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ARL QUANT’X

Top performance
EDXRF

ARL PERFORM'X
High performance XRF

ARL OPTIM' X — sowr200w
Amazing WDXRF

ARL 9900 Series
Integrated XRF-XRD

More on www.thermoscientific.com/xray
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X-rays Production : classically by excitation of
external electronic level with electron beam

S 17

Bragg's law

B 2sin
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... and eye déte.c;tor.;:..._;

Instrumentations using radiation fo
- source characteristics

- detection characteristics

- sample environment

- mechanical design
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The energy of photons used for optical spectroscapmeasurements of various quanta

Frequency IGF.: | TII-Iz 1P'II-Lt IEI-ILE IIF_}E

Wavelenetl | Im Jnlum | |.le lnlm | p;m

Phaton LpeV I meV leV l ke I MeV

Energy | | | | |
e = I

H.l Visible soft *—my&.
Spectroscopic NME. ESR FI-IE  Absorption Absorption  XAFS PAC
methods IRAS  Reflecton UPS XPS ME
PL PAS
Faman
Qum_‘:ta B . _ dF.-:-tat:i-:-n ]:-hn:'nn-:'nn.Ir - Core electron . —y
studied l -

Muclear spin Electronic spin

Valence electron

Valence electron
core electron
nuclear spin
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* 78 444

Enclosure

Detection

f

observatio excitation

sample

Matter holder
ample holder

The only unknown function is f_, ... -> to be determined
The other functions should be known -> calibration, calculation ...

=> Need to establish a formalism and methodology
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Defining and listing parameters make description easier !

@ _valence & l
& _symmetry = *

diffm & |

&

»| pd.block 5 | | _pd_peak &

{ cell & \

—_—

@[ _pd_meas = } { _pd_calc B |#
:E:l _space_group [ N \ / /| chemical = @ \\\ II\'-.\ , V4
, \ Iu'l . r \'\.\ L ! /_,"
™, 4 | . c N, LS .-'" s .
N {7 —_— ®| _pd_instr & ~— - _pd_calib E |
® _refine B |- ~NvYy S / - _atom_site 5 |® . [ s

&

@ _publ & } cif core J @ @[ _pd_phase B }—[ Cif_pd = H _pd_calibration
'f_.-’/ ////I.."I "-,I: \\ H‘H P 7 T
@ _journal F v ™,
, g ."I \ : N
s / \

7 WY —

T _exptl 5w

FJ__,-"' //
; # _pd_prep B | “"*{ _pd_char B |&
/ \ Y . /// II.".l I
\ ™, . !
\ | _geom ]

s f 3,
/ | r; 4 AY
. = rd g .'I. // ".\ \\
# _pd_proc [ } | _pd_data B |#
@ _audit B } ( _refln B |® II;,' ‘
= _pd_spec 5 }
= _citation = | | refins & |@

@ _computing =

3

E _pd_refln E ‘ D
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charactgristic

lines

A light emission characterized by :

Kl}.'. ~—
: - a spectral range e
CONtINUoUE . —
spectrum - a solid angle
Kg \ - intensity <
| - dimension and shape of the source
/ pan Y
-HH""-\—\
AN ==
o 1.0 20 Optimizing the characteristics of a source allows to focus on a given interaction
A&
Molybdenum spectrum vs the
applied
voltage
fluorescence imaging diffraction reflection diffusion
Spectral range large large Monochromatic monochromatic ~ monochromatic
(excepted Laue)
Solid angle Few degrees Large (60 ) Small to parallel Very small Very small or
or focusing focusing
Source size Small orlarge  Small for resolution small small small
improvment
Source shape  point/linear point Point or linear linear Point or linear

This is achieved by using appropriate optics (1D, 2D, monochromator, mirror, collimator, slits ...)
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Flat graphite .
kal+ka?2 Flat Ge or flat Si

Channel-cut

Monochromaticity

Divergentbeam

) . :
O _ An optic is characterized by : o
)} pin-hole - mosaicity spectral range =
o - a capture angle beam size 3
= - divergence resolution )
e L
Single collimation Convergent
17 ThermoFisher
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Sample

)
)

_refins

diffrn B = scale ®
II e
_radiation ©  diffrn_radiation_source [E
diffrn_source [

diffrn_radiation_collimation B
II
diffrn_source_details [F

diffrn_radiation_filter_edge E
I
)
diffrn_source_size [5

diffrn_radiation_inhomageneity [5
)
diffrn_source_take-off_angle B

—
b diffrn_source_target [5

diffrn_radiation_polarisn_norm 5
_source |
diffrn_source_type [5

diffrn_radiation_polarisn_ratio [
diffrn_source_power [5

o
|
_radiation l—') diffrn_radiation_probe 5
diffrn_radiation_type 5
diffrn_source_voltage [
diffrn_source_current 5

diffrn_radiation_monachromator E

I

)

