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Overview BROEsR

= Part | of this series aimed to introduce micro-XRF as a technique and give an overview of the individual

components of a micro-XRF instrument and why they are they way they are, today.

= Part Il focused on qualitative micro-XRF analysis.

= Part lll will discuss quantitative XRF analysis.

= What is quantification?
= What are prerequisites for quantitative analysis?
= Which samples can be quantified and how?
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What is XRF quantification?

The very basics

© 2022 Bruker
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K series 0.000
K series Na20 14.282
K series MgO 3.870
K series Al203 1.521
K series Si02 71.338
K series SO3 0.175
K series K20 0.351
K series Ca0 8.331
K series Ti02 0.045
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K series Fe203 0.076
K series As5203 0.001
K series Rb20 0.002
K series SrO 0.003
K series Zr02 0.003
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Bmﬂ
What is XRF quantification? (<D
Obtaining net peak intensities

= The spectrum is composed of fluorescence lines, some background, and different artifacts.

= The aim is to determine the net peak intensities of the fluorescence lines.

* x 1E3 Pulses/eV

= There are two fundamentally different approaches:
1. "deconvolve” the spectrum, i.e. fit peaks into the spectrum. (\

= Line overlap needs some thinking-about. TI Ub
2. Assume a concentration and forward-calculate what the spectrum of J\—f , L min
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this sample would look like. om ey

= The net peak intensities are the result of the quantification.
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What are prerequisites for quantitative analysis?
What is intensity?

= DINISO 22309 “Microbeam analysis - Quantitative analysis using energy-dispersive spectrometry (EDS) for

elements with an atomic number of 11 (Na) or above” states:

3.21
peak intensity
total number of X-rays (counts) under the profile of a charactenstic X-ray peak after background subtraction

NOTE This is sometimes referred to as the peak integral.

= Usually in physics, intensity is a time-normalized measure, i.e. a candle’s flame does not become more

intense just because you look at it longer.

= We will be using counts per second as a measure for intensity, not counts.
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What are prerequisites for quantitative analysis?

= |n order to obtain "good results” the expectations must be clear

What is the analytical question? Can (and must) it be answered quantitatively?
What is the instrument’s capability to solve the task?
What measurement conditions are ideal?

What sort of sample can be quantified with the methods employed?

Homogeneity, surface structure, dark matrix, crystallinity, concentration ranges, element combinations,

orientation
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What are prerequisites for quantitative analysis?
Accuracy, Trueness and Precision

= Since 1994 |ISO 5725-1 defines accuracy as a convolution of trueness and precision.

+ referencevalue

» referencevalue
> trueness

» referencevalue

trueness

% precision precision A———*_precision

average value average value average value

reference value reference value

reference value
trueness

#—— precision precision #——*

average value average value

= This definition only works under the assumption that the reference value is the true value.
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What are prerequisites for quantitative analysis?
Uncertainty of the net peak intensity

= XRF is a statistical measurement method, i.e. whether a photon is detected at a specific time is pure chance.

= With long enough time, several photons are detected and a peak becomes visible in the spectrum.

= This peak contains N counts and the statistical nature of this measurement dictates an uncertainty of v/N.

N

5

. . N 1
= The relative error then is VN = — 0
N VN s cos

= The more counts, the smaller the relative uncertainty of
the measurement = since the count rate is fixed, it needs time!

N

w

= This uncertainty is NOT reflected in the width of
the fluorescence peak, it's how well we can determine it's areal!
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What are prerequisites for quantitative analysis?
Net peak intensity and quantification

= Since all guantification is based on obtaining the net intensities of the fluorescence peaks, it is safe to assume

that longer measurement time improves the precision of the quantification ...
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Which samples can be quantified?
Homogeneity

Instrument and analytical Same as before plus
method performance sample homogeneity
20 times same position 20 different positions
44 30 s each 30 s each

