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X-Ray Diffraction for the 21st Century I n el ‘ A

Inel SAS, France

Presentation of Inel (very quick)
Interaction X-ray and matter (no maths)

Instrumental function : maybe I should have taken item 27458b instead of 28563c from op
list ?

XRD setup : some instruments and the information they give
® Laboratory systems
® Industrial (on-line)
Some real XRD examples :
@ Dust analysis
® Phase transition at (not very) high temperature
@ Thin layer : diffraction, reflectometry, stress
® Micro-diffraction
® SAXS
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Inel SAS, France

Inel SAS - Head Quarter

: B & Z.A. C.D. 405

. 45410 ARTENAY, France

. T +33 (0)2 3880 4545 info@inel.fr
F +33 (0)2 3880 0814 www.inel.fr

| : Key figures
Creation : 1974
A Staff 2015 : 20 employees 80% technically
qualified (PhD, Engineers and technicians)
Staff seniority average: 10 years

Pty .)—/’/n
Resources "5
All technical and human resources are situated in our headquarter in France : [2,

- Ormes Sacan
* Research & Development, technical assistance - I Lo

« Informatics tools development & assistance

* Mechanical parts design & metrology

« X-Ray diffraction systems assembling

+ Installation & After Sales Services for instrumentation
* Components and electronic cards design & integration
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Skills and expertise

Instrumentation

Inel designs, manufactures and provides analytical instrumentation:
+ X-Ray diffraction instrumentation

* X-Ray radiography instrumentation (CND)

* Extreme Ultraviolet sources instrumentation

Engineering

Your needs are specific or evolved and your equipment doesn’t fit your needs
anymore? Our mission:

* Project consultant & management

* Feasibility studies

* New equipment design & installation

Scientific Studies & Projects

INEL participates in the European and local scale to various projects of R&D to

develop Technology.

* European ENVIROMONITOR project coordination: real time automated
instrument development using XRD for on-site quantitative analysis on
breathable spray particles, including nanoparticles

* Scientific state projects, Thesis financing

* Works coordination & supervision

* Patents creation & operation

4
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Wave-matter interaction

X-rays Production : classically by excitation of
external electronic level with electron beam
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X-Ray Diffraction for the 21st Century
Interaction wave-matter

Who can see
the error?

" Instrumentations using radi
- source characteristics

- - detection characteristics

- - sample environment
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Interaction wave-matter

The energy of photons used for optical spectroscopic measurements of various quanta

Frequency | GHz | THz | PH= |EHz= | ZHz
I I I I I
Waveleneil llm Jnlim | |.llm lnlm l[:;m
Photon 1peV | meV eV 1 keV IMeV
Energy | I I I |
Microwave Fur.mr..r-ll oy hard X -ray= f-rays
RF | Visible soft X-rays
Spectroscopic NMER E5SR FI-IR Absorption Absorption XAFS PAC
methods IEAS  Reflection LIPS XPS ME
PL PAS
Faman
Fotation phonon Core electron

Qum_‘:tu - > - - - F - - *- e
studied | ) ) 4 -

Muclear spin Electronic spin Valence electron Valence electron

care electron
nuclear spin

EHz : exahertz (10'"%) - ZHz: zettahertz (10*) - YHz : yottahertz (10*)

7
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Building an instrument

Instrument using a wave for probing matter is defined by several functions :

Detection

detection

source

Matter
sample

Matter holder §j
sample holder

operator
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E lines Ke
4 E
Esnpr;tctrfm
k.
S I
DD A /10// 2%

- - intensity

voltage

Spectral range

Solid angle

Source size

Source shape

A
Molybdenum spectrum vs the applied AA]

- a spectral range
- - asolid angle

- dimension and shape of the source

Function source

A light emission characterized by :

Inel 72

Optimizing the characteristics of a source allows to focus on a given interaction

fluorescence imaging

large large

Few degrees Large (60°)

Small for resolution
improvment

Small or large

point/linear point

diffraction

Monochromatic
(excepted Laue)

Small to parallel
or focusing

small

Point or linear

reflection

monochromatic
Very small

small

linear

diffusion
monochromatic
Very small or

focusing

small

Point or linear




Inel 72

X-Ray Diffraction for the 21st Century
Function source

Flat graphite
ka2

NG

Flat Ge or flat Si , ; hannel-cut

“Monochromaticity”

2"-“"—--‘--—.._
pin-hole

L
O
O —
O ———
o . T
£ Single collimation I

An optic is characterized by :

irkpatrick Baez ;

