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ICARUS, an ambitious synergy of European orga-

nizations, has developed a state-of-the-art ther- ;
modynamic methodology fowards identifying ﬁgﬁ'ﬁ]ﬁf’ !mc&ggwﬁ_: e Em
the elements and the relative chemical composi-

tion necessary for enabling a nanocrystalline -
state to occupy a relative minimum of the
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©

This approach was integrated with multiscale and
thermodynamic  (Nano-Calphad) modeling, in
order to implement a High-Throughput Screening
(HTS) tool opening a new horizon for the explo-
ration of multinary thermal stable nanocrysta-
lline alloys, exhibiting high-performance tailo-

red properties. The most promising nanocrystalli- » m /‘&\
ne materials identified were synthesized by BRIMATECH ] 48\

mechanical alloying and physical vapor deposi- e
tion. The mechanical alloying by ball milling tech-
nigque- applied in the frame of ICARUS- appears
as a very promising method for the production of
thermodynamically stable nanocrystalline alloys.
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Achievements

ICARUS developed an innovative theoretical
methodology to describe the thermodynamics of
multicomponent polycrystalline metal alloys and
identify new thermodynamically stable nanocrys-
talline alloys. Classical and statistical thermody-
namics were combined in a general theoretical
scheme that enables the exploration of the Gibbs
free energy surface under different possible
approximation scenarios. The resulting model
predicts the existence of thermodynamically
stable multicomponent nanocrystalline alloys and
provides a tool for identifying them based on the
available physical and chemical information.
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ICARUS is now proving that not only thermodyna-
mically stable nanocrystalline alloys can be
actually fabrice also delivers a tool, the
1S too er upgraded-
[ ion of the
QVYS.

Alloys’ Properties

To validate the thermodynamic model and provi-
de a proof of concept several nanocrystalline
alloys were fabricated and tested during the
course of the project while the mechanical, chemi-
cal, environmental and specific properties of
W-Cu, W-Al and Ti-Al were determined. These
nanocrystalline alloys meet specific  property
goals such as:

33 Excellent thermal cycling & outgassing
33 High-compression strength
3 High hardness

33 High modulus of elasticity, yield strength and
ultimate tensile strength

33 Cood electrical properties
33 Good thermal behavior & dimension stability

While the alloys developed have a broad appli-
cation spectrum, ICARUS focused on the needs
and requirements in two areas, namely aeronau-
tics and space.
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Market Analysis

A market needs analysis focused on demc
new materials in the space and aeron
domains was carried out. The above prop
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