ThermoFisher

SCIENTIFIC

Henry PILLIERE

R&D Manager,
MSD-BEA, Artenay,

A The world leader in serving science

1 Proprietary & Confidential | henry.pilliere@thermofisher.com



Instrumental function

Each tool or instrument is designed to fulfill a task
According to its characteristic:

Or

A tool or an instrument can be designed according to the definition of

a nheed &

In the case of spectroscopy or diffraction, an instrument can be designed
depending on the requirements
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Instrumental function

Each tool or instrument is designed to fulfill a task

According to its characteristics, It owi || be used I
Or
A tool or an instrument can be designed according to the definition of ’
a need ¢ s
” 3 Correct instrument is the one
] ‘which fit to the task we want to
In the case of spectroscopy or diffraction, an instrument can be designed perform

depending on the requirements i

|
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Matter  Matter is constituted by the assembling of atoms belonging to appropriate rules Thermofisher
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Wave - matter interaction

When a photon does encounter an atomic particle, it
transfers energy to the particle. The energy may be
reemitted back the way it came (reflected),
scattered in a different direction or transmitted
forward into the material.
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Wave -matter interaction
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Wave - matter interaction ThermoFisher
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What type of interactions?

/
<IN

Fluorescence O ©O

Transmission ' Refraction ¢ OED ¢ OED
1 OKD & | HED

\
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Function matter , atravel in the spectroscopy! rs rams i

Neutron scattering
Ul

SCIENTIFIC

Metal bonding

IE 42" =" 12" e i =i
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ThermoFisher

Wave -matter interaction with light

Instrumentations using radiation for
material analysis need to be
optimized :

- source characteristics

- detection characteristics

- sample environment

- mechanical design

Difficult to get a unique signal!
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Wave - matter interaction with X -ray

Reflectogram on multilayer 128 W/Si

Intensity

X-rays Production : classically by excitation of
external electronic level with electron beam
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X-Ray Diffraction basics (1/3)

1=2d Sinf A Planes of atoms act like a diffraction grating
A Constructive & destructive interference lead to peaks

In scattered intensity
) /// AValues of | & d determines 2q
" {i\ )

Br a gland sl =2d sing
AWhere

An = order of radiation

Al = wavelength of radiation

A 2d = latice spacing of crystallites in the powder
sample for XRD

A q = Bragg angle
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X-Ray Diffraction basics (2/3)

Peak positionA d-spacings

Peak intensity A nature and atomic positions in planes

With XRD we

160 measure

@ @ distances...
s € nothing
@ @ C structure
200 Chemical composition
@j @ Phases

Structure

V4
| I
i JL..... H.J...L:LJL s JL“.L i i b it ..Jmm NP TGN, FUUNTD . N jl ..

t 1 L e e B L
15ll 190 230 27.0 31.0 350 390 43.0 47.0 51ll 550 590 63.0 67.0 1.0 5.0 190 830 81!]
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2500
Cu-Ka (1541800 A)
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X-Ray Diffraction basics (3/3)

DATABASE

ThermoFisher

SCIENTIFIC

Without a Database we can
not do much...

Pattern |

Experimental pattem
Calculated pattern (exp. peaks) (Rp=22.6 %)
[96-900-6372] Cl Na Halite

ossBNErEREEERdannREnBREFERE
-BEEEEEEEEEEEEEEEESEEEEREEY

2.976 2.562

2.252

2.013

1.823 1.668
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2theta

DATABASE

Halite (NaCl)...

. should give this pattern
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One important issue with XRD : isomorphism Thermerisher

This is one real issue with XRD

General | Structure | Microstructure [ Advanced models

4 Experimental pattermn
Calculated pattern (exp. peaks) (Rp=22.6 %)

[96-900-6372] CI Na Halite

S EEEVMEENLERRITERLY
-HEEEEEEEHEEEEREEEE

2976 2.562 2252 2.013 1.823 1.668
-

o / Jon | LN I
1 \ [ | | |

T T T T T T T T T T T T T
30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00

T
95.00
2theta

Atoms | Fragments

Atoms

Site label:

Atomtype: | Rl sb |
S1 .
Agl Quantity: (2.0

| Addsite | Duplicate | o

| Wrenoe | @eostors | M

["Juse U instead of B for thermal factors  Biso factor:
Use it in the computation

Compute quantity from occupancy

Energy computation: | No force field vi! ©0ptions Energy weight: 1.0 E ‘ ‘ : Q ‘ i @

AgS,Sb has the same structure as NaCl !!!