Spectrum Al Mn Fe Cu Zn Fb Bi Spectrum Al Mn Fe Cu
Al 2011 fixedPos 1 9271 0.118 0.49 5.69 0.030 0.46 0.51 Al2011 sample pos 1 93.20 0.017 0.46 5.58 0.028 0.34 0.37
Al 2011 fixedPos 2 9272 0.116 0.49 5.68 0.031 0.46 0.51 Al2071 sample pos 2 92.52 0.065 0.47 598 0.034 0.44 0.49
Al 2011 fixedPos 3 92.70 0.118 0.49 5.69 0.032 0.46 0.51 Al2011 sample pos 3 93.06 0.043 0.49 5.59 0.032 0.38 0.40
Al 2011 fixedPos 4 92.69 0.118 0.49 5.70 0.031 0.46 0.51 Al2071 sample pos 4 92.83 0.066 0.46 5.61 0.032 0.49 0.52
Al 2011 fixedPos 5 92.70 0.120 0.48 5.69 0.031 0.46 0.51 Al20711 samplepos 5 9290 0.040 0.44 5.56 0.049 0.49 0.52
Al 2011 fixedPos 6 9272 0.118 0.49 5.68 0.031 0.46 0.50 Al 2011 sample pos 6 92.44 0.030 0.57 6.11 0.035 0.42 0.46
Al 2011 fixedPos 7 92.71 0120 0.45 5.69 0.031 0.46 0.51 Al 2011 samplepos 7 92493 0.036 0.48 5.69 0.033 042 042
Al 2011 fixedPos a8 92.70 0117 0.49 5.69 0.032 0.47 0.50 Al 2011 samplepos 8 9285 0.019 0.49 5.66 0.046 047 048
Al 2017 fixedPos l 92.70 0118 0.49 2.69 0.032 0.47 0.51 Al 2011 sample pos @ 92.80 0.042 0.45 5.67 0.030 0.49 0.52
212011 fixedPos 10 9268 0.121 0.49 2.70 0.031 0.47 0.51 Al 2011 samplepos 10 93.20 0144 0.44 5.58 0.032 0.27 0.32
Al 2011 fixedPos 11 92.71 0.121 0.48 2.68 0.031 0.47 0.51 Al 2011 sample pos 11 92.80 0.045 0.49 5.67 0.031 0.47 0.50
Al 2017 fixedPos 12, 9269 0.120 0.49 5.70 0.031 0.46 0.51 Al2011 samplepos 12 9296 0.092 0.43 5.52 0.026 0.48 0.49
Al 2011 fixedPos 18 9269 0.121 0.48 5.70 0.030 0.47 0.51 Al2011 samplepos 13 9296 0147 0.44 5.54 0.044 0.42 0.45
Al 2011 fixedPos 14 9271 0.122 0.48 5.69 0.031 0.46 0.50 Al2071 samplepos 14 5304 0.034 0.47 5.63 0.027 0.38 0.42
Al 2011 fixedPos 15 9271 0.123 0.48 5.68 0.031 0.47 0.51 Al 2071 samplepos 15 5242 0.025 0.50 5.39 0.031 0.56 0.58
Al 2011 fixedPos 16 9270 0.123 0.48 5.70 0.031 0.47 0.51 Al2071 samplepos 16 5284 0.021 0.49 5.60 0.027 0.49 0.53
Al 2017 fixedPos 17 9269 0.122 0.48 5.70 0.031 0.46 0.51 Al2071 samplepos 17 8305 0.030 0.45 5.54 0.029 0.44 0.46
Al 2011 fixedPos 18 9269 0.122 0.48 5.70 0.031 0.47 0.51 Al2011 samplepos 18 5232 0.035 0.44 5.51 0.028 0.53 0.55
Al 2011 fixedPos 19 9269 0.125 0.49 5.69 0.031 0.47 0.50 Al 2011 samplepos 19 9297 0.036 0.47 5.58 0.029 0.44 0.47
Al 2011 fixedPos 200 92639 0125 0.43 5.70 0.030 047 0.51 Al 2011 samplepos 20 9297 0.017 0.48 5.60 0.027 047 0.45
Mean value /wt%: 0270 0120 048 569 0031 047 051 Mean value /wt%: 0288 0049 047 565 0033 045 047
Std.dev. fwte:. 0010 0003 0002 0007 0001 , 0002 0002 Std.dev.fwt . 0214 0038 | 0023 0158 0.007 0.066 0061
Std. dev.rel. /% 001 217 044 013 178 053 043 Std. dev.rel. /%: 023 7659 487 279 1996 1472 13.02
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C><)
Which samples can be quantified? BROKER
What “model” is implemented in the quantification algorithm?

