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* Available instrumentation:
« EDXRF: S2 Ranger, Bruker
TXRF: S2 PICOFOX, Bruker

u-XRF: Fischerscope, Helmut-Fischer

ICP-OES: 5100 Agilent
ICP-MS: 7500c¢ Agilent

XRF-based
techniques
 Other equipment:

« MW oven (Teflon/Quartz reactors)
 Block heater

* |ncubator
« Mills
. * Preparation of pressed pellets

« Shakers (rotatory, orbital...)
Development of analytical methods . ( )

| RESERACH | | TRAINING |

C.Heritage

Forensics
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Basic principles of XRF and instrumental configurations
Role of XRF in the analtyical chemistry field

Critical stages and examples of XRF applications
Future perspectives and Challenges

Concluding remarks
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The atoms in the sample are excited and emit characteristic X-rays

XRF SPECTRUM OF A SAMPLE

4 Limited sensitivity for low Z elements o i Pb-L,
y . © o o  Sample @ Srke
o o eg electron | = 80
[uh}
L . >
g Photoelectron — M- layers S 60 -
¢ s) Y ( (K, l- M) =
u_?_: o o © K % 40 -
E. o 2 \ Characteristic § » ., |
8 | 09 {ﬁ J Fluorescence | &
Incu%entx ray \ o o o ' X-rays (Ko, Kp) | = o \ , oW
eam 5 7 G 11 13 15
> (Primary) ENERGY (keV)
MNumero atdmico L |
M Characteristic

X- rays

X-RAY SOURCE ' X-RAY DETECTOR

X-ray detector
(with window)

Energy of the characteristic X-rays — Elements present in the sample (Qualitative)
Numer of photons of each element — Element concentration (Quantitative)
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Commercial

- DXRE systems

EDXRF

Energy dispersive XRF

«  Mostly benchtop systems

«  Mostly analysis of solid samples

*  Bulk analysis (macro)

*  Simultaneous multielemental capability \/
*  Major, minor, trace elements \_/‘

* Screening information

ocosktE

EURDPEAN COOPERATION

1-XRF TXRF P-XRF

Micro XRF Total Reflection XRF Portable XRF

Local analysis Bulk analysis (micro)
- Elemental mappings * Improved sensitivity (traces)
(50W) Ligquid sample analysis
«  Easy quantification (Internal Standard)

t /

* In-situ analysis

IN SCIENCE & TECHNOLOGY
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APPLICATIONS OF XRF (X-RAY FLUORESCENCE) IN VARIOUS FIELDS
=

@ SOIL & SEDIMENT Q WATER QUALITY | @ AIR POLLUTION ARMACEUTICAL
ANALYSIS MONITORING | ANALYSIS ANALYSIS

J @ " .’ :;.’.’r;c
o)
AR
—-

] : ANALYZING HEAVY
Pb As Ct C> Pb & C HEAVY METALS

INDUSTRIAL APPLICATIONS

@ MATERIAL SCIENCE @ MINING & GEOLOGY
& MANUFACTURING :

General requirements for analytical methods

v" QObtain realiable data on element content

v Enable end-users to make informed decisions and

ANALYZING TRACE ELEMENTS E

liiicsuss (50 1 g'a",',';')""s‘ | QUALITY CONTROL OF DRUGS to address the problems effectively.

FOOD SAFETY & AGRICULTURE ¥ Hightrouhput, fast, low-cost

AGRICULTURE & v" Alisnment with principles of green analytical
:o FERTILIZERS € b b g 4

] FOOD ANALYSIS
' chemistry (GAC)

MATERIALSCIENCE& : FARE + - S . [

MANUFACTURING : MINING & GEOLOGY . COATINGS & PLATING $ FOOD ANALYSIS  AGRICULTURE & FERTILIZERS

Quality control of alloys, : Identifying ore grades : Measuring layer thickness Checking for contaminants, nutrients, : Testing soil health and
steel, and ceramics : (e.g., Cu, Au, Fe) : and composition and heavy metals (e.g., Asin rice) . fertilizer composition

ORCID (Eva Margui): O000-0003-4630-1530

ocosktE
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 Reduction of reagents [V]
* Non-toxic, safe V]
* From renewable source

Reagent

Energy efficient [V/]
Miniaturized V]
Multiparametric [/]

e Minimal number
V] « Minimal size

Sample

(Green Analytical
Chemistry)
m .

