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What is matter ?

It is the combination or not of chemical 
components, following very precise 
bonding rules

Several 
possibilities of 
assembly

From about 100 chemical elements

3 states of matter

gas

Metallic bounding

solid
liquid

hydrogen bounding

Ionic

bounding

Covalent
bounding

polar

Covalent
bounding

Non polar

Solid glassPoly-crystalline SolidCrystalline Solid

Solid organisation

Infinity molecular 
assembly



diamant

graphite
fulleren

Carbon Nanotube

Matter transformation– example of carbone



Crystallography
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How solid matter is organized



Crystallography
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 A solid can be:

Amorphous:

Solid material, where atom 
does not present an order at 
short distance

Poly crystalline:

Solid material with groups of 
atoms highly organized

Single crystal:

Solid material 
(mostly) with a high 
degree of 
organization



Crystallography, how to explain the structure of matter
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 Order is performed with 7 geometrical shapes: the Bravais lattices
Crystalline structure is 
governed by atomic bonding 
and coordinance. 

Repetition of ordering leads to 
make interferences with 
radiation and atomic planes : 
diffraction

Atomic planes are identified by 
3 digits (Miller index), hkl



X-Ray Diffraction basics 

 Planes of atoms act like a diffraction grating

 Constructive & destructive interference leads to peaks 
in scattered intensity

 Values of & d determines 2

Bragg’s law : n= 2d sin
Where

 n = order of radiation

 = wavelength of radiation

 2d = lattice spacing of crystallites in the powder 
sample for XRD

  = Bragg angle
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Condition of diffraction:

When wavelength of the radiation is in condition of interference with atomic planes

This is a poly-crystalline material

crystallite with its own orientation vs primary beam

𝑃𝑜𝑤𝑑𝑒𝑟 𝑑𝑖𝑓𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =  Σ 𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑡𝑒_𝑑𝑖𝑓𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 



X-ray diffraction
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How to measure structures at the nanoscale



X-Ray Diffraction instrument - definitions
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Referential description

X-ray beam interacts with sample structure

Sample diffracts the X-ray beam







Sample

Tr
Z

(IUCr) International Union of Crystallography : CIF definition of all 
parameters used in XRD



X-Ray Diffraction pattern

Peak position d-spacings

Peak intensity nature and atomic positions in planes
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A powder sample is measured by using X-ray diffractometer
The diffractogram represents the interference function of a given materials by its periodic structure of atomic planes

Pattern will be affected by:

- The mineralogy
- The instrumental characteristics

I = I 0 . P . L . F 2 .m . A . e− 2M .1

V 2



X-Ray Diffraction pattern – instrument/sample influence
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A primary X-ray beam Enlight a sample:
- Wavelength function of the beam : Σλ ± ∆𝜆 ∆ା For instance, Cuk𝛼ଵ (100) + Cuk𝛼ଶ(50)
- Shape and divergence of the beam : width, div width, height, div height

A sample receives the primary beam:
- Sample shape : bulk, powder, surface, cylinder
- Type of lighting (reflection/transmission)
- Sample positioning in the beam (Ω, 𝜒, φ, 𝑋, 𝑌, 𝑍)
- Grain size distribution and shape, microstrains
- N phases composition
- Structural specificity: strains, texture, thin film, defects, superstructure …

A detection device receives the diffracted beam:
- Detector spatial resolution
- Detector positioning (2𝜃, 𝜉, 𝑟𝑎𝑑𝑖𝑢𝑠)
- Detector characteristics (OD, 1D, 2D, and dimensions)
- Detector energy resolution



X-ray diffraction setup

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

foperator

Most instruments using radiation corresponds to this scheme :
XRD – XRF- FTIR- Raman-UV ...

