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PRESENTATION OUTLINE

PART I

e Some advantages and peculiarities
of synchrotron radiation X-ray powder
diffraction (SR-XRPD)

e Main applications of XRPD and SR-XRPD

PART |11

e Diffraction from nanocrystalline and
highly deformed materials
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DIFFRACTION: SINGLE CRYSTAL AND POWDER
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DEBYE-SCHERRER GEOMETRY

POWDER
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SRXRD POWDER GEOMETRY: A TYPICAL EXAMPLE &

ID31 Goniometer and  Parallel beam geometry at 1D31 (ESRF)

nine-crystal analyzer capillary holder / high temperature blower

.
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SRXRD POWDER GEOMETRY: A TYPICAL EXAMPLE
Parallel beam geometry of MCX (Elettra)
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SRXRD POWDER GEOMETRY: A TYPICAL EXAMPLE
Parallel beam geometry of MCX (Elettra)

BEAMTIME APPLICATIONS: |
DEADLINE 1S SEPTEMBER 15th
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LAB vs SR XRD

(why) do we need synchrotron radiation?

.. Never use a cannon

e T to kill a fly !

quoted by G. Artioli
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SOME ADVANTAGES OF SRXRD

1) High brillance, much better counting statistics / shorter data
collection time (& fast Kkinetics, in situ studies)

Lab instrument: ~80.000s 9-crystal analyzer: 1.500s ! (x100 counts)
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SOME ADVANTAGES OF SRXRD

1) High brillance, much better counting statistics / shorter data
collection time (& fast Kkinetics, in situ studies)

Lab instrument: ~80.000s Mythen detector: 100 s !! (x100 counts)
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SOME ADVANTAGES OF SRXRD

2) With proper selection of optics, very narrow instrumental profile:
Increased resolution and accuracy in the measurement of peak
position, intensity and profile width/shape.

—HNIST (1)
—ILL {2)
Birmingham (3)
— Le Mans (4)
- 1815 {5)
—— ESRF (6)
NELE (7)

T ——"I T = 1 T T T T T T
-0.2 -0.1 0.0 0.1 . -0. 0.1 0.0 0.1 0.2

degrees degrees

Lab instrument: ID31 @ESRF:
FWHM=~0.05-0.1° FWHM=0.003-0.004°
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SOME ADVANTAGES OF SRXRD
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SOME ADVANTAGES OF SRXRD

3) Extending the accessible region of reciprocal space well beyond what
traditional lab instruments can make

Lab instrument: ~80.000s 9-crystal analyzer: 1.500s ! (x100 counts)
6 peaks : 28 peaks
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SOME ADVANTAGES OF SRXRD

4) Tuning the energy according to adsorption edges. Resonant scattering,
control of fluorescence emission and depth of analysis.

Absorption
edge of Fe
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QUESTIONS ??
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X-RAY POWDER DIFFRACTION

most frequent applications

Crystal structure determination
(Powder diffraction structure solution and refinement)

Phase Identification - pure crystalline phases or mixtures
(Search-Match procedures)

Phase Quantification - Quantitative Phase Analysis (QPA)

Amorphous phase analysis (radial distribution function)
and Total Scattering - PDF analysis

Crystalline domain size/shape and lattice defect analysis
(Line Profile Analysis - LPA)

Determination of preferred orientations (Texture Analysis)

e Determination of residual stress field (Residual Stress Analysis)
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X-RAY POWDER DIFFRACTION

Selected examples
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STRUCTURE SOLUTION: WHY POWDER ?

hollow microsphere

- J. Zhang et al.
Halite - NaCl Angew. Chem. Ind. Ed. 50 (2011) 6044

single crystal powder
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STRUCTURE SOLUTION: WHY POWDER ?