II
diffrn_radiation_xray_symbol E
diffrn_radiation_wavelength [5

diffrn_radiation_wavelength_determination [E
diffrn_radiation_wavelength_id 5
_standard &
_standards @&

diffrn_radiation_wavelength_wt [E

ThermoFisher
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Deeper in the CIF !
Ones doing programming will see « object oriented programming »
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ACQTIME 300
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S monochromator
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54056000

o
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With graphite, ka,/ka, doublet is considered as a single peak.

1 7 1] 0 1
! #$%& ( ) L 2 Flux ratio
0,9 Ge(111) 1
0.8 L 3 — Graphite 5
® /’{¢ parab. Mirror 15
0,7 & Elliptical mirror 20
0.6
0.5 & AGe(111)
0.4 * Graphite
0,3 —_
L 2

0.2 Py A ~ & —7 N
0.1 iy vy .f.v:'-.r\ HT’:E — —

0 T T T T T 1

0 20 40 60 80 100 120

2theta (7)

— Depends on the need!

If both is not possible, is it necessary to perform resolution or intensity?
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A detector is characterized by :
- spacial resolution
- dynamic range

- energy resolution
- dimension

Spacial resolution
Dynamic range

Energy resolution

dimension

fluorescence

none
3
~200eV

0D

X-Ray Fluorescence of Lead from "™Cd

1000000

100000 4

10000 4

1000 4

Counts (Log}h
=
[==]

=

Energy (keV)

0 & 15 23 30 3 45 53 60 BY 74 62 40 9

imaging
good
4~5

None

Optimizing the characteristics of a detector allows to improve the measurement

Filtering possible

2D (1D)

diffraction reflection diffusion

good none medium

3~5 6~8 3~4

None or 1KeV None or 1KeV None or 1KeV
0D, 1D, (2D) 0D(1D) 1D-2D

4500 Inel data

4 000
3500
3000

=

2 2500

i)

=

= 2000
1500

1000

500

0
-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60
2theta (%)
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) JK$<8 3## * (2( ) 2533 (- Y
C o 12( ( >3 12(

e * E 123 ) (* 3 3

e (™ 12( *3 # #FI(* 3 |/ 2
L3#t  -A( | )3

Inel CPS resolution

Debye cones

T ELERE]

*CPS5 120 [ ]

0.2 7 =Ccrssop
(]
*»
0,15 1 . -
incidence
N -_--__A’P-/-. g
005

o 0 40 &0 =0 00 120 140

3 detector types et ()

Xray source

focusing circle

_ selected measurement
area on the curved detector

Detection Curvature

angular range (mmiy)
CPS 590 90° 26
CPS 120 120° 26 R=250 |
CPS 180 180° 28 R=180

) 3 ) 3-3( ) 12 * (#)*(2 3

c)* )3 (# #*)(*~ )+ ) (2 >.+

«)* )3 () (=~ )#( ) 12 ( >.+
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Solide cristallin
(ordre a longue distance)

Amorphauis.

{ordre a courte distance)

whatever the state,
XRD allows to evidence and measure
structural parameters in matter

ThermoFisher
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pharmacy "

98
o][e][e]0)Y cosmetic 98

: 9 * (- (-
medical 9 $9?7$&9K? (- ( -/

_ 9* " DL)-(- . 3'-)/M
plasturgy pigments

academic electronic
Education Pure Nanotech .
New matter 9 3
forensic matter : energy -5 ()
composite 9o12.1 .
- coating 9 #.3 M
archeology space
mining corrosion
geology metallurgy

: . 0 3( )12(# ) E
environment ceramic 9 3(*)3.7- 32( *M

cement $ % 6
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A) &

Mineral, organic, vegetal, animal ...

All can be complex arrangements

1-D
2-D

0-D:

thin powder

: fiber stacking
: multi-layer coating
3-D:

bulk agglomerate

Figure 1 Reinforcement forms.

morphology of nano-structured materials

nano-structured materials

cristallites

Layer

Stick

Any

mono poly
phase phases

different
composition
between grains
and boundaring

dispersed
grains
in a matrix

W

SOOI
X

O PP 00 OO e
bt % %% % % %"

27
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Multi-scale strategy
For a better understanding, correlations should be done at a multi-scale:

CM — sample scale: profiling + imaging
Identification of global texture of sample, surfaces, porosity ...