Automated, 1n-situ M

[,\ Waste « No sample treatment V]

r B * No derivatization v

Re- .
; * Processes and operations
analysis .
« Reduced volume [] integrated

* Properly treated

ocosktE
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Publication of scientific articles in Spectroscopic Journals (2009-2023, last 15 years)

Journalof Analytical Atomic Spectrometry  _g-XRF
(RoyalSociety of Chemistry, Q1) —-ICP

250

200 m XRF

m [CP

s
o)
o

=
o
o

Number of published articles
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Sample

) Hardware Quantification
preparation

Intensity (a.u.)
e wasmmBEEEE
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Sample
preparation

Hardware Quantification

Intensity (a.u.)

—

A

L) !
{] 5 10 15 2{] 25 3| 000 200 400 600 A00 1000 1200 1400 1600
Energy (keV) Quantified Values
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Sample Preparation

Powdered material
Weight: 0.5-5.0g
Diameter: 10-40 mm

3D-EDXRF

Simple sample
treatment of solid
samples

Powdered material, weight: 0.5-5.0g
High X-ray transmittance, pure and
strength thin foil

WILEY « 0nline Library

3D-EDXRF

e o™t sample Preparation for X-Ray Fluorescence Analysis

Theory and Instrumentation

Eva Margul ignasi Queralt

published: 19 March 2024 | https//doi.org/10.1002/9780470027318.26806m. pubd

Suitable flux and sample ratio
Light elements in geological samples

on the previous ver

Powdered material, weight: 10-50
Disperser (i.e. 1% Triton X-100)
Deposition on a substrate

=)

Chemosphere 303 (2022} 135006

Contents lists available at SclenceDirect
Powdered material

Weight: 0.2-0.5g
Adequate acid mixture / Temperature

ACID DIGESTION Chemosphere

2
2
o [ i
2
2

N ¥
[[Sl \] [ / R journal homepage: veww elsevier.com/locate/chemosphere

“DIRECT ANALYSIS” IE>

LIQUID SAMPLES

o

P-EDXRF

X-ray fluorescence spectrometry for environmental analysis: Basic
principles, instrumentation, applications and recent trends

E. Margui ™ , L. Queralt " E. de Almeida

* Deparessent of Chemtisery, University of Girong, C/MAureliaCompuany 69, 17000, Girona, Spain
* Dep of Geosci Irutiae of Frvii i A end Water Revearch (IDAEA CSIC), C. Jordi Girona, 1826, OR034, Barcelona, Spain
© Lab y of Nuclear busir ion, Center for Nucleor Energy in Agricultwre, University of Sao Paulo, Av. Centemdrio, 303, Piracicaba, SP, 13416000, Brazil

Volume: fewmL :¢;
imi icati DIRECT ANALYSIS High X-ray transmittance, pure and )
lelt?d a.\ppllcatlons | e 2
to liquid sample
analysis | DEPOSITION ON A Volume: few L

Drying of the drop
REFLECTIVE CARRIER Reflective carrier (i.e, quartz, acrylic)

Improve limits of detection
PRECONCENTRATION Matrix effects removal

Sophisticated sample treatments

3D-EDXRF

ocosktE

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY
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Sample Preparation

Analysis of solid suspensions by TXRF

Analysis of
mass limited

samples / /

s -jU = w -SU =

e
— -

TXRF
analysis

Small t
rr;?p:vr:d::n dlsperser Aclidtfew lllL Homogenization Deposition
nterna ..
sonication 5-10 uL
(10-50 mg) agent standard ( ) ( uL)

Simple sample treatment!

(GAC principles) Study in detail suspension preparation steps

and quantification approach used to obtain
reliable results!

) GREEN
' ANALYTICAL
CHEMISTRY

EURDPEAN COOPERATION

Homogeneous solid sample (few mg)
Small particle size (~50um)
Adequate dispersing agent

Homogeneous suspension before deposition

Ensure a thin layer on the reflector

IN SCIENCE & TECHNOLOGY
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Examples: Analysis of solid suspensions by TXRF

20 mg powder milk
1 mL MilliQ
= Vortex mixing, 1 min

&~ §

» 10 pL sample deposition volume

100000 -

10000 -

1000 -

100

Concentration (mg kg'1)
[
[an]

