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Crystallographic Planes of Interest

This project focuses on determining the deformation mechanism in  previous research has shown the slip direc-
the ceramic material, mullite (3Al,0522Si0,0r 2Al,0,°Si0, ). tions for mullite to be [100], [010] and

[001] directions the orthorhombic crystal

Mullite has excellent high temperature properties and can be used @ Oxygen
for environmental barrier coatings, high temperature fibers forcom-  The expected slip systems are [001](100), & Aluminium
posites, and high temperature optically transparent windows. [010](100), [100](010) and [001](010). o Silicon

By understanding the fundamental deformation mechanism of slip Ve will also check [100](001) and :
(dislocation movement) a complete characterization of the me-  [0101(001) to verify that slip does L.
chanical properties of mullite is achieved [1]. not occur on (001).

In-situ nano-indentation Transmission Electron Microscopy (TEM)
is used to indentation the surface of single crystal mullite to create
plastic deformation regions and create localized dislocations.

Single Crystal Mullite

This crystal, one of the last known crystals in existence, will be
used for the sole purpose of determining the slip-system of mullite.

A rare single crystal of 2:1 mullite
was grown by the late Dr. Wallrefen - . g ! pl {2l
using the Czochalski method [2]. (100) Plane (010) Plane (001) Plane

We postulate that the slip planes for mullite will be the atomically dense (100) and (010) planes, but
not (001) as strongly bonded chains of polyhedra along the c-axis make (001) slip unlikely [4].
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Dislocation Generation

Crystallographic  planes

and directions were identi- {a) ===
fied using a Bruker smart Dislocations generated in mullite
CCD diffractometer during deformation traversing the

grain (left images) [1]. -

Shear Stress ’

Samples will be placed inside the . .
Slip planes (usually the planes with TEM where a piezo agtuato'r con-
the weakest bonding between them) F - trglled nano-indenter (rlght Image)
feel a maximum shear stress when will defor_m the_ sample in order to =
the slip plane and slip direction are i produce dislocations [5]. L
oriented 45 degrees to the applied ) =

compressive or tensile axis [3].

Resolved shear stress, T, is deter-

mined by: Acknowledgments References

The authors acknowledge the U.S. Department of Edu- [1] L. Taherabadi, J.E. Trujillo, T. Chen, J.R. Porter, and M.L.
cation Graduate Assistance in Areas of National Need Mecartney, J. Euro. Cer. Soc., 28 [2] 371-376 (2008).

T=GCOSYCOSA
o = applied stress

stip Plane D (GAANN) Fellowship for graduate student support. [2] W. Guseand D. Mteika, J. Cryst. Growth, 22, 237 (1974).
¢ = angle between the normal to The proposed project is supported by the National Sci-  [3] W. Callister, Wiley, McGraw-Hill, New York (2008).
the slip plane and applied force ence Foundation East Asia and Pacific Summer Insti- [4] H- Schneider and S. Komarneni, M Wiley-VCH (2010)

tutes (NSF EAPSI) and the Japan Society for the Pro- [5] S. Kondo, N. Shibata, T. Mitsuma, E. Tichogi, and Y. Iku-

% = angle between the slip plane ‘."I' motion of Science(JSPS) Summer Program. hara, Appl. Phys. Lett., 100, 181906 (2012).

direction and applied force