' - mosaicity — spectral range
- - a capture angle — beam size |
- divergence — resolution
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Effect of wavelength

T 1 wiwih

2600
2400
2200
2000
1800

> 1600,

E 1400

£ 1200
1000

800
600
400
200

CAD590CUc
—CAD590C0Oc¢

Coka

8 3 32

2theta ()
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Effect of optic

| £

0.9
0,8 &
* *

0,7 4

0,6
: 05 * A Ge(111)
04 ® Graphite

0,3 ——

L
0.2 AN Lo e
0.1 Ji, iy =AY Hﬁ il 2 YA = OA
D T T T T T 1
0 20 40 60 80 100 120
2theta (%)
Flux ratio

Ge(111) 1

Graphite 5

parab. Mirror 15

Elliptical mirror 20
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Function detection

- A detector is characterized by : - spacial resolution
| - dynamic range
- energy resolution
- dimension

fluorescence imaging diffraction reflection diffusion
Spacial resolution  none good good none medium
Dynamic range 3 4~5 3~5 6~8 3~4
Energy resolution  ~200eV None None or 1KeV None or 1KeV None or 1KeV
Filtering possible
dimension 0D 2D (1D) 0D, 1D, (2D) 0D(1D) 1D-2D
X-Ray Fluorescence of Lead from ™Cd
1000000 4 Fb 4500 Inel data
Fh
Let 4 000
100000 4
3500
& 10000 4 3000
® 1000 o 3
‘E < 2000
3 100 1500
1000
10 1
500
! o e %80 55 50 45 40 35 30 25 30 1510 5 0 5 10 15 20 25 30 35 40 45 50 55 60
0 8 15 23 30 3% 45 953 B0 &Y Y5 @2 90 7 2theta (%)

Energy (keV)

14
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Function detection

0D Detection :

Acquisition is done Stepwise

20 and statistics are time dependent

0 20 40 B0 80 100 120

1D Detection :

Acquisition is done in snapshots A0
SN

Statistics 1s time dependent

O 20 40 &0 80 100 120

2D Detection :

Acquisition is done in snapshots
Statistics is time dependent » | )i |

Texture information but point beam required

15
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Function matter

Solide cristallin
(ordre @ longue di

16
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Informations obtained by XRD

B o e o Em a3 G B G e R e de e G A b G e G 4T e e e e TE M P M e e o om oo

ot Mel=1,.P.L.F .m.A.e™M

p2

A =2d,, sin(6,,)

Phase identification
Phases quantification
Particles size, micro strains
Structure, organization of electronic density levels (cell parameters, valence, atomic occupation, ...)
Structural anisotropy (stress, texture, thin film characterization ...)

Distribution of structures

Phase transition, kinetics study

17
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Inel 72

Function sample holder

—fransm

2000

Inel data

Intensity
—
[y |
e
=




X-Ray Diffraction for the 21st Century

Inel 72

Function sample holder
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Instrumental function for XRD

Some basis :

Instrumental function is governed by all components of the XRD instrument :
- source characteristics

- optics and collimation

- detection device

- sample environment

XRD components should be compatible to each other

Example : 1D optic is not recommended with a 2D detector (equatorial aberration)

The good knowledge of the instrumental function allows to estimate as well the quality of the

result
Example : absorption correction or LP correction are not the same in Bragg Brentano or in Debye Scherrer

The instrument must be adapted to the requested measurement
Example : performing transmission measurement with Bragg-Brentano XRD is not appropriate

Instrumental conditions must be correctly chosen (reproducibility of results)
Example : choose of the appropriate wavelength vs sample

Use of appropriate standards

Example : in reflexion, eccentricity is influenced by transparency. Using standard with same absorption can correct this

20
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X-ray diffraction setup

Understanding how to get the result

- appropriate instrumental configuration

- appropriate sample conditionning

- appropriate calibrations / corrections
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X-ray diffraction setup : powder diffraction applications

Identification -
Police (narcotics, explosives, pigments, ...)
Museum (work of art, ...)

Pharmacy, cosmetic, mining, geology, ...