A light emission characterized by :

- a spectral range
- a solid angle
- intensity
- dimension and shape of the source

Molybdenum spectrum vs the 
applied voltage

Source
Sample

Sample holder

fsample holder

fsample

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

12

Detection



Instrumental function for XRD

Environment

=> instrumental configuration  adapted according to:
- type of measurement
- type of sample
- accuracy of the result

X-ray
Source 

optic sample Detection

Instrument

Diffraction

Small angle measurements

Grazing 
measurements

Performances depends on the instrumental function

Powder, 
fibres, bulk 
2D or 3D

bulk 2D
Powder, 
fibres, bulk 
2D 

Elastic coherent interaction : 
reflectometry : 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 crystalline defects.
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Function X-ray source

A light emission characterized by :

- a spectral range
- a solid angle
- intensity
- dimension and shape of the source

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

diffusionreflectiondiffractionimagingfluorescence

monochromaticmonochromaticMonochromatic
(excepted Laue) 

largelargeSpectral range

Very small or 
focusing

Very smallSmall to parallel 
or focusing

Large (60°)Few degreesSolid angle

smallsmallsmallSmall for resolution 
improvment

Small or largeSource size

Point or linearlinearPoint or linearpointpoint/linearSource shape

Molybdenum spectrum vs the 
applied
voltage

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

Flat graphite
ka1+ka2

Flat Ge or flat Si

Channel-cut

Kirkpatrick Baez
Convergent
beam

Divergent beam

Single collimation

pin-hole
An optic is characterized by :
- mosaicity → spectral 
range
- a capture angle → beam size
- divergence → resolution

Monochromaticity
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Powder vs crystal

Diffraction 
circles

Powder sample :

• Large number of grains probed by X-rays

• Grains are small according to beam size (20µm)

• Each grain is able to diffract according to its orientation 

=> several diffracted beam for a fixed sample orientation

Diffraction plane intercepts all diffraction cones

Diffraction 
dots

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)
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Function X-ray detection
0D Detection :

Acquisition is done Stepwise

2θ and statistics are time dependent

1D Detection :

Acquisition is done in snapshots

Statistics is time dependent

2D Detection :

Acquisition is done in snapshots

Statistics is time dependent

Texture information but point beam required

Bragg-Brentano 
geometry

asymetric
geometry

17



Type of solid

dhklPolycrystallineSingle crystal

Powder XRD
Rotating crystal

Method

Monochromatic

Type of 
radiation

ED-XRDLaue
Method

polychromatic

X-ray diffraction setup

Understanding how to get the result

- appropriate instrumental configuration

- appropriate sample conditioning

- appropriate calibrations / corrections

Polycristalline
material

Single crystal

18



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Bragg-Brentano diffractometer:
- Primary beam is monochromatic and divergent on flat sample surface

- Monochromaticity by using filter or bent monochromator
- Sample refocuses the diffraction beam on the detection device

- Spinner can rotate the sample in continuous 𝜑 rotation (axis perp to sample surface)
- Sample rotates in 𝜃 angle and detector in 2𝜃 angle
- Detector integrate counting for a certain acquisition time

Bragg Brentano geometry
Sample is an optical component!! without optic

without monochromator

From R. Guinebretiere

For phase identification and quantification



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Debye-Scherrer diffractometer:
- Primary beam is monochromatic using a bent or flat monochromator and convergent on the detector
- Sample is measured in transmission, either inside a capillary or in between 2 transparent foils

- Spinner can rotate the sample in continuous 𝜑 rotation (axis parallel to Ω)
- Detector scans in 2𝜃 angle
- Detector integrate counting for a certain acquisition time

From R. Guinebretiere

For high resolution powder diffraction



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Asymmetric geometry diffractometer:
- Primary beam is monochromatic using a flat monochromator
- Sample is measured in reflection at a fixed Ω angle

- Spinner can rotate the sample in continuous 𝜑 rotation (axis perp. to Ω)
- Detector scans in 2𝜃 angle (PSD detector does not need to be scanned)
- Detector integrate counting for a certain acquisition time

Well adapted for in-situ measurements, thin films, stress 
and texture measurements, mapping

atomic plane of
a crystallized 
materials

Diffracted X-rays : 
Debye cones.

X-Ray 
source

X-ray detector is able 
to intercept these 
cones.



