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Everyone talks about stresses.......
but nobody does anything about them



‘ Outline I

Introduction to Cr3* based luminescence and piezospectroscopy
(luminescence and Raman).

Phase transformations during the growth of alumina by thermal oxidation
Latest developments on piezospectroscopy

Modes of strain energy relief in oxide films and coatings

Wrinkling, wrinkling kinetics leading to oxide film failure

Buckling and buckle growth

Conditions for spalling by the growth of buckles

Large scale buckling

Rumpling

Monitoring damage evolution in TBCs by piezospectroscopy

Summary



‘ Principal Types of Piezospectroscopy I

Vibrational piezospectroscopy —

. Luminescence piezospectroscopy
Raman piezospectroscopy
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Physical Basis of Luminescence Piezospectroscopy: Synopsis
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Electron Cubic

‘ Electronic Transitions of d 3 Electrons I
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‘ Electronic Transitions of d 3 Electrons I
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‘ Cr3* Piezospectroscopy in Sapphire I

In crystal coordinates, frequency shift, Av, is related to stress:

where [1.; are the piezo-spectroscopic coefficients.
if P |%

Point symmetry of Cr3+ ion in sapphire imposes condition:
[T =IT =11, : Ils =1l

R1 Line:
256 0 0
[1, = |0 35 o| cm'/GPa
0 0 153
R2 Line:
265 0 0
Il = |0 28 o | cm'/GPa
0 0 216
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‘ Calibration of piezo-spectroscopy coefficients I
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‘ Analysis for General Orientation I

In Crystal Structure Coordinates, x’;, Av = 7n; o';

Point Symmetry of ALO; (Dsy) T4 == T2 F Tl33
Ty = O 0;5# 1

Deformation Frame Coodinates, x;

Transformation matrix a;, thus X = a; X;

Thus, stress in crystal structure coordinates

Gjj = 8jx8j0g

In general case

2 2 2 -
Av = 7m44(911 + 020 + 033) + (a3 — 7yq) (831 044 + @3p 0pp + 333 033
+ 2(m33 — 744) (831 @32 042 + 831 833043 + agp @33 Oo)
Pure Hydrostatic stress

Av = (27'511 -+ 7'533) P



Frequency Shift Av(cm™)

‘ Calibration for polycrystalline, randomly oriented alumina I
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Summary of Luminescence Shifts
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‘ Effect of Stress Gradient I
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‘ Optical Microprobe Configuration I
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‘ Internal Stress Distribution in Polycrystalline Alumina I

Observation in transmitted light through
cross-polarizers of alumna.

Variation in stress made visible through
the piezo-optical effect.




‘ Raman Piezospectroscopy I




‘ Raman Piezospectroscopy I
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‘ Raman Piezospectroscopy of Silicon I

(111)

Active vibrational modes
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‘ Raman Piezospectroscopy I

1. Strain-free c-Si Polarizability tensor

Scattering efficiency

S=AY le;-R;-e
j
Raman line frequency vo = 520 Rcm-1

2. In the presence of a strain €jj

peExx +q(Eyy +€zz)—A 2rexy 2rexz
2rexy peyy +q(Exx +€zZ)—A 2reyy =0
2rezx 2rezy pezz +q(EXX +EYY)— M

Eigenvalues Ajj = vi2 - vo2, i= 1,2,3
Frequency shift
Avi = Vi - Vo = Aif2vo

Deformation Potentia's (Anastassakis, 1985)

p = -1.43ve2, q=-1.89v02, r = -0.59v(2



‘ Raman Piezospectroscopy In Electromigration I
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Phase Transformations in Alumina During

High Temperature Oxidation




Reported Phase Transformations
In Alumina Ceramics, Powders and Films
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‘ Luminescence ldentification of Alumina Phases I
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‘ Oxidation Induced Transformation Sequence on MCrAl vs NiPtAl I

T, t

&£

e T

Pt Al

A iy A|203

P

r

Pt Al

s 0+o Al,O4

V4

Pt Al

{ o - A|203

&

Pt Al

Amorphous
Oxide

~800°C

900-1000°C

>1000°C

Xy

M Cr Al

&

M Cr Al

;OC - A!203

4

M Cr Al

4

M Cr Al




‘ Alumina Transformation Kinetics on NiAl I
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‘ Nucleation and Growth of a-alumina on NiAl I

Oxidation Temperature 1100°C



‘ Luminescence Mapping For Transformation Kinetics I
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Evolution of Stress in NiAl Single Crystal

1100°C
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Nucleation and Growth of a-Alumina During Oxidation




‘ Origin of Transformation Stresses I

A/Alpha-island

@- matrix

6 — «a transformation is accompanied by a 9.5 % volume decrease.

The transformation is constrained by the surrounding @oxide, placing the
a - islands under tension. This causes “tearing” of islands.



‘ Heterogeneous Nucleation and Growth of o-alumina on NiAl I

Note the radial cracks
in the islands, giving the
“star” contrast




‘ TGO Morphology at 1000°C I
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‘ Fibrous O-phase Transforms to Ol—alumina I
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‘ Recent Developments I
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‘ Stress Effects on the Luminescence Lifetime I
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‘ Use of Polarization to Distinguish Stress Components I

Frequency shift proportional to mean Spectrograph
stress in polycrystalline alumina:
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‘ Use of Polarization to Distinguish Stress Components I

Imaging under different polarization conditions reveals directions of
principal stresses by affecting R2/R1 peak area ratio.
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‘ End of Part | I




