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1. Hexagonal Notations

In Hexagonal System are used two notations:

1.1. Miller Notation (3 Axis Notation)

<001>
X3

1

g=—lam=m=a

<010> X2 €¢—¢- <010> X2

4

X1
<100> <100>

Plane in Miller Notation: {hkl}
Direction in Miller Notation <uvw>
If the direction <uvw> lies in the plane {hkl}, then:
hu + kv + lw =0 (Weiss Zone Law — true in all crystal systems)
In hexagonal system <uvw> direction in Miller Notation is not perpendicular to
{uvw}plane as in cubic system.

For example: the {100} plane is perpendicular to direction <210> (not <100> as in
cubic system).

1.2. Miller-Bravais Notation (4 Axis Notation)

<0001>

X4
E X3 <1120>
:
<izio> X2 €—K-=<
X1 <2tio>

Plane in Miller-Bravais Notation: {HKTL}

Direction in Miller-Bravais Notation <UVTW>

T=-(H+K) (redundant information)

<UVTW?> direction in Miller-Bravais Notation is perpendicular to {UVTW?} plane
(similar as in Miller Notation in cubic system).



2. Relations between Hexagonal Notations

Between Miller-Bravais indices and Miller indices are simple relations:

-Bravais indices

2.1. Calculation of Miller indices from Miller

Direction <UVTW> to <uvw>:

U-T

u

v=V-T

W

W=

for example: <2-1-10> is equal <100>;

Plane {UVTW} to {uvw}:

u=

v=V

W

W=

for example: {2-1-10}is equal {2-10};
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<2-1-10>.
<10-10>

(2u-v)/3
(2v-u)/3
-(u+v)/3

w
u
v
-(u+v)
w=W

Plane {uvw} to {UVTW} :
U=
V=

T
{2-10} is equal {2-1-10};

{10-10} ise equal {100}.

for example:
<100> is equal
for example:

<210> is equal

U
\Y
\W

2.2. Calculation of Miller-Bravais indices from Miller indices
Direction <uvw> to <UVTW>
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Conversion of orientation in Miller-Bravais indices {HKTL}<UVTW> to Miller indices

{hkl}<uvw>:
Orientation {01-11}<2-1-10>

Example:



3. Hexagonal Axes Conventions for Euler Angles

User can use two hexagonal axes conventions for Euler Angles in LaboTex. The first
convention is compatible with general LaboTex axes convention. The second convention is
often used and it is not-compatible with general Labotex convention.

3.1. General Labotex Convention

4[001]

[010]

v <

[100]

X

Crystal and sample coordinate systems. General LaboTex Axes and Angles Convention
(example for righ- handed coordinate systems)

LaboTex uses following general convention of the axes for fixing the crystal and sample
coordinate system (see for figure above) :

X,Y,Z axis are perpendicular to each other,

[100] axis is in XZ plane,

Z axis is paralel to the [001] crystallographic axis,

Crystal coordinate system and sample coordinate system should be at the same
order i.e. both right-handed or both left-handed,

5. Bunge definition of Euler angles.

Eall el

where X,Y,Z - axes of the sample coordinate system,
[100], [010],[001] - crystallographic axes.
LaboTex user can adjust convention in dialog “LaboTex Options”.



Normal Direction
001
Z

Sample and crystal systems position for Euler angle (0,0,0) in convention compatible with

general LaboTex axes and angle convention are shown on the figures below:

. Sample coordinate system

3.2. First Hexagonal Convention
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3.3. Second Hexagonal Convention

Sample and crystal systems position for Euler angle (0,0,0) in second hexagonal convention
(convention non-compatible with general LaboTex axes and angle convention) are shown on

the figures below:

Normal Direction
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Sample coordinate system

Rolling Direction
(Longitudinal Direction)
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X

Crystal coordinate system

<100>

Transversal Direction
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Y
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Euler Angles (0,0,0)
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3.4. The Choice of Hexagonal Conventions in LaboTex

User can choose hexagonal convention in LaboTex using dialog ‘Hexagonal AXxes

Convention”. There is a special icon for this dialog on the main toolbar : @l :
To display the ODF in convention compatible with general LaboTex convention, select the
left radio button.

