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Qualitative aspects of texture

« Polycrystal: aggregate of grains, different phases, sizes,
shapes, orientations ...

« Diffraction:
= probes lattice planes: crystallites, not grains
= X-Fays, neutrons or electrons

« SEM:
= grains, not crystallites (coherent, single crystal domains)
= Shape vs crystallographic texture (EBSD)



Grains, crystallites, crystallegraphic planes

{hk/{} plancs

crystallite —
grain

sample

Friedel's law: I, = L., USIng normal diffraction
+ or - directions not distinguished




liexture effects on diffraction diagrams

0-20 scan: probes only parallel planes




L1, 1,18, g5 T105 random bulk

Oriented film




asymmetric scan: probes only inclined planes

T




mixed scan: probes specific planes for
specific orientations

CPS\\ PSD




® Scan: probes orientation of only one
plane type (fixed 0), only for small »-6
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limitations: available 0 (or other) range

diamond (Fd3m), 2.52 A neutrons, up to 26 = 150°




limitations: 2 texture components

same c-axes direction, but not same a




limitations: 2 texture components, one inclined




Representations of texture: pole figures

One crystallite oriented
In the Pole sphere:

- location of all

[hk?] € unit sphere

- dS =siny dy do

- (%,@): angles in the
diffractometer space é

Hard to visualise: needs
pole figures




Stereographic prejections: equal angle

Poles: p(r',o):

' =R tan(y/2)




Lambert projections (egual area)

Poles: p(r',o):

' = 2R sin(y/2)




Lambert/Schmidt
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Pole figures

{hk7}-Pole figure: location of distribution densities, for the {hk¢} diffracting plane,
defined in the crystallite frame Kg, relative to the sample frame K,.

Pole figures space: &, with 'y = (8y,¢,) = [hk/]*

Direct Pole Figure: built on diffracted intensities 1, (y), h = <hk/>*
Normalised Pole Figure: built on distribution densities P (y)

Density unit: the "multiple of a random distribution”, or "m.r.d."




Usual poelefigure flrames K,

RD €

Thin films: substrate directions ... Xes Yo Lo

Lineation
direction

O

Foliation plane



Normalisation

27 72

1 = [ [1,(3,.0,)sin8, d9,dp,

¢,=0 8,=0

Irandom — ItotaI/ T ﬂjZSinug dg d(D
h h y y y

9,=0 9,=0

P, () =2

h

- Only valid for complete pole figures:
neutrons in symmetric geometry
- Needs a refinement strategy to get Iandom for afl h's



lncompleteness and comections of pole figures

Incoming beam  ~-~..| 7

i Scattering plane

Missing Bragg peaks

Defocusing (x-rays)

Blind area




valilie |

7
Sample surface
at y=0

w-defocusing

v-defocusing

Ray paths at 2
different x

Sample at =0

f
Sample surface
at y=0




Defocusing corrections: 1
>
- Calibration on a random powder 2
L
rand =
Icor _ Imeas Vi Net intensities
@0 — Tx@f rand (point detector)
7.,0,0 Oo 900
i |3l,<3,9 |E§2% — IE,'Z,% Peak maximum (point detector)
= | w0~ Vowe RN e R E e Integrated intensity (1D or 2D detector)
IO,a),H I;{,(o,é’ — IO,(o,H

- Total integration of the peak (direct integration or fit)




Absorption/VVolume corrections:

Specific to each instrumental geometry

v

b Sample dependent (films, multilayers ...)
sl » Modifies the defocusing curves
Q g Can be integrated in fitting procedures
t
Top film >
n
I3
0)=1(7) (L—exp(—2u4T Isin6,)) =
o (1—exp(=2uT /sin @, cos y))
0° 90°
— 22 Ny
(1—exp(—24T /siné, ))exp(si‘ng)
Covered layer o= G

B ZZ HiT;
J

sin . cos y

(1—exp(—2uT /sin 6, cos y))exp(




Single or multiple texture cempoenents, multiplicity.

Double




Programi cenvention !

Pole figure test file: test5572
points in (@,,0,):

(0,0)

(0,10)

(90,30)

(180,50

270,70

O Beartex ES 5 90;

0O MEFDP

» Siegfried

o Strotex -
YSt YM

XSt

Pole figure plot programs correspondences




A real example

Cypraea testudinaria

Outer aragonite layer
Pnma space group




flexture types

Random texture

3 degree of freedom
All P,(y) homogeneous
1 m.r.d. density whatever y

Planar texture

2 degree of freedom
1 [hk/] at random In a plane




Fibre texture

1 degree of freedom
1 [hk/] along 1y direction

Cyclic-Fibre texture

cll Z,

Cyclic-Planar texture

(@,0) 7/ (Xa,Y p)




Single crystal-like texture

0 degree of freedom
2 [hk/]'s along 2 y directions

Smgle crystal

Single-crystal and perfect 3D orientation not distinguished



Polefigure anad Orientation spaces

Pole figure expression: EL () P. (y)dy

V A

dy = sin3, d3, do,

2r 72

j fPh(Sy,(py)sin,gy d9,dp, = 4

¢,=0 9,=0

Orientation Distribution Function f(g):

dg = sin(B)dpdady

27 nl2 2«

| | Jf@dg=87

a=0 B=0 y=0



Eremi Poele figures to the ODE

Y,=[010]