A complementary technique sensitive

t o c he mi

stry 1 s hel
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Example XRD -XRF W i

T —

ARL Equinox 100

A Elastic interaction

A Angular scanning or coding (PSD)

A Sensible to structure and crystallinity
C Determination on phases content

A Inelastic interaction
Co A Energy scanning
. - ~ Fo | _ é\ Sensible to elemental composition
- ';L C -0 C Determination of elemental analysis
| 4 " H avy

ARL Quant X
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Wave - matter interaction

Anything which has a structure at the nanometric scale, with enough
contrast.

Structure : ordering at the atomic scale

Then, mostly crystallized material in bulk or powder but even in liquid cristals
or in smoke

Contrast : X-ray interacts with electronic level
Then, heavy atoms => high contrast

17  Proprietary & Confidential | henry.pilliere @thermofisher.com



ThermoFisher
SCIENTIFIC

Instrument

Instrument is designed for the need we are
looking for. It allows to measure and

guantify physical parameters (length,
wei ght, power, energy, ti meé)
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X-ray diffraction setup Thermer sher

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

A detector is characterized by :
- spacial resolution
- dynamic range

- energy resolution
- dimension

A light emission characterized by : _a Enclosure Detection

- a spectral range

- a solid angle

- intensity

- dimension and shape of the source

) incidence
E . angle
o -:har.a-:terlstlc
= lines K
4 .
(\v spectrum Sample \ y .
K
: ) u N LB Sample holder
e sampleholder 1 d
]
o ng‘IU?;IL dcl‘{}l LP/ULH th rjgt%
appliedvoltage ® IR selected measurement
“area on the curved detector
Most instruments using radiation corresponds to this scheme

XRD T XRF- FTIR - Raman -UV ...
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Instrumental function for XRD ThermoFisher
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XRD instrument

Dx : Diffraction plane
F : focus of the source
M: Optical position (monochromator, mirror), involving a primary
beam deviation

G : Goniometer center where is localized the sample

S : Sample position
D : Diffraction device

¢

y 4

DETECTOR

Goniometer

Sample orientation is defined by 3 Eulerian angles
- WO angle is the incident angle on the sample surface
- N Aangle is the rotation belongs the normal axis to the sample surface
- fici angle allows to tilt sample belongs the axis intercept of the diffraction SOURCE
plane and sample surface

Remark :
- N2gi angle belongs to the detection part
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Instrumental function for XRD

Elastic coherent interaction :

reflectometrie : investigation on thin film for measuring thickness, roughness and density
diffraction : investigation on phases
absorption : imaging and radiography.

Incoherent elastic interaction :

diffusion by a rough surface or cristalline defects.

Diffraction

Powder,
fibres, bulk
2D or 3D

- type of measurement

ThermoFisher

SCIENTIFIC

=> instrumental configuration adapted according to: -
‘I Grazing

- type of sample
- accuracy of the result

measurements

bulk 2D

\

Small angle measurements |

Powder,
fibres, bulk
2D

Instrument

Environment

sample

)etectio

y

Performances depends on the instrumental function I

Proprietary & Confidential | henry.pilliere @thermofisher.com



22

Function X -ray source

charactdristic
lines

K

+ intensity «m

-:u:-ntinuII:rus
spectrim

-
o

/

- a solid angle
- intensity

A light emission characterized by :

- a spectral range

- dimension and shape of the source

Il 1T

N
~—

Wi/

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

a 1.0
Molybdenum spectrum vs the AL
applied
voltage
fluorescence
Spectral large
range
Solid angle Few degrees
Source size Small or large

Source shape point/linear

imaging
large

Large (60°)

Small for resolution
improvment

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

ThermoFisher
SCIENTIFIC

This is achieved by using appropriate optics (1D, 2D, monochromator, mirror, collimator, slits ...)
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Instrumental function for XRD T beam characteristics W

Flat graphite
kal+ka2

Flat Ge or flat Si

filter

- Channel-cut

Monochromaticity

Divergent beam

S ————

Q - :

O - —s=— An optic is characterized by : o)
[ in-hole e - c
o pin-ho - mosaicity Y spectral ‘B
= -acaptureangle Y beam si ze =
5 - divergence Y resolution LCE

.

