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Outline

e Basic mechanisms for ionization

luorescence process
* Primary XRF Intensity
* Indirect enhancement processes of XRF intensity

e XRF analysis in the real world:
- Non-parallel exciting beams
- Influence of surface topography
- Geometrical considerations
- Particle size effects
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Photoelectric cross sections

10%-10°b

Photon ICS from
“Elam database”
Elam W.T. et al.,
Radiat. Phys.
Chem, 63,
(2002), 121

Photoelectric
Ccross section:

TNE—S.S
T ~ Z3 to 4

20 30
Energy / KeV
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X-ray Scattering Interactions with atoms

E,>>Binding Energf.
EG

DO

i

E. < E,: Incoherent
(Compton), mostly with
outer, less bound

electrons
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E=E,: Coherent (Rayleigh),
mostly with inner atomic
electrons




Scatterin

yrobabilities: Unpolarized excitation
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Scattering probabilities: Unpolarized excitation

Z | WF
(%)
Al | 8.4
Si | 26.7 .
i f’f{ﬂ‘,’{;’
i I
Ca| 9.3 SR
| )
Fe | 9.8
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Scattering probabilities: Polarized radiation

Scattering probability ~ sin?a
a=angle between electric field
vector of the incident radiation
with the propagation direction of
the scattered radlatlon
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HORIZONTAL GEOMETRY
0=90°, ©=0° Gangadhar et al. JAAS, 2014
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Working principle: X-Ray Fluorescence Analysis

"Working principle:

Incident
photon
1) Photo-lonizatio Energy E,
of atomic bound should be
electrons adequate to
%’hlgtt/le)lectr'c onize the
; i
absorption 1 :)Ounr::
electrons
2) Electronic transi o=
amd emission Atomic shell
of element Binding
‘characteristic’ energy

fluorescence radiation
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De-excitation of atoms: Competitive processes
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Fluorescence K, Auger KL, L, Coster Kronig L,L,M,
emission

f1; : Coster-Cronig (intra-shell)
transition probabilities from
the j to the j L subshell

@  : K-shell fluorescence yield
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De-excitation: Fluorescence/Auger yield

Auger probability
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Emission of element ‘characteristic’ x-rays

K - alpha lines: L shell e-

transition to fill vacancy in K "L _—
shell. Most frequent transition, |s|ofz|" .
. Mul
hence most intense peak
32|52 My 3dsp Cu i‘(
- 31752 m Ny 3052 S
K - beta lines: M shell e- 3|aliz MR K 0.58
o : : ‘ Kgz: 0.29
Loy La, Lg, a2
transitions to fill vacancy in K . Kor: 0.08
shell. 2lizl é o Kpat 0.04
2{0[112 L 2
L - alpha lines: M shell e- kg
transition to fill vacancy in L
110[12| K — K 1s
shell.

L, to Kshell mw=sE, .=U-U
L - beta lines: N shell e- transition 3 Kal =K 713

to fill vacancy in L shell.

Each element has a unique set of emission energies
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XRF cross sections: K- Emission

XRF K-shell fluorescence cross section, o, (£,)
GKX (Eo) — 7’-K (Eo) .a)K.FKX

T, (£ ) :K-shell photoelectric cross section (cm?/g or barns/atom)
@ : K-shell fluorescence yield

Jrx - Transition probability for Ka emission
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XRF cross sections: L- Emission

Example_: Ir_|cident eﬁefgy I-Ec,_>UL1
oux(E)=1,(E,) o, (Z) f.+(Z£)
Oax (E) =@ +T f112)@0,(Z) [r1,x(Z))

Oy (E) =T 5 +T, fros St 00 fr3) @(Z)) f13x(Z))

f1; : Coster-Cronig (intra-shell) transition probabilities from the i to the j L subshell
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Fluorescence Ka, La cross sections

10 *E
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Cross section (b)