Current Heragonal Axis Convvention
« & |- O

k. | Cancel |

Below is shown the example of section of ODF with the marked positions of some
orientations in this convention for hexagonal-close-packed (HCP) with an ideal c/a = 1.63:

ODF - Section ¢,=0
P,

0 10 20 30 40 50 60 70 80 ely)
(I) =0 | | | | | | | | | |
2 | | | | | | | | | |
. (oo1)  (001) (001) (031) (021) (021) ((?1) 0 (00D[2-10]
[}00] [3-10] [2-10] [1-10]  [1-20] [-1-10] [-320]
|7 016)[3-61 (016)[-1-61]
Jeo16)100] oropel o & (016)[-3-61]
RN (016)[1-61]
-8 013)[6-31 013)[1-31
.013)[100] ( g ] ( )[' ] )
O 3 (012)[100] (012)[3-21] (012)[1-21] (012)[-1-63]
¢ @ @ @ @ (012)[-1-21]
49 .(011)[1001 (01.1{3-1_1] R (011)[‘1—11] (011{0-11] b o122
(O11)[2-11]
T° |oonpoo 021)[6-12 (021)[3-12] 021)[1-12]  (021)[0-12]
0( 100 ( )[o ] @ @ ( )£ ] @ @ (021)[-124]
| (021)[2-12]
010)[301] (010)[201, 010)[101
e .(010)[1001 ( )[. 1( )g ] ( ).[ ] & 010)001]




To display the ODF in convention non-compatible with general LaboTex convention, select
the right radio button.

Hexagonal

Current Hexagonal iz Convention

sle

a0

Ok,

Cancel |

Below is shown the example of section of ODF (the same section as in previous example)
with the marked positions of some orientations in non-LaboTex convention for hexagonal-
close-packed (HCP) with an ideal c/a = 1.63:

ODF - Section ¢,=0

¢,

0 10 20 30 40 50 60 70 80 ely)
0=0 F——————————+—
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TS |@znpio (121)521] (-121)[101] (-121)[0-12]
® ® @ )
- (121)[311]
- -120)[211 (-120)[212] (-120)[217]
o .(120)[2101 ( z[ ] . ° & (120)001]
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3.5. Example of ODFs for both conventions

Example of ODF of sample with strong {112}<1-10> texture component in the first
hexagonal convention (component {112}<1-10> in Euler angles (0,58,30)):
)] ODF projection ¢2;

Max=34.311
Min=0.000
2007/01/24

0 90 9
4,=0-60
A"=5.00

90

11



Example of ODF of sample with strong {112}<1-10> texture component in the second
hexagonal convention (component {112}<1-10> in Euler angles (0,58,0)):
1) ODF projection do;

Max=34.311
Min=0.000
2007/01/24

o o0
6,20-60
=500

90

i) ODF in the 3D view )]

92
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3.6. Single orientation data and hexagonal conventions

When you input single orientations data (file with set of orientations in Euler angles) you
should choose convention for Euler angles in hexagonal crystal system (available from
version 3.0.16). This choice is made in dialog ,,ODF Calculations from a Set of Single
Orientations”:

ODF Calculations from a Set of Single Orientatio ll

— Project —Sample

[ Amed || M

— Crystal Syrmmetry —Cell P. ters (Felative)

IDB-HexagonaI j o |_1.D b |_1.El . |_1.B

—&ngle Convention for Data

[Bunge || g [ y [0
— Ginid Cellz for Dutput ODF Angle Uit wieight

|5.D"5.D j—‘ ’7 IDegrees j ’7 IYes j
— Description

Set of single orientations generated on the baze of ODF
G4 3000husers SMITH. LABNDE-Hexagonal LABNY. LABNTT.LAE Job01 Yy
1.0DF

— Single Orientations Flles Calculations Progress

Y1.50R |Merge [files) |

Mo of single orien.

—'SOR' Dutput File O ption:

-5 -6

- 4
| RN I END |

Fexagonal Amiz Convention of Data [important only in Hexagonal C.5.]

If you chose bad convention during input of data then LaboTex will show maximum in bad
places on the ODF. Example below shows sections of ODFs with great participation of
component {-124}<210> for both hexagonal conventions (section of ODF in the first
convention is shown on the figure from the left and section of ODF in the second convention
is shown on the figure from the right). The marks (in LaboTex mode: ‘Analysis’) indicate
proper positions of orientation belong to{-124}<210> component (to change of hexagonal

convention use a special icon from the main toolbar : @I ).

Y1 Y1
Level
Levels o
634.2
Ex
: 549,
H 5496 s
507. 3
2 .
4651 4631
H 422 4228
! 3805 iﬁﬁ‘;.
3 296.0 :‘» 24
2637 253.7
24 2114
= 1691 }62;
1268 2
+ H s16 t | 84.6
H 1o 1.0
Max=676.478 Max=676.478
Min=0.000 :llnjﬂ 000
2007/01/30 2007/01/30
] o
Vs
|
@ Yo
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Example below shows sections of ODFs with great participation of component {-124}<210>
which were input to LaboTex in bad convention. For both hexagonal conventions the marks
indicate position of orientation belong to{-124}<210> component when maximum of ODF
are moved to incorrect position (section of ODF in the first convention is shown on the figure
from left and section of ODF in the second convention is shown on the figure from right).