Structure solution of heptameth

Structural formula
Ph,P(O)(CH,)-P(O)Ph,

B.M. Kariuki, P. Calcagno, K. D. M. Harris, D. Philp and R.L. Johnston,
Angew. Chem. Int. Ed. 1999, 38, No. 6, 831-835.
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STRUCTURE SOLUTION & REFINEMENT: SRXRD 23

Structure solution/refinement of a complex triclinic organic compound (C,,H,;0-)
K. D. Knudsen et al., Angew. Chem. Int. Ed., 37 (1998) 2340

Fluorescein diacetate 0

OO
2y
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e Narrow peak profiles

e Large number of measurable peaks

e Accurate peak position/intensity

e X-ray energy tuning to adsorption edges
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AMORPHOUS PHASE ANALYSIS

Crystalline

Amorphous
structure
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l Sof 3 ' |
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AMORPHOUS PHASE ANALYSIS

Amorphous specimen of volume V (N atoms with scattering factor f, ):

qr drg (0=2ps=4psing/l)
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TOTAL SCATTERING - PDF ANALYSIS

Structure of nanocrystalline materials using atomic Pair Distribution
Function (PDF) analysis: study of LiM0S,. (V. Petkov et al,, Phys. Rev. B 65 (2002) 092105)
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FIG. 1. Experimental structure functions of (a) LiMoS, and (b) rA)
MoS, . Note the different scale between (a) and (b). The data are FIG. 2. Experimental (dots) and fitted (solid line) PDFs for
shown in an expanded scale in the mnsets. LiMaS, (a) and MoS, (b). Note the different scale between (a) and
{b). The first two peaks in the PDF’s are labeled with the corre-
sponding atomic pairs. The experimental data are shown in an ex-
panded scale in the mnsets.
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TOTAL SCATTERING - PDF ANALYSIS

Structure of nanocrystalline materials using atomic Pair Distribution

Function (PDF) analysis: study of LiM0S,. (V. Petkov et al,, Phys. Rev. B 65 (2002) 092105)

reduced PDF : G(r) =

TABLE I. Structural parameters for Mo,
PGy /mme. Mo 1s at [%._ f :11} and S at [%, 1. o).

. Space group 1s

PDF Raetveld Single crystal®
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; r

a (4) 3.169(1) 3.168(1) 3.1604(
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FIG. 2. Expenmental (dots) and fitted (solid line) PDF’'s for

LivoS, (a) and MoS, (b). Note the different scale between (a) and

FIG. 4. Projection down the ¢ axis of the crystal structures of {b). The first two peaks in the PDF’s are labeled with the corre-
hexagonal MoS, (up) and tnclinic LiMoS, (down). The large black

circles are Mo atoms and the small gray circles are the S atoms. L1 spondmg EtDI’mC paqs_ The E;Xl.‘rEi'ﬂIlEﬂTEll data are shown mn an ex-
atoms are not shown for the sake of clarity. Pﬁﬂdf.'d scale m the msets.
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TOTAL SCATTERING - PDF ANALYSIS: WHY SRXRD ?2s

Bragg and diffuse scattering analysis to high g values
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X-ray energy as high as 100 keV ()
e.g., APS 11-1D-B, 90-91 keV
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Eulerian cradle for stress/texture measurement
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TEXTURE ANALYSIS IN THIN FILMS BY SRXRD %0

Zirconia thin film with non-uniform microstructure across thickness

fibre texture

polycristalline (random oriented grains)
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TEXTURE ANALYSIS IN THIN FILMS BY SRXRD 3

Zirconia thin film with non-uniform microstructure across thickness
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RESIDUAL STRESS GRADIENT BY SRXRD

diamond coated Ti-alloy tools: multiple energy (wavelength) analysis

compression| * compression

| =1.66 A

| =215 A

residual strain (x10°)
residual strain (x10°)

29(024) TiC | (220) diamond
“>70 02 04 06 . =070 02 o4 os

sin2y sjn2y . _r"{
! >

Diamond <= -6.37(1) GPa

= [TCINN «= -1.36(2) GPa

4- tension

,I :168A i )

&

residual strain (x10°)

<«
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- => .97(10) MPa
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QUESTIONS ??
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SCATTERING FROM NANOCRYSTALS
Scattering from a small crystal of Cu (fcc)

One scattering centre
(electron, atom, unit cell)

| |A” = AN

o -2pi(g*>£n)

.taAadA =3 fmezpi(g*{"‘)a fe

n
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SCATTERING FROM NANOCRYSTALS
Scattering from a unit cell of Cu (fcc)
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SCATTERING FROM NANOCRYSTALS
Scattering from two atoms in a Cu (fcc) unit cell
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SCATTERING FROM NANOCRYSTALS
Scattering from two atoms in a Cu (fcc) unit cell
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SCATTERING FROM A POWDER
Two possible approaches