228
Optimization of
the exciting
beam

energy for
maximizing the
characteristic X-
ray intensity
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Primary Fluorescence intensity: Assumptions

e Parallel incident beam * D.K.G. de Boer, XRS, 19(1990) 145
e |nfinite surface for sample M. Mantler, in Handbook of Practical

] o XRFA, Edited by B. Beckhoff et al.
 Beam cross section infinite
* Homogenous sample
* Flat surface of the sample
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Primary Fluorescence intensity: Assumptions

Spectrochimica Acta, 1085, Vol 7, pp 2838 to 306. Pergamon Press Ltd., London

The theoretical derivation of fluorescent X-ray intensities from mixtures*

JACOB SHERMAN
Philadelphia Naval Shipyard, Philadelphia 12, Pennsylvama

(Recerved 4 August 1955)

JAPANESE JOURNAL OF APPLIED PHYSICS VoL. 5, No. 10, OCTOBER, 1¢

Theoretical Calculation of Fluorescent X-Ray Intensities in

Fluorescent X-Ray Spectrochemical Analysis.

Toshio Suiraiwa and Nobukatsu Fuisino

Physics Section, Central Research Laboratories,
Sumitomo Metal Industries, Amagasaki, Hyogo.

(Received April 15, 1966)
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Number of
incident
Photons/s

Qd . Solid angle of
47 " detection (sr)

I,

Intrinsic efficiency of
€4 (E ) * X-ray detector; E;

(Concentration of i element) X (Fluorescence cross section; cm?/g) X (areal density; g/cm?)

H (EO ) © Sample mass attenuation coefficient for energy Eo

Zcu(E)

j=I,N

ey
d] (E ) ] e—,us(E )xk/51n91 (E i) . dxk . e—lus(Ei).xk/Slngz gd (E )
sin &, 4.7

luT(EoﬂE)i Elus(Ewo)/Sin‘gl +lus(Ei)/Sin‘92
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——

—ur(E,,E;)d

Ii(Ei): Ci'l_e )
luT(Eo9Ei)

Sensitivity S. (£ , E)

B 1 Thick target
Hy(Eyo By d > 1 LB =5 (5, B)-6 u,(E ,E) approximation
p.(E ,E)-d <<l I(E)=S8(E, E)-c-d Thin target

Different approaches are followed depending on how well the set-up

geometry and incident beam intensity are characterized:

» Sensitivity calibration: certified pure element/compound targets

» Solid angle calibration: Normalized beam intensity, detector
efficiency known, well certified pure element/compound targets

» Standard-less XRFA: Calibrated apertures, distances, detector
response function versus energy, incident beam intensity
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Indirect Enhancement Processes in

Fluorescence
— Scattered photons

COMPTON

ELECTRON ELECTRON

J. Fernandez et al., X-Ray Spectrom. 2013, 42, 189-196

Y
\@éj IAEA A.G. Karydas, ICTP-IAEA School, Trieste, 18" November 2014

national Atomic Energy Agency
Atoms for Peace



Indirect Enhancement Processes in
Fluorescence

SECONDARY
ELECTRON Scattered electrons

R T .

.
CL LT N .
.

. .
BREMMSTRAHLUNG INNER SHELL
: IMPACT IONIZATION
. : ELECTRON :
S W S— I ;

Scattered photon

J. Fernandez et al., X-Ray Spectrom. 2013, 42, 189-196
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Secondary Fluorescence Enhancement

Exciting x-ray
beam

X-ray Detector

Sample

i Energy condition:
E>U, ;

Element j characteristic x-ray(s) can excite element i
characteristic x-rays within the sample volume
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Secondary enhancement calculation: Example

E;

XI T Number of photons emitted per unit area
: of layer dx; that reach layer dx; within the
n da cones with aperture angles a, a+da
: |
/ (2-w-r-sina)-(r-da)x =
xi 4 TV
J
7 X |
- "rda —-SlIlOC'dOC
rsinao 7
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Topology of secondary fluorescence