In XRF, samples are classified into 3 groups:

= Infinitely thick samples _
= A thicker sample would not change the XRF signal.
= Bulk-XRF

= Thin samples
= Attenuation and self-absorption effects can be neglected.
= TXRF, some synchrotron science.

= |ntermediate-thick samples
= Not easy! B
= Almost all layer thickness analysis. _

| Innovation with Integrity | 12
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Co><)
Which samples can be quantified? BROKER
What is an ideal sample? What is not?

Actually, anything that is not flat and homogeneous is not ideal.

Homogenous, means one composition within the analytical volume!

For bulk-XRF, in addition, the sample needs to be infinitely thick (for the analyzed elements).

Defined sample geometry.

© 2022 Bruker
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Which samples can be quantified?
What “model” is implemented in the quantification algorithm?

= What is “infinitely thick™?

Information depths of selected element fluorescence lines in different matrices

= The M4 TORNADO software comes

1cem Minsteel Minglass orstone [@in plastics or wood 1 8em

with a Fundamental Parameter (FP) 32mm

bulk quantification algorithm.

= For quantification of “non-ideal”

samples XMethod software package

can be used.

Si-K Ti-K Au-L Zr-K Sn-K
1.74 keV 4.5 keV 9.7 keV 15.7 keV 25.3 keV
xrfcheck bruker.com
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Which samples can be quantified? eval
...and with what algorithm?
What can be quantified?
|deal samples Non-ideal samples Samples difficult to describe
FP FP with larger uncertainties, i.e. empirical
« Flat, homogeneous bulk lower accuracy «  Wherever the standard
- Flatlayers Empirical, if the standard matches the sample

matches the samples

| Innovation with Integrity | 15
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Bulk-FP quantification of “ideal” samples NS a)
Steels
AISI| 316-5D 0.5 0.0 16.6 1.8 0.1 10.4 0.17 2.1
AISI| 321-6D 0.1100 0.3 0.6 0.1 17.5 1.5 0.2 9.4 0.30 0.039 0.4 0.1
AISI 330-7B 1.4 0.0 19.3 1.5 41.3 0.1 35.8 0.21 0.2 0.0
AISI 347-8D 0.4 0.1 17.3 1.8 0.1 9.2 0.47 0.720 0.4 0.1
AISI 410-9C 0.4 0.1 12.0 0.4 0.0 0.3 0.06 0.2 0.1
AISI 416-10C 0.4 12.3 0.4 0.2 0.16 0.1
AISI 420-154B 0.5 0.1 12.2 0.4 0.2 0.09 0.1
AISI| 422-205B 0.4 0.3 11.7 0.7 0.0 0.7 0.15 1.0 1.1
AISI 430-11C 0.5 0.0 17.7 0.5 0.2 0.07 0.1
AISI 431-12B 0.6 0.0 16.0 0.6 2.2 0.14 0.1
AISI 440C-13C 0.7 0.1 16.8 0.4 0.1 0.03 0.5
AIS| 446-14B 0.5 0.1 23.6 0.4 0.0 0.3 0.07 0.1
Nitronic 40-19B 0.5 0.1 20.0 9.3 62.3 0.1 6.8 0.17 0.057 0.3
Nitronic 50-17B 0.4 0.2 21.3 5.1 56.3 0.1 13.4 0.17 0.220 2.3 0.1
17-7PH-152B 1.1600 0.4 0.1 0.1 16.9 0.8 7.2 0.31 0.033 0.5 0.1

= Steels are usually homogeneous, they very quickly become infinitely thick, and

they are easily made flat.

