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Liquid Si-rich Si-Zr alloys in contac

GOAL S II

Collecting knowledge on the occurring interfacial phenomena between liquid
Si-rich Si-Zr alloys in contact with C and SiC substrates.

WHY?
Targeted wettability and reactivity studies can easily
provide useful indications for solving many
technological problems affecting the reactive
infiltration mechanisms, such as pore closure/narrowing
phenomena.

HOW

The contact heating sessile drop method (CH-SD) was
applied for better understanding the interfacial
phenomena occurring between 3 liquid Si-rich Si-Zr 7
alloys in contact with Glassy Carbon (GC) and SiC =
substrates. Specifically, the contact angles behaviors as
a function of time were obtained over the temperature
range of T = 1354-1500°C under an Ar atmosphere.

MPACT

< Computational medels are enabling in the design of advanced refractory materials
such as SiC-based composites for highly demanding applications (thermal barriers,

aehe ok

structural materials and chemically stable components for assembling re-entry space
vehicles and fission/fusign nuclear, etc.).

< The fabrication of tailored SiC/ZrSi,-based composites via cost-less reactive infiliration
of Si-rich Si-Zr alloys into C- and SiC-based preforms, is currently one of the main
goals of materials science and design.
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with C and SiC: Mlettability and Interaction phenomena
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> 6, (1354 °C) > 6 (1400 °C) > ¢ (1450 °C)

» Equilibrium contact angle values in good agreement with the literature [3-8]
» Reactive wetting at the Si-27Zr/GC triple line (E,= 222 kJ/mol)

> Early stage of spreading affected by SiO,-native oxide at the alloy surface
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> U!breod (Sicl.'iéO“C) < Uspread (SiCMSO“C)
> G (SIC450c) < 6 (GCrys0ec)
» Equilibrium contact angle values in good agreement with the literature [1,2,3].
» Spreading kinetics affected by the presence of SiO,-native oxide at the surface
of both SiC substrate and Si-Zr alloy.
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» 6 (Si-271r) > 6 (Si-152r) > 6, (Si-57r)
»More compact SiC-layer at the
interface by increasing the Si-content.
» The presence of Zr§i2 precipitates
affects the melting of Si-27Zr alloy.
»Si-evaporation/condensation

phenomena beyond the triple line.

5+ Ozig) = 2CO

$i0g)+ COg) — SICy + Oy
Si0(g)* 3CO) — SICy,) + 203, ©

Inside fhe alloy surrounding afmosphere
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At the alloy surface under oxide-removal conditions
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v For the first time, a comprehensive study of the interaction
phenomena occurring when a liquid Si-rich Si-Ir alloy is in contact
with amorphous CGand SiC was performed.

»In agreement with [11], the
SiC-reaction layer growth
and packaging of is time
dependent phenomenon

T t 02 Wisicanit
Systam rel tmin] rl (um/s]
Si-27Zr/GC 1354 15 51+52 13.9
1400 15 49 22.7
1450 15 43 29.7
1450 a5 45 28.6
Si-27Zr/SiC 1360 15 40 40
1450 15 38 75
Si-15Zr/GC 1450 15 41 36.4
Si-5Zr/GC 1450 15 38 37.7
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slightly comppsition-
v The wetting charaete

v Careful analyses of the @-behaviors, spreading kinetics, reactivity
and interfacial developed microstructures as a function of the
Si-content at T = 1450°C, were done.

v Wettability of GC by Si-rich Si-Zr alloys is controlled by the reactive

ivity, the wetting characteristics are

d spreading kinetics observed at the
Si-rich Si-Zr alloys/GC triple lines at T = 1450°C are in a very good
agreement with the results reported in literature.

v In view to provide knowledge for optimizing the infilfration process
used to fabricate SiC/ZrSi, composites, except Si-271r alloy, the liquid
Si-Zr alloys more enriched in Si, may not enhance the pore closure
phenomenon for limited time of contact.

v’ The use of Si-Zr alloys with Si exceeding respect to the eutectic
composition should be avoided for preserving the overall thermo-

mechanical response of the produced composite.

L Met Mot rans A
(615 Girennact a4 Mt Eng po 206 (3015 34803457
91D, Giuranno et al.  Eur Ceram Soc 40 (4) (2020) 953-960.
[10]F.J Norciso et l. | Mafer Sci 1996, 31, 779-784.

g 32(14)

\—,— L1
¥ 1] D. Giuranno et al, 53643,
e e
B o
@ [MIGW.LuetalCe
! ;
[6]2. He et al. C¢ I I

Acknowledgements

This project was carried out under POLONEZ-. ram which has

The NCN-National Science Center, Poland lstledged for the financial support through the POLONEZ project number UMO-201 6/23/?/318/01 916
i d il

Union’s Horizon 2020

Marie

funding from Ei

No 665778.

urie grant

S BN