1. Reciprocal space 2. Direct (Real) space
approach approach
(Laue — Wilson) (Debye)
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SCATTERING FROM NANOCRYSTALS
Two possible approaches - #1 reciprocal space

Factorize the contribution from a
unit cell (JF|? - F, structure factor )

2pi(uph+v,k+wl )

n=1
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SCATTERING FROM A POWDER
Two possible approaches - #1 reciprocal space

N
Factorize the contribution from a | U ‘F‘Z — é i e2pi(unh+vnk+wnl
unit cell (|F|2 - F, structure factor) *° 5

Then build the diffraction signal
for a small crystal (unit cell volume, V)

(Interference function) & see ZANOTT I's lecture

' \F\Z sin?(p Nh) sin®(p Nk) sin? (p NI)
"V, sin‘(ph) sin’(pk) sin®(pl)

'

| u_é‘ 2 gsinz(pNh)sinz(ka)sinz(pm)
TV wivcsvimu pA(h- h)? pA(k- k)7 p2(1- 1)°
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SCATTERING FROM A POWDER
Two possible approaches - #1 reciprocal space

Factorize the contribution from a
unit cell (JF|? - F, structure factor )

Then build the diffraction signal
for a small crystal (unit cell volume, V)

(Interference function)

\F\Zsinz(pNh)sinz(ka)sinz(pNI)
V. sin“(ph) sin®(pk) sin®(pl)

| M

; $ 44 sin?(p Nh) sin? (p Nk) sin? (p NI
e =y kv 1~y P (h- ") p*(k- k)? p*(l- 1)
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SCATTERING FROM A POWDER

Two possible approaches - #1 reciprocal space
Factorize the contribution from a
unit cell (JF|? - F, structure factor )

Then build the diffraction signal
for a small crystal (unit cell volume, V)

(Interference function)

|2 § & & (pNh)sm CINSELR(D

v aa .‘lp (h-h)? p2(k- k)2 p2(i- 1

Example: I sin? (p Nh)
(100) point * 7 p?(h-1)?
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NANOCRYSTAL a POWDER
Two possible approaches - #1 reciprocal space

Powder Diffraction
sphere

-2
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NANOCRYSTAL a POWDER
Two possible approaches - #1 reciprocal space

1 2
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NANOCRYSTAL a POWDER
Two possible approaches - #1 reciprocal space

Example: (001) peak, powder made of cubic crystallites, cube edge L

L |F|2 «SiN°(p Nh) sin®(p Nk) sin®(p Nl)dh><dk® |F|2 sin“(p NI)

(P (pk)"  (p1) (1)’

| - [001]

¥ sin (pNI)dI
O (i)

1(0)
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SCATTERING FROM A POWDER
Two possible approaches - #1 reciprocal space

Factorize the contribution from a
unit cell (JF|? - F, structure factor )

Then build the diffraction
signal for a small crystal,
n?(p Nh) sin (p Nk) sin*(p NI
sin®(ph) sin®(pk) sin (pl)
and integrate over the
powder diffraction .a}.,‘m
sphere for calculating .o
the signal from all "3’!
domains in the powder u%,z"-

standard Powder Diffraction approach

oo M |F['F (d",D)
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SCATTERING FROM NANOCRYSTALS
Two possible approaches - #2 real space

2. Average over all possible orientations
of r_,, In space
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SCATTERING FROM NANOCRYSTALS
Two possible approaches - #2 real space

2. Average over all possible orientations of r., In space

- S
|
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SCATTERING FROM A POWDER
Two possible approaches - #2 real space

2. Average over all possible cosf values:
r.. is allowed to take all possmle
orlentatlons In space

=dr_ cosf

Debye formula

: | dr
ot Zp.(xmn)> oy sin(2pd'r,,
uaa < aa fuf, ndT
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SCATTERING FROM A NANOCRYSTAL POWDER =0
Debye formula for one (fcc) unit cell

sn2pd’r_. .
2pd’r

ID::éiia.fmfn

mn

a a,/3/2 a2 e

72 30 48 24 8

72sin(ka/v2) gosnka 48sin(kay32) 24sin(kav2) 8sin(kav3)
ka//2 - ka ' ka,/3/2 ' kav/2 ' kav/3

|, =14+
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SCATTERING FROM A NANOCRYSTAL POWDER s