Single collimation Convergent

&
@
oz
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Function X-ray detection
0D Detection :

o : Bragg-Brentano
Acquisition is done Stepwise

geometry
2d and statistics are
0B B 100 120
1D Detection
Acquisition is done in snapshots asymetric
geometry
Statistics is time dependent

O 20 40 60 & 100 120

2D Detection : i

Acquisition is done in snapshots » _‘ Pt

Statistics is time dependent

Texture information but point beam required
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X-ray diffraction

A P h e n o mewhicnthe atoms of a crystal, by virtue of their uniform spacing, cause an interference pattern of the waves in an incident beam

ThermoFisher

SCIENTIFIC

of X-rays. The crystal's atomic planes act on the X-rays in the same way a uniformly ruled grating acts on a beam of light (see polarization). The
interference pattern is specific to each substance and gives information on the structure of the atoms or molecules in the crystal. i

X-ray detector is able to
intercept these cones.

- X-Ray
source

atomic plane of
Diffracted X-rays : ‘ . a crystallized
Debye cones. materials
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Considering a monochromatic and (quasi) parallel X-ray beam hitting a crystallized
material. X-rays are able to diffract on the sample. Diffraction is represented by
concentric cones (Debye cones), where the center is the sample. The axis of cones is
the direction of the primary beam. The solid angle is called (4.theta). There is a
relationship between theta and the periodicity of the material, the Bragg law :

| =2d,,y sin(0)

| = X-ray wavelength
dhkl , the periodicity of atomic planes in the (hkl) direction,

Ok the deviation angle

In other words, X-ray diffraction allows to identify the phase of a
given material, when it is crystallized.



ThermoFisher

Function X-ray detection

We are the only ones to offer this kind of detector
It is a real time XRD system based on a curved detector

Version Detection Curvature
angular range (mm)
CPS 590 90° 26 R =500 . |
CPS 120 120° 26 R =250 e © T _. Experimental
g b . " »Ge (111) monochromator

CPS 180 110° 26 R =180 - .3 pr— » Cu tube

. : > sample LaB6

e CPS[SO\—/ .

Maximum information in minimum time | e M .
Analysis speed & resolution _1“"’#/

No maintenance

0 20 40 60 80 100 120 140
2theta (°)

Curved detectors principle
The EQUINOX diffractometers use the curved detectors principle, namely real time acquisition across a wide acquisition range.

ANo motorization required during the acquisition (no wear, accuracy)
AAsymmetric acquisition mode: for a single d sample incidence you can see all diffraction peaks on the detector
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Function sample

_ 3339 3410 34.20 2M .1
I=1,.P.L.FZ.m.A. & ML

What is the composition?

and how much?

what is the crystallite size and morphology?

Is -there any constrains inside crystallite?

Or in the overall sample?

Is there an organization at the crystallite scale?
And can we quantify a distribution? Pole figures,
Structure, organization of electronic density levels :

_Peak intensity/shape g TrrrorerEEEEaEEEs e Peak position
I‘
b

ThermoFisher

SCIENTIFIC

Diffractogram

Overall analysis of peaks shape,
position and intensity and
background function

Phase identification
Phases quantification
Particles size,

micro strains

Stress analysis
Preferred oritentation (powder) or texture (bulk)
ODF

cell parameters, valence, atomic occupation, ...

What is the structural modification of my sample vs physical parameters (P, T...)? dilatation, phase transition

Structural anisotropy :

Proprietary & Confidential | henry.pilliere @thermofisher.com

stress, texture, thin film characterization ...