= Qut of 51 ARMI reference alloys, we measured 15 stainless steels of certified

composition.

= Average of 10 positions per sample with 10 s measurement time per point.
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Ly L . “e ” BRUKER
Bulk-FP quantification of “ideal” samples
Steels
= Due to systematic physical effects (tertiary excitation in . o _ w -
9 R*=0.9973 R = 0.9983 .
stainless steel samples) the quantification is not “spot-on”. : o =
/ *
= The linearity of the regression shows a very stable recovery rate - :
over the whole concentration range. - high precision L) .,
1 '.
= The lack of trueness can be corrected for by calibration with K T T
one sample i . } “
s Fo00%87 . Re—09587
» referencevalue ” . _..,.-'
trueness | ?‘;25 % '/
precision « . .‘“.._..- 10
il A 0 0".:‘-. 0
average Value 0 5 10 1iemﬁi3 Wt?;S 30 35 40 0 5 10 Cemfid o 20 25 30
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Bulk-FP quantification of “ideal” samples

Steels

= Type-calibration: adapting the
sensitivities of the FP algorithm
for the elements to correct the

recovery rateto 1

» referencevalue

precision

-

" Configuration - steel_TC ")

Elements

Mg
Ca
Sr

Use spectrum elements

Use list elements He
B C N O F Ne
Al 5i P 5 Cl Ar
Sc Ti WV Cr Mn Fe Co Ni CuZn Ga Ge As Se Br Kr
Y ZriNbiMo Tc RuJRR|Pd Ag ©d In Sn Sb Te I Xe
La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Ac

["] search additional elements

Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Y¥b Lu
Th Pa U Np PuAmCmBk Cf Es Fm Md No Lr

@

Double click an element to open element editor Clear all
Special properties of selected elements
ﬁx% Dec. Fact.
1,00
Al 1,15
Si 1,50
v 1,16
cr 02 Legend
Mn 0,98 o
Ni 1,07 Fe Fixed list
Cu 115 mm Compound
Nb 1:15 — il:oichiom. elel:nenl:s
ix concentration
Mo 1,07 — -
Rh B Deconvolution only
v L0 [0 Excluded element
w Ll I Difference element

Global options

Background cycles
® Default

Minimum concentraticn

0,00 o

» Manual |60

Description

average value
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Layer-FP quantification of “ideal” samples
Metallic layers

METHOD EDITOR

Au_Pd_Ni_Cu
Normation Calibration
Layer parameters Structure
T ‘Chemical
Method data i base Laye
Descri ption Compound
\Au_Pd_Ni_Cu_Cochlear-BD_15( .
Start thicknes 9,999.9 layer3
Type o 20
n ) -
layer L) =
2 Fixed thickness faye pd
Spectrum deconvolution
i Calc. mode
Bayes deconvolution layerl "
Comment Normalize sample/standard
Target value (%) 100.00 base cu
Density
® pefault 8.96
o ale
Measurement parameters User 000 —
HY / kv 50 Element overview
Collimator /mm |25 um LENS |~ || e
Li |Be 8c|n|o|F|ne
Atmosphere Vacuum it H|E]2]S & Element Z Mainline Startconc.
K |ca|sc|Ti| v |cr|Mn|Fe|co i |cu|zn|Ga|6e | as|se | Br Kk
150 cu 29 KA 100.00
Current / uA Rb|sr| ¥ |zr |Mb|Mo|Tc|Ru|Rh |Pd |ag |cd | In |sn|sb|Te| T [xe
Cs|Ba|La |Hf Ta|W |Re[Os| Ir |Pt|au|Hg| T1 |Pb | Bi |Pa At [Rn
Measure time /s | 20 Fr[RaJAc co | pr |Ndi[pm|sm|Eu |Gd | b Dy |Ho | Er [Tm v Lu |
Change parame = Th|pa | U |Np)Pulam| Em] B o7 5 | Fim i e i |
| @

= Even though FP methods work without calibration,

To quantify layered samples, the quantification algorithm has

to know the concentration of all the elements that are in each

layer = appropriate ethod editor needed

{ M)

y\g/ .