2007/01/30

4. Relation between cell parameters and components

In the hexagonal crystal system the positions of poles of orientation in the pole figures,
inverse pole figures and in ODF are depend on cell parameters (c/a).

For example below are shown pole figures, inverse pole figures and ODF sections for strong
component {-124}<210> and for c/a equal: 0.5 (left), 1.6 (central) and 10 (right):

Pole Figures

Min=0.000
Max=17.260
2007/01/30

14



Inverse Pole Figures

X1 X2 X3

[110] [110] [110] LWE;B

269

001 001 001 e

NV v IV 520

e

165

142

113

9.5

F1

4%

10

Mat09 520
m m 20070210
[o01] [100] [001] [100] [001] [100]
ODF sections

In hexagonal crystal system Euler angles for orientation {-124}<210> depend on cell
parametres, hence when LaboTex shows poles for orientation given by Euler angles according
to first pole figure i.e.{0,14,330} the others shows marks not in maxims (Euler angles for
orientation {-124}<210> for second and third case of c/a are equal respectively {0,39,330}
and {0,79,330}).

Levels

16.3
152
14.1

Min=0.000
Max=17.260
2007/01/30
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Euler angles are independent from cell parameters in case of some components, but positions
of poles are moved on the pole figures with change of c/a.
Below is an example for component {100}<001> (c/a is equal: 0.5, 1.6 and 10 respectively):

111

Idin=0.000
Ma=36T15
2007/01/31

©MNod-¢

When you make in LaboTex simultaneously analysis of pole figures with different c/a then
LaboTex marks poles of component {100}<001>.in maximum intensity for all pole figures
with different c/a (Euler angles are independent from cell parameters):

RD
111 111 111

Idin=0.000
Ma=36T15
2007/01/31

MNod-a Mod-b ©MNod-¢

5. Inverse pole figures in hexagonal system

The LaboTex displays complete and partial inverse pole figures. The partial pole figures
are the unit triangles displayed in the range determined by directions <0001> , <2-1-10> and
<11-20> (Miller-Bravais notation) or <001>, <100> and <110> (Miller notation).

16



Unit triangle (main area) is chosen from six symmetrically equivalent areas of full inverse
pole figure as it is shown on the figures below for clockwise and counter clockwise axes
systems:

[0-110]
120] [-1-20] [-12-10] [02-10]

1-
[-1-10] (0-10 [1-210] [010] [120] [11-20]
(-1-10) [0-10] H120 (010)
X3 (1-20) (1200 X2 Eﬁg%

[-1010]
[-2-10]
(-100)

[10-10]
[210]
(100)

[1-100] [-1100]
[1-10] [-110]
(1-10) (-110)

[2[-11(]-(1)]()]
X1 (2-10)

[-2110]
[-100]
(-210)

[2-1-10 21101
[-100]
X1 ([21%]) (-210)

[1-100]
[1-10]
(1-10)

[-1010]
[-2-10]
(-100)

[-1100]
[-110]
(-110)

[1-210]

* [110] %3 [2-;8]

[-12-10] [01-10] (110) [[111120%] [0-110] 20
[010] [120] (1-10) [0-10]
(-120) (010) (0-10)

Below you can see examples of complete (full) and partial inverse pole figures for hexagonal
crystal system (example calculated for strong component {-124}<210>, c/a=1.6):

D6 Hex-a
T T 001
\‘ oo1 / N
/f—‘-\\ \ Lo INV ) \ . Lwd; .
| —~ . / oo £ \ \ ) 10
\ ] b / Min-0.000 | ) \ i 0000
\"-\ @] @ ,-’f’ M.ﬁnm‘__t?:\;sﬂ l/ \'\. 2007/02/08
™, y / “
~ s / P |
D6 Hex-a [001] [100]

In some works the unit triangle is presented in smaller region than presented above i.e. only
30 degrees instead 60 degrees

LaboTex can calculate inverse pole figures for many directions defined on the basis of sample
coordinate. Directions <XYZ> are determined on the similar rule as crystallographic
<UVW>, whereat units for axes X,Y and Z are the same. The most important are inverse pole
figure calculated for directions parallel to directions of sample coordinate system (XY Z):

- <100> i.e. direction along Reference/Rolling Direction (RD, X axis)

- <010> i.e. direction along Transverse (TD, Y axis)

- <001> i.e. direction along Normal direction (ND, Z axsis)
LaboTex calculates these inverse pole figures during ODF calculation. User can calculate
inverse pole figures for other directions using special dialog which is accessible from menu
item or from main toolbar.