Scattering from (random oriented) Cu unit cells . Mo Ka (0.07093 nm)
72sin(ka/N2) 3psinka 48sin(kay32) 24sin(kav2) 8sin(kav3)
+ + + +

| =14+—+ 1 S S L Uy L S
. ka/~/2 ka ka,/3/2 ka/2 ka/3

o
-
©

e
>

=
0
C
o]
+—
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o
o

N
1

Cu bars: multiplicity

20 30
2q (degrees)
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SCATTERING FROM A NANOCRYSTAL POWDER =2

Scattering from (random oriented) Cu unit cells . Mo Ka (0.07093 nm)
- k2<u§*>

| XLPse

(0]
o

Intensity (a.u.)

| Cu bars: ICSD #46699

2q (degrees)
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SCATTERING FROM A NANOCRYSTAL POWDER
Scattering from bcc-Fe cubic crystals . Cu Ka (0.15406 nm)

1x1x1

unit cells

=
a1
1

Intensity
S

T T T T T T T T T T T T T T T 1
20 40 60 80 100 120 140 160
2q (degrees)

(110)
5x5x5

unit cells
(211)

Intensity
=
o
o
2

60 80 100 120 140
2q (degrees)
X1 SILS School - Duino, 08.09.2011
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(110)
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SCATTERING FROM A NANOCRYSTAL POWDER &4
Scattering from bcc-Fe cubic crystals . Cu Ka (0.15406 nm)
15x15x15

unit cells
7471 atoms

(311)

>
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n
-
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60k -
40k
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(200) (220)

M N .Lé J\ng (222)
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SCATTERING FROM A NANOCRYSTAL POWDER =5
Scattering from bcc-Fe cubic crystals . Cu Ka (0.15406 nm)

15x15x%x15
unit cells
7471 atoms

N

o
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=
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SCATTERING FROM A NANOCRYSTAL POWDER
Scattering from bcc-Fe cubic crystals . Cu Ka (0.15406 nm)

15x15x%x15
unit cells
7471 atoms

1(0) = 55.815.841 = 74712

=
<

(Small Angle X-ray Scattering)
a see POLIZZI's lecture

=
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>
iy
(0]
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6 8 10 12 14
2q (degrees)
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SCATTERING FROM A NANOCRYSTAL POWDER
Debye formula: non crystallographic nanoparticles
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P. Scardi, M. Leoni, K.R. Beyerlein, Z. Kristallogr. (2011). In press.
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SCATTERING FROM A NANOCRYSTAL POWDER =
Debye formula: twinned nanoparticles

—— Twinned crystal
— Perfect crystal

>
=
2]
c
Q
]
£

80 100 120 140
2q (degrees)

Twinned spherical domains (fcc, 28897 Au atoms, nominal size 9.8 nm)

K.R. Beyerlein, M. Leoni, R.L. Snyder and P. Scardi, Mat. Sci. Forum 681 (2011) 13
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SCATTERING FROM A NANOCRYSTAL POWDER 59
Debye formula: graphene

le+06

N = 20000, graphene

Ee+05

2e+05

graphene
(sp? carbon single-layer)

L. Gelisio, C.L. Azanza Ricardi, M. Leoni and P. Scardi, J. Appl. Cryst. 43 (2010) 647
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SCATTERING FROM A NANOCRYSTAL POWDER ¢o

Debye formula: carbon nanotubes

— swCN(105)L=25nnm

[7.10) nanotube HEAE

\chiral)
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SCATTERING FROM A NANOCRYSTAL POWDER &
Debye formula: coherence effects on mosaic structures
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L. Gelisio and P. Scardi, J. Nanosci. Nanotechnol. (2011). In press.
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SCATTERING FROM A NANOCRYSTAL POWDER e

Debye formula: dynamical properties on nanocrystals
Temperature Diffuse Scattering (TDS)

no Thermal Vibration
— Thermalized 300K (MD)
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SCATTERING FROM A NANOCRYSTAL POWDER &3