Powder vs crystal Thermorisher

Powder sample : Single cristal :

mv) X
ALarge number of grains probed by X-rays 8 CZD Al unique grain probed by X-rays
AGrains are small according to beam size (20um) L 3 A1 unique diffacted signal for a given orientation of cristal
o
AEach grain is able to diffract according to its orientation o) 8‘ => only possibilities to record several diffracted beam
=> several diffracted beam for a fixed sample orientation § N AMoving cristal by using a goniometer and monochromatic beam
Diffraction plane intercepts all diffraction cones = EE: ANot moving cristal, but using a polychromatic beam
> ~ Y Laue method (consult us to define t
Py =
} ()} v
) ) ! !O L /
Diffraction ! C — Diffraction ;'
circles — ) d |
=z 7 ots 7
O o
X o
s
Z
ESSiles
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Instrumental function for XRD

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 or XRD setup vs sample characteristics

Use of appropriate standards

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

Too many ways to characterize structure
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Instrumental function for XRD 1 effect of sample holder

Transmission vs reflection Na-gluten

2500 Inel
—transm

0 Reflexion
c
~1000) | - Transmission 29

30 40 50
5001
M " JU\ A_ah Better resolution in transmission

o 12 % 16 18 20 2 4 6% 28 I
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Instrumental function for XRD T effect of wavelength

Copper vs cobalt

|||||||||

2600, - CAD590CUc
2400 _ — CAD590COc
2 000
1800
2 1600 CukU
£ 1400,
g
£ 1200
1,000
800
400,
200/

i

98 0 2 4 % 28 3% 32
2theta ()
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Instrumental function for XRD T effect of optic

Gell1l vs Graphite 002

ThermoFisher

SCIENTIFIC

32 60
I
30 60
28 00
2 4 00
22 60 .
_Graphite
20 60
// monochromator
18 0-0
16 00
14 00 f
12 60
|
10 0-0 |
s obo } \ {.f’ Gelll monochromator i.better resolution but low counting. rate
fl { l ! //
6 O0PoO f | |
,r\ ANE / , ]
4 opo A R S e t A 7
r N . IR fl 1 )"in e b, }’I "1 II l\ 1 ]L N rJ H'.\ i \L
2 ob-g-t.2 §i "r'\‘lJ v ¥ A ; ) ! e . f >,
Aor \ A A ) P!
16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
2theta

33  Proprietary & Confidential | henry.pilliere @thermofisher.com



Instrumental function for XRD i1 effect of optic

Dynamic studies

High flux by using elliptical mirror

Glass crystallization at high temperature SEREE S

power : 38kV T 38mA,
Furnace :FUR1200
acquisition: 3min

J835.1
889.9
i :
Ll mr'l‘ { ”‘U _._3,
i 1% B
1m ©
“.J (I g_
10457 §
| M .\ &
. 10470
1047.9
, 3 83 3 8 = 8
js = N 8 € 8
2 Theta
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XRD Instruments

Existing instruments and applications

¢ rotation

35  Proprietary & Confidential | henry.pilliere @thermofisher.com



X-ray diffraction setup

Understanding how to get the result

- appropriate instrumental configuration

- appropriate sample conditioning

- appropriate calibrations / corrections

Type of
radiation

36  Proprietary & Confidential | henry.pilliere @thermofisher.com
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Type of solid

Single crystal polycrystalline

Rotating crystal

monochromatic Method Powder XRD
polychromatic
Laue
Method ED-XRD

4 g
Polycristalline
material

Single crystal
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XRD for polycrystal with monochromatic beam I focusing geometry SCIENTIFIC

Bragg Brentano geometry

Sample is an optical component!!
Debye Scherrer geometry

1
q/ 2etup Detestor . / sgtup

Monochromator X-ray tube !
Curved position ;

sensitive detector . i e

Source
- ’ : o
1
Fixed sample
|
It SLop
Figure 1.28. Delye-Scherrer diffractomerer equipped with a position sensitive detector ,
I
Figure 2.46. (£28 Bragg-Breniane diffrociomerers Figure 2.47. 66 Bragg-Brentano diffractometer
Sample

without optic Miomcmtr ' -%Fi e

Sample
5 F, — Fa 53
without monochromator
Flgure 1.15. Geometric arrangement of the Debyve-Scherver and Hull diffractometer Source
Flgure 248, Park of the X-ray beams in @ Bragg-Brentano diffractomerer Figure 2.51. Parh of the X-ray beams in a Bragg-Brenfano diffraciomerer

equipped with a_from monochkromator

From Guinebretiére
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XRD for polycrystal with monochromatic beam

Parallel beam geometry
With flat cristals (1, 2 or 4 bounds)