K

Elemental composition (RM: Spinach leaves) using different samples

ocosktE

EURDPEAN COOPERATION

NCSZC 73013 (spinach) " Suspension

B MW digestion
& BH digestion
B Certified

Ca Mn Fe Cu Zn Br Rb Sr Pb

treatments and TXRF analysis

Dalipi et al. Food Chemistry 218(2017)348

Sample Preparation

# Internal standardization
O External calibration

10 -
Zn
™ 8 -
. : 8
40 mg powder milk .s
= 1mLi1% (v/v) Triton X-100 £ 6 -
*  Vortex mixing, 1 min '-E
= 10 pL sample deposition volume £ .
£
3
B o2
0
0

2 4 6 8 10

Reference (mg/100g)

Detection limit P Cl K

Ca Fe Zn

LD-W (TXRF) 97 45 16.5
LD-Mo (TXRF) 62 3 0.9
Conc. in milk 167 295 429

516 586 1125

49 04 0.2
0.6 0.1 0.05

255 5.1 3.4
/757 9.7 95

Margui et al. Food Chemistry 383(2022)132590

IN SCIENCE & TECHNOLOGY
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Simple sample
treatment of solid
samples

Limited applications

to liquid sample
analysis

ocosktE
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Powdered material
Weight: 0.5-5.0g
Diameter: 10-40 mm

3D-EDXRF

LOOSE POWDER

Powdered material, weight: 0.5-5.0g
High X-ray transmittance, pure and
strength thin foil

3D-EDXRF

@ FUSED BEAD

Homogeneous glass, weight: 0.1-1.0g
Suitable flux and sample ratio

Light elements in geological samples

Powdered material, weight: 10-50 mg
Disperser (i.e. 1% Triton X-100)
Deposition on a substrate

/—\ SOLID SUSPENSION

#

ACID DIGESTION

Powdered material

Weight: 0.2-0.5g
Adequate acid mixture / Temperature

3
)-\" 7_/
- “DIRECT ANALYSIS” IE>

P-EDXRF

LIQUID SAMPLES

Volume: few mL
High X-ray transmittance, pure and
strength thin foil

DIRECT ANALYSIS
.

3D-EDXRF

DEPOSITION ON A
b?' REFLECTIVE CARRIER

Volume: few pL
Drying of the drop
Reflective carrier (i.e, quartz, acrylic)

PRECONCENTRATION

Sophisticated sample treatments

Improve limits of detection
Matrix effects removal ¢

3D-EDXRF

ENR|CJ Critical stoges and examples of XRF applications

Sample Preparation

WILEY « 0nline Library

e o™t sample Preparation for X-Ray Fluorescence Analysis

Theory and Instrumentation Eva Margul gnasi Queralt

published: 19 March 2024 | https//doi.org/10.1002/9780470027318.26806m. pubd

on the previous ver

Chemosphere 303 (2022} 135006

Contents lists available at SclenceDirect

Chemosphere

ELSEVIER

journal homepage: veww elsevier.com/locate/chemosphere

o

X-ray fluorescence spectrometry for environmental analysis: Basic
principles, instrumentation, applications and recent trends

E. Margui ™ , L. Queralt " E. de Almeida

* Deparessent of Chemtisery, University of Girong, C/MAureliaCompuany 69, 17000, Girona, Spain
* Dep of Geosci Irutiae of Frvii i A end Water Revearch (IDAEA CSIC), C. Jordi Girona, 1826, OR034, Barcelona, Spain
© Lab y of Nuclear busir ion, Center for Nucleor Energy in Agricultwre, University of Sao Paulo, Av. Centemdrio, 303, Piracicaba, SP, 13416000, Brazil
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Solid sample |

Liquid sample

High background
direct analysis of
liquid samples

Sample Preparation

Enhancing the analytical performance of EDXRF
for the analysis of liguid samples

NS NEE NN

Thin layer organic
Liquid samples materials

Directly analyzed by XRF (no elution is needed!)
Matrix effects are negligible
Re-analysis

Better limits of detection




e CE:& NRICH

Sample Preparation

Enhancing the analytical performance of EDXRF
for the analysis of liguid samples

Smart materials and innovative
sampling tools
s MNPs

M
IS
Laboratory XRF systems
> g Direct
analysis Portable XRF Systems
' (In-situ analysis)
MNPs
w

IS |
3 Inorgam?spgcles (IS) '

09 .
-.. ‘. L.- .- l"l
—

Loaded materials with
target analytes

Metals (M) M;;:ﬂ!:g .
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Sample Preparation