Quantification f

Environment (quartz, asbestos, dust analysis ...)
Mining industry, ...
Cristallography R e e e —
Analysis of new phases (pharmacy, electronic, ...)
Microstructure
Information about crystalline defects :
- Physico chemistry : reactivity (catalysis), oxidation
- Mechanical : joints of grain, fragility area
- Conducting : atomic replacement, doping

siigiEiaagaaRagagRiiaaaiiias
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X-ray diffraction setup : in-situ applications

Temperature / Pressure
Phase transitions

Electrochemistry
Following the phase transition : load, unload Time
from a battery (ageing, reversibility, functioning) 250 s
Reactivity

Search match on metastable components during a chemistry reaction
Cement hydratation / Gas absorption in zeolithe
Industrial control on line
Cement quality control,
phosphate industries
Solar panel control
Following the product state in the time
Product evolution with the temperature and the humidity
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X-ray diffraction setup on bulk material

Texture, crystalline orientation
Phase in a rock, information about the area tectonic
Deposition on a substrate, consequence for electronic properties
On metal, determination of the oxidation resistance
OR acceptance of a particular cover
Fiber materials (C,PET),
Residual stress (metallurgy)
Stress state measurements of a mechanic piece

(Young module and stress vector)
Micro-diffraction
Homogeneity analysis of a bulk sample
Grazing diffraction
Thickness measurement of a thin film
Deposition identification (irradiated zirconia)
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EQUINOX, a comprehensive real time XRD range

Inel XRD systems:

EQUINOX 100 Stand alone benchtop XRD

EQUINOX 1000 Benchtop XRD

EQUINOX 2000 Routine XRD

EQUINOX 3000 Powder high resolution XRD
EQUINOX 4000 Microdiffraction/mapping XRD
EQUINOX 5000 High resolution XRD

EQUINOX 6000 4 circles texture/stress XRD

SWAXS SAXS WAXS diffractometer

S Real time detection by PSD detector Single cristal Lale and single cristal diffractometer

< Simultaneous data acquisition up to 120°/26

< Very high resolution, up to 0.05°/26 on peak profiles
< Complete 26 measurement time of just 1 second

< Multi axis goniometer with real time detection

< Micro diffraction capability down to 10 um

< Monochromatic optic

< Sample holders

< Reflection / Transmission mode

< Variable temperature furnaces (up to 2700°C)

< Data treatment softwares

25
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A unique detection mode

i Curved detectors principle
—{ The EQUINOX diffractometers use the curved detectors principle, namely
real time acquisition across a wide acquisition range.
* No motorization required: neither on sample nor on detector incidence
« Asymmetric acquisition mode: for a fix 6 sample incidence you can see all

diffraction peaks on 26 on the detector

Inel CPS resolution

Debye cones

®crsi80

*CPS120 ®
0.2 ®CPssu
B
o o incidence

; M R
Y — =1 Xray source
\‘\
0.5 1 focusing circle

3 detector types ,

selected measurement
area on the curved detector

Detection Curvature
angularrange = (mm)

CPS 590 | 90° 26
CPS 120 120° 26 R=250 | Analysis speed
CPS 180 180° 28 R =180 .
-, & resolution
The detector choice depends on the requirements of the measure be made: No maintenance

* The more the detector is far from the sample, the better the resolution will be

26
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EQUINOX 100, stand alone benchtop XRD

s A Stand alone benchtop X-ray diffractometer
Designed for crystalline phases analysis (qualitative,
quantitative, structural...) on powder or bulks.

It is an ideal instrument for academic and QA/QC laboratories
that need a small and easy to use equipment.

* Real time detection across 110°/26 (CPS180)

* Simplified goniometric deck with no motorization

* No external water cooling

* Works on standard power supply (110V-20A/230V-16A)

* Friendly-user instrument driving & data treatment software
Applications: qualitative & quantitative
Inel data

analysis, phases identification, structure SO0
. . . . . : i : —— 20140417BH09_c
determination, crystallites orientation... -

reflection

_ transmission

0 5 10 15 20 25 30 35 40 45 50 55
Ztheta (*)
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Inel 72

EQUINOX 1000, benchtop XRD

* Real time detection across 110°/26 (CPS180)

* Monochromatic optics
* 3500 Watts generator
* External water cooling

* Working wavelength : Copper or Cobalt

Applications:

A fast and powerful benchtop XRD

with small

dimensions,

ideal

applications on powder.
It is a very easy using instrument. No diffractometer alignment is
required and the operating protocol is saved by the software.
XRD experiments are available to anyone in a few moments.

o e B s s Doy e b
D=l & 4% Myl LR AN L

calaal we | ot | e [
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¥
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for all
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s £ 1

s

e —
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|
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P

e

X-ray diffraction

> mbi o\ =
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e

Qualitative & quantitative analysis, phases identification, structure determination, crystallites orientation...

28



X-Ray Diffraction for the 21st Century

Inel 72

Quality control in detergent

On the graph below, are represented diffractograms recorded for each sample. We can clearly evidence an

increase of STPP 1 with the index (red arrows).