Y z,=001]

|
| X,=[100]

Pole figure: one direction fixed in K, Orientation: two directions fixed in K,

Fundamental Equation of QTA [z4)), :2i j f(g)de
7T

hily

Needs several pole figures to construct the f(g)



Pole figures freom g

- Rotation of K, about the axis Z, through the angle o
[K, — K',]; associated rotation g, = {c.,0,0}
- Rotation of K', about the axis Y*, through the angle £:
[K'y, — K",]; associated rotation g, = {0,,0}
- Rotation of K", about the axis Z", through the angle y:
K", = K" /IKg]; associated rotation g, = {0,0,v}

finally: g =9; 9, 95 ={,0,0}{0,3,0} {0,0,y} = {o,B,7}

0,= {4500}  0,={45450}  g;={455545}



Euler angles conventions

Matthies -E_
“_
-“ @2 = v+ 32

Bunge's convention " Roe/Matthies's convention




Eremi f(g) te the pole figures




Deal with compoenents in the ODE space

100

ODF y-sections

Pole figures

(Hexagonal system)
g = {85,80,35}



Plotting 1(g)

AvSIDIpIBlepreaEN ODE plet

ODEF sections (e, [3, or y) ODF 3D-isometric view



:Ninelhanoci®oZ. ILL :Ninelhanoci®oZ. ILL

100 (=1 mrd) | I 100 (=1 mrd)
| |

!
| / .

linear scale \ / linear scale

equal area proj. iy equal area proj.




Inverse pole figures

)= [1@67 R, ()= [ £(0)d7

hily yi/h

Pole figures Inverse Pole figures

POL-111-Raa

24 equivalent cubic sectors for the
Inverse pole figure of a cubic system




ODE refinement

One has to invert: P, (y):i jf(g)dé
27T

hily

| froam Generalized Spherical Harmmonics (Bunge):

Least-squares Refinement procedure

But even orders are the only available parts:




= from the WIM\V iterative: pro

. f"(g)f°
£141(g) = N_ (9)f"(9) - :
f°(g)=No[H 11 Ph‘*x"(y)}

h=1 m=1

Wh

with0\<r2$\r<‘a'laﬁc‘>'nbarameter f™(g)=f" (g)H R (y)
‘ ber ofdwwmmgo(mts of the integral around K, P (Y)
-«

wh reflection weight
\' -
'\-’Er%ﬁy\r@(‘i'misatiﬁn (Schaeben):

-

\, .I:n+1(g): fn




« | arpitranly: defined cells (ADC; Pawlik):
Very similar to E-WIMV, with integrals along path tubes

| Vector method (Ruer, Bare, Vaden):

| linear equations for J unknown quantities:

« . Compoenent methed (Helming):

Gaussian component: BICKRERICIE




Evaluation o t

ne OD coverage

Eua luation of UDF cowcrage
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Individual pole figures:

Py () - P (v)

0(x, P2 (v,))




RBx(h|) :M

RWX (h i) = =
G(X’ Py (yj))

J
wol? ’
,qu ulhi (y])




Texture strength estimators

F°e]loof >1m.r.d?

= 1: powder
= o0: Single crystal

Discrete OD
Continuous ODF




S € [0,-o0] <0
= 0: powder
= -00: single crystal

S=— ¥ f(g)Inlf(9,)1Ag

Fon +
Dirac-like
texture component

Fon +
smooth
texture component(s)

_ L_ower bound:
_ Fon=0




Why needing comihined analysis

- Solve the peak-overlap problems (intra- and inter-phases)

Intensity

4108

2x108

Belemnite rostrum
~ pure calcite

024/108
116 211/122
i 1010

202

&0 T &80

2 theta In degrees

Resolved during
ODF refinement



Polyphased Mylonite (Palm Canyon, CA)

Using OD detector
hardly manageable

Q101 + B003

P201 + B111

7
(e}
o
—
X
N
‘©
[
(3]
+—
==

B110+020

40 50
2Theta (°)

Space group C2/m R3 C-1

Textures & Microstructures 33, 1999, 35-43



' Exp.norn.
- 110 s, 102
» \/} 283 max.
g ! 100 (=1 mrd)
N T

%% Quartz

272 max.

lineation

100 (=1 mrd) . .
foliation

54 min.

log. =cale
equal area proj.




Plasma-treated polypropylene films

-111+130+031
-131+041+"121"

111

Intensity (a.u.)

o
©
o
¥
o
0
-

Large broadening + overlaps + amorphous phase



- Don't want or can't powderise your sample:
. Rare: Ice from deep cores, meteorite rocks ...
. Expensive: high-tech materials
. Impossible: hard materials, polymers, thin structures ...

- Decreases instrument time:
. 5° x 5° grid = 1368 points / pole figure
. ODF: needs as much pole figures as possible

- Access to other parameters:
. crystal sizes, micro-strains, stacking faults + twins (QMA)
. residual strains and stresses (QSA)
. Structure determination
. Phase proportions (QPA)
. Thicknesses, roughnesses (XRR)



- Avoid false minima due to parameter correlation:
. phase and texture
. Structure and texture
. Structure and strains
. Thickness and phase

- Benefit of these correlation to access "true" values
Textured materials: between powder and single-crystal,
angular discrimination

- Easier to practice !