10%%

vepm s pm

-900 -150 -100 -50 0 50 100 150 200
Surface / um

13 keV, excitation, SiO, matrix, 5% Cu, 5% Fe

Sokaras et al, Anal. Chem. 2009, 81, 4946
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Tertiary Fluorescence Enhancement

Exciting x-ray
beam

The element j characteristic x-ray(s) can excite element’s k characteristic

x-ray(s) which consequently can also excite element’s i characteristic x-

rays o
Y Energy conditions:E>U, , and E,>U, ;
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SF Enhancement in Poly-Energetic excitation

Type of Secondary Fluorescence Am-241 | Filtered Rh-
Sample Mechanism (59.6 keV) tube
Source* | excitation*

* Including ternary contribution
4 _)\l
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Self-element SF Enhancement (special case)

Exciting x-ray
beam

X-ray Detector

Sample

i Energy condition:
E>Uy ;

Element i characteristic x-ray(s) can excite different series of characteristic X-rays
of the same element i within the sample volume; for example Kto L, L to M lines
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Self-element SF Enhancement (special case)

0.30
- | K- lines to Lo I
e 025 |
% ®-S.g..o. .
0.20 e
- Ahaia,  *-e., TotalK- shel
@ e S .,
o Ay ..
= 0.15 AL . o
2 Eo=32.1keV Loa
> 0.10H Thick pure targets Sl e
S _
8 0051 KB series
w LA A A A e . T T
0.00 ! | ! | ! I J | . I . 1 ' I L I

36 38 40 42 44 46 48 50 52
Atomic number

A.G. Karydas et al., X-Ray Spectrom. 2005; 34: 426-431
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Self-element SF Enhancement (special case)

| L- lines to L« I Ly (+ LB3+ Lpy)
\

e 1
g 10 Ly (+Lps) ®
£ |
3 .
2 -89

8 10 .“"“.,.. o " L
? oo ® a-d
= 103F
g .- ® Ox g
o i ® o ®
8 104 *°°
2 = Ep=22.1 keV

I Thick pure targets

10_5 L I I l

52 56 60 64 68 72 76 80 84 88 92 96
Atomic number
A.G. Karydas et al., X-Ray Spectrom. 2005; 34: 426-431
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Self-element SF Enhancement (special case)

0.20
Ey=22.1 keV | L- lines to Ma I
%‘ Thick pure targets
£ 0.16 Y
S " Total L- shell
e e otal L- she
o 0.12 - -
2 .
o .
S o * Lo series
w 0.08 - R O
g O e LA e .
g 00" "B series
§ 0.04 O R
" Ly series
T T S i — A A
1 . ] . ] X | ) | ) -
70 70 80 85 90 95

Atomic number
A.G. Karydas et al., X-Ray Spectrom. 2005; 34: 426-431
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Secondary Scattering Enhancement (Beam)

Exciting x-ray
beam

X-ray Detector

Sample

i Energy condition:

i Es>Ux,i

Incident beam after encountering elastic/inelastic scattering at one produces
photoionization of an element / in another sample position volume
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Secondary Scattering Enhancement (Fluo)

Exciting x-ray
beam

X-ray Detector

Sample

Element a characteristic x-ray after elastic/inelastic scattering
within the sample volume are directed to the detector
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Secondary Enhancement due to Scattering

10

L e ¢
[ Cd source e
— - -’-

- -~

'\%/' P - Sl

f___,,-—-’

CZ) 3 / . .