Inel data
1 00 F---mmmmm ek m e e e e e L.....................4;._ _____ ;. __________________________________________________________________
e Acqu1s1t1ont1me2m1n U L U AN N N
B o e e || :
§000{-
70004 - AT . oo R RSN S [
2 6000{--------- S B SR ROV NN VRSN S 8
2 sopof i B et ettt At Semsesacen Sl A
4000 e
3000/ S PSS Sy S e wppere SR e i 8 1 B B 1 LNSTTPV VPP, S
L R M e e -
1 000 ------------------------------------------------------------------------------------------------------------------------
r— — T
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Ztheta (*)
Sample L L 1 1 L & Quantitative analysis has been performed
STPP 17,67% 259%  40,9%  51,35% 51,17% 60,2% by using the Rietveld method.
STPPIl 8233% 70,7% 5693% 4523% 4657% 37,93% Good  reproducibility, and  good
agreement  with  other  techniques
Other 0,0% 3,3% 217% 3,43% 2,27% 1,87% (chemistry)

29
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EQUINOX 2000, routine XRD

A routine diffractometer

with the EQUINOX 1000 performances and a bigger sample
space, the EQUINOX 2000 enlarges your applications
capabilities. You can now realize variable temperature and/or
atmosphere measurements.

-y (Rl
v 5

* Fast results

* Thermodiffraction (phases transitions, unstable compounds)
* Large sample space

* Real time detection across 110°/26 (CPS180)

* Monochromatic optics

* 3500 Watts generator

* Working wavelength : Copper or Cobalt

* Environmental chambers (option)

* 30 positions autosampler (option)

Applications

Qualitative & quantitative analysis, phases identification,
| structure determination, crystallites orientation, phases
transitions under variable environments, ...

Data collection with sample changer

30
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EQUINOX 3000, powder high resolution XRD

A fast, powerful and multi-purpose XRD
You are now able to realize variable temperature and/or atmosphere

measurements, or even add a motorized sample holder to perform
thin layer analysis.

» Evolutive depending on your needs
.. * Real time detection

* CPS120 across 120°/26

¢ CPS590 across 90°/26 (High resolution)
* Monochromatic optics
* 30 positions autosampler (option)
* Environmental chambers (option)

Applications
Qualitative & quantitative analysis, phases identification, structure
determination, crystallites orientation, phases transitions under
variable environments, thin layer analysis, uniaxial stress analysis...

31
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Phase transition at low 26

Source : Copper

Generator : 3,5 kW

Optique : Parabolic mirror
Incidence : Transmission (Imm
capillary)

Sample holder: non spinning

turnace type FURCAP
Detector : CPS120

power : 35 kV — 35 mA
5 Acquisition time: 3min
g setting : MPD
2 Transition at 70°C

28.8
75 ....................................................................................................
Sl i 58.2
L B [ o el
085
£ 50¢- 65.2 E
245) 2
o I e B N D O e
Cogi b T B RS i 50'4 w
2 14,5 1;5 - 15:5 1:8 18,5 1:7 17,6 1:3
’ , Time {hour) ' 35'1

Sigure 1 : temperature profile : from K1 to 70°C step 10°C and every 5°C

while cooling down.
32
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EQUINOX 4000, DRX microdiffraction / cartographie

EQUINOX 4000 is designed for all your microdiffraction or
mapping applications. The instrument uses X, Y and Z
translation stages with strong travel.

* Real time detector (CPS 120)
* 8/ 26 goniometer with large stages X, Y and Z
* Working wavelength : Copper or Cobalt

Applications
Microdiffraction, mapping...

L —— 1 )
5[l
.8 L 7
4 : 3 o &
: E" | ' -0.150 %
4 s L I . —_
' e > |
Microdiffraction on the edge of an aluminum plate Li"' | k _, ,,-II,M | 0700
i it i i ! ;
Experimental: Beam size: 20mic, Power: 1200W ® v @ o o W
N ® o 9 © W
Acquisition : 120sec/pattern T » ¢ 8 ® B
2theta

33
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EQUINOX 5000, high resolution XRD

A high resolution diffractometer
for all your powder analysis under variable temperature and/or
atmosphere that require a very high resolution.

* 6/6 or 8/26 2 circles goniometer
* High resolution detection (CPS 590)
* Environmental chambers (option)

Applications

Qualitative & quantitative analysis, phases identification, structure
determination, crystallites orientation, phases transitions under
variable environments, thin layer analysis, uniaxial stress analysis...