LA '

Au/Pd/Ni/Cy
Au: 28.0nm

Pd: 56.1nm

Ni: 2.10um_smm_,

sometimes

Mosal

(f.e. industrial applications) a calibration is required for highest

accuracy (or proof thereof)
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Au_Pd_Ni_Cu
calibration Spectrum
Calibration samples
Method data
Layer layer2 layer3
Description Parameter d{nm) d{nm)
Au_Pd_Ni_Cu_Cochlear-BD_15( No.  Sample calib. std calib. std calib.
Type 2 Au28_Pds6,1_Ni2,1_Cu 210 56 56 28 28
‘ 33 AuD,053_Pd0,105_Nid,24 C... 4.24 105 105 53 53
ayer
Spectrum deconvolution
Bayes deconvolution
Commen it
Deviatiol 0.00 0 0
|
Measurement parameters al
calib. FP
HY [ kv 50 X 5] & & &
/ + Er B W WS o layer2 (nm)
Collimator /mm |25 umLENS |~
Normation type s R e . —
RIS fachie @ sample to < No Normation
02675 F--om oo b o
Current / uA 150 Norm target value 100
Calibration curve offset 86.007 I EETEEREr -
Measure ime /s 20 Use offset O [ I Pl :
Calibration coefficients ; ;
T :
° 4 . ;
6.001092936-1 T T T T T <
= SBE71 73330 88007 102675 117343
<= >

Calibration with two reference samples

METHOD EDITOR ?
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Layer-FP quantification of “ideal” samples
Metallic layers

= The calibration corrects the trueness.

= The precision — if the sample allows — can be changed by

different measurement times

Short measurements

O,

|Oﬂg measurements

reference value

@ # precision

reference value

#—— precision

average value average value

= For this sample system 20 s measurement time per point yielded

sufficient stability.

10 points Ni layer thickness Pd layer thickness Au layer thickness
1sreal time / um /nm /nm
mean 2.09 50 28
sigma 0.05 14 3
sigmarel. 2.2 27.3 9.0
10 points Ni layer thickness Pd layer thickness Au layer thickness
10s real time / um /nm /nm
mean 2.09 55 27
sigma 0.02 1.3 0.8
sigmarel. 0.7 2.3 2.8
10 points Ni layer thickness Pd layer thickness Au layer thickness
60 s real time / um /nm /nm
mean 2.10 54 27
sigma 0.01 0.7 0.3
sigmarel. 0.5 1.3 1.1
10 points Ni layer thickness Pd layer thickness Au layer thickness
200s real time / um /nm /nm
mean 2.09 54 28
sigma 0.01 0.8 0.2
sigmarel. 0.4 1.5 0.8
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Layer-FP quantification of “ideal” samples NS a)
Metallic layers
. (o . . » cps/eV
= Verification on an independent ey I
160% 7?3:? =
layer thickness standard: s
Au: 53 nm T
Pd: T05 nm X
Ni: 4.02 pm .
407 o
20% A
] e ik £
10 points Ni layer thickness Pd layerthickness Au layerthickness 070 75 74 76 78 80 82 84 86 88 90 02
30s real time / um /nm /nm L keV
mean 4,01 101 52 s
sigma 0.03 ) 1 Substrate Layer 1 Layer 2 Layer 3
sigma rel. 0.7 21 12 Spectrum Cu [%)] Thickn. [um] Ni[%] Thickn. [um] Pd[%] Thickn. [um] Au [%]
T_H_ 10 100.00 4,251 100,00 0.233  100.00 0.061 100.00
T H_9 100.00 2.644 100,00 0.229 100.00 0.061 100.00
TH & 100.00 4.148 100.00 0.235  100.00 0.060  100.00
TH_ 7 100.00 4.173 100.00 0.245  100.00 0.060 100.00
TH & 100.00 3.742 100.00 0.238 100.00 0.062 100.00
TH_5& 100.00 3.715 100.00 0.235 100.00 0.062 100.00
T H_4 100.00 3.991 100.00 0.224 100.00 0.060 100.00
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“e ” B(I_!‘I?I{E?R
Bulk-FP of “ideal” samples (D<)
Nano-milled geological samples — major and minor elements

