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Historical 

background

Jean Discart

L’Atelier de Poterie

Tangier, Morocco
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J. Am. Ceram. Soc., 79 (7), 1955-56, 1996.

Reactive Hot Pressing (RHP) and MAX Phases

Monatshefte Für Chemie, 98(2), 329–337, 1967
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Professor Barsoum’s MAX Phases Empire in 2021

Goossens, N., Tunca, B., Lapauw, T., Lambrinou, K., & Vleugels, J. (2021)
MAX phases, structure, processing, and properties. Encyclopedia of Materials: Technical Ceramics and Glasses, 2–3, 182–199

Source: Wikipedia.org
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We are interested in materials for application in extreme 

environments: high-temperature and irradiation. And MAX Phases…
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Project’s Outline

• Work-to-date and main objectives.

• The ZIA phases project.

– Synthesis and characterization: SEM, EDX, and TEM

• Potential of ZIA phases in extreme environments.
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Work-to-date
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Can we extend the MAX phase concept beyond 

carbides and nitrides? Yes, intermetallic silicides!



10

Re-assessing the Nb-Si-Ni system: 2019. 

Can we stabilize the Nb3SiNi2 phase?

800°C/120 hours: Gladyshevskii et al. 1962

800°C/1000 hours: us, 2019.

Gladyshevskii et al. 1962

Corrected phase 

diagram at 1073 K:

No H-phase.
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Re-assessing the Nb-Si-Ni system: 2020. 

We are looking for the H-phase again!

800°C/120 h: Gladyshevskii et al. 1962

800°C/1000 h: us, 2019.

1050°C/336 h: us, 2020.

H-phase 

appears, 

but never in 

its pure 

form
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The ZIA phases project

Nb3SiNi2
Ti3SiC2
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The ZIA phases project

Zig-zag Intermetallic Advanced phases

- It is a challenge to synthesize and

stabilize the H-phase.

- We brought this problem to LANL.

- We want to understand if:

- R3SiNi2 compounds with R = Nb, Mo,

Ta, Hf, W … represent a novel class of

materials.

- If this novel class can be applied in

extreme environments.
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Using arc 

melting, we 

produced a 

sample with 

the Nb3SiNi2
stoichiometry

First objective: 

Find the H-phase 

(Nb3SiNi2)
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H-phase has been found

in the as-cast sample

H-phase 

(Nb3SiNi2)

Expected Compositions

Measured Compositions

- Si is overestimated by EDX.

- Equilibrium not attained.

- Compositions may also be 

slightly off.
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We decided to do TEM on the H-phase field (as-cast)
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SAED

[220]

HRTEM- IFFT

A distinct nanolayered structure has been observed!
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SAED

[220]

HRTEM

Summary of the sample as-cast

1. The Nb—Si—Ni system with 312 

stoichiometry is not under equilibrium.

2. H-phase field has been observed at RT 

(for the first time) using arc melting.

3. H-phase is indeed a nanolayered 

superstructure.

4. Next steps:

- New HT routes.

- Will the system converge to the H-

phase pure?

- Investigating different synthesis 

methodologies?
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Potential application of 

ZIA phases
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In situ TEM ion irradiation 

at the 

Argonne National Laboratory

(IVEM Facility)

Work in 

partnership with 

Dr. H.V. Tin (LANL) 
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ANL-IVEM Irradiations at 573 K: ~0.1 dpa
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ANL-IVEM Irradiations at 573 K: ~1.0 dpa
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ANL-IVEM Irradiations at 1073 K

0 dpa 5 dpa
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Summary of the Project

• A novel class of ternary silicides is emerging, thus extending the MAX phase 

concept beyond carbides and nitrides.

• Challenge is to produce a pure ZIA phase: as so it is for MAX phases.

• Refractory nanolayered intermetallic-ceramic compounds. Mechanical 

properties? Physical-chemical properties? And so on…

• Promising application in high-temperature irradiation environments. 

(although we tested only as-cast sample seemly off equilibrium/stabilization).
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Thank you!

| tunes@lanl.gov |

| materialsatextremes.wordpress.com |

mailto:tunes@lanl.gov
http://materialsatextremes.wordpress.com/
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HT results

800°C for 120 hours: Gladyshevskii et al. 1962

800°C for 1000 hours: us, 2019.

1050°C for 336 hours: us, 2020.

1148°C for 336 hours: LANL, 2022.
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XRD as-cast and HT 