17



LaboTex shows (XYZ) direction in the left side of inverse pole figure (it is marked red line):

D6 Hex-a
/1 110]
INV ,,"' \\ Lﬁ"’*“; 5

\

\

7 Y ‘
/ i

(001] n [100]

Intensity of inverse pole figure depend on numbers of crystal planes {hkl} perpendicular to
chosen sample direction (<XYZ>). On the inverse pole figure the plane is represented by

direction perpendicular for this plane.
For example: from definition of {hkl}<uvw>, {hkl} is a crystallographic plane parallel with
the plane of the rolling (or other reference plane XY), <uvw> is a crystallographic direction in
this plane and parallel with the rolling direction. Hence in hexagonal system, if preferred
orientation is {hkl}<uvw> then plane {hkl}should be dominating on the inverse pole figure
which shows distribution of directions parallel to normal direction (001, ND). As it is shown
on the figure below, in the case of orientation {001}<100> the maximum of the plane {001}
should observe (basal plane is marked by yellow color) .

Sample coordinate system <001>
. <0001>
Crystal coordinate system
4z
AX4
2 5
T <100>
F>\ H <2110>
1
S A1
X3 <[ -=%k
<1120> Y
<110> X2 4 <on0> .
<1210 <0110>

<120>

Orientation {001}<100>
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Below, you can see this maximum on the inverse pole figure which were calculated for model
which have 100% volume fraction of {001}<100> component and FWHM equal 10 degrees:

INV / \ B
/ ™ 1435
/ \\ 1244
/ \ 1053
86.1
/ \ 670
// \ 47.8
28.7
/ \ 10

\ Min=0.000
/ Max=152.993

2007/02/08
/ \

[001] [100]

Pole figures (001), (100) and (110) for orientation {001}<100> show position of basal planes
{0001}, first order prism planes {10-10} and second order prism planes {2-1-10}:

_RD _RD
- %}F N T 100
- Q / @ APF
. = NN
/ N ' i
© |
/ W
/ K
RD
- T 110
S APF
4 A
| w | &
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In case of inverse pole figures for RD and TD directions (XYZ=<100> and XYZ=<010>) we
can observe the different positions of maximum for orientation {001}<100>. The plane
perpendicular to X axis is {2-1-10}:

Samrp le codmd mate system iz]-iu}
Z iy
A plane
perpendicular

<00 1> ff,r’" to X axis

- 1
"

—— Uryslal codndmate system

hence the maximum intensity is observed for direction equal [100] as also on symmetrically
equivalent direction [110]:

[110]

100
INV S

Min=0.000
Mar152993
0070208

[001] [100]
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Below you can see that when you choose Y (i.e. (010) or TD) direction for inverse pole
figure then the planes type {010}(the plane (010) is marked on the red in the figure) is
perpendicular to this direction for orientation {001}<100>.

<001>
Sample coordinate system <0001> {01-10}
) Z {010}
Crystal coordinate system
A plane

perpendicular
to Y axis

<100>
<2110>

<1210>

<120>

The perpendicular direction <120> will represent this plane on the inverse pole figure.
Because direction <120> doesn’t belong to the unit triangle (main, fundamental area) the
equivalent direction <210> from unit triangle is choosen:

[-12-10] [01-10]

[010] [120] 11-20
(1200 X2 (010) [[1lo]]
A (110)

[-1100]
[-110]
(-110)

[2[-1-1]0]
100
X1 (2-10)

[-2110]

[-1010]
[-2-10]
(-100)

1-210
X3 v [[ % 0]]
-1-120 1-20
[[-1-10]] [0-110] (-20
(-1-10) [0-10]
(0-10)
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Below you can see the inverse pole figure for TD direction with maximum for direction
<210> (<10-10>) determined by the planes: {100} or {10-10}.

Levels
I q \/ 1370
1208
1047
36
3
563
02
211
181
151
120
90
an
Min=0000
Ma=152993
zzzzzzzz

In case of orientation {0-10}<100> which is shown on the figure below

Sample coordinate system ~ <0-110>
<-1-20>

Crystal coordinate system A Z

<21i0>
<100>

<'i1-20>

<1210>
<010>
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the basal planes are perpendicular to TD () direction hence in this case the inverse pole
figure calculated for this direction shows maximum for <001> direction:

01101

010
INV /

& |

[001] [100]

Inverse pole figure calculated for direction TD
(Model of component {0-10}<100>, FWHM 10 degrees)

Below you can see the pole figures {100} and {001} calculated for model model of
component {0-10}<100>

Levels

1424
1359
1323
1036
950
813
a7.7
473
40.5
3EE
iTan
ns
135
1.0

Min=0.000
Ma=163.140
2007021038

Please remember that orientation noted by Miller indices when is expressed by Euler
angles has different notation for each hexagonal axes convention.

