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Introduction:  Condensation has long been recog-
nized as the most important process leading to the for-
mation of the main primitive objects of our solar sys-
tem. However, while theoretical calculations of con-
densation from a solar gas may predict the main miner-
alogy of this pristine matter, such as CAIs [e.g. 1],
some inconsistencies still remain. Furthermore, texture,
size, as well as the kinetic of formation of the conden-
sates are still a matter of debate.

In order to progress in this field, a new program of
condensation experiments was inititated. Previous con-
densation experiments have been done either at low
temperature (between 25°C and 600°C) [2, 3, 4] or at
high temperature with gas of  simple composition such
as MgO-SiO2-H2 or CaMgSi2O6-H2 [5, 6]. Here, we
have set up a new experimental design allowing to per-
form heterogeneous condensation from a gas of com-
plex refractory controlled composition up to 1400°C in
a pressure range from 10-8 to 1 bar, under controlled
oxygen fugacity for any run times.

Experimental: The new apparatus, which was de-
viced to be complementary of the previous generation
of “nebulotron” [7], consists of a reaction chamber
(Fig. 1) and a high-vaccum metal line. High-vaccum
conditions are achieved with a rotary and a turbo-
molecular pump, and monitored with two baratrons
close to the reaction chamber. In the reaction chamber
(fig. 1), the gas to be condensed is produced by total
laser ablation of a target of known composition. While
gem crystals can be used, glass was preferred as a tar-
get since they allow to perform condensation from
gases of any compositions. The laser used is a pulsed
Nd-Yag laser, working in the near infrared wavelength
at 1064 nm. To increase the absorbance of the glass
targets, each of them was depolished with diamond
paste at 100 µm and 5 µm. To avoid 1) local heating
leading to the production of ablation droplets from the
target [e.g. 8] and 2) decreasing production of gas
during long experiments, the target is on a rotating
holder allowing a constant movement of the laser im-
pact point. In this device, oxygen fugacity can be also
controlled by mixing gases. (CO2, CO, N2, Ar, H2...)
The gas flows in the line are controlled by Tylan mass
flow meters. The use of these background gases is also
of interest to reduce the energy of the matter reaching
the condensation plate.

In the course of an experiment, condensation prod-
ucts are deposited directly either on a plate or on a
TEM grid.holded by an alumina rod connected to a
motion feedthrough. Depending on the temperature of
condensation, sample holder is either located in the
chamber (low-temperature) or in a platinum furnace
(Fig. 1). Both target, furnace and sample holder can be
moved independently in the chamber to adjust the dis-
tance between abaltion and deposit. This allows to op-
timize the quantity of deposited matter and to decrease
ablation droplets in the sample.

Temperatures of condensation are measured with a
PtRh10-Pt thermocouple, calibrating against the melt-
ing temperatures of silver, gold, and palladium.

Figure 1: Schematic drawing of the reaction chamber.

At low temperature, typical experiments last 30
minutes while at high-temperature, run times range
from 30 minutes to several hours. The products of con-
densation were observed with SEM and more exten-
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sively with TEM at the university Henri Poincaré
(Nancy, France).

Results: 1) Low-temperature condensation experi-
ments (25°C) using a target of composition An50-Di50
(CaAl2Si2O8-CaMgSi2O6) were performed at 10-3 bar
mainly in an Argon background gas. The texture of the
deposited products is shown in Fig. 2. Fig 2a is a SEM
image of condensation products deposited on a plate.
Fig 2b is a TEM image of condensation products de-
posited on a copper TEM grid. Both of them show that
the deposited products are a mixture of condensates
and ablation droplets. Condensates are nanometric
grains (~10nm), gathered to form a  fluffly texture
while ablation droplets are of different sizes from 0.1
to 100 µm, and very likely coming from the target lo-
cally heated. TEM diffraction patterns of these depotits
show that both condensates and ablation droplets are
amorphous. The molten nature of the droplets was con-
firmed with SEM observation of local melting of the
target. Composition of the condensates is unfraction-
ated with respect to the An50-Di50 glass target. In
contrast, ablation droplet composition varies, the
smaller being more fractionated than the larger, as a
result of differential volatilization according to their
size.

Figure 2: Low-temperature products of condensation
from a gas of An50-Di50 composition. a) Secondary elec-
tron image and b) TEM image of condensates deposited
on a copper grid. Image inserted in the top-right corner is
a diffraction pattern of the condensates showing their
amorphous nature. Note that at the TEM scale, conden-
sates and ablation droplets are easily discriminated.

When focusing the laser on a crystal (e.g. spinel,
enstatite), deposited products consists of a similar
mixture of amorphous nanometric grains and ablation
droplets together with cristalline fragments mechani-
cally extruded from the target.

These low-temperature results suggest that the use
of laser ablation allows production of a non-

fractionated gas whatever the nature of the target,
glassy or crystalline.

2) High-temperature experiments were performed
using the same target from 100°C to 1000°C at pres-
sure around 10-3 bar in Ar background gas. For tem-
perature of 300°C and run duration of 30 minutes, con-
densates are amorphous and resemble to thus shown in
Fig. 2 whereas 600°C-30 minutes experiment reveals
both crystalline and amorphous matter. At 1000°C for
a 4-hour duration of condensation, condensates consist
of various refractory cristalline phases (Fig. 3) with
grain sizes from 100 nm to several µm. Ablation drop-
lets were easily recognized since, at this temperature,
they remain amorphous and preserve their rounded
shape.

Figure 3: SEM image of high-temperature (1000°C)
condensates from a gas of An50-Di50 composition. Notice
the cristalline nature of these condensates.

Annealing is often proposed to explain the occur-
rence of such cristalline phases in high-temperature
condensation experiments. Since heating  of a low-
temperature condensate at 700°C during 6 hours ended
still with amorphous matter, this suggests that our
crystalline phases were produced during the condensa-
tion process. Formal experiments of condensation with
a gas of solar composition are now in progress.
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