5| T &

LL’ . 21 / 'J-‘_---J’-—

m 1 b . /! JI"" ) L -

o L | o

o |

O - —7 (L~

Enhancement due to coherent '
scattering of Eo

10 -\ 1 ) IR T —— i | i | L L I T i 1 i 1 ‘
i 2 5 7 9 11 15 is 17 19

CHARACTERISTIC X—-RAY

Karydas, Paradellis, X-Ray Spectrom. 1993; 22: 208
Tirao, Stutz, X-Ray Spectrom. 2003; 32: 13-24
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Secondary Enhancement due to Scattering

10 *c . |
. i
Enhancement due to incoherent
scattering of Eo o
. e
—r —-_-'_--‘_.— o
- |
Z 10
O
— Cd source
)
L - Si '
E’é T |
o
) 1 |
i
r . -Fe
- __,.—-""’f’-],__‘ C—r
Io -1 M 1 M | 3 1 4 ] n 1 2 1 L 1.1 1 1 1

1 3 s 7 9 1t 13 15 17 19
CHARACTERISTIC X—-RAY

Karydas, Paradellis, X-Ray Spectrom. 1993; 22: 208
Tirao, Stutz, X-Ray Spectrom. 2003; 32: 13-24
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Secondary Enhancement due to Scattering

s e —
10 E

- ——— Tin in cellulose (0.8%)
bo-mmes Thin tin foil

10‘E

Sn Ko

Effect on
[\ spectrum!
. Sn K,

29 3

ENERGY (keV)

Karydas, Paradellis, X-Ray Spectrom. 1993; 22: 208
Tirao, Stutz, X-Ray Spectrom. 2003; 32: 13-24
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Photo-/Auger/Compton e Indirect

Fluorescence En

Exciting x-ray ‘
beam

Eo X-ray Detector
Electron spectrum? E
Discrete: Photo-e, Auger E
Continuous: Compton

Sample

Energy conditions:
Te' EA>Ux,b

Ejected electrons from the atoms of elementj can ionize an
inner shell of element i

&y IAEA A.G. Karydas, ICTP-IAEA School, Trieste, 18" November 2014
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lonization induced by electrons

Stochastic movement of electrons (20 keV on Fe) L
g/600¢
= L
~ L
= -
G §1400
- B
° 1200
e B
1000
800 —
Q -
S 600
fu -
d 400
¢ B
2001
L( B | | | | ‘ | | i — | ‘ | | ‘ | |
o -%00 -600 400  -200 0 200 400 600 800
) Surface / nm
s K \"vYv~¥r J LIl 1114l 1vilicauuvivii PUL\.’IILIUI

netryﬂgvvgvvgvvgvvﬁvvg

¥ o

Sokaras et al., Unpublished

v

A Penelope 2006

0 G4Penelope with Geant4.7.1
©  (Casino

1 L 1 L 1
0 20 30

impact e- energy / keV

T 1 T
20 30 40 50
Initial electron energy (keV)
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lonization induced by electrons

Stochastic movekment of electrons (20 keV on Fe) .
N, pW; (“Edgei 1 g Mg 3.08 pm
n;(E,) = 1 J Q;(E) a5 dE ' 45° / 45° geometry YEYYEYIETTguua
L Eg / » 10 _AEE %fmg o
_ A LA
Green and Cosslett expression for the number S ol gfﬂ
of photons emitted by interaction with a single fj% & N “  Sokaras et al., Unpublished
e ey . . z . 5 DD 4 Penelope 2006
electron of initial kinetic energy Eo el I - G4Penelope with Geant4.7.1
7 . lTl(CU) I 4 ©  (Casino
. _ —20 “subshell,i 2 ol . , . , , ,
Qip(E) = 6.51x 10 > b U (cm?) S 10 20 30

EEdge,i
impact e- energy / keV

Q,(E) and dE/ds are the inner shell ionization cross-
section and the stopping power (energy loss
function), respectively, of electrons in a material

p Z Wy Z; 1
J' Ay -5 |E —6(E
7 1.18x 1075 | [y +147x 1076 (E/,)

Love et al. expression for stopping power

of electrons A SR AT T TRaE
Jk = 0.0115Z;, (keV) the mean ionization potential A R

n
o

n
o
1

-y
(9]
|

Maximum range (um)
o
1
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. Increases when exciting
J ~fmax No(E)Tjni(E — Erage,)4E  beam energy is far away