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Parallel beam geometry – asymmetry or 𝜃/2𝜃 or 𝜔 𝑠𝑐𝑎𝑛:
- Primary beam is monochromatic using a flat monochromator
- Sample is measured in reflection or transmission at a fixed or 

variable Ω angle
- Spinner can rotate the sample in continuous 𝜑 rotation (axis 

perp. to Ω)
- Detector scans in 2𝜃 angle
- Back optic is used
- Detector integrate counting for a certain acquisition time

From R. Guinebretiere

For high resolution analysis, peaks profile, rocking curves, 
epitaxial, reflectometry, microstrains



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Small Angle X-ray Scattering -SAXS:
- Primary beam is highly collimated and preferably monochromatic 

using a 2D monochromator
- Sample is measured in transmission 
- Sample is measure in reflection (GISAXS)

- Spinner can rotate the sample in continuous 𝜑 rotation (axis 
perp. to Ω)

- Detector scans in 2𝜃 angle, far to sample to detect low 2theta

For high dhkl measurement – nanomaterials …

The 1D diagram is obtained by azimuthal 

integration of the 2D diagram

Acquisition time : 15 min

Acquisition time : 
2 hours

Silver Behenate



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Synchrotron setup cases:
- Primary beam is monochromatic using a flat monochromator
- Sample is measured in reflection or transmission at a fixed Ω angle

- Spinner can rotate the sample in continuous 𝜑 rotation (axis perp. to Ω)
- Detector scans in 2𝜃 angle (PSD detector does not need to be scanned)
- Easy to use 2D detectors
- Detector integrate counting for a certain acquisition time

From R. Guinebretiere

Large variety of configurations with expensive components surrounding beam lines



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of instrument:

- Energy dispersive diffractometer:
- Primary beam is polychromatic and almost parallel
- Sample is measured in reflection at a fixed Ω angle or in transmission

- Spinner can rotate the sample in continuous 𝜑 rotation (axis perp. to Ω)
- Detector is fixed but is able to dissociate energy
- Detector integrate counting for a certain acquisition time

More dedicated for metals



X-Ray Diffraction pattern
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1rst step : determination of the instrumental function
- Type of sample environment:

- For powder:
- Traditionally, flat sample holder with spinner
- Some specificities : environmental cell, furnaces, pressure, reaction chambers

- For Thin films:
- Accurate omega (Z,XY translation stage)
- Collimation

- For texture/stress:
- 4 axis goniometer



X-Ray Diffraction pattern

27

AsymetriqueDebye-ScherrerBragg-Brentano

Fixed incidence in ReflectionTransmissionReflectionMode

Bulk, powder, thin filmsPowder in capillaryBulk, powder on crucible  Sample type

smallsmalllargeBeam size

highweakweakSurface sensitivity

VariablesVery weakOften importantTexture effects

weakVery weak Medium to high Amount of required matter

goodMediumExcellentFacility to use

GoodExcellentVery goodPhases quantification

MediumExcellentGoodFine structural analysis

WeakNAImportantSubstrate contribution

GoodGoodNot goodLarge cells identification

fixedfixedVariable with 2thetaDiffracting volume

Importance to scan a large surfaceLow 2𝜃, surface representative
High 2𝜃, depth representative

Comparison of the different techniques



X-Ray Diffraction pattern
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Asymmetric modeDebye-ScherrerBragg-BrentanoSample type

★★★★ for identification★★★★★ for d001Orientated clay

★★★★★★★★★Clays' quantification

★★★★★★★★★★Organic transparent 
materials

★ (depends on amount of 
sample to be enlighten)★★★★★★★Large grains

★★★★★★★★★★Strong texture (bulk)

★★★★★★★★Thin films

★★★★★★★Epitaxy

Comparison for some specific cases



X-Ray Diffraction pattern
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Asymmetric mode : Effect of Enlighted area vs incidence

In reflection mode, when the pattern is measured with 
a fix incidence, peaks profile should depend on the lit
surface

L = ௧.ୱ୧୬(ଶ஘ିఠ)

ௌ௜௡(ఠ)
, t: beam thickness

FWHM(𝜔) = ௧.ୱ୧୬(ଶ஘ିఠ)

ଶ.ோ೏.ௌ௜௡(ఠ)
, full Width at half maximum of the 

peak

Lower is the incidence 𝜔, broader will be the diffraction 
peaks

Conclusion : instrumental function should be performed for 
each 𝜔 configuration

The reflection mode gives more aberration than 
transmission mode



X-Ray Diffraction pattern
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Goniometer-sample-beam alignement

The omega axis must be aligned with the diffraction 
axis.
If sample is low high OR beam is too high (and 
likewise), diffraction lines will be displaced. This is 
the eccentric effect.
Same consequences when sample absorption is too 
weak.