MM - grain scale : XRD + XRF
Characterization of surfaces composition
=> Sphases and Sements

MIC — micro grain scale: Raman
Identification of individual phases
=> individual phase distribution

decimetric g

ThermoFisher
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XRD : powder vs crystal

Powder sample :

-
* Large number of grains probed by X-rays 8 <>§
* Grains are small according to beam size (20pum) (c_nr p
* Each grain is able to diffract according to its orientation ) -
=> several diffracted beam for a fixed sample orientation é 8
Diffraction plane intercepts all diffraction cones ; D_:I
— m <
m £
'e) =
Diffraction - Q@
circles CZ) %
X 3
o
s
Z

SSSEies

Single cristal :

* 1 unique grain probed by X-rays

* 1 unique diffacted signal for a given orientation of cristal

=> only possibilities to record several diffracted beam

* Moving cristal by using a goniometer and monochromatic beam

* Not moving cristal, but using a polychromatic beam
Laue method (consult us to define the instrument)

Diffraction
dots
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7 )
9 - (2t . #2 Type of solid
9 (v 3 Single crystal polycrystalline
9 -- .+ (N ( Rotating crystal
monochromatic Method Powder XRD
Type of
radiation
Laue
polychromatic Method ED-XRD
ThermoFisher
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by \ Overall analysis of peab

.. position and intensity and
I=1,.P.L.F".m.A.e* background function

(3 # | = 2dy SIN(Qy)

) (12 #
((E

( (

(C ((
# 3 ->3 F2 +2.A

§
V2

@) () *(

3)>*2);

> () (.. (E 3*).
$9) / ( ( (3 (.. ;
< )5 .(*.;

$() " ( ) (. (.

3 > 12 # 3( +2 :4.#2(
&22 'E #. 3(/.5. ( .- * (5. * Q-
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H D

A DR *A
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A) &

A) $ %
/. )12((023+ 3-3

# Combination of techniques New techniques

9 >8 * 98 8 * 9> * ((2 3
9*) N. -#* &-*(5*. 9 > #72

93  * -*E 93 x L *E 93 * -*E
A) !

. )12(()23+ 3-3

# (trans)Portable techniques On line integration Automatic expertize

97 2 E 9+2( (( 9F- (#> (
9 2* (#> I3(#> 9*)3."
9*)3 9( ( J(#3 3 #(
- i
# (33 9(33E # (2% 9*)3.7 #3 .+

93# #2.(# ((*+
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|
Epitax Crystal

Rocking
curve

RSM*

A
I

I
‘—\’III
I

Y,

|

EEEEEEEEENEEEEENENEERER,

l

|

I .
I fibers

= =
SO |

Texture

\
I

GIXRD

||| I
! |
| ' '"
| oo
disorientation
| —4
)
]

Each techniques requires an appropriate:

- instrumental setup

- calibration procedure

- data treatment algorithm

- and finally an appropriate skill!

é‘ u EEE T T )

|
I
I

ThermoFisher
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8 * (023+ * + 1))

F*-. ( ** 33>)
) ' SA>3 #) (2 .#2
F* +(- %4
&)

) (2 *2(+ 3-3 ) 12(3*

Fr. -#*' (*( *2* >)
$(2¢ . 3 (*2(+ 1)
F*. Y(#) —-- >5.")5((
K( #--- (33

F*. #F I ( #2 3
+( - ) (

+/

(_

#)8 (2*
12 . +
> (* (>..)12.1#) (2
) (" LML
(2 *
L "9L 8 (

S32+. 1 # (2.
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JK('(33>)(*
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@ _valence =

!

& _symmetry =

)

_space_group &

AN

A

\
II
III',
™, k IlI
ot 1
™, L]
‘\\ \

Phase

{ cell & |@
/ A _chemical B |@
! rd
! i
f F ri

k = refine [ ~

[/ 7
L | f A
s - _atom_site =& =
. A\ ) r g
Y 4 ! ’ il

cif core

. T
@ _journal [F [

i
-
&
&

®
5
=
o
K]
A

yi !

@ _computing = «
® _audit &

= _citation =

! bibliography )

-
i
A
A

(R

v / RN
'y \ 5
S VNN

| Vo

! !

