtained at 1300 °C, is in the densi-
ty range of quartz glass, 2.2 g/cm3. In a comparison of the
sintering curves, it is clearly noticeable that the onset of
shrinkage appears at approximately 200 °C lower temper-
atures for the laser-fumed powder. This finding is typical
for nano powders. Furthermore, however, full densifica-
tion is reached at a considerably lower temperature as it is
indicated by the measured final density. Such behaviour is

not always found for nano-scaled materials owing to ag-
glomeration and formation of large residual pores 22. The
rapid final densification of the fumed powders as well as
the relatively high powder compact green density of 54 %
attained 22 thus indicate weak agglomeration forces.

Fig. 5: Sintering curves of the compacts bodies prepared from the
nanometric and micrometric powders, respectively. The micromet-
ric powder presented a mean particle size of 15 lm.

IV. Discussion
As a promising key property of the fumed SiO2 sub-

micrometer particles, weak agglomeration forces were in-
dicated by the observed particle arrangement, the good
agreement between particle size distribution data obtained
with different methods as well as by a high green density of
54 % concluded from the sintering curve in Fig. 5. How-
ever, during the SEM imaging, after a certain time, the par-
ticles started to show some evidence of sintering, e.g. neck
formation and the reduction of inter-particle porosity.

In order to prove that this effect does not reflect agglom-
eration during particle formation in the laser fuming pro-
cess, but is an artefact of the SEM observation, selected
samples were exposed to prolonged SEM observation.

During these experiments, a clear change in the morphol-
ogy of the powders was noticed. Initially loosely packed
spherical silica beads turn into agglomerates, based on the
formation of sintering necks between adjacent particles,
which is characteristic of the initial steps during a sintering
process. As an example, Fig. 6 presents a sequence of SEM
micrographs taken of an ensemble of silica beads with a
broad particle size distribution after different exposition
times: line by line from the upper left image to the lower
right, the observation time increases in a 240-s succession
from 240 s to 960 s, respectively. During this period, the
SEM parameters were not changed and the electron beam
continuously scanned the imaged area. Taking this into
consideration, the particles were continuously exposed to
an electron current of 86 pA, with each electron carrying
energy of 2000 eV. Electrons with this energy interact very
well with the target material as a result of inelastic scat-
tering, and eventually raise the material temperature. With
increasing exposure time, the formation of necks between
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the particles as well as pore shrinkage becomes clearly no-
ticeable. As a result, differentiation of individual silica par-
ticles becomes progressively more difficult. On the other
hand, image analysis shows that the distances between the
particle centres remain constant. As a final effect, the parti-
cle diameters increase slightly. For the most isolated large
particle on the left hand (arrow), the diameter increases
gradually from approximately 120 nm to 130 nm, equiv-
alent to a volume gain of approx. 8 %.

Fig. 6: SEM micrographs of fumed nano SiO2 beads after different
observation times. From upper left to lower right: t = 0 s, 240 s, 480 s,
920 s.

Figs. 7 (a) and (b) shows a chain of interconnected silica
beads of similar size after 60 s and 960 s exposure, respec-
tively. Here too, the SEM parameters were not changed
and the electron beam continuously scanned the imaged
area. It can be observed that the formation of pronounced
particle necks is noticeable although the distance between
particle centres remains constant. In Fig. 7, however, a
more pronounced increase of the size of the imaged par-
ticles is evidenced. Thus, the diameter of the largest parti-
cle of the cluster increases from ≈ 59 to 82 nm, here again
equivalent to a volume gain of circa 40 %.

Fig. 7: Quartz glass beads after different exposure times in the SEM.
(a) The image was taken after approximately 60 s, in (b) after 960 s.
During the analysis, the SEM parameters, especially current (21 pA)
and acceleration voltage (2 kV), were not changed.

The observations illustrated in Figs. 6 and 7 might be ex-
plained by three different hypotheses:
(1) Upon electron bombardment of the silica, the beads are

heated up to temperatures enabling viscous sintering,

with flattening of the silica particles affected by gravity
and wetting of the substrate.

(2) Upon electron bombardment, the silica beads are heat-
ed up to temperatures enabling viscous sintering while
simultaneous particle swelling is either pretended by
an image error or caused by the electron-beam-induced
creation of defects.

(3) Upon electron bombardment, hydrocarbon contam-
ination may be deposited on the silica particles and
the substrate. The equilibrium of simultaneous re-va-
porization and re-condensation of the carbonaceous
species here tends to minimize the specific surface en-
ergy, mimicking viscous sintering.

In hypotheses (1) and (2), a considerable temperature in-
crease is assumed. During SEM imaging, the imaged object
is exposed to an electron beam providing a certain pow-
er, which is the product of the acceleration voltage and
beam current. When the electron beam is impinging on
the imaged object, part of its energy is transferred to the
object and dissipated through heat. This process results
in an annealing of the imaged object up to an equilibrium
temperature at which the energy provided by the electron
beam equals the energy lost by heat transfer. Assuming
that the thermodynamic equilibrium temperature of the
silica beads during SEM imaging is dominated by equili-
brating the energy provided by the SEM’s electron beam,
per unit area of the image and unit time, and the energy
loss of the annealed particles by heat radiation according
to the Stefan-Boltzmann law, a temperature of the parti-
cles up to 2000 °C could be calculated. In this context it is
notable that the mean free path of 2 keV electrons in solids
is in the range of 10 to 20 nm. In other words, the kinetic
energy of 2 keV electrons is almost completely dissipated
within the observed particles.