Recommendation : sample height adjustment by using 
the 2 angles method – it exists a unique Z position 
where 2 patterns recorded at 2 different incidences, 
are perfectly superimposed.

Other recommendation : be careful when preparing 
the sample surface



Some examples
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Effect on instrumental 
component on pattern quality



Instrumental function for XRD – effect of sample holder

Paracetamol

Transmission

Reflexion

Na-gluten

Better resolution in transmission
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Instrumental function for XRD – effect of wavelength

Mixture of 
minerals

Cukα

Cokα
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Instrumental function for XRD – effect of optic

Ine l
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0

Graphite
monochromator

Ge111 monochromator – better resolution but low counting rate

pozzolana
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Instrumental function for XRD – effect of optic

Glass crystallization at high temperature
CONDITIONS :
power : 38kV – 38mA, 
Furnace : FUR1200
acquisition: 3min

High flux by using elliptical mirror

35



Some exotic devices
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Because standard instruments cannot 
necessarly respond to any investigation 
requests



INEL 4  circles diffractometer  - ANR Ecocorail

Combined analysis 
texture/stress/films

CPS 120
Simultaneous acquisition from 0 to 120° 2θ 

Images 
plate

EDX detector 
(spectrometry 

fluo)

Cu X-ray tube

Mini Source Mo

 Phases identification and quantification

 Structure resolution and refinement

 Crystallites size and micro strains

 Quantitative texture analysis

 Residual stress

 Fluo X
Journal of the American Ceramic Society—

Lognone et al. 

Fig. 3. {003} (left) and {300} (middle) and 
mean anisotropic shape of crystallites.

Bi2Te2.4Se0.6

Instrument ECOCORAIL (2014-2015) - CRISMAT



ID1 Combined system- SOLSA HORIZON H2020

CPS 180µ-Raman

Détecteur
Fluo XMini Source Cu

 Phases identification and quantification

 Structure resolution and refinement

 Crystallites size and micro strains

 Quantitative texture analysis

 Residual stress

 Fluo X

 Raman

 Cartographies DRX, Fluo X et Raman

ACS Earth Space Chem. 2019, 3, 2237−2249 

Combined analysis
X-ray diffraction pattern of serpentinized harzburgite 

Raman spectra corresponding to 
lizardite, enstatite, and forsterite 



Description:
XRD-2D/XRF/Imaging combined system for archeomaterials studies

Instrument IPANEMA (2016)



What we need from your sample
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Good preparation means good results



X-Ray Diffraction basics – sample preparation
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Sample preparation:

How many crystallites are necessary to estimate an appropriate characterization?

From NF EN 13925-1 “essai non destructifs – diffraction des rayons X appliquée

aux matériaux polycristallins et amorphes”, about 2000 crystallites with grain size 

around 20 microns

BUT !

If mixture of powder, to justify a good accuracy for a phase at 5%, it is necessary to light 40 000 crystallites!

And for 1%, it is necessary to light 200 000 crystallites!

Without taking into account the absorption effect where a low content of low absorption phase cannot be 
detected in a too absorbing matrix !

Limit of detection should be considered for each mixture composition

Conclusion : low content of mineralogy is difficult to identify and quantify

Recommendation :

- Not measuring by spinning continuously on a same surface of sample

- Perform several sample preparation measured separately – measurement of large surface of sample once, 
and by collecting several patterns to identify the “nugget” effect (l’effet pépite).



X-Ray Diffraction basics – sample preparation
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Statistic effect:

How many grains/crystallites are lighted by the beam?

for powder: 

necessary to grind BUT take care to:

segregation effect due to hardness

mineral decomposition/transformation

how are crystallites ? Isotropic or anisotropic shape ?

is spinning efficient ?

For bulk:

if crystallites are too large, adapt device for averaging (translation stage …)

is there any texture ? Or large crystallite? => perform texture measurement

Conclusion : large crystallites are presenting large discontinuity of the Debye ring

Interpretation is difficult and quantification is not possible

Recommendation : measurement of large amount of powder in order to obtain a “smoothing” of the Debye 
ring -> not easy. 

