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m Nerazarajuca metoda

m Kvalitativna 1 kvantitativna ispitivanja materijala

m U LKM-u namijenjena je ispitivanju legura koje
sadrze plemenite kovine

m Zasto XRF naziv

m Javlja se X zracenje 1 tluorescencija-svietlucanje

B Zasniva se na spektrometriji pomocu koje
dobivamo nase rezultate
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= XRF metoda je cista fizikalna metoda

m Spektrometrija se moze koristiti za odredivanje
identiteta, strukture 1 okolisa atoma 1 molekula
analizom zracenja koje ont emitiraju ili apsorbiraju

m Potrebno je poznavanje zracenja

= X-Ray spektrometrija zahtjeva raspravu o razlicitim
doprinosima te metode

m Zabluda u koji se moze upasti je dobivene rezultate
na uredaju smatrati iskljucivo konacnim
rezultatima,cesto oni zahtjevaju neku korekciju 1li
obtradu
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Physics of X-Rays

X-Rays as a part of the electro-magnetic spectrum WA Nov 20

Electromagnetic spectrum For the transformation between
wavelength [in nm] and erengy
Wavelength (m) . . .

108 1 103 106 10° 1012 [in keV] the following relation

' ' can be used.

Radio waves | ® |J[uwv E kevi=1.241/ A [rm]

I I I I
106 10° 1012 1013
Frequency (Hertz)
I I I I
10-° 108 103 1
Energy (eV)
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Generation of Y-Rays in a X-Ray tube
Oilisolation

Physics of X-Rays

r
Filament

T

Tube flange

Shielding . o
Emitted rediation
Glass bedy of the tube

- Emission of electrons from the filament — Compton

» Acceleration of electrons to the anode

» De-acceleration of electrons on the
anode

- Emission of continuous Bremsstrahlung “7”""9“
and characteristic fluorescence
radiation of the anode material

scattered Bremsstrahlung
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Physics of X-Rays

Exciting radiation

The excitation radiation of a tube consist in characteristic and continuous radiation

Characteristic radiation

Electrons in the tube ionise a

atom of the target-material.
M \/ This vacancy will filled up
. from more outer electrons.
The difference energy can be

emitted as X-Rays.

The energy of the emitted
radiation depends on the
type of the atom - it is the
characteristic radiation.

a0 &0
Ordnungszahl

The energy of the characteristic
radiation is proportional to the
square of the atomic number.

E =~ Z2

Moseley’s law
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Physics of X-Rays

rv;IIH Nov 20
Nomination of X-Rays

KBI KB3

For the notation after Siegbahn:

_ _ » The name of the shell with the

Ubergang 3*:%%‘“? gi’:;‘?”f“”ge primary vacancy gives the
leading letter

Ip -1s 8.044 0.15405

Y )\

* The intensity of the single
5 - 1s ¢ 908 01303 lines determines the following

_ greeke letter (The intensities
Pl dite 01392 depends on the transition
0.1381 probability)

1.3303
1.3023

2p -1s 8.026 0.15444

L, Kante 1.1696
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Physics of X-Rays

MIH Nov 20

Bremsstrahlung

The incident radiation The excitation spectrum of the tube
will be scattered on looks as follows

the nucleus of the
ato m. Continuum energy distribution (Kramer)

' The loss of energy
can happen in
different steps and will

emitted as electro-
magnetic radiation.

The distribution of the The tube voltage
continuous spectrum is corresponds to the
described by Kramer's- high energetic end of
formula: the spectrum.

IcedE=Ke i ® Z o[E-E_/E]dE
with:
IredE — intensity distribution

Besides the K- and L-lines of the
Rh-anode this spectrum shows the
continuous Bremsstrahlung too.
This radiation is important for the
k — Proportional factor effective excitation of all elements in
i — tube current the sample.The low energy part of
— Atomic number of the this radiaton will absorbed in the

tube window. 6/17
— Excitation voltage )
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Physics of X-Rays

Interaction of radiation with matter

X-Rays are absorbed and scattered in matter.

X-Ray absorption can happen by different processes:

lonisation of electron shells in the atom

AUGER-
Elektron

Fluor-Ausbeu

Ordnungszahl

The probability for an emission of a
X-Ray photon (fluorescence yield)
depends on the atomic number.