*

Ni,photo—electron = G;C; Z
j

E=FEEqge,j u from absorption edge of light
elements
i8 T T T T T T T
104 al T — } ‘

14

12

10} AlKa

n(Ep)
KE)

0.1

0.01

rrrrr

e T —y y L I——— 1 1 1

1 - v - 1 L 1
0 10 20 30 40 50 0 20 40 60 80 100 120 140 160
E, (Kev) Energy [keV]

N. Kawahara in Handbook of Practical X-Ray
Fluorescence Analysis, by B. Beckhoff B.
Kanngiesser, N. Langhoff, R.Wedell, H.Wolff, (Eds.)

J. Fernandez et al., X-Ray
Spectrometry 2013, 42, 189-196
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13 - . - - - - - . - 13E

Enbhancement

&« Al4E54um ’ « 5 423um |
EE o « AlZ13um AR « 5 181um
e AlOT8um !!!E
25 L !§§1§_ ves L
*
ry
28 b . CRE 3.
*® E Lrw
* ;!!S! ¥ L *
5 * 4 E 145 2 ¥
3 - l" ¥ o » ‘l'
»gq® ¥~ b -t
'y = -
EE :! LE 148 e <
E
s aty . t.l"“***'i.‘!-tk.|
fam bt - L
sos L ‘gt tETy XXy O 2
.% .i'
100k eet® 130 b . sesn®
£ . e e A " £ e e o S e . " . e S i L i i
o & & 12 % 2% 24 & e g § & $ ] O g =8 2

Enegrgy/ keV

Monte Carlo calculations of phot-e enhancement:
Al (4.54um, 2.13pum, 0.76um) and Si (4.22um, 1.61um)
Casnati parameterization for electron ionization cross sections

D. Sokaras et al., unpublished
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Auger e Fluorescence Enhancement

NlAuger electron
—G.C z E=Fmax NO(E)T](l — ;) Zicnl(EAuger electron]k)

k
E= EEdge] H

. Important: When a light element analyte is embedded in
a heavy element matrix.

* The Auger-electrons from the matrix elements can excite
light element fluorescence.

 Example: When carbon in steel is analyzed, a Fe KLL
Auger-electron with a kinetic energy of 6.3 keV can excite
multiple carbon K-shells

Y
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Secondary electron induced ionizations

S £
2 10’ 5
S S
9 S
& c
@ 9
(2] 7]
o 2 E 2
c 107} 1 €
c ] Q
S |2 ®
: J

L J | 10° 2

103-' ,,,,,,,,,, 310

2000 4000 6000 8000 10000

Electron energy (eV)
» L-shell photoelectrons: T,=E -U,;
» Auger-electrons (when E_>U,)
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Relative e- enhancement to Fe-La excitation
in the case ot a Fe pure targe

. Fe 1af edge

1.90x10° |

1.90x10°

cence

Fe-L intensity (photon'1 sr'1)

Incident photon energy (keV)

Bulk metallic Fe, Unpolarized incident radiation
Sokaras et al., Phys. Review A 83, 052511 (2011)
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Compton electrons Fluorescence Enhancement
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Compton electrons spectrum
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Karydas et al., XRS 32, 93 (2003)
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Compton electrons Fluorescence Enhancement

Thomas-Fermi model for the incoherent Exciting beam : 59.6 keV, Sample: Fe,0, + ZnS
scattering function NI N

aao-incoh _ aCO-KN(EOrE,r 9) ZS(C(, G,Z) 1
0. 0. E,toZn-Kto S

Photo-e to S

Eo—scatto S

S(v) = 1 — exp(—4.88v°8>%) o
2137
i 0 .
v 3 7%/3 asm( /2) E,to Zn-Kto Fe-Kto S
Eq
a = 7 oo . Compton-eto S
m.c Coesoy
Energy distribution of Compton electrons ol .t Exciting beam:59.6 keV,
040incon o'l Sample: Pure element, Z
O0E , , ol
E?E,E+E m.c“E .
= 2mzrd 2L [ 0 (1 - )] <
EZ | Eo(Eo —E) Ey(Eq — E)
E, m.c?E o
1—exp|—1.11766 X 2. ) |2Ea(Ea = B) ! (1): Photo-electrons
Z'3 0%=0 il (2), (3): Compton electro
o'l (4): Direct Compton core ,
K. Stoev, J. Phys. D: Appl. Phys. 25 (1992) 131-13g <} holecreaton .