Enhancing the analytical performance of EDXRF
for the analysis of liguid samples

Use of nanomaterials .
* 1 mgnanomaterial
* 25mL sample
Graphene nanosheets and cerium e 5 minutes extraction
nanoparticles (G/CeQO,) « Filtration
3500
» 3000 Ce La After DMSPE Species Range R2 LD
S / 50 ng mL? (ng/mL) (ng/mL
> 2500 Direct analysis )
@ 50 Lt
g 2000 Ce LB, e \ As (V) 2.0-50 0.999  0.10
C . .
'c 1s00q Directanalysis As Ka — Se (IV) 2.0-50 0.999  0.11
,g 50 ng mL* Se Ka.
% 1000 Cu () 2.0-50 0.997 0.19
« Pb (Il) 2.0-50 0.999  0.21
500
v
0 < T - SPECIATION
1 2 3 4 5 6 7 8 9 10 11 12 13
Energy' keV Margui et al., Microchimica Acta 185(2018)264

ocosktE
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Sample Preparation

Enhancing the analytical performance of EDXRF
for the analysis of liguid samples

Use of membranes and disks

Chelating disk Liquid sample } )
/ }ﬁi\l»
/ ~\
o

o 600+
o ] Characteristic X-rays from the
S ' Zn tube anode (Rh)
e ] Ni Cu
5 407 | L
5 |
@ _ Pb -
Chelating disk Liquid sample S 2001
g, U A
- 0 . T “'hlL“'J T T ! Y ! T ' T T v T T T J T T T T
5 10 15 20 25
Energy (keV)
Commercial solid phase
chelating disk
™ -
(3M ™ Empore) DL Ni |Cu| Zn | Pb | Cd

XRF

pg/L 11014 |11 | 1.7 | 7.0

Functional group. sodium salt of imminodiacetic acid

Margui et al., Spectrochimica Acta Part B 67(2012)17-23

IN SCIENCE & TECHNOLOGY
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Sample Preparation

Enhancing the analytical performance of EDXRF
for the analysis of liquid samples

Use of membranes and disks

60 1 mDay1l
| :z Hg-L, % 50 4 @ After 6 months
ﬁ 5000 g 40 1
{‘\ £ 3000 ~100 pg L-1 Hg E 30 1
| o g e ——200 g L-1Hg g 504
w500 pg L-1 Hg ‘@
hd : == B
" ’ 9 925 95 975 10 1025 105 1075 11 0 4 smeh I. , , , ,
Energy (keV) 10 100 200 300 400 500
[Hg]l in GW | L?
50% CTA-50% TOMATS , s
Parameter Analytical feature
LOD 0.2pgl?’  (<1pgLY) IL-PIM as asorbent: a
Linear range 0.6-10 pg L™ suitable storage
i ?
R? e medium?
Method precision: n=8.
RSD: 16.5%
1 measurement (6 ug L")

G. Elias et al., Analytical Chemistry 90 (2018)4756

ocosktE
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Sample Preparation

Enhancing the analytical performance of TXRF for
the analysis of liquid samples

Total Reflection XRF (TXRF) It
Microextraction procedures (liquid and

Liquid phase q o
Detector 5 i e | solid phase)
(LPME)

Fluorescence

X-ray source radiation

Totally refiected extractant phase ‘ TXRF analysis
beam — . i :

beam . g
Sample support (reflector)

W
with sample /@?})
Dispersive solid
phase
: . Hg
' /f mlc'('::::;a;)tlon \, loaded material
/

Microanalytical capability (pL)

Possibility to analyze organic solvents (LPME)
Micro-sample prepared as a :> Possibility to analyze solid suspensions (DSPME)
thin layer on a reflective Better limits of detection

carrier
Increase of analyte range (inorganic species, NPs...)

ocosktE
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Sample Preparation

Enhancing the analytical performance of TXRF for
the analysis of liquid samples

Liquid phase microextraction and TXRF analysis

Determination of Cr (VI) in concrete water extracts

* Limit of detection: 0.9 pg/L

UNE-EN * Linear range: 5-5000 pg/L
Fast 196-10:2008 « Method precision (n=6):
procedure! RSD=15.4% (25 pg/L), RSD=11.7% (200 pg/L)
Addition of 100 uL CTAB Br- Analytical Application
in CHCL, CHs
e > H3C(HgC)15—|}l+'CH3 Sample DLLME Reference
3 CH3 TXRF method method
Clinker-1 2.5%0.3 2.28+0.4
CTAB .
, , Clinker-2 6.50.6 6.10+0.4
(Cetyltrimethylammonium
7% bromide)
, Preconcentrated Centrifugation
TXRF anal 5 uL, hot plat _
(58%"3'3 HE, hot piate drop (2min, 3000 rpm)