In case of filling the vacancy the free energy
can emitted as characteristic radiation or as

AUGER-electrons.
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Physics of X-Rays

Information depth The absorption depends on VI Nov 26

+ the energy of the fluorescence radiation i.e. of the

Detector element of interest (Moseley's law)

incident

radiation + the composition of the sample itself (the

fluorescence absorption depends on the mean mass-attenuation
radiation coefficient of the sample).

The absorption is described by the Lambert-Beer's
law:

I=1,exp (- u*p*d)

With Il ch t:
The fluorescence radiation is th & smafl change you ge
excited in the sample and will diem]=In(1/1 ) pp
absorbed on the way to the

For a estimation of the information depth it can
sample surface.

assumed:

Becaus_,e the excitatiop radiation + The ratio | /1, is 0.05

every times has the highest

energy the information depth is + The measuring angle of the fluorescence radiation
determined by the absorption of in the Eagle is 60°

the fluorescence radiation in the

From this the following easy relation is concluded:
sample.

dcm]~=4/pp 19117
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CRM-legura zlata retferentni material
Elementi % Au 75.09 Agl2.46 Cul2.44

Metoda: XRF X-Ray spectrometry
Uzorak: platinsko zlato Au Ag Cu Zn Pt Pd

Velicina koja se mjeri: tezina %
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Drzavni zavod za mjeriteljstvo

Fsc: 901 LSec: 100 10-lis-2008 12:06 PM kV:40 uA:595 (Rh) 50um-Spot Atm:Air

4.00 8.00
Energy [ keV |

10-10-08 12:06 PM 10-1is-2008
Net Wts At% I-Error%
168.8482 11.46 25.85 0.94
0.00000 0.00 0.00 .00
10.29025 4.66 "‘ 3.42
130.9600 67.76 |+ 49.30
0.47000 0.83 1.12
7.33000 15.29 20.
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Drzavni zavod za mj

| Fsc: 1778 LSec: 100 1 2’ 5 (Rh) S50um-Spot Atm:Air

pLATINSKO ZL.

LATINSKO ZLATO -1 10-1is-2008

Elem: Net % I-Error% Wt-Error
Cur 68.95000 1.89 50. o0.08
ZnK 0.00000 0.00 as. 0.00
PtL 87.13999 1.45 36. 0.56
AuT 167.0800 0.90 30. 1.04

| pax 2.75000 8.41 1. 0.29
AgK 7.60000 4.19 1. 0.50
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i zavod za mjeriteljstvo

c: 100 10-lis-2008 12:06 PM

| A
Nl M POAE pa
-1 1 T 1

8.00 12.00 16.00 20.00 24.00

Energy | keV |

a 75— 1 10-10-08 12:06 PM 10=-1is=-2008
Elem: Het Wt Attt I-Error®

BG

CukK 130.9700 9.56 22. .06 30.11000
ZInkK 0.00000 0.00 0.00 .00 29.82000
PtL 35.84000 17.52 13.18 . 22.66000

101.570Q0 55.96 - .68 . 18.46000

0.37000 0.70 .97
7.23000 16.26 -11
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Drzavni zavod za mjeriteljstvo

S T
e

12.00 16.00 20.00 28.00
Energy [ keV |

LATINSKO ZLATO -1 10-10-08 1:27 PM 10-1is-2008

Elem: Net WES At% I-Error% Wt-Exror
CukK 91.22404 3.95 10.09 1.67 70. 0.09

] ZnK 5.27537 0.26 0.65 22.03 64. .06
PtL 44.44269 12.47 10.38 .65 a7. .39
AulL 212.5400 68.42 56.39 .81 40. .23
PdK 3.01000 3.56 5.43 .16 s .30
AgK 8.20000 11.34 17.06 .05 " 5 .49
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Nakon pet mjerenja CRM 1 uzorka ucinjen je
izracun vrijednosti koja se mjeri (koristeci sve
doprinose mjernih nesigurnosti 1 korekcija)
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ZAKLJUCAK

Dobar rezultat ispitivanja XRF metodom postize se dobrim
poznavanjem svih moguc¢nosti uredaja, poznavanjem i
razlucivanjem grafickih prikaza ne oslanjajuci se
iskljuCivo na digitalne rezultate i poznavanjem svojstava
materijala kojeg ispitujemo.
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HVALA NA PAZN]JI !
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