Difficult to perform on bulk material => measurement with a goniometer in detexturation mode

Coarse alumina powder diffraction on 2D detector -(a) 
without spinning, (b) with spinning

(a)

(b)



Y2O3 thin powder -spin

Alumina 100mic No spin

Alumina 100mic spin

Source : Cuka - 45KV – 0.9mA
Omega=8
Detector : REBIRX70
Tacq = 60sec

2D examples:

Thin powder of Y2O3 : Portion of Debye rings are continuous

Coarse alumina powder : Discontinuous Debye ring

Strip junction



X-Ray Diffraction basics – sample preparation
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Morphology effect:

Crystallites shape are often dependent to Bravais lattice:

Cubic : mostly isotropic powder BUT take care of cleavages – example Si powder, orientation 111

Tetragonal, orthorhombic or hexagonal with large c parameter will give “needles” – example: aragonite, 
asbestos …

Tetragonal or hexagonal with small c parameter will give “plates” – example: clays, mica

hardness effect:

Grinding mixed powder containing mineral with different hardness:

Hard mineral are grinding smooth minerals => mica decomposition



X-Ray Diffraction basics 

Uncentered sample holder and combined XRD-XRF:

Allow to perform measurement on large sample area

Allow to perform both measurement simultaneously, XRD and XRF. 



What we need from your instrument
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Specific parameters to determine the instrumental function



X-Ray Diffraction basics 
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Intensity of diffraction peaks:

For X-ray, mostly depends on electronic interaction and photons. 

3 contributions:

- Structural

- Instrument geometry

- Sample geometry

Lp : facteur de Lorentz-polarisation
A : facteur d’absorption

Instrument 
dependent



X-Ray Diffraction basics (3/3)
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Instrumental function:

Or how the setup influences the measurement

3 contributions:

- Peaks width : effect of geometry, beam characteristics …

- Peak shape : depends on statistics, crystallite size, micro-strains …

- Peak asymmetry : depends on instrument geometry, sample defects … several models are available

Instrument 
dependent



Refinement Strategy: Rietveld refinement
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1- Adjustment of background and scale factor:

- Scale factor
- Background (Chebyshev polynom)

2- geometry:

- Zero offset

- excentricity

3- profile and microstructure:

- Peak width (U, V, W)

- Crystallite size and micro strains

4- atomic structure:

- Atomic position (x, y, z)

- Thermal agitation

)2sin()
)sin(..

.180
(2 


 




R

Z

Instrument 
dependent

Instrument 
dependent



Refinement Strategy: Rietveld refinement
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Parameters to adjust:

Parameters to adjustInfluence on the peakFactor

Phases quantity (%)Global heightScale (S)

Atomic coordinatesIntensity ratioStructure (F)

Diffractometer geometryBase line shapeLorentz-Pol (Lp)

Grains morphologySome specific peak too strongOrientation (P)

Thermal agitationIntensity drop at high anglesThermal (B)



Before performing Rietveld: recording standards

Determination instrumental broadening:

- Using LaB6 standard or CeO2 or Al2O3
- It is good to select a standard which fit with YOUR samples !

- Consider the 2theta range you need
- Consider the mean absorption factor

Determination peak position calibration:

- Using LaB6 standard or CeO2 or Al2O3
- It is good to select a standard which fit with YOUR samples !

- Consider the 2theta range you need
- Consider the mean absorption factor

Checking instrumental offsets:

- Correct sample height
- Correct beam alignment/goniometric alignment
- Correct monochromator adjustment
- Correct slits/Soller slits adjustment

See determination by using MAUD



Before performing Rietveld – knowing phases
1- Collect data:

- Set Omega angle
- Acquisition time sufficient to get a smooth background

2- Do you know phases content ?

- Yes : collect the CIF files in Crystallography Open Database
- No : perform a search Match with “FPSM” for phase identification, and then collect the CIF files

3- Launch MAUD

- Open default PAR file
- Load TTX file
- Load CIF files



How Rietveld method is evoluting ?
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To get better understanding in our materials