Debye formula: atomistic modelling of microstructure
and plastic deformation on the nanoscale

Mean square displacement

2 ~— 2 2
<u” >=< ustatic >+< udynamic >

32nm static atomic
2 million atoms disorder

200 grains thermal
vibrations

— Single TS

bkl

Intensity [1/M]

———- Averaged TS

U

|
\\/ MUUM‘MUJW@MM

q[L0/A]

STTTT EETATE EWTaTe

i

daan

A. Leonardi, M. Li, M. Leoni and P. Scardi,
J. Nanosci. Nanotechnol. (2011). In press
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QUESTIONS ??
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SCATTERING FROM A POWDER
Two possible approaches

1. Reciprocal space 2. Direct (Real) space
approach approach
(Laue — Wilson) (Debye)
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NANOCRYSTAL POWDER

Powder Diffraction
sphere
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NANOCRYSTAL a POWDER

-2 - 1 2
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DIFFRACTION FROM A POLYCRYSTALLINE MATERIAL &9

Powder made of simple-shape crystallites
(one param., convex solids: sphere, cube, tetrahedron, octahedron,...)

Paul Scherrer (1890-1969)

K, , Scherrer constant, changes with crystallite shapes and (hkl)
\\\
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DIFFRACTION FROM A POLYCRYSTALLINE MATERIAL 7o

Powder made of simple-shape crystallites
(one param., convex solids: sphere, cube, tetrahedron, octahedron,...)

Paul Scherrer (1890-1969)

Ky, , Scherrer constant, changes with crystallite shapes and (hkl).
For a sphere:
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TRADITIONAL LPA: INTEGRAL BREADTH METHODS 7

Profile information can be represented by the Integral Breadth b,
(peak area / peak maximum). Assuming domain size effects only:

| ' | ' | i | i | i | i |
T T T T T T T

7000 - 7000 Scherrer formula
' 2q space recipr. space||
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DIFFRACTION FROM A POLYCRYSTALLINE MATERIAL 7

CAVEAT #1 - what is the true result of the Scherrer formula ?

. 9(D)
For a DISTRIBUTION of crystallites

The integral breadth still provides a valid mean size value, but:

M,

M; & mean

Kb <
<D >, b M4 M, - M2 & variance

where M3, M, are 3™ and 4t moments of g(D) (Mi = (‘Pi g(D)dD)
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MICROSTRAIN EFFECT IN POWDER DIFFRACTION 3

CAVEAT #2 - what iIs the effect of lattice distortions ?

Quite complex: unit cells at distance L=na can be displaced and rotated.
Neglecting rotation and considering an average strain |e =dL/L

| p|F[ et

L) 7

undistorted distorted
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INTEGRAL BREADTH METHODS

Considering both domain size and lattice distortion (microstrain) effects

(as a first order approximation):

K, | ,\1/2
(o) 2l e

gb(d*):b(Zq)x:osq/lﬂ

X1 SILS School - Duino, 08.09.2011 P. Scardi - Powder Diffraction & Synchrotron Radiation



INTEGRAL BREADTH METHODS

Considering both domain size and lattice distortion (microstrain) effects
0,35 T T T T T T T ' |

030 B Williamson-Hall (WH) plot
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In a b(d*) vs. d* plot, intercept and slope of
linear regression are related, respectively, to <D>, and e
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INTEGRAL BREADTH METHODS

Peak profiles invariably overlap in powder patterns. This can make it
difficult to extract profile information directly from observed data
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.. a step forward
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WHOLE POWDER PATTERN MODELLING

WPPM is based on a direct modelling of the experimental pattern,
based on physical models of the microstructure and lattice defects:

Diffraction WPPM Microstructural

Pattern Physical Model l Parameters

Nanocrystalline cerium oxide
from xerogel, 1h @ 400°C

~
2]
)
c
-]
O
&)
N
>
=
n
c
0]
)
<

2q (degrees)

M. Leoni, R. Di Maggio, S. Polizzi & P. Scardi, J. Am. Ceram. Soc. 87 (2004) 1133.
P.Scardi & M. Leoni, Acta Cryst. A 57 (2001) 604. P.Scardi & M. Leoni, Acta Cryst. A 58 (2002) 190
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WHOLE POWDER PATTERN MODELLING