Margui and Torrent. Spectrochimica Acta Part B 204 (2023)106682

ocosktE
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Sample

preparation Hardware Quantification

S /

Intensity (a.u.)
R E-E-E R
EEEE22EEERE

A

0 5 10 15 20 25 3 000 100 400 G000 RO00 1000 1200 1400 1600
Energy (keV) Quantified Values

ocoskE
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Hardware

""""""""""" Enhancing the analytical

» Design of silicon drift detectors (SDD) performa nce Of XIQ F
* Aircooled detectors ¢

* Windows based on graphenic carbon
Novel interesting applications in
the next future

* Reduction in size

* Decrease of the divergence beam
Possibility of micro sources

Liquid metal jet X-ray sources (Ga)

» Efficiency and resolution
* New portable XRF systems improvement
* Improvement p-XRF systems * New portable XRF systems

* Improvement of the brightness * Determination of light elements
----------------------------------------------------------------------- b Working Groups

CA24131 - European Network for radiation-d?.\ egti;ir‘;%‘ase‘d esearch and Innovation addressihg

increasing societal CHallenges (ENRICH)

18000 Lithium

100000 K —— TXRF (W anode)
; Mo & TARF (Meangie) 160004 | Number  Title Leader
] B SeArSng Oxygen
il Sca U Ga . 1 . . -
10000 o \ ’F C'Z,;G . y 14000 1 Community Coordination Dr Francesca BONFIGLI
100 T | 12000 -
E |i | Rb | ' 2 Technological Advancement Prof Leonardo ABBENE -~
2 10004 || ' [ 10000
c g-‘ | / —_— lf—
(?:; \' ] P (™ Br \/’ . 8000 = 3 Software Advancement Dr Manuel SANCHEZ DEL RIO
J | ’ | ( scattering M
| &000
has w' w , 4 Electronics and DAQ Dr Chris ARMSTRONG
40004 Carbon Nitrogen
2000 8 5 Multidisciplinary and Societal Applications Dr Ivana TUCAKOVIC -
10 - i
0 L e e B B e & Integration and Interchange Dr Uddhab CHAULAGAIN -~
; [ev] © 100 200 300 400 500 400 700 800 %00
0 7 Mentoring, Training, and Dissemination Dr Michela ESPOSITO ~

Energy (keV) KETEK GmbH, Munich, Germany, 2019

ocosktE
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Sample
preparation

Hardware Quantification

\ /

Intensity (a.u.)
e wasmmBEEEE
EEEE2E2EEEE

A

0 5 10 15 20 25 3 000 100 400 G000 RO00 1000 1200 1400 1600
Energy (keV) Quantified Values

ocosktE
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Quantification
Quantitative XRF analysis
l Type of sample l
| - Thin samples N Intermediate / thick samples ~ —_— Primary
;{ricr:r‘l;mg ;:{'l-t:::e:cence . ) - . Seiiary
- : * Intensity is proportional to analyte concentration e Intensity is not proportional to analyte concentration e fluorescence
\ / * Matrix effects are negligible o Matrix effects correction methods are necessary x- Yisateses
- Sample ] COODOGOOOTROCCOOO00000 * Examples: aerosol filters, liquids deposited on a carrier * Examples: pellets, fused beads, powders... - Roe.oen
\_ raY J
Quantification approaches
Instrumental
Matrix correction models software
required
Internal Standardization Empirical calibration Fundamental parameters
* Only TXRF ¢ Set of standards similar to real samples :;nmfogr;";:i'gzr:sa:::;:jmple
* No matrix-matched standards are ¢ Standards: CRMs, synthetic standards, P
® Few pure elements or CRMs may be
needed secondary standards used as standards
¢ Addition of an internal standard

Lack of suitable RM

Development of fit-for-purpose
» reference materials and guidance
methods for employing them

ocosktE

EUROPEAN COOPERATION
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OQuantification

APM Sampling APM analysis

N N

Reference methods: AAS, ICP
‘ ISO Standard: EN 14902:2005

. “ P Acid digestion - Low recoveries

PM collected on
filtering membrane
(Teflon)

Increasing concern about air XRF/TXRF analysis

particulate matter (APM) on human
health

Direct analysis of » =l Lack of RM /

/ \ the filter
l Preparation of reference
materials \
Cr (PyMCA Software) AIR ..AL