Coating on stainless steel

Thin film analysis

34
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Inel 72

EQUINOX 6000, 4 circles texture/stress XRD

Applications
Texture, stress, thin layer, qualitative & quantitative analysis,
phases identification, structure determination, crystallites
orientation, phases transitions under variable environments,
microdiffraction...

4 circles X-ray diffractometer
Ideal for all your 4 circles goniometer X-ray diffraction
applications.

Robust and multi-purpose goniometer
Heavy loads accepted on every movements
Large sample space

Real time detection (CPS590)

4 circles goniometer (8, 26, X, ¢)
Collimating monochromatic optics
3500 Watts generator

Variable working wavelength
Temperature chambers (option)

35
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EQUINOX 6000, sample holder

Sample characteristics :
* Diameter max =128mm
* Thickness max =10mm
* Weight max = 1kg
Extension :
* Possibility to set the furnace : DHS 1100 AP

Sample holders

Goniometer For bulk For powder
head (max30x30x8mm)

40,8
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EQUINOX 6000, 4 circles texture/stress XRD

Simultaneous pole figures

Absorption and defocusing corrections
Chi from 0° to 80° step 5°, phi from 0° to 355° step 5°

940?  acier 6 (Inel) Fe200 29-5EP-92 11:44:53

. ] '; 110 9999 max.

Helix pomatia (Burgundy land snail: Outer com. crossed
lamellar layer), From D. Chateignier — CRISMAT (Caen)

100 (=1 mrd)

linear scale
equal area proj.

Experimental

Generator: 3.5 kW (power 40kV - 30mA )
Monochromator: graphite flat monochromator.
Slits: 1 x 1mm

Sample holder: goniometer head, no spinning ) ) ]
Detector: CPS120 Texture analysis on stainless steel foil

Acquisition time: 5 sec/pattern

41
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SWING, texture/stress XRD

A decoupled goniometer

* No Chi motion on the sample goniometer

* A lot of space for the sample

* Diffraction plane rotates around the beam axis
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SWAXS, SAXS WAXS instrumentation

Small Angles X-ray Scattering

To better answer its customers needs, Inel designed a flexible
SAXS line to make textured samples analysis or small angles
scattering.

This technique is used to determine particles structure at
nanometric range (size, form, distribution...). Studied materials
can be solid, liquid or gas. This non-destructive method is accurate
and requires usually only a minimal sample preparation.

+ Evolutive mounting It can be used as well for research as for QA/QC.
» Variable sample/detector distance * 3500 Watts generator
* Specific supports and chambers available « Diffraction bench with monochromatic optics

1D or 2D detection with dedicated software * Variable working wavelength

Applications
Colloids, metals, cement, clays, oil, polymer,
plastics, proteins, pharmaceutical industry...

QoD

PET semicristaliin (30%)} PET semicristallin (30%) déformation 1.4
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Lalie back reflection diffractometer

A fast tool for cristal orientation
Easy sample positionning
Fast acquisition
Fast orientation determination

Sample holder can be customized according to cristal

Si220 orientation

44
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Instruments combination

Inel XRD flexibility
Combining X-ray diffraction with other techniques:

* One sample and several datas
* Real time analysis
* XRD comes to sample

* XRD for on line industrial control

Inel portable XRD systems:

EQUIRAM Combination of XRD and Raman spectrometer
XRD/DRIFT Combination of XRD and DRIFT spectrometer
STRESS/WAXS Combination of WAXS and stress analysis
SWAXS SAXS WAXS diffractometer

COSMA On-line production control XRD

PRECIX Robotics for XRD residual stress measures @

46
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XRD/DRIFT combination

Phase transitions observation

* Development of a laboratory system, combining XRD and DRIFT, to
perform in-situ measurement

* Development of an adapted environmental cell pressure-temperature

* Concept of instrumented system, with an appropriate expert software

¢ XRD in transmission with Mo radiation

* IR spectrometer in reflection (DRIFT)

* Sample cell with pressure/temperature, and gas mixing.