For example orientation {0-10}<100> is equivalent orientation {0,90,0} in the first
convention and {0,90,30} in the second hexagonal axes convention. Pole figures and inverse
pole figures are the same for orientation {0-10}<100> in both convention. Orientation
{0,90,0) in the first convention is different from orientation {0,90,0) in the second convention
hence orientation expressed by Miller indices, pole figures and inverse pole figures are
different in the both conventions.
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6. Anisotropy Factors & Kearns Factors

Anisotropy is very important parameter which described properties of hexagonal materials.
LaboTex calculates two kinds of texture factors which are used to characterize the hexagonal
materials. The anisotropy factors and Kearns factors have found use for correlations and
materials characterization of hexagonal materials (thermal expansion, irradiation growth,
elastic properties in zirconium and titanium alloys, etc.). LaboTex calculates anisotropy
texture factors also for Orthorhombic and Tetragonal Crystal Systems.

Analysis of texture based on partial (incomplete) pole figures or on the Theta-2Theta scans
may lead to errors in estimation of anisotropy factors hence LaboTex calculates anisotropy
texture factors from ODF (orientation Distribution Function). The ODF contains complete
information about texture of sample. Very important is that LaboTex can calculate ODF using
incomplete data (partial pole figures) from only one technique:

X-Ray reflection (partial pole figures)

X-Ray transmission (partial pole figures)

Neutron diffraction (partial pole figures)

EBSD

The first kind of anisotropy factors inform us about fractions of basal pole [0002] in each
from three principal directions :

e X (Rolling Direction or Axial Direction),

e Y (Transverse Direction or Circumferential Direction)

e Z (Normal Direction or Radial Direction).

Perfect alignment of the basal poles in one direction gives an ‘f” value of ‘1’ in that direction
and ‘0’ in second and third directions. The sum of anisotropy factors in the three direction is
equal 1.0:

£+ £+ 1 =10
For sample with none crystallographic texture (texture “free” sample) all factors are equal 1/3.

There are also the anisotropy factors, ‘f” factors, defined by Kearns (Kearns factors (JJ
Kearns, “Thermal expansion and preferred orientation in Zircaloy”, Bettis Atomic Power
Laboratory, Report WAPD-TM-473,1965 and JJ Kearns, CR Woods, J. Bucl. Mater. 20
(1966) 241). If we make assumption that for single hexagonal crystal contribution to the bulk
property (P) depends on the angle between reference direction and the [0001] crystal direction
(Kearns on the basis of ,,Anisotropy of Metals”, W.Boas and J.K.Mackenzie, 1950) as
following:

Per. = Pooog cos’ o+ P 0001 (1-cos® )

and P

where Pret. is the property in the reference direction, 1000

P[OOOJJ are the single crystal

values parallel and perpendicular to [0001], and ¢ is the angle between the reference direction
and [0001], then for polycrystalline hexagonal materials :
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f =|1(p)sin(p)cos’p-dep

o t—| N

Pet. = P[0001] f+ PJ_[OOOJ] a-1)
where fis orientation parameter — Kearns factor.

The Kearns factors can be defined for principal directions:

f, = f°° = FL = f_ (Axial or Rolling or Longitudinal Direction)
f. = f,° = FT = f _ (Circumferential or Transverse Direction)
f, = f;'°> = FN = f_(Radial or Normal Direction )

The sum of Kearns factors in the three direction is also equal 1.0:

f,+f, +f,=10

as also the “f” factors for texture “free” sample are equal 1/3, similar as earlier defined
anisotropy factors. The Kearns factors can be determined from Theta-2Theta scan (Kearns
method) which should be made for each principal plate direction or for longitudinal and
transverse directions in case of rod and similar materials. We can calculate these factors with
greater accuracy using ODF which can be determined on the basis of the pole figures
measured with only one principal direction. The Kearns method use several interpolations
hence it is difficult to indicate whether the results of calculation are good or poor (see for
example to the paper ,,Generalized Kearns texture factors and orientation texture
measurement” by Gruber et. all in the Journal of Nuclear Materials, Volume: 408, (2011),
pp. 176-182). Please see on the figure below (comparison of ODF and Kearns methods),
where dependence () (red line) is interpolated from experimental points determined on the
basis of peaks from 18 (hkil) planes (black points and black lines).

experimental points from 2Theta
__ scan (intensities of (hkil) planes)
[ | ("black points" are used to
calculation of "red line" )

Kearns Method :

i Interpolation on the

3 — basis of "black points"
w. ! from 2Theta scan)
fn=0.346 | ) fn=0.276

Intensities (relative to "random" texture sample)




The radial Kearn’s texture parameter (fr) is usually greater than 0.5 for Zircaloy nuclear fuel
clad tubing. (See also: Van Swam, L. F. P. et al; "Relationship Between Contractible Strain
Ratio R and Texture in Zirconium Alloy Tubing"; Metallurgical Transactions A, Volume 10A,
pages 483-487. (1979)).