.
® Data ...._ B
7000 Filter Mixing
= C coskt Funded by _ holder chamber :
;—'; _ IUROREAM AT ION the European Union Particle
g ?if generator‘
€3
%
S 5 !
>3 b rer Air
o & 2-Mn pump
£ = ! 3-Fe
n L e . RM are prepared by nebulization
6-C “ . . . " N
| 72n . By varying nebulization time different mass loadings are
| BGa .
it obtained
10-Pb

1180 \- Generation of particulates with tunable composition range /

ocosktE

EURDPEAN COOPERATION
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Quantitative XRF analysis Juantification
l Type of sample l
2 Thin samples N Intermediate / thick samples ~

* Intensity is proportional to analyte concentration
e Matrix effects are negligible

e Examples: aerosol filters, liquids deposited on a carrier

® |ntensity is not proportional to analyte concentration
e Matrix effects correction methods are necessary

e Examples: pellets, fused beads, powders...
\_ raY J
Quantification approaches
l l Matrix correction models
J required ¥
Internal Standardization Empirical calibration Fundamental parameters
® Only TXRF ¢ Set of standards similar to real samples * Infnrrr!a-tlon' BUOIESaIRle
) ] composition is needed
* No matrix-matched standards are ¢ Standards: CRMs, synthetic standards,
* Few pure elements or CRMs may be
needed secondary standards
. , used as standards
¢ Addition of an internal standard
I
\ V4

Use of the whole XRF spectrum
for quantification:
CHEMOMETRIC TOOLS

ocosktE

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY
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OQuantification

Light elements

CHEMOMETRICS + XRF ] [ Univariate

| \ I PLS

R?)

Ty
o

O
o

QUANTITATIVE ANALYISIS

O
o

* Improvement of sensitivity and accuracy

O
I

E » Extend the application of XRF systems: i

Coefficient of determiantion (

.. . 0.2
* Determination of light elements
Analvsis of . 0.0
sediments < Analyte

= 20 mg powder sediment Coefficient of determination obtained for a set of
= 1mL 1% (v/v) Triton X-100 marine sediment reference materials using univariate
= Vortex mixing, 1 min and PLS (using full raw spectroscopic data (whole
= 5yl sample deposition volume spectrum)
" TXRF analysis (benchtop system) PLS: Partial Least Squares analysis Margui et al., unpublished data

ocosktE
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XRF
results

Sample

preparation Hardware Quantification

* New simple sample treatment * Improved excitation / detection * Development of adequate
strategies aligned with GAC (increase sensitivity) Reference materials (solid
principles. samples)

* Improved resolution

* Enhance the quality of in situ * Chemometric tools
analyses * Software?

« |A??

ocosktE

EURDPEAN COOPERATION
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Determination of REEs (Rear Earth Elements) in
geological materials and liquid solutions by XRF...

$l
WHAT ARE RARE EARTH ELEMENTS? RS'\UAb

REEs are metals essential for modern technology because of their
unique magnetic, conductive, and luminescent properties.
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Determination of REEs (Rear Earth Elements) in
geological materials and liquid solutions by XRF...
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Fe ] Geological sample digestion XRE detection of

Il REEs concentrate REEs is hampered by

500 + o 5
] overlapping issues.

W

300+ Sm

200+

100 h
1 fYea

TXRF spectra (S2 PICOFOX, W X-ray tube)
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High-voltage Gd or Sc/W X-ray tube (1)
Operating at a maximum power of

600 W and voltages between 25 kV and 100 kV,
PANalytical’s patented X-ray tubes are unique
among EDXRF spectrometers. The characteristic
tube lines of the Gd-anode enhance the
fluorescence of elements in the range of rhodium
to barium, while the Sc tube lines of the S¢/W tube
enhance the fluorescence of lighter elements. The
tube’s 100 kV capability has advantages for the
excitation of heavy element K-lines.

Epsilon 5 (Panalytical) — Some years ago...
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Quantification of metals in
Microplastic samples (<5,0Omm)
by u-XRF

(Micro)-plastics from the Mediterranean Sea
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Measurement conditions:

e 15x15 (225 measurements)
e Coll1mm

e 50kV, 100 uA, 50s

* Lack of suitable Standards
* Thickness correction needed
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The ENRICH COST Action provides a unique opportunity to
bring together analytical chemists, physicists, instrument
developers, engineers, software specialists, and end-users
to accelerate innovation and expand the applicability of

XRF technologies.
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