47
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XRD/DRIFT combination

© F >
/@Q’q’ .@'fgo |||1\ '\, A DRIFT spectra recorded during thermal decomposition
8 ,'H\?W\ /w"\ '/i ||iv" * of calcium oxalate (50 mg, 5 Kminl).
W/ \ |
] - ;; \\.‘ / "uu\,-'l I'\ M\ }
5-_5’ — —--/“’6.(\ | /jb’ X-ray diffraction patterns recorded during the thermal
S o R -'a\‘bb‘ decomposition of calcium oxalate (50 mg, 5 K min1)
4 ol Blue traces represent stable crystallographic phases and
|
1473 K i ' b.bP‘;_‘\ |- orange diffraction traces indicate intermediate
/ crystallographic structures.
24 N . ng ! ’\,\b! Y grap
J Q‘o | |
Ny “.
0 853K e Ll ) |
4000 3500 3000 2500 2000 1500 1000
Wavenumber/cm™'

"An X-ray diffractometer coupled with diffuse reflectance
infrared  Fourier  transform  spectroscopy and gas
chromatography for in situ and in operando characterization:
an innovative analytical laboratory instrument", L.
Braconnier, I. Clemencon, C.Legens, V.Moizan, F.Diehl, H.
Pilliere, P. Echegut, D. De Sousa Meneses and Y. Schuurman,
J. Appl. Cryst. (2013). 46, 262-266
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COSMA, on-line XRD control

On-line real time XRD measures

The industrial production performance (cement, lime, sand,
aluminosilicates...) depends on them materials mineralogy.
FCT-ACTech (Australia), CSIRO Minerals (Australia) and Inel
(France) developed together a unique instrument that is able to
perform mineralogy real time control on production Iine_.

¢ Continuous powder flow extract form productioﬁ. lihlé, SO ho
more laboratory analysis required B ;

« Real time mineralogy on crystalline materials

 Every minute results update for a step by step production
quality follow-up

Applications

Powder manufacturers from a global prospestue—écer?:g%]; lime,
sand, aluminosilicates...)

VTS
AN

For further details please contact FCT-ACTech at :
info@fctinternational.com

“On-line X-ray diffraction for quantitative phase
analysis: Application in the Portland cement G5, CS, CGA, CAF, Cao, Ca(OH)Z'

industry”, N. Scarlett, I. Madsen, C. Manias, D. CaCO,, CaS0,.2H20, Caso0,.!/,H20,

Retallack, Powder Diffr. Vol.16, No 2, June 2001 !
Other minerals
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High energy X-ray diffraction

@ Development of a high energy X-ray diffractometer (200-

400keV) for the quality control of large crystal

< Miscut determination

@ Sample monitoring and image acquisition

< Possible extrapolation of the instrument for stress and texture

analysis

Synoptic

Dt ction

‘Safety Sysbem (20 and Point Ge)
enclosure
_ Ganiometer
Ceflirmation i paban &nd sample holder
- hastter With 2 adjustable diaphregms
.E.-{-;I i [
iy ,_!:i i ’CED | j

Sp -~ pe 3 _.' T

}| mibnheapm o b /(-

el ’ saniametar ’ i

S| cheroller et P = i
e E ] e

.
j.-" L3 5
P . — Detector Mobon
L Corraller B Controlier
m ;
8 .
-# (11 Comparter Drivrg

Compubsr monitoring Expariment
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PRECIX, residual stress XRD robot

Robotized residual stress analysis
PRECIX instrument is based on a last generation 6 axis industrial robot.

The technical performance was to setup an X-ray source
based on a standard tube and a position and energy
sensitive detector, and also the robot positioning

metrology to perform residual stress measures at pole
coordinates.

The robot here doesn’t maintain the part, it's only the
goniometer. The sample stays in a fix position, so users
have no limitation regarding sample size and weight.

Ofwrii] bl x| 3|%s Qaii] Tiv B Wi
o PO . LV A 0 0 A0/, S, P, AL
B -
(2 e AL S o g Y T, ;
E""‘ f Tits )
o v -: “ °_
ol : '
L fr 3 tati
§ I 2 exportation,
8 = otEile | bt | irm e s sgend | g| IMpOTtAtion
4 [B v Rt | rneh | St e t ol ] v |de courbes
o [ ey ... modification || | : foctiiaiid I
& [B) ot % smeipis UES propriétés = 5 @ w4 ou om zoom
|—| il # e b B — ;_"”“' i =
[ o -
[ vemmer
L . . [ o I e J e |
o s ke

Software, StressDiff, J.M. Sprauel

51



X-Ray Diffraction for the 21st Century I n el ‘ A

XRD combining

Interest of combining

sample is a complicate mixture : XRD+XRF, XRD + Raman

complementarity to observe phase transition: XRD + IR, XRD + Raman, XRD + DSC

relationship between mecanical properties and structure : texture + stress

many other combinations ...

Advantages

- 1 sample for several measurements, but 1 result

- eliminating non possibilities (XRF prefiltering before search match)
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Stress/WAXS combination

In situ XRD system on a traction machine,
ASTREE

Allows to perform residual stress measurements and phase
identification

7

Sample

WAXS CPS detector X-ray source &
Stress detector
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XRD/Raman combination

Pharmaceutical and geological applications

Complete identification and characterization using the same
sample in the same experimental conditions (P, T...)