Calculation of Anisotropy Factors

You can start dialog ‘Calculation of Anisotropy Factors’ from menu ‘Calculation’.

Calculation of Anisotropy Factor x|

Calculation for Hexagonal. Tetragonal and

Orthorhombic Crpstal Spstems

Fraction of Basal Planes {001} in Sample Directions

LD TD D
0.000 | 0,000 | 0,000
f1 f2 f3

Angles bebween Baszal Planes {001}
and Sample Direchion:

LD TD M
(0.000 0.000 I 0.000
a b c

K.eams Factors
[Fraction in Phyzsical Property]

LD TD HND
I 0.000 I 0.000 I 0.000
fL fT f

Texture Index [F2] I 0.000
[marmnalized) :

[0 - Random. 1" - Monocnystal]

| Calculate I

End

When you click on the button ‘Calculate’ LaboTex shows results of calculation for the
current Sample and Job. The calculation are made on the basis of ODF.
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Calculation of Anisotropy Fackor X|

Calculation for Hexagonal. T etragonal and

Orthorhombic Crystal Systems

Fraction of B azal Planes {001} in 5 ample Directions

LD TD MDD
0.2857 I 0.2857 I 0.4286
f1 f2 f3

Angles between Basal Planes {001}
and 5 ample Directions

LD T [
GO0 G0.0 I 45.0
a b B

K.eamsz Factorz
[Fraction in Phyzical Property]

LD TD MDD
I 02500 I 0.2500 I 05000

fL fT fH

Texrture [ndex [F2] 099995
[narmalized] ’
[0 - Randarn. "1' - Maonacnstal] =
| Calculate I
End

LaboTex displays:

e Anisotropy factors — f1, f2, f3 — fractions of Basal Planes (001) in Sample Directions (on
the basis of angles between normal to Basal Plane (resultant) and Sample Directions;

e Angles between normal to Basal Plane (resultant) and Sample Directions;

e Kearns Factors (fL,fT, fN) — fraction in physical property

e normalized texture index (“0” — random, “1” monocrystal)

Example 1:
We can build the model texture which contains 100% of texture component

(Phi1=0,Phi=22.5,Phi2=0) (i.e. the angle between [0002] direction and ND direction is equal
22.5 degrees),
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]
Crystal Symmetry Sample Symmetry Gind Cells for Dutput ODF Step W
{ D: (Hesagonal { [Trckinic -] { [T - DisgramRange +/-  [#5.0
Centre of Orientation Centre of Orientatior Centre of Orientation
100.0% 100.0% 100.0% e
I I I
“ “ “
050 FwHM$, - [D50 450 050  [FwEM® - [050 450 051 FWHM® - [g50 450
Ma Texture Companent On  Distribution FUHMM-FUHMFRZ \Er?algltji::en
1 [0 000 2250, aoo =] ¥ [Gauss ][ 050 [080 [050 | o0 = %[ cemeeMame
zffz1oxoors | FGauss =f[1oo Jioo Jioo [0 = 8 =
| BT TEEE Tl Gauss =f[ioo fioo oo 10 2 % pect Name
z|{1 10k0 01> | T [Gauwss ~[[ioo fioo foo [0 H % [eams_1 =]
5|t 3923 6591, 265tcopper | I [Gauss >|f100 oo oo [ 10 =
e [T oo 4 Orgos | M [Gaws =fing im0 [ioo [ 10 = %P (it
Z { 5474, 900, 45} brass O [Faws ffino oo oo AU H%a [0 b [10 e [159)
_8|J¢ o.oo so.0. 4500} | P Gauss =f[ioo Jioo Jioo o ==
Kl EEEE =] r [Fass =J[ino [ino [imo [0 x|« [ 8 [ v [
10|t 27.02, 5769, 18.43) | FGauss =f[1o0 Jioo Jioo [0 H=
FM&:.;_ Background I 1] b4
Linearity

Creation of Model 0DF

| Bt |

Because model of ODF was created for triclinic sample symmetry hence complete pole figure

(0002) shows only one maximum:
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Levels

\ 232786

\ 20098 4

\ 169183

4 137382

\ 10558.0

| 73779
4197.8
890.4
7632
636,00
5088
| 3816
{ 2544

10
/ Min=0,000
/ Max
201210721




The results of Kearns factors calculation are the following:

Calculation of Anisotropy Facko x|

Calzulation for Hexagonal. Tetragonal and

Orthorhombic Crystal Spstems

Fraction of Basal Planes {001} in Sample Directions

LD D ND
0.0000 I 02501 I 07499
f1 f2 f2

Angles bebween Bazal Planes {001}
and Sample Directionz

LD D MDD
a0.0 E/5 I 225
a b c

Keams Factors
[Fraction in Physical Property]