Detector

mmm\m/ é

Source
h
/=
Two-reflection
monochromator Sample
(a) Use of an analyzer erystal
Detector
Collimator slits ' -~
Source

N
X

monochromator Sample

(8 Use of back collimator sl Case of Equinox; sample can be set at a fixed incidence (asymetric mode)

Flgure 184, Geometrical arvangement of diffractometers for polverystalline
samples using a syachrotron source

38  Proprietary & Confidential | henry.pilliere @thermofisher.com

i parallel beam geometry ThermoFisher
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Parallel beam geometry
With parabolic (or elliptic) mirror

Collimator slits

Parabolic multi-layered
monochromator

N

Sample

Figure .85 Parallel geomerry configuration in the laboratory



XRD for polycrystal with polychromatic beam I parallel beam geometry

1- Structural information are diffracted by all the wavelength XRD-XRF angle-energy map
2- Elements are emitting fluorecence signal (raw data)

Need to have a detector with a spacial detection, able to dissociate energy Angle-energy map measured for a BaSO4

rich sample using Mo radiation not
monochromatised and scanning the SDD

£ 800

- detector from 5 to ¢
~ !

p 1 f. L. Lutterotti, U. Trent
8)600 3 Ref. L. Lutterotti, U. Trento
© ,

N

3 t

.400 Q

+ 2

-

: ?

g200 .

a 5

) .

2000 6000 10000 14000 18000 22000
Energy (eV)
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XRD for single crystal with monochromatic beam I parallel beam geometry ThermoFisher
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Parallel beam geometry
With flat cristals (1, 2 or 4 bounds)

& rotation

N Sample hold by appropriate goniometer

rotation beam trap Different type of configuration

-—

g
o

| counter
4

" 26 rotation
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XRD for single cristal with polychromatic beam I parallel beam geometry ThermoFisher

SCIENTIFIC

The Laue method is mainly used to determine the orientation of large single crystals. White radiation is reflected from,
or transmitted through, a fixed crystal.

The diffracted beams form arrays of spots, that lie on curves on the film. The Bragg angle is fixed for every set of planes
in the crystal. Each set of planes picks out and diffracts the particular wavelength from the white radiation that satisfies
the Bragg law for the values of d and g involved.

Experimental
There are two practical variants of the Laue method, the back-reflection and the transmission Laue method:

Transmission Laue
In the transmission Laue method, the film is
placed behind the crystal to record beams which
are transmitted through the crystal.

One side of the cone of Laue reflections is
defined by the transmitted beam. The film
intersects the cone, with the diffraction spots s
generally lying on an ellipse.

Back-reflection Laue

In the back-reflection method, the film is
placed between the x-ray source and the
crystal. The beams which are diffracted in a
backward direction are recorded.

One side of the cone of Laue reflections is
defined by the transmitted beam. The film
intersects the cone, with the diffraction
spots generally lying on an hyperbola.

Case of ..

.;-F'"'"
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Applications

ARL EQUINOX INSTRUMENTS




ThermoFisher

ARL Equinox new design =k
ARL Equinox 100 ="

||||| mo

SCIENTIFIC

-
ARL Equinox 1000

Applications Equinox 100 Equinox 1000 Equinox 3000/3500 A ARL Equinox 3000
Phase Id and QPA OK OK Ideal

: OK (Ge)
Quality Control Ideal Ideal (Graphite) OK
Teaching Ideal Ideal OK
Al Lety Possible * Possible* Ideal
Temperature
GIXRD / XRR Possible Possible OK
High resolution No No Yes
Stress :
measurements No No Possible
Texture No No Possible

Low angle (~0,8° 2d) No (~1,5° 2d) No (~1/1,5° 2d) Possible eropeietany & Conentil | ey



ARL Equinox : Powder sample holders ThermoFisher
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. Air sensitive samples
SSRT : spinning sample holder Slightly radioactive (alpha particles)

Gas reaction at room temperature

v
e
()
A
i
A

Controlled atmosphere sample
other spinner is provided spinner (SSCA)

The«mustbee é excepted if

Gandolfi Mount

Sample changer :

. Organic samples
6 Positions J P

Claysé.. Slow, adapted

Museums
~ Forensic
ol — For extremely low
Capillaries quantities.
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Powder sample preparation for SSRT sample holder, in reflection ThermoFisher

SCIENTIFIC

If the powder is coarse, it is necessary to grind it.
A small mortar is normally sufficient.