Magnetite MAG-1P
100

90
80
70
60

50
40
30

cumulative (%)

20
10

10 100 1000
Diameter (nm)

= Milling geo SRMs to < 200 nm gives the resulting powder a glass-like quality.

= There is no measurable inhomogeneity anymore. When pressed, they stick without binder. The grains are
smaller than the information depth of the elements!

| Innovation with Integrity | 22



BACK TO THE ROOTS - PART IlI

Bulk-FP of “ideal” samples

Nano-milled geological samples — major and minor elements

= Again, the recovery rate is very good over a wide concentration

range. (especially when considering ~ 50 % “dark matrix”)

= Remember, the quantification assumes a sample composition,

based on the selected elements and iteratively calculates all

physical effects, like absorption and secondary excitation, and

adapts the concentrations until the theoretical spectrum

matches the measured one.

reference value
I ——
trueness

precision

average value

© 2022 Bruker
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Empirical bulk-quantification
Nano-milled geological samples — trace elements

http://georem.mpch-mainz.gwdg.de/sample_query.asp

 BHVO

= When looking for trace elements, the signal-to-noise ratio Elements Concentration

Analyzed Range / ppm

of the measurement becomes crucial.

Rb 6 — 390
= To optimize the SNR for element like Rb, Sr, Y, Zr, Nb, S 3246
. . . Y 17 - 75 (184*
a strong primary filter can be applied. (184)
Zr 48 - 780
= BUT: using a strong filter reduces the excitation intensity for the light Nb 9-110
elements (which are major elements), therewith strongly afflicting the Pb 5 - 45
precision of the net peak intensity and, hence, the quantification. Th 5-87
U 2-18

= |tis very ambitious to try trace element quantification like this.

Reference samples utilized:
GH, JR-2, AC-E, RGM-1, JA-2, JB-2,
BHVO-2, SARM-1, NIST 620

= Solution: de-couple the quantification of the traces from the major elements.
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o o oo . an
Empirical bulk-quantification (<D
Nano-milled geological samples — trace elements

METHOD EDITOR ?

[ | The emplrlcal method focuses Solely on -the Oxide trace test 1

Structure Calibration
. Layer parameters Structure
elements of interest. Method dt e chnicl semens
Description Compound =
Gxideitaceites T Start thickness 99.999.9
. . . . .. . Type Unit pm (1) .
= This is a valid approach, because in oxidic matrix — ewemsemee 5 5
Spectrum deconvolution Calc. mode Emission s
. LRI = Mormalize sample/standard (5]
there are no relevant inter-element effects for commer ke (). oo
® Default 1.00
Measurement parameters O user 0.00
these trace elements. " _
[/ =0 v Rb St Y Zr Nb
Collimator fmm |15 pum LENS ©

X
Atmosphere Vacuum M

= S0, ignoring 99.9 % of the sample, we basically = cwn = -

Element overview

H He
) Measure time /s | 20 Li |Be B|C|N|O|F Ne
determine the instrument’s sensitivity lellela Eement 2 Manlne _ Start conc
K |Ca|Sc|Ti |V |Cr|Mn|Fe|Co |Ni |Cu Zn|Ga|Ge|As|5e|Br Kr Rb 37 KA 0 ppm
Rb|Sr| Y Zr |Nb|Mo|Tc |Ru|Rh |Pd Ag Cd|In |Sn|Sb|Te| I |Xe
Primary spectrum not available - Sr 38 KA 0 ppm
[ e N Cs|Ba|la Hf |Ta|W [Re |Os|Ir |Pt |Au|Hg | Tl |Pb|Bi |Po|At |Rn ¥ 39 KA 0 ppm
cps per ppm) for these elements e e el e - - o o
. Th|Pa| U |Np Pu [Am|Cm|Bk | CF |Es [Fm (Md|MNa | Lr Nb 41 KA 0 ppm
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Empirical bulk-quantification
Nano-milled geological samples — trace elements