LD D MO
I 0.0000 I 0.1466 I 0.8534
fiL fT f

Texture Index [F2) I 1.00000
[narmalized) :

["0" - Fandom. 1" - Monhociestal]

| Calculate I

End

The texture index equal 1.0 indicates that our texture correspond to pure monocrystal. The
angles between direction [0002] of this monocrystal (“resultant” monocrystal) and direction
ND is equal 22.5 degrees when for TD direction is equal 67.5 degrees. Hence anisotropy
factors f1,f>,f3 are close to 0.0, 0.25 and 0.75:

o for ND direction: ((90.0-22.5)/[(90-22.5)+(90-67.5)+(90.0-90.0)]=0.75

o for TD direction: (90.0-67.5)/ [(90-22.5)+(90-67.5)+(90.0-90.0)]=0.25

e for LD direction: (90.0-90.0)/ [(90-22.5)+(90-67.5)+(90.0-90.0)]=0.0

In case of Kearns factors, the fractions in physical property are the following:

e for ND direction: the angle ND/[0002] is equal 75 degrees hence fn= cos?(22.5°)=0.853
e for TD direction: the angle TD/[0002] is equal 67.5 degrees hence fr= cos?(67.5°)=0.147
e for LD direction: the angle LD/[0002] is equal 90.0 degrees hence fL= c0s?(90.0°)=0.0
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Example 2:
We can build the model of ODF which contains:

20% planes with [0002] in ND direction,
30% planes with [0002] in TD direction and
50% planes with [0002] in RD/LD direction

using dialog “Model ODF”’:

Xl
Crystal Symmetry——————— — Sample Symmeatry Grid Cells for Output ODF Step 0.50
’7 D [Hexagonal] ’7 IDrtholhombic 'l ’7 Im vl DX B - Iw
Certre of Origntation Centre of Orientation Certre of Origntation
100.0% 100.0% 100.0% e
I I I
Py a P
050 FwHM® - [050 450 050 FwHM® - [050 450 050  FWHM® - [p50 450
Mo Texture Component On  Distribution FvHMﬁ-FwHMﬁ \F‘rr?alg?:n
[ 1 [C ooo oo ooot =] P [Gaus =[50 050 [058 [ 20 = % emeleName
2 |[{ 000 s000 0.0 | ¥ JGauss x|[050 [os  [os [E0 ==z [Keatns =l
T3 |[ 8000, s0o0. oo} x| ¥ |Gauss | 060 J050 080 [ B0 = % prgect Mame
Z|{ 5287, 7AS5, 3369 | T |Gawss —|ioo fioo Jioo [0 H = [model =]
s[[{11oko ot | T |Gawss =00 fioo Jioo [0 H %
g [ 3923 591, ZGtcopper v I [Gawss ~[[100 [0 [0 | 10 = g [ Cel Parameters [Relalive)
Z|{1 24} 210> =l M [Geuss >ffios fioo oo Ao H=%|a [0 b [0 ¢ s
B ] 1 2 35 fiber x| T |Gauss =|ffiber  fino  Jioo 10 = %
B[ 0o 45 0 gess =l r [Gass ~jfinn oo oo o = |« [ 8 [ v [
10}t 15.23, 47.12, 68.20} =] M |Gawss ~|ioo fioo Jioo 10 H =
v Max Background I ] %
Lingarity

Creation of Model ODF

| Eit |

The pole figure for (0002) /basal plane/ calculated on the basis of the model ODF is

following:

RD
= 002
Levels
24171
19337
17726
16114
14503
. ITD =
a6
4334
3223
1.0
Min=0.000
Max=25T8.191
201271012
(]
Kearl 1S
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The results of Kearns factors calculation are compatible with assumptions of model:

Calculation of Anisotropy Fackors X|

Calculation for Hexagonal. T etragonal and

Orthorhombic Crystal Systems

Fraction of B azal Planes {001} in 5 ample Directions

LD TD MDD
0.4235 I 03170 I 0.2535
f1 f2 f3

Angles between Basal Planes {001}
and 5 ample Directions

LD T [
45.0 AE.5 I G3.4
a b B

K.eamsz Factorz
[Fraction in Phyzical Property]

LD TD M
I 0.500 I 03001 I 0.1999
fL fT fid

Texture Index [F2] I 0.99999
[narmalized] :

[0 - Randarn. "1' - Maonacnstal]

| Calculate I

End

Warning:
The Kearns factors (fo,fr, fn) are preferred for calculation of physical properties of
sample in their principal directions on the base of data for monocrystal.