s ‘IO 13 0 28 30 35
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ionized atoms. Diagram L-emission
M, oo bt M, S
%’&I:HW ® %w
M e :/ M AN\
La,
Lm"._.—’._‘-:}' Lm".m
L oo L, —o—e
L, —eo—e | DA —
h

K @i

|

Photo-ionization Fluorescence

Emission of a diagram line
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Cascade L X-ray emission

Satellite emission line

Augder-e
/' by a multiple ionized atom
M, -0-0-0-6-0-0 M, -o-0-0-0-0C: M, 90000
M; PSP AT S - M,, ;
M, -0—0—0—0— Ve e M,, m$:
M, SN —— M, & L M, & & AN
M, ® PY M, & & M, —0—0—‘— Lo’
L, -0—o—o—a— 0 L, -o—e—e— - L, -@-@—@-O~
®
L, —e—=e L, —e—e O —
L —e—e L —o—e+ L —e—e
WW 1
h |
Y R S — K —C— K @
photoionization Auger KL3M5 cascade emission

Cascade Emission: X-ray emission due to relaxation of an indirectly
vacancy created by the relaxation of innermost shell and not due to
a direct ionization.
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Fe-L cascade effect

Bulk metallic Fé, Unpolarized incident radiation

Fe s edge

P

"

n

IC .\

S ~..
@) \‘
C 1.90x10° |

= |
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>

=

n

c

)

e

=

— 1.90x10° |

(o))

LL

1 2 3 4 5 6 7 8 9
Incident photon energy (keV)
Sokaras et al., Phys. Review A 83, 052511 (2011)

T. Schoonjans et al, SAB, B66, (2011) 776
Fluorescence cross sections include full cascade effect due to radiative and non
radiative probabilities
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Secondary fluorescence enhancement

VA WEF | Ipr | Isec | Iter |Iscat

(%) | (%) | (%) | (%) | (%)
Al 834 | 1 [21.2(1.17| 1.2
Si |26.7| 1 [18.1/0.641.23
Ca | 93| 1 (138, - |1.64
Fe | 9.8 | 1 - - |12.44

W, =y, =45°

E, =17.44keV
(MoK,

A.G. Karydas, ICTP-IAEA School, Trieste, 18" November 2014



Geometrical considerations: Non-parallel x-ray

“0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
Cos(8,)

v,,=45.2° and 3,,=44.7°

in

Sokaras et al., Review of Scientific Instruments 83, 123102 (2012);
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Fluorescence intensities

. ya centrm

axis
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144

124

for non-parallel x-ray

The divergent angle _is 20° and
the trajectories are distributed
isotropically

D\ | 1.0:
ds -
0.8+
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(/1)

Malzer, Kanngiesser, X-Ray Spectrom. 2003; 32: 106-112
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Fluorescence intensities for non-parallel x-ray
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Geometrical considerations in XRF intensities

Incident flux | is expressed in number of photons/s/cm?