Geomaterial study case

K
Si

Al

Fe

As
MgMn

Zn
Pb

S

K
Si

Al

Fe

As
MgMn

Zn
Pb

S

Li

W

Au

Ca

Ca

Ca

P

Cl

V

O

H

C

N
O

H

C

N

Chemistry Mineralogy

Na(AlSi3O8),
Ca, K, Mg KAl2(AlSi3O10)(OH)2,

Cr,Li,Fe,V,Mn,Na,Cs,
Rb,Ca,Mg,H2O

FeS2
Ni,Co,As,Cu,Zn,Ag,
Au,Tl,Se,V

CaCO3
Mn,Fe,Zn,Co,Ba,Sr,Pb,Mg,Cu,
Al,Ni,V,Cr,MoLiAlSi2O6

Fe,Mn,Mg,Ca,Na,K,H2O

SiO2
H,Al,Li,Fe,Ti,Na,Mg,Ge,etc

Amorphe

C,H,N,P,O
Si,Mn,Fe,Zn,Co,Ba,Sr,Pb,
Mg,Cu,Al,Ni,V,Cr,Mo, etc …

Rock

1- Geomaterials, archeomaterials, environment:

- Complex context: unknown elemental analysis, unknown 
mineralogy, unknown morphology
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Developping Combined 
Chemical Mineralogical 
Morphological analysis

Chemistry

Mineralogy Morphology

Identification, quantification of 
chemical species that are 

valuable and polluting

Identification, 
quantification of mineral 
species that are valuable 

and polluting Calculation of 
density, hardness, mass

Identification,  texture 
quantification  Grain 

distribution,  size and shape  
Identify and quantify 

fractures  Quantify porosity, 
grain size

Stability prediction, Transformation 
efficiency prediction

Determination of the 
carrier phases

Predicting reactional 
aspects

Risk of pollution

In the case of mining, summary of results at the 
territory level.

- Estimation of the volumes of materials to be 
recovered

- Estimation of the techniques used for recovery
- Estimation of costs
- Estimation of profits
- Estimation of risks



Materials expertise method
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DB_IA   

ChemistryMorphology

Mineralogy

IA

Hyperspectral

CombXRDF

ScanXRFSURF3D

Profilometry

RGB Cam

Raman

COD

ROD

WebMinerals, 
MinDAT

USGS, ASTER, 
HOD

HMDB

DB_IAG

DB_IAML

Methodoly diagram – AI integration 
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Combined mobile and intelligent analysis instrument for informed 
operational decisions.

Combined XRD – XRF

Chemical and mineralogical quantification on the same sample
Multiplication of measures 
Elimination of the sample preparation phase: 1 hour saving in time

Expert decision support software suite

Automation to analyze 20x more samples
Provide indicators to field operators based on raw data
Creation of a large mineralogical database
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A novel coupled XRD and XRF technique and methodology

A transportable technical solution

Low number of moving parts, in particular the 
XRD that does not have a goniometer

- Small enough to fit in the boot of a car 
/ core logging facility

- Low power consumption, around 
200W, to enable set-up in field 
condition

Simultaneous data acquisition

Mineralogical and chemical composition 
obtained in 30 minutes
Unique data combination software and 
methodology at the core of the system

LuxREM solution



VanLab equipped with combined Mineralogy and 
chemistry system

13

Installation:

 30 approximately
 Internal power supply

Workflow:

 Sample preparation platform
 Sample identification
 Measurement (about 4 samples per hour)
 Data treatment (LuxREM software)
 Storing data and results

Advantages:

 Tight reactivity with explorers
 Results given every 30 min (preparation, 

measurement, data treatment)
 mobile

VanLab equiped for in-field combined analysis 
chemistry-mineralogy



Sampling 2Drying milling sieving analysis treatment

Equipment

Steps

Errors

oven,  
microwave grinder, morter sieving

Spectrometer
Diffractometre

imaging
software

Transformation
Modification 
composition

Segregation
Pollution
Transformation
amorphisation

Pollution
Segregation

statistique
Orientation
distribution

Modeling
AI

Field sampling

Auger, drilling

Pollution
Modification
detexturation

This diagram summarizes the procedure. 
The standard suggests path (1), but many may have some biases. 
Each step has variations: 
Drying: temperature, drying time 
Grinding: type of grinder, particle size to reach 
Sieving: particle size to reach 
These variations can have more or less impact on biases: transformation, segregation, contamination, amorphization. 
This procedure was defined to minimize measurement biases for analysis: optimal statistics and low bias => good quantification. 
We suggest path (1) under moderate conditions, and paths (2) and (3) when the sampled materials are fairly homogeneous. Our 
method makes it possible to account for minimizing measurement biases for analysis.