[l ’ ’ P
2 4 6 8 10
Grain diameter (nm)

Nanocrystalline cerium oxide
from xerogel, 1h @ 400°C
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M. Leoni, R. Di Maggio, S. Polizzi & P. Scardi, J. Am. Ceram. Soc. 87 (2004) 1133.
P.Scardi & M. Leoni, Acta Cryst. A 57 (2001) 604. P.Scardi & M. Leoni, Acta Cryst. A 58 (2002) 190
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WHOLE POWDER PATTERN MODELLING

WPPM is based on a direct modelling of the experimental pattern,
based on physical models of the microstructure and lattice defects:

Diffraction WPPM

Microstructural

Pattern Physical Model l Parameters

How does 1t work ?7?
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g}DIFFRACTION LINE PROFILE: CONVOLUTION OF EFFECT®

So far we consider that different effects affecting the line profile
simply ‘add, i.e., the peak width is the sum of different components.

According to the Williamson-Hall formula,

K, *
+ 2exd
<D >,

%/—/ %/—/
's|ze’ 'strain’

Actually, this is not the general case ...
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g}DIFFRACTION LINE PROFILE: CONVOLUTION OF EFFECT®

A diffraction peak is a convolution (A) of profile components produced
by different sources: instrumental profile (IP), domain size (S),

microstrain (D), faulting (F), anti-phase domain boundaries (APB),
stoichiometry fluctuations (C), grain surface relaxation (GSR), etc.

1(s)=1"(S)A15(S)A 1P () AIT(s)A 1P (s)A1°(s)A 197 (s)...
—— - ~

y

h =g A f

What is the difference between convolution and sum of effects ??
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g}DIFFRACTION LINE PROFILE: CONVOLUTION OF EFFECTS®s

What is the difference between convolution and sum of effects ??

Example: let's just consider instrument (IP) and domain size (S):

1(s)=1"(s)A15(s)

v

1(s)=¢y " (t)1°(s- t)dt

g profile, slit (box) function; f profile, bell-shape function (e.g. gaussian)

20 2q 2

X1 SILS School - Duino, 08.09.2011 P. Scardi - Powder Diffraction & Synchrotron Radiation




g}DIFFRACTION LINE PROFILE: CONVOLUTION OF EFFECT&

L

A

2
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igDIFFRACTION LINE PROFILE: CONVOLUTION OF EFFECT®

A diffraction peak is a convolution (A) of profile components produced
by different sources: instrumental profile (IP), domain size (S),

microstrain (D), faulting (F), anti-phase domain boundaries (APB),
stoichiometry fluctuations (C), grain surface relaxation (GSR), etc.

1(s)=1"(S)A15(S)A 1P () AIT(s)A 1P (s)A1°(s)A 197 (s)...
—— - —

y

h =g A f

the Fourier Transform of I(s) is the product of
the FTs of the single profile components
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WPPM : HOW DOES IT WORK ??

The diffraction profile results from a convolution of effects:

1(s)=1"7(s)AI1°()AIP(S)AIT(S)A 1P (S)A1°(s)A1°%(s)...

the Fourier Transform of I(s) is the product of
the FTs of the single profile components

C= O A= TIP ><'A{hkl} X'A{hm ><A1kl +|Bhkl) xA{ﬁEB

mstr proflle domam lattice defects / strain
size/shape
P. Scardi & M. Leoni J. Appl. Cryst. 39 (2006) 24 - P. Scardi & M. Leoni, Acta Cryst. A58 (2002) 190
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A,(L) EXPRESSIONS (ANALYTICAL OR NUMERICAL FORM) &7

TFI,\F;(L) :(1- k) >e<p(-p2>s§L2/In2) +k9<p(-33 >SSL) Instrumental profile

Domain size effect: m s o gy Tmem ]
éin(LoK°) - m- (3- s Um o= |
AS(L) = a HS >Erfcé ( ) 30 g Sl ]
n=0 8 S \/_ HZM| 3 A %ﬁ\ ]
| 00 E‘ 4 é g"_‘ 10 12
— Grain diameter (nm)