:AQchz’zxsin.Sl1 G:AQXWdO

G :
47 a sind, dr  a

G = const

De Boer, XRS, 18, 119, 1989
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Geometrical considerations in XRF intensities

Geometry under Gl conditions

Q= [1(x)dQ(x)dx Detector pinhole
E (dlameterzdp
- &
Collimator m d,
—

incident X-ray
d1

d(ry=nm-r’ /R’

dQ(ry=n-h-(f/2)/ab Ly

Weblin LI, Rev. Sci. Instrum. 83, 053114
B. Beckhoff et al Anal. Chem. 2007 (2012); doi: 10.1063/1.4722495
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Geometrical considerations in XRF intensities

Sample Volume effect in milli-
beam size XRF set-ups

‘ FXPERIMENT a
-

A //:r 1400 ppm in H,B0,

L L - N 1 D
|} 2 3 L} 5 & 7 8
2 (mm)

distance / mm

Orlic et al. XRS, 16, 125-130 (1987)
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Effect of Surface Topography in XRF intensities

K;C; 7; | | T I(E)AE
Ny = ——— Z,l—ENI(E)AE"'ZZngJTi.j XZ " ( )N Liy
sin(¢p, + 6) te g + ud; Use + U

E ) ) ] ] E

a) , __ s ==t
@) ”S'E_sin(fﬂiE‘l' 0) (b) Hs'i_sm((pil_ %

Source

T. Trojek, J. Anal. At. Spectrom., 2011, 26, 1253
IAEA A.G. Karydas, ICTP-IAEA School, Trieste, 18t November 2014 10-12-10
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Effect of Surface Topography in XRF intensities

fi- (s;b+sed) = . Interaction
( l . ) ' 0 Point
& \s ?3' 1"
b-A ‘ . \ /N
Sf = T3 LSi=K"S; Incident ¢ - Sy 1
7 mciden_§) .7 >
k = (cosa+tan@sina)?!
/ ’
o
(0.0] A . .
= AJ exp|= (s et )5 s = J is the rotation of the
0 Wi + kyyr surface normal around the
1 z axis; U =0 for a surface
[(0) x
(6) - (uf/u.) (cosa + tan 6 sin @)~ parallel to the xz plane
l

E. C. Geil and R. E. Thorne, J. Synchrotron Rad. (2014), 21, 1358-1363
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Effect of Surface Topography in XRF intensities

10} E T T T T T #

Hints: : /
The objects should
be mounted so that

)

their dominant T

surface curvature § i

runs perpendicular to 8

the detector—incident .

beam (x-y) plane - . d l

-90 60 =30 0 30 60 90

Surface angle ¢ (degrees)

The angle effect vanishes as the detector position approaches the
incident beam, and it is maximal when the detector is perpendicular
to the beam. CaCO3 matrix, with incident beam energy 16.5keV
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Effect of Surface Topography in XRF intensities

T 2w e e N s Map of surface
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International Atom

Example: Fe203
50% of 8 -12 keV from 30pum — 60um
90% of 8 -12 keV from 100pum — 200um

Information originates only from the first two layers
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Particle size correction models

1 Berry et al (Adv. X-ray Anal. 12, 612 1969)

o Dependence of fluorescence intensity on:

o c7=2/3 diameter of sphere

Cop

* n =packing ratio, m=— D ~10nm

Cy

1- eXp[(uf+uf) P d] i n+n-exp(—uf-pf-D)+n-m-exp(—unf-pnf-D)}
l—expl(u, +1,)-p, D) {-n+n-exp(-u,-p,-d)+n-m-exp(—p,; -p,; -d)]

ja

M, (Ey) B M, (Ep)
:“f:ZCf : 'unf_chf :

f Siny, nf Siny,

. (E.
Z ) W :chf Mg ( ])

sin vy, nf Sy,
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Overwew Conclusions

> The quantltatlve XRF anaIyS|s is currently supported by a well- defmed
mathematical formalism based on the so-called fundamental
parameters approach

» The majority of second/third order phenomena that affect the
analyte fluorescence intensity are described by analytical formulas

Obstacles:

v' Enhancement due to electrons ionization requires verification and
currently is not taken into account routinely

v’ Accuracy of fundamental parameters (soft energy region) and for L,
M characteristic X-rays

Perspectives

(1 Monte Caro methods it is the most comprehensive tool to account
for all high-order phenomena and assess their contribution in
fluorescence intensities

1 FP re-evaluation by means of metrological SR experiments
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