Calibration samples

Layer
-- Rb(pon) )| srppm) | [¥(ppm) | [zr(ppm) | |Nblppm) |
Sample calib. Std calib. Std calib. Std calib. Std calib.
13 NANO CRM GH T Yuan 1 390 385 10 7 75 74 150 168 85 91
20 NANO CRM SARM-1T Yuan 1325 317 10 12 43 95 300 297 53 52
16 NANO CRM JR-2T Yuan 1 297 313 8 n 51 52 97 102 19 18
14 NANO CRM JR-1T Yuan 1 257 263 30 41 a5 45 101 107 16 18
11 NANO CRM AC_ET Yuan 1 152 145 3 1 134 101 780 778 110 105
15 NANO CRM RGM-1T Yuan 1 150 147 105 129 23 24 228 224 9 8
19 NANO CRM JA-2T Yuan 170 59 246 256 17 15 109 104 9 13
138 NANO CRM BHVO-2T Yuan 19 14 294 294 26 12 E=ad 111 18 14
17 NANO CRM JB-2T Yuan 16 14 178 134 24 12 48 34 8 [}
Deviation (o) 9 19 1 10 4
[ | D
calib.
> X & iy s . -
B —_— & % i calib. base - Rb (ppm)
Mormation type I
) Sample to 100.00 % sy
338.88
M target val 0
orm target value 100 ——
Calibration curve offset 254 16
Use offset 18
Calibration ranges 169 44
Order of polynom 1 127.08
pom actve @ e
+ 4236 I
_— _/
X

Sr

calib.
322207
280956
257 766
225545
193324
161104
128883

96 662

4441
32221

base - Sr (ppm)

T T T u T
50 100 150 200 250 300

Zr

Rb average deviation =9 ppm
Deviation of Rb in all samples +

15 ppm

calib.

§27.795
745015
662.236
579.456
496577
413897
33118
248.338
165.559

2779

base - Zr (ppm)

T T T T
200 400 E00 &00

calib.

calib.

= Used calibration curve: linear correlation with offset

Y

zalib. base - ¥ (ppm)

190413
171372
156233
133.239
114.248
95 208
TE165
57124
38.083
18.041

50 100 150 200

Nb

calib. base - Nb {ppm)
121
1089
968
4.7
726
605
454
363
242
121

T 3 T
0 124 242 363 484 605 T26 847 968 1089 1A
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Empirical bulk-quantification

BRUKER

Nano-milled geological samples — trace elements

= Detection limits in micro-XRF depend on instrument performance, samples used, and
9

measurement conditions. In combination with a simple mathematical model allows fast Rb
and accurate quantification of geological materials or their derivates such as ceramics. Sr 19
Y 14
= The major uncertainty is the “known” values and (in)homogeneity for the chosen Zr 10
reference samples. Issues with sample inhomogeneity can be overcome in “ideal” Nb 4

samples such as the nano-powders described previously (or see presentation on

nano-powders).

Values in ppm mg/kg sample Rb Sr Y Zr Nb Pb Th U

—_
—_
(8
No
—
—
—

Estimated limit of detection* 1
Estimated limit of quantification** 3 3 3 5 5 3 3 4

* LOD= 3*concentration/SNR
* LOQ= 9*concentration/SNR

These limits represent method limits for oxide sample analysis with the M4
Tornado under the previously described condition.
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Empirical bulk-quantification
Really adverse geometry

= Measuring sulfur in oil can be challenging, especially when only limited amounts of oil are available.