Dislocation (strain) effect: r, Re, (Chi)

V\/

Angy (L) = eng‘ _p|b| Chk'rdhkl Lt (L/R-‘) &\\I/H (4

21,2 212 2182
Cru = A+Bx NS +|2h = \
(h*+Kk>+17)

Faulting: a (def.), b (twin)
1,
ZL%}%SLO

Au(D=(1-3- 20 +3)

B (L)=-5 B ‘LO x b/ (3- 60- 122 - b +122%)"

Anti-Phase Domains: g
¢ - 2g(|nj+[K) @

P(L) = expé
'A{hm}() pg dhk|(h2+k2+|2)H
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WHOLE POWDER PATTERN MODELLING

WPPM APPLICATIONS
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NANOCRYSTALLINE & HEAVILY DEFORMED MATERIALS 89

Two typical cases of study
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WPPM APPLICATIONS: NANOCRYSTALLINE CERIA

Xerogel obtained by vacuum-drying: broad diffraction lines of nanocrystalline fcc phase
ESRF I1D31 - glass capillary, | =0.6325 nm
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%

p(D) (a.u.)
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ESRF I1D31 - glass capillary, | =0.6325 nm

<D>=2.25(10) nm
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NANOCRYSTALLINE Fe-1.5%Mo POWDER
Planetary ball milling - production of nanocrystalline Fe-1.5%Mo
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NANOCRYSTALLINE Fe-1.5%Mo POWDER

Ball milled Fel.5Mo (Fritsch P4) - data collected at ESRF - 1D31 | =0.0632 nm

o1

o
=
o
o

=
o

Intensity (x10° counts)

"4 50 60 70
2q (degrees)

~—~
(7))
)
-
-]
@)
o
o™
o
—
X
N’
>
=
n
-
()
-+
k=

20 50 60 70
2q (degrees)

X1 SILS School - Duino, 08.09.2011 P. Scardi - Powder Diffraction & Synchrotron Radiation



NANOCRYSTALLINE Fe-1.5%Mo POWDER

Ball milled Fel.5Mo (Fritsch P4) - data collected at ESRF - 1D31 | =0.0632 nm
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NANOCRYSTALLINE Fe-1.5%Mo POWDER

Ball milled Fel.5Mo (Fritsch P4) - data collected at ESRF - 1D31 | =0.0632 nm
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NANOCRYSTALLINE Fe-1.5%Mo POWDER

Ball milled Fel.5Mo (Fritsch P4) - data collected at ESRF - 1D31 | =0.0632 nm
In addition to mean values, WPPM provides the size distribution
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M. D’'Incau. Univ. of Trento, PhD Thesis. 2006. In press.
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Diffraction Analysis of Materials Microstructure
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Powder Diffraction
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Powder Diffraction: Theory and Practice
| : : R.E. Dinnebier & S.J.L. Billinge, editors.
RSCPublishing Cambridge: RSC Publishing, 2008. Cap. X111, p.376
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WPPM APPLICATIONS: ZIRCONIA - CERIA
XRD data collected at Campinas Synchrotron (Brasil)

ZrOZ—9O%CeO2 catalyst: nanocrystalline powder
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WPPM APPLICATIONS: ZIRCONIA - CERIA
XRD data collected at Campinas Synchrotron (Brasil)
ZrOZ—9O%CeO2 catalyst: nanocrystalline powder
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WPPM APPLICATIONS: ZIRCONIA - CERIA
XRD data collected at Campinas Synchrotron (Brasil)

ZrOZ—9O%CeO2 catalyst: comparison between WPPM and TEM
400
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Powder Diffraction, 20 (2005) 353
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WPPM APPLICATIONS: Pt CATALYST

The quest for control of nanocrystal size and shape

preferential (111) Pt:
16000
14000 —- [#11) dminatc Pt rancpRn e
12000—- )
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>, 10000 - -
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o ]
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K.R. Beyerlein, J. Solla-Gullén, E. Herrero, E. Garnier, F. Pailloux, M. Leoni, P. Scardi, R.L. Snyder, A. Aldaz, J3.M. Feliu,
Mat. Sci. Eng. A 528 (2010) 83
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