Z

identification and characterization using same sample with
relatively same conditions

Raman

7 w JMM

LAl bl U e A ) e L) L el A A ] Wl AL L L U L | T
1900 1500 1000 500 200

KAISER |
e (l
|

i} | ||| l "

|
F_.._J.._n-- LU AN ..n“J._N-J LT, S S S

0 W a0 45 50 56 50 65 ™6 an

24
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Since 2010, wedlock between PSD detector and X-ray minisource

XRD escape from laboratories
Combining X-ray minisource and CPS detector:

* Low consumption XRD

* Robust instrument

* No external water cooling

* Works on standard power supply

Inel portable XRD systems:

EQUINOX 100 Stand alone benchtop XRD
Enviromonitor  Aerosol quantification expert system

XSOLO Nomadic Stress System
Equinox Trail Rackable XRD
SOLXPERT Portable XRD/XRF system for in field

applications
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EQUINOX 100, stand alone benchtop XRD

s A Stand alone benchtop X-ray diffractometer
Designed for crystalline phases analysis (qualitative,
quantitative, structural...) on powder or bulks.

It is an ideal instrument for academic and QA/QC laboratories
that need a small and easy to use equipment.

* Real time detection across 110°/26 (CPS180)

* Simplified goniometric deck with no motorization

* No external water cooling

* Works on standard power supply (110V-20A/230V-16A)

* Friendly-user instrument driving & data treatment software
Applications: qualitative & quantitative
Inel data

analysis, phases identification, structure SO0
. . . . . : i : —— 20140417BH09_c
determination, crystallites orientation... -

reflection

_ transmission

0 5 10 15 20 25 30 35 40 45 50 55
Ztheta (*)
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Inel 72

Xsolo, the nomadic stress system

Now you will be able to bring

new Inel Xsolo system.

* Whole system = 10kg et 25 cm
* Easy to use

¢ 2D 24 x 34mm detector

* Anode source Cr 4 Watts

* Angular range: 90 to 170° 26

* Pixel size 20pm

* CCD Peltier cooling system

* «Psi/Omega» angular sensor

. . * Working distance: = 22mm
Applications

Welds control in the field : pipelines, bridges, nuclear reactor facilities...,
On-site critical industrial parts control: aerospace, automotive...,
Determination of critical failures in damaged important structures,
Validation of repaired area as «restored» to original specifications, and
even more...

* «Phi» axis motorization (Texture)

Bring the analyzer to your samples

the analyzer directly to your

sample and measure residual stress and texture in field with the

Partnership between
Inel / Université de Trento, Italie
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Xsolo, the nomadic stress system

XR diffraction image from CCD

Results after data treatment

Austenit
o,,(MPa) | o,,(MPa) | o,,(MPa) E*ojosg‘l' )e
15+/-2 15+/-2 0 0

"Modeling methodology for stress determination by XRD in polycrystalline materials”,
S. Dufrenoy, T. Chauveau, R. Brenner, C. Fontugne, B. Bacroix (ECRS 9)
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Enviromonitor

PM head In situ aerosol analysis

with EnviroMonitor, aerosol are collected
on a filter band within certain conditions.
The band is able to move to the XRD

Sample center. XRD analysis is performed.
Changer reels

External sensors

Chimney

* Fully automatic system
* Several days of functionning
* Network servicing

XRD instrument Sample collector

Instrument box
Front door

Electronic box Applications
Dust collection and phase analysis

Pump box inel d
@MoE

bri@@

Powering
and lights

= LA
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Inel 72

XRD/XRF combination

In situ aerosol analysis

In EnviroMonitor system,

an XRF device was

combined with XRD. The combination allows to
improve the phase determination.

Applications

Dust collection and phase analysis.

Inel data

Intznaity
=
2
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500 140d 1500 2040 2E00 3000 3500 4000

7000

7 500 8 000

5
Al
v

o

Cu
0 _XRF_NZA0308_2AI008_Rll_depot_en_sarim mca

8500

~ Anhydrite gypsum
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30 35 40 4I5 50 55 60 65 70
2theta (7)
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SolXpert : XRD/XRF combination in field

In situ analysis with XRD/XRF combination
SolXpert is a system combinaing XRD and XRF. In the field of earth
it is often difficult to characterize a sample: unknown
e, poor cristallinity. XRF allows to improve XRD,
ible. phases in the search match data

Region

&

Centre
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Equinox trail

XRD integration in mobile lab
Mobile lab start to be developed, in order to
improve the reactivity in the decision.