By using a spatula, take a small
amount of powder and put it on the
cavity of the circular crucible.

Make the surface flat and
homogeneous, by using a glass

The surface of the powder must not exceed the slide.
level of the crucible, in order to avoid height
displacement.

Care on the surface preparation, proper stackingc
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Powder sample preparation for SSRT sample holder, in transmission ThermoFisher

SCIENTIFIC

Set the cup on Insert a new window Put few grams of
the table powder

Set another

window on powder Engage locking Tighten using
part dedicated tool

Care on the homogeneity of thickness
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Powder sample preparation for capillary sample holder, in transmission ThermoFisher

Capillary as to be filled with powder
Capillary has to be aligned using a microscope

This is the best technique for organic products, but somehow long

and difficult to prepare sample . .
Prep P Care in the correct filling
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ARL Equinox 100: Performance (Sensitivity and Resolution) ThermoFisher

SCIENTIFIC

Peak/Background equivalent to high power XRD

= ZnO

= 10sec acquisition

> Equinox 1 0 Gansitivity

i enables fast measurement

: times even with its low X-ray
1= power

; )

LaB,

Equinox 100 resolution comparable
to any standard XRD

a0
zzzzzz
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ARL Equinox 100: powder application

x10°

30

20

Intensity [Count]

Wagt'd ssq = 3039.3079

sig=1.0868446

Rwp (%) = 4.2338915

Rwpnb (%, no bkg) = 24.431747

Rwpnbl (%, no bkg rescaled) = 7.6726084
Rwpnb2 (%, no bkg rescaled”2) = 3.4805384
Rb (%) = 3.3136709

Rexp (%) = 3.8955812

# iterations = 8

martensite , weight %: 97.1

Austenite , weight %: 2.9

Austenite I
alfa-Fe
martensite b

Acquisition time = 30min
Co radiation

60.0 800 100,
2-Theta [degrees]
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Intensity [Count]

Austenite
alfa-Fe
martensite

20

1.5

1.0

ThermoFisher
SCIENTIFIC

Retained austenite
guantification

Wgt'd ssq = 3310.294

sig= 1.1340417

Rwp (%) = 4.4877687

Rwpnb (%, no bkg) = 29.348228

Rwpnb1l (%, no bkg rescaled) = 10.592583
Rwpnb2 (%, no bkg rescaled”"2) = 5.7557955
Rb (%) = 3.5701945

Rexp (%) = 3.9573226

# iterations = 3

martensite , weight %: 36.4

Austenite , weight %: 63.6

400

60.0

80.0 1000
2-Theta [degrees]




ARL Equinox 100: powder application ThermoFisher

SCIENTIFIC

3
¥10
5.0
40+
*E L
(=]
=3
E3o- i
2
= L
b
20
A . .
. 1 : . 1
Portlandite ] I I I [N I I .t I I I It I I It I h
C4AF-CcOD | [ . LN B ] I LI (N N1 LI I NGew e e el el el (A0 YL AL | LU R T I UL YL RN RRTIEY LR U LR L UNRNRN |
tridimite | ] ] I (] [l [ L O TR In W W e [ U U T T T I TR VR [ TH 1 I
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Lime I
’IOO 0

2-Theta [degrees]

Here is an example of Rietveld refinement : in blue the data points, in black the calculated pattern. As can be
seen some peak intensities are poorly matched : this is a known issue with cement. The major components,
alite (C3S) is known to have many structure variation, due to some impurities present in the raw material that
changes his structure. We entered the structure of a theoretically pure alite phase and simply refined a little bit
this structure to get a better match; This can of course influence in some extent the quantitative analysis
results, but getting the exact structure of the alite used in this sample is out of the scope of this work.
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ARL Equinox 100: powder application ThermoFisher

SCIENTIFIC

Irel.

Experimental pattern
950 Calculated pattern (exp. peaks) (Rp=16.8 %)

Identification of drugs and explosives

850

500

7501 Phase classification
Cocaine hydrochloride

IFGmUBI 10,7 HC
| Pearson symbol
[QualEH Deleted

7004
650+

600

Forensic

550

5001 Publication
Bames, Sheppard, No. 2 May-August., Bulletin o

450+ Narcotics 6, 27 {1954).