J
(\ \\\ _geom = ~\

Y _exptl 5 @

\_Instrument /

»| pd.block 5 |

@[ _pd_meas =

}\ { _pd_calc B |#

® _pd_ins‘tl’ I% .'H"m \x\\ I'"-.l. Illll.-' // - _pd_calib |§| @

@[ _pd_phase &

&

i §
! \

’ ! L1

J \

®| _pd_prep E
#| _pd_proc & }

|
/

-
/
!
|
|

cif pdE H _pd_calibration
H“{ _pd_char & |®
.lll\ \\ (-T:‘.

| _pd_data B

# _pd spec B |

E _pd_refln E “I@
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C3# /(.. ) J(12. 5 12 5 (22 .M ->3  +2.A(
$ ( 3. (2 # 3* 3JINJ .+ () 3 (. 3 ( 2
12 -*
. * 3 « NI 4&
« &% #3' * 3A>) * E
« F .>

c @A( (33-> (2-/ 79 N 79,
e 3/92( (2* 35'63 * (#>
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-B7 AC ?7>>>&9%

( ) $
>)(*..3*( ( 3.# .12 89 /3## - ( ->3
$ ( 571 (¢ 2" (2¢ 3#HH ¥ E ( 12 3 3 )
. ((53+/) (#> 8 F- * ( 5.+ /
#>**(
e . *3 (« NI 4&
<7 ) (
@ (
e« F .>
@A'>5.") +
( !
J2. 5612 5 H(-)((3 # (22 3 * 10 .. (
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"B % & S (( #! ( ( 1 $)* +( L &
( ( &)
(* +,
Sample 16 17 18 19 20 21
o+ 11 1% $ (% # - 0

STPP 17,67% 25,9% 40,9% 51,35% 51,17% 60,2% .
° ’ ° ’ ’ ’ I ( $( % (#( # & 0 |

STPPII  82,33% 70,7% 56,93% 45,23% 46,57% 37,93% I

Other 0,0% 3,3% 2,17% 3,43% 2,27% 1,87%
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(

>) ) JK$<8 -#* (3 +" (™ (- ) JK$<8
(12 - ( -+, (2 > . E 5 + * 2 3N
() @

 (@(

o ) *3## D0 ( (2(+ *2 3(

« %' (* (-

e . *3 («( NI 4&

D R

- e

s @A' >5.") - +.
5 % ) ( -

o -( (29(*.

(

J2. 5612 5 J()((3 # (22 3 * .. (

9 ( (23 5 + 5 * (M
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-B7 AC D>>>& ) "

( &)
2 >+ E5 4 * 2 3N * () *@*( 5 33
* E3(* )3 -#*) . J(

+ 5253-3" /2 3

. . *3
. 4&  (( NI
. 481 ((! NI C) (.2
e 7 ) -
- (2 (™

05*.)*+(_

(

J2. 5612 5 ()3 # (22
3 = IC .. ( S0 (23
5 + 5 * () ./ J(2F.( MM
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-B7 AC E>>>&

-B7 AC E>>> (3("3# ./12* 3## () (2
208 3 ( ('(>)( "' 5.
. * 3 48

cINIT' * >).'('(8 3

c @A'>5.") -~ +.

(

Microdiffraction, mapping...

F-ox o L*(E * 4> @
12 ( ( N-
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-B7 AC G>>>& "

(II

# .12 ->3  J((23 5 + * 2 3 N *() ) 12
5/)Y (.2

« INI INI (' *

«CY (2 3 48 |

5 % L) ( -

(

2. 5 6 12 5 U( )(( 3 # (22 3 *
.. ( 3 ( (23 5 +. 5 () ./

(( 2 F. (( A M

Coating on stainless steel

Thin film analysis
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-B7 AC H>>>&

Sample characteristics

Diameter max =128mm

*Thickness max =10mm

*Weight max = 1kg
Extension :

*Possibility to set the furnace : DHS 1100 AP  Sample holders

For bulk

For powder
(max30x30x8mm)

Goniometer
head
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Some developments
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Granted projects to develop ideas
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Software in the future

UNIVERS : from 2013, transition to more universal
software :

- data storage (configuration, sample description, raw data
and refined data in a unique SQL database)

- sub-programs drive components (servers)

- Master communicates with servers in TCPIP
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Innovative software for search-match

Not yet launched.
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Innovative software for Rietveld refinement

Free software

Originalities :
- combined refinement with XRD method (powder, texture, stress, grazing ...)
- combined refinement with other techniques (XRF)

64



New concepts for the future

> Light instruments

> Expert system because of measurement/modeling combination
> Low power

[ Applications designs

® Technics combination

> Unique software for expertize : MAUD

65



Thank you for your attention

This presentation has been made using only opensource software, so if it didn't work as expected that's normal...
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