1

2
3

Operating mode and equipment



Rationalize materials today, By proposing new methods

to better concentrate materials by exploiting all 
the material
(Extraction of minerals, oil, gas)

To better understand the material and use the right 
materials:
- Mining sector, quarries, oil, gas…

Recycle so as not to have waste and always give value to 
materials

To optimize the transformation by heating, mixing…
refinery, cement plant, blast furnaces
Foundry, plastics industry, 
Cosmetics, pharmacy, biotechnology
Automotive, aeronautics…
Agronomy, forestry…
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Use cases Abbaretz, old tin mine (Sn)

• Some results on grab samples:

XRD-XRF combined analysis

Installation of MODULAB next to the mine tailings

 Sampling, preparation and measurement of 9

samples in 3h (30 min / sample)

 Identification and quantification of chemical

elements and their bearing phases

Investigation on outcrop



rehabilitation of an industrial site for revegetation

 Identification of pollutants
 Identification and quantification of clay
 Characterization of samples

More than 100 measurements (mineralogy and chemistry) 
in 3 days

13

Results

Preparation, acquisition & automatized data treatment

Samples collection

Use cases Fricheco site in Marseille



Other use cases

Envisol project : 
recovery of polluted soils

Collaboration project between 
BRGM, TerrAnalytiX and Envisol.

Environmental mineralogical and 
chemical characterization

Old mining installations in Spain

Test on samples provided by Envisol
Establish practices and a common database for the 
interpretation and valorization of data

Eramet project : mineral analysis 
for mining

Collaboration project between 
BRGM, TerrAnalytiX and Envisol.

Mineralogical and chemical 
characterization of mineralized 
sand

Senegal

100 samples analyzed vs. 4 for the laboratory system
Better quality of results
Faster solution: 15min versus 24h

Comparison of XRD/XRF with a laboratory system:

Good agreement between laboratory and in-field techniques
Faster and less preparation On-site Less expensive technique



Now go to enjoy the 

Rietveld refinement training !
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Our values

Guidin g th e 
exploration

Ch aracterizin g m atter

M on itorin g production  

Ch aracterizin g 
m atter

An alyzin g & 
con trol



Defining Instrumental function
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Basis before starting Rietveld refinement



Instrumental function - MAUD
1- Launch MAUD:

- Create instrument



Instrumental function - MAUD
2- Enter instrumental parameters:

No change

No change – zero offset to refined latter

Select Bragg Brentano if reflection mode

Select « 2theta » scan

Define the wavelength 2 radiations : ka1 and ka2

Select « Curved Position Sensitive » detector

To be refined latter !

Instrumental 
broadening 
function



Instrumental function - MAUD
3- Load standard:

- Open TTX file and set omega to the correct value and load appropriate CIF file



Performing Rietveld - MAUD
3- Load standard CIF files:



Instrumental function - MAUD
4- Fix crystallinity:

- Open standard for instrumental function – well known and cristallized sample (by default, Y2O3)

Set crystallite size 
to 2000



Instrumental function - MAUD
4- Refine Cagglioti:

- Open standard for instrumental function – well known and cristallized sample (by default, Y2O3)

3

Make free to be 
« refined » the 3 
parameters

And, finally 
« refine »



Instrumental function - MAUD

5- Fix all parameter:

- Fix all parameters and save PAR file as default (name of your instrument)
- This default file will be the starting point of any of your Rietveld refinement



Performing Rietveld refinement
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Starting from default PAR file



Performing Rietveld - MAUD
1- Launch MAUD:

- Open DEFAULT.PAR, as defined initially of the instrumental function



Performing Rietveld - MAUD
2- Launch MAUD:

- Open TTX file and set omega to the correct value



Performing Rietveld - MAUD
3- Load CIF files:



Performing Rietveld - MAUD
4- Pattern calculation:



Performing Rietveld - MAUD
4- quantitative analysis:

- Go !



Performing Rietveld - MAUD
5- quantitative analysis:

- First results



Performing Rietveld - MAUD

6- what additional refinement:

- Eccentricity
- Particle size
- Microstrains
- Cell parameters

On this case, WSi2 does not respect relative intensity:
- Is it the correct CIF file ?
- Is there any substitution ? Correct formula ?

Too high
Too low



ANNEX : wavelengths
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