* Compact instrumental part
* 19" electronic part

Applications
Environment, geology, police, industry...

...The size of a computer!
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Data treaments

FPSM, a unique software

The FPSM (Full Pattern Search-Match method)

Developed inside she Mangais grojecs for the portable ingorument

Prov

= N user intervention, aungmatic analvsig

« No peaks idenrification required (works with
nang materials,/particles

= Full Rigrveld quandrarive analysiz provided

» Works for neutron and electron diffraction

Lopns:

* Ounly phases with know crystal structure are
ready to be uzed (unknown structures require a
list of peaks and calibrated intensides, PONKS)

= Available databases are still uncompleted

+ Il no elemenal composition provided —
requires > 20 minutes on 12 cores computer

= Good ranking algorithm required for very small

pha.se Armotant

=T ek
= Shm A

g .

A demn verzlon haa been ievap anline ac

hifg o rimesnlen o i

el and goanficados iy liciced by the dme sequied for

bemer server sespnnse time) 30 1t shonld he used resedcing the
composition ar rich az poaribic o specd wp compeestian. A
limitge] pmmber of pomgariont pornpgligay ang guppustod aloo
MYEL 5A5 can he inquiced for the fisll vession.

Ere mlzn the dema at the dpftvrare Fayre on tacsdwy sbcrnoan

For phases identification and quantification by using Rietveld method
http://cod.iutcaen.unicaen.fr/

TR
UMRBR0DS
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Data treaments

By using the COD database

s L i fzamsis THA[FTTIeS ooy
Testing FPSM using the COD g R e T
e | jarnmal (£ poTE 102 (RTETEEGH]
fa e paEn a0 s e [um e
Eimplt cpdlh :Jf Ei}uILd F-:I:I-hiﬂﬂn quanumi:m: malvﬁs JCAAT AR f MBS [T i
e m A LIRIS, 7.FReD 1AM 2 | | E
Agme adifingnal phages {pement phagey; bug beea y
added o the datbase 2z not present o the COD 'E
g
Thase IF|  wamse  |vol (70 wi, { Boforysmilies (A7 mecrestrain
BARHITS [[Cromanilum (41,7720 45 1360|291 frid N3 145
SN [Mulie [5347Re 4621 ANI5A0 | DdkeIRET
DR0SKAS |Buiekyiie]s W05 & ST1I1]371 80 I T
Eual Rieveld dnafpcic, Bw: (55552, Goll- 1 502
PSS (N SRS I S =
" : Tl
{ . l— et n
NN i
LB o § | 3 -
| S R e i AT - | ] ; 1| I i B
Zs0 2.0 206 I, [ 421 !
1aF 35.0 23| : HiH i
ALO: §7.1 551 £ o E :
Total compuration dme (12 cores, 2.03CH=, CQOL, i LU H .:, ; : I. i
inprganic): l!h-.l | A
= Nacompodiion resriction: 565 secs ik " m M‘H o)

J.I.II.-’HF}

« Only Al ©a, F Zn, O, M, Na, 5, € 10 gecs

Pruiin (it Final Roovvd ariaibots Bus 0080131, Cialls 2otds
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From R&D to product at Inel, building the future

Academic/inel partnership : —
- SMAM (ISTO/CRISMAT et INEL) Re@jf’”
- MatBioReOs (CRMD/INEL) Cg
- SolXpert (INEL et BRGM) :
- Thése CG45 avec le CEMHTI ~ Centre
- plateforme technologique GREMI/INEL

New inel components :

- electronic miniaturisation for in-field
applications

- Inel goniometer

- Dynamix detector (Eurostar)

- SIAMX optics

- SQL database

new applications :
- XSOLO

- X-TRAIL

- Enviromonitor

- contrble cimenterie

Know-how : New inel products :
- experience - Equinox 100
- creativity - X-trail (SolXpert)
- innovation - XSOLO

- FPSM software
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Service, adaptability and innovation always gathered
to design today the tools of tomorrow.

Thank you for your attention.

Questions?
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Informations on thin films

One eXperiment =«a hUge of informations » Omega from 0.5 to 10.0° step 0.05

thin film analysis: Cu coating on Si 2mn acquisition per diffractogram
Cukalwith Ge(111) monochromator %

35kV-35mA
&
AR
. \S
reflectometry PRy \’@\

Diffraction
| < | -grazing
= -texture

Ptriets

67 v xxveate
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