Small amounts of oil for a droplet, which really does not fulfill the criteria of “ideal samples”.

It's round, most of the X-rays go through, wether the S is at the surface or homogenously distributed is

difficult to assess, ...

But: There is limited information depth for S and the self-absorption effects are negligible.

Assumption: concentration of S oil is linear with measured intensity
Oil droplet
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Empirical bulk-quantification
Really adverse geometry

« 10 ul of each reference sample (CONOSTAN) were deposited on a clean SiO, disc

« Concentration of S from 0 to 10000 ppm (1 %)

« The sample description merely accounts for the

elements that interfere with the fitted S intensity
base

5 Rh  Ar

- Still the approach yields very good quantification.

| Innovation with Integrity |

BRUKER
calib. base -5 (ppm)
T1.000 : : : : :
9.900 4 i i i i o
gsond{ L e
7.700
seon] L
Ll W S SR P e S SO S
4 400 4 : : : : :
3.300 - E : E E E
2200 T AT T
1.100 1 o E : E E E
0 —_———— ——— —_———— ——— —
0 2,000 4,000 5,000 5.000 10.000
Calibration samples
Layer
Parameter S{ppm) Rh(%:) Ar{%)
MNo. Sample W. std calib. Std calib. Std calib.
124 5 _OIL_ 10000 ppm 1 10000 9993 400 0.00 400 0.00
123  S_OIL_5000 ppm 1 5000 5014 800 0.00 8-00 0.00
122 5 _OIL_1000 ppm 1 1000 995 400 0.00 400 0.00
120 0 500 458 -840 0.00 8468 0.00
119 5 OIL_100 ppm 1 100 93 400 0.00 400 0.00
118 S _OIL_25ppm 125 23 800 0.00 800 0.00
116 5 _OIL 0 ppm 10 6 400 0.00 400 0.00
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an
Empirical bulk-quantification E3
Soaked-up liquids

= Deposition of a defined amount of solution in a defined area, scanning, and integration the detected

fluorescence intensity.
= Forthe analysis 5 pl-droplets were deposited on a ~ @ 6 mm absorbent tissue.

= To evaluate impact of poor sample preparation, two samples were “folded”.
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an
Empirical bulk-quantification »a
Soaked-up liquids

= Thereis a very good linear correlation between the extracted intensity and the concentration. From the slope
(sensitivity) the concentration in the sample can be derived. The main uncertainty results from the droplet
preparation (see the deviation in the 3 dots for the same concentration).

= The folded samples also results in small deviations (see arrow).

Ni sensitivity Au sensitivity Co sensitivity
1.8 4.2 1.8
y = 7.75E-05x le y = 5.62E-05x ) y = 9.84E-05x
T 1.5 [R*=9.98E-01 7 3.6 Rz =09.82E-01 ¥ 15 R2=9.94E-01 oo
o ©3.0 - o
S12 = - S12
S I 524 . S o.0¢
< 0.9 = 0.9
— - 1.8 —
g+ o 81.2 g o @
c c c
90.3 e’ S0.6 80.3 e
0.0 0.0 0.0
0 4000 8000 12000 16000 20000 24000 0 20000 40000 60000 80000 0 5000 10000 15000 20000
Integral counts Integral counts Integral counts
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BRUKER

Summary

= Micro-XRF is versatile quantification tool for the analysis of multiple sample types from solid to liquids or
powders.

= The combination of high element sensitivity from major to trace elements combined with the easy operation
allows the use of multiple empirical and fundamental parameter-based models.

= Every sample with a defined composition within the analytical volume can be quantified as bulk.

= |f the sample is not homogenous you can either make compromises in terms of trueness as the sample does
not have a real or true “composition”, or you move to empirical approaches

= Layer samples can be quantified with high accuracy as long as the layer succession and composition is
known.

= |iquid samples can be measured depending on the element of interest (low-Z, high-Z) or nature of the liquid
(drying easily or not).
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