Example 3:

We have a hexagonal material which has

P[OO(M] =3a.u.

PL[OOO]] =1a.u.

where a.u. - arbitrary units and P - arbitrary property.
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We calculated ODF on the basis of pole figures for ND direction of sample and we have
calculated anisotropy factors. We received for example following data:

Calculation of Anisotropy Facko X|

Calculation for Hexagonal. T etragonal and

Orthorhombic Crystal Systems

Fraction of B azal Planes {001} in 5 ample Directions

LD TD MDD
0.2857 I 0.2857 I 0.4286
f1 f2 f3

Angles between Basal Planes {001}
and 5 ample Directions

LD T [
GO0 G0.0 I 45.0
a b B

K.eamsz Factorz
[Fraction in Phyzical Property]

LD TD MDD
I 02500 I 0.2500 I 05000

fL fT fH

Texrture [ndex [F2] 099995
[narmalized] ’
[0 - Randarn. "1' - Maonacnstal] =
| Calculate I
End

Per. = Fooog T + Piiooog @ — )

Puwo = Prooog 0-5+ Pijggog (1 —0.5)

Pw =3.0-05+1.0-(1-0.5) = 2.0a.u.
Pro/to = Fooog 0-25 + Pyjgeeg (1—0.25)
P, =3.0-0.25+1.0-(1—0.25) =1.5au.

The property P in direction ND is equal 2.0a.u. when in direction TD and LD is equal 1.5a.u.

User can find the maximal value of the property for calculation of Kearns factors for
transformed ODF for other positions of sample frames (by changes of Phil and Phi angles).
The calculation on the base of the resultant monocrystal (as in example 1) give good results
only in some cases.
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Example 4:
Pole figure (0002) (intensity of basal plane) for initial position of sample frame.

RD

002
APF

Min=0.239
Max=4.694
2012/10/21

Titanium_ x
The calculation of anisotropy factors for initial sample frame are the following:

Calculation of Anisotropy Factors x|

Calculation for Hexagonal. T etragonal and

Orthorhombic Crystal Spstems

Fraction of Bazal Planes {001} in Sample Directions

LD D HD
0.2579 I 0.3152 I 0.4263
fl f2 f3

Angles between Basal Planes {001}
ahd Sample Directions

LD TD HD
E3.0 569 I 452
a b c

Kearnz Factors
[Fraction in Physical Property]

LD TD MND
I 0. 2067 I 0.2975 I 04353
fL fT fN

Testure Index [F2) I 0.41903
[normalized) :

["0" - Random, 1" - Monocrystal]

Calculate: |

End
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The calculation of ODF for new sample frame position, rotation about (Phi1=0;
Phi=90;Phi2=0 i.e. rotation about 90 degrees around RD axis:

ODF Transformation {Rotation) x|

- Project  Sample
[ BOM_TIT [ Titanium_=
— Cryztal Symmety—————— — Sample Syrmetmy
DE: [Hexagonal | Orthorkbormbic:
% Sample Frame Fotation " Ciystalites/Planes Rotations

Build Hotations Model

Euler Angles

L o e Choose Rotation b odel
[-360 - 360) [-180- 180) (-350 - 350)

= = | —

Options
€ Draft & Medium Quality " High Quality
" Feversed Spin ¥ Triclinic s.s. [Output ODF)

START | Cancel |

"Transformatinn Progress

| 000

The pole figure (002) after sample frame change (ND<->TD):

RD
/_\ 002
- - APF

4

Min=0.221
Max=4.575
2012710121

Titanium x
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The Kearns factor for LD (fv) is the same in both case (the rotation was around this axis). The

factor for TD (fr) is now equal factor for factor fy in the initial frame and factor for ND (fn) is
now equal fr in the initial frame.

Calculation of Anisotropy Fackor x|

Calzulation for Hexagonal. Tetragonal and

Orthorhombic Crystal Spstems

Fraction of Basal Planes {001} in Sample Directions

LD D ND
0.2579 I 0.4264 I 0.3157
f1 f2 f2

Angles bebween Bazal Planes {001}
and Sample Directionz

LD D MDD
63.0 453 I 6.9
a b c

Keams Factors
[Fraction in Physical Property]

LD D MO
I 0.2067 I 0.4350 I 0.2933
fiL fT f

Texture Index [F2) I 021600
[narmalized) :

["0" - Fandom. 1" - Monhociestal]

| Calculate I

End

Warning:

We can calculate Kearns factors for any position of sample frame by change of the initial
sample frame in dialog “ODF Tranformation”. If you have the experimental results (pole
figures) for only one sample frame position you can calculate anisotropy factors for any other

positions of sample frame. The above is true if texture in your sample is homogeneous (none
or small changes with depth).
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