400+

350
1004 Published crystallographic data

2501 _Crystal system

200
150

100 w

50 e

T T T T
5.00 10.00 15.00 20.00 2500

Mot given

several narcotic patterns, meta-amphetartin

sodium chlorate —Ecstasy

some chemicals used in explosivegmmonum ot recorded on Equinox 100 in 5 min. e i

— trinitrotoluene !
—heroine

fabrication, recorded in 5 min each. — speed

2 6 8 10 12 14 16 18 20 22 24 25 28 30 32 34 36 38 40 42 44 46 48 50 52 54 3456 7 8 91011121314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50
2theta (°) 2theta (°)
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. ThermoFisher
ARL Equinox 100

Clay samples: different illite/smectite samples

Inel data

lllite (1LOA)
Smectite/c‘hloﬂte (14A)

o,
.

I |‘]|| ] I R R E

5 1'0 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2theta (°)

Asymetric mode, well adapted to low angle detection
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53

ARL Equinox 100 Mo

Ceriatite (Ce02) 3600 sec acquisition in transmission using scotch tape

38 000
36 000
34 000
32 000
30 000
28 000
26 000
24 000

y
)
N
o
=)
S

Intensit

W

.

U

A Transmission mode allows to obtain higher resolution
diffraction than in reflection mode, as seen with this
sample of ceriatite.

Mo| getting advantage of high resolution in

-,

29 30

31

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

2theta (°)

ThermoFisher

SCIENTIFIC

transmission

4 000
2 000 /_\__J
0 . .

5 10

15 20

25

30

35

40

45 50 55 60 65 70 75 80 8 90
2theta (°)

ENQ_COMMZ20201210BLitter\_expenment\20201214Ce02_3M_45kv_0.9mA_3600sec.dat
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ARL Equinox 100 Mo

sample: Nokia battery in reflection

Mo, getting advantage of high penetration

The cell is protected by a rigid Aluminum envelope

Inel data

2200 1

2100

2000

1900

1800
1700 l l

—— bat_nok_02deg
—bat_nck_03deg
— bat_nok_04deg
—bat_nok_05deg
—bat_nok_06deg
——bat_nock_10deg

O Series?

__.-
—
i

e

A
1600
" o o =
1500 o ’

1400

1300

) . M .

21200 Simm

==
—

=
2 1100

=— r_=—
“_—_’;‘_T

——
I

1=
1000 N i

=
.4
)

900

800

700

/
600 , ‘

_jfk P
400 |

it N st e
500 ‘
o

o A’ st W s LYY, SN N .

200 A\ ’

100
AT v I W N W -

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
2theta (°)

E\0_COMM\20210824E100MO_batterie_iphone\bat_nok_02deg.dat

2 4 6 8
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ThermoFisher

SCIENTIFIC

‘ Commercial battery directly set on XRD instrument

2504
2004
150

1004

ot
|

Exp.
Calc (exp peaks) (Rg=20.8 %)

[96-001-2956] Al Aluminum (100.0%)

15.00
WMo-Ka {0 709260 A)

20,00



And for bulk samples e

SH_FIBER

To measur e

orientation|fon

Gandolphi chamber

Transmission
Powder XRD on a
little crystal

fiber pl asticsé

. 4-circle extension
Grazing sample Texture & Stress attachment
holder, for thin film

Mapping sample holder
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ThermoFisher

SCIENTIFIC

Or for phases transition

(P, T, ?)

High and low temperature chambers

Phases transition
under humidity

New Anton Paar
furnace
-10AC to +150AC

Ambient to 500AC
Phases transition




ARL Equinox 100: transmission ThermoFisher
SCIENTIFIC

Fiber

Capllla”es PP sample in normal light
(above) and polarized light
(below). We clearly see the
strains fringes.

Unique feature for a desktop
Instrument

Reflection

\ h ;‘r}\a‘f‘\ R fp\l
i/ WML /)

wud,/ W

Transmission

20
T T T T T T T L 1

30 40 50

10 12 14 16 18 20 22 24 26 28 30 32 34
2theta (°)
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