Assuming a viscous sintering mechanism, the ratio of
neck to particle diameter, obtained from Fig. 7, also allows
rough estimation of the required sintering temperature ac-
cording to Eq. (2) 27:(

X
D

)2

=
3γ t

Dη(T)
(2)

where t, T, X, D, c, and g represent observation time,
temperature, neck radius, particle radius, surface en-
ergy, and viscosity of silica glass. Based on Eq. (2)
and c ≈ 0.280 N/m 28, a viscosity in the range log g ≈
9.5...9.8 Pa⋅s would result, which corresponds to tem-
peratures between 1350 and 1400 °C 29.

The assumed flattening in hypothesis (1) implies that the
volume of the beads may remain constant, while the shape
of the beads change in merely their two dimensional pro-
jection. Therefore, swelling of the beads under different
sample angles together with “in situ” preparation of cross-
sections of the beads by means of focused ion beam milling
was investigated. No significant deformation of the beads
was recognized. Hence, no evidence has been found sup-
porting anisotropic deformation of the silica beads in a
way that their two-dimensional projection in the SEM im-
ages grows when subject to electron bombardment. Fur-
thermore, the effect of wetting phenomena does not seem
likely since changes in the supporting substrate from met-
al to glass and carbon had no influence on the observed
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swelling and, thus, argues against the suggestion that an
interfacial interaction between the silica beads and sup-
porting substrate in a type of wetting drives anisotropic
deformation of the beads. Explaining the assumed viscous
flattening would finally contradict the viscosity estimat-
ed from the observed ratios between neck size and particle
diameter. Thus, such viscous flattening would typically re-
quire a viscosity below the range of about log g = 4...5 Pa⋅s,
which corresponds to the half-sphere point in hot-stage
microscopy viscosity measurement techniques 30.

The assumption of sintering by viscous flow in hypoth-
esis (1) and (2) cannot be supported by the other results.
First of all, the centre distance between all silica particles
remains constant. For viscous sintering, such behaviour is
difficult to understand. Second, no indications of particle
rearrangement and non-homogeneous sintering are seen
in Fig. 6, where large particles (left) are glued to a clus-
ter of much smaller particles. Both phenomena are highly
expected for viscous sintering. Furthermore, it seems im-
probable that the observed volume swelling had balanced
out the expected linear shrinkage by viscous sintering so
that, on balance, the final position of all particles has re-
mained constant.

As part of hypothesis (2), the observed increase in parti-
cle size is assumed to be caused by image errors owing to
charge effects. When the particles were imaged with dif-
ferent acceleration voltages, for instance 2 kV and 20 kV,
no evidence to support this hypothesis could be found.
Therefore, it is rather doubtful that an increase in the par-
ticle area during SEM imaging originates from an imaging
error associated with a subsequent charging up of the par-
ticles.

As an alternative assumption to hypothesis (2), the in-
crease in particle size is attributed to the swelling of sil-
ica particles under the effect of electron bombardment.
In the literature a swelling of thin silica layers upon elec-
tron bombardment has been reported. Silica grown as na-
tive oxide layers on silicon wafers has been treated with
300 keV electron beams 31. Swelling of graphite as a re-
sult of electron bombardment has also been reported by 32.
The increase of lattice constant was attributed to radiation
damage of 200 keV electrons saturated at DC/C ≈ 5×10-3

at an irradiation dose of 1.5×1024 e/m2 (24 As/cm²). How-
ever, this cannot explain the pronounced size increase ob-
served here, although higher doses of ≈ 50 and 90 As/cm2

are given. In other studies on the effect of electron radia-
tion on graphite up to 9600 As/cm2 33 and photosensitive
glasses 34 (11.4 mC/cm2), no swelling has been reported.

Hypothesis (3) best explains the increase in particle size
while the position remains constant. It may also explain
the differently pronounced effect in Figs. 6 and 7 owing
to different ratios of silica and substrate surface area. Elec-
tron-beam-induced contamination of carbonaceous mate-
rial as assumed in hypothesis (3) is almost always present
after viewing in SEM 35, 36. Vladar 36 reports on several
studies in which both the sample itself and the vacuum in
the SEM was found to be the material source. Deposition
rates up to few tens of nm per second have been reported.

V. Summary
Spherical amorphous submicrometer-sized silica parti-

cles have been produced by means of laser fuming. By im-
pinging a defocused CO2 laser beam onto the surface of
a micro-sized SiO2 powder bed, production rates of ap-
prox. 1 kilogram powder per hour could be reached. A re-
duction of about 200 °C for the sintering temperature of
compacts prepared from the produced SiO2 particles has
been observed. In the SEM micrographs, the fumed parti-
cles are shown as agglomerate-free powders. On the other
hand, sintering necks are formed between adjacent parti-
cles after prolonged observation in SEM. Summing up the
aspects that could have influenced the SEM observation; it
is most likely that electron-beam-induced annealing of the
particles together with carbonaceous contamination dur-
ing SEM observation result in particle agglomeration.

In conclusion, laser fuming seems a promising route for
the production of ceramic nano-particles, especially if a
mixture of oxides is intended thanks to the “self-re-feed”
aspect of the proposed system.
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