2.1,
K L
(lonization)
(Primary Radiation)!1 (Photoelectron)
(Vacancy)
X (Fluorescent  X-Rays) *
: (X-Ray Fluorescence)”
"(Characteristic X-Rays)"
primary 0 Electron

o Fluorescent
X-Ray
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Ex=E - Ef
EX
E
Ef
(Shell) K
K
X-RAYS. Shell Subshell (2 -1) Subshell
Principal Quantum Number 1,23,
K,.LM,,. Ao
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2.2

221 (Wavelength Dispersive X-Ray Fluorescence)
1] WDX”

(single Crystal) (LiF :LITHIUM FLUORIDE)

(CONSTRUCTIVE AND DESTRUCTIVE INTERFERANCE)

(x)
Bragg 2dsin0 =nA d 0
123..
Bragg 0=sint[ »/2]
y y
=1 “First Order Of Reflection”), =X
0=sintpx 2d]
=2( *Second Order Of Reflection”), =x 2
O=sintexi) f2d] = snlix 2d]
=3( “Third Order Of Reflection™), =x 3

O=sin1@Am)/2d] = sni[x 2]
(Single Channel Analyzer, SCA)

X12 XI3 (X)2 3



Anplitck of cffiectod i-0v

Incident 02y Difliacted x5y /’\ /\ /\
VvV V'V \V

Atine =X

X-RAY TUBE QUAL:‘(ATWC
ANALYSIS

ANALYZING CRYSTAL

o
—)
LAY -

200 3,

SAMPLE
X-RAY STLCTRA

CONCINTRATION| A FLUORCSCENT X

F 03258 RAY INTENSITY

o o) PROCISSING % i

Al 6ane — Na 12085

U 0.6840 . g = ‘;::g: QUANTITATIVE

........ o JE ANALYSIS

2.3 WDX

WDX

(Analyzing Ciystal)

20 10 keV

(Proportional
X-Ray Detector)

( ) [ Thin Nal (TI) ]



()I[Si(L)] (High Purity Germanium,HPG)

2.2.2 (Energy Dispersive X-Ray Fluorescence)
1} E D X n

energy dispersive x-ray fluorescence analysis

1] EDX 1] 2I4
SAMPLE
1 . fluorescent
[ EAT X-rays
rimar MULTICHANNEL
et tion DETECTOR PREAMP AMP ANALYZER
POWER
SUPPLY

24 EDX
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231

(Source) 2.3
(X-Ray Detector) 2.4
(Preamplifier)
(Amplifier)
(Analyzer)

(Preamplifier) (Amplifier)

(Analyzer)

(Memaory?
(Multichannel Analyzer ; MCA)

(Target)

(23

(Bremsstrahlung)
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2.32
3
( Low Energy Photon Source )
(Electron Capture Source ) (Continuous X-Ray
Source ) "
2.1
PHYSICAL PROPERTIES OF RADIOISOTOPES USED IN
NON-DISPERSIVE X-RAY FLUORESCENCE ANALYSIS
Radioisotope  Half-life  Photon Energy in keV (%) Elements Excited
(years) . K X-rays L X-ray
Tre 2.1 59-65 Mil K X-rays (285%)  AL-V -
%u 86 136-20 L X-rays %13%) Ti-As - Nd-Bi
m 176 14- 201 Pu L X-rays (10%) Ti-As Nd - Bi
109Cd 13 22 -25 Ag k X-rays (107%) Ti-Mo Nd -
83 9amma-ray {4%) Tm - Pb :
2Am 458 13.7-20.8 Np L X-rays (37%) Ti-Br
59.5 gamma-ray g37°o) As - Tm

5Co 0.74 122 gamma-ray E

9%
136 gamma-ray (8.8%) INd-U
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24

241
(Nal (TI)
520 59 keV
(Ti - Ko)
710

B\

@709 LAU LAT .

w - = -, v
AUNY LURTIANTERUY

12
)

(Scintillation Detector)

4.5 keV
(Atomic  Number)



24.2

(Ar) (Xe),
(Be-WINDOW) 0.0

16%
2-3
243
(HPGe)

2.5

WDX
(Analysing Crystal)

HPGe WDX

( “Matrix Element”)
(Matrix Effects)”

(Proportional Detector)

(CH 4)

174 keV (Si-Ko)
(Proportional Flow Counter)

(Si(Li)X
(Ge(Li)

2.1 % 59 keV

EDX Si(Li)
(Energy Resolution)



L (Matrix Absorption) 2

1
(Ag)
2 Absorption Edge
(N)Nim i TATT keV Kd 7111 keV
Ni Ka
2. (Matrix Enhancement) 2
L 1
/
2 2
Absorption Edge
/ Fe Ka
Ni Ko. FeKa
2.6 NBSGSC 1
NBSGSC

National Bureau of Standards (NBS)



it

( NBS “ NIST " National Institute of Standards and
Technology ) Geological Survey of Canada ( GSC) (Algorithm)
Comprehensive Lachance (COLA)
Q.
( 100 %)
1
Y G =Ri i+ICa‘ijcj+IClla'ykC jC k 0)
cc'ij 00 =1 - | ]
ce'..1 ] k
Q ck 0 [ S ] k
a n= alt aZC?, _ (2)
i+adi-c |
Cm
Cm=C,+G +-
a ik ~ - (]tatijcitaik ck) {3)
Q Ck
(x' k
NBSGSC 4
1 CALCQ87 (a Coefficient)

(fundamental parameter) COLA



(ump ratio)  (yield)

NBS (data file)
! CAC087

2. COMP87

CALCO87
STDMAKJE

(calibration)

3. STDMAKE
COMP87
4. UNKMAKE
STDMAKE
NBSGSC
QC87 COMP87
thickness) (Utility program)
NBSGSC
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(absorption edge)

(fused)

UNKMAKE COMP87

CALCO87

CALCO087, COMP87

SDCC
(Saturation

2.1



Input
step 1 (Calculate coefficients)

Program

Fundamental Paramcters @

IoAAps ki;pj; L ; @

i

Qutput

toVER iy 1 T e - i ol
Modified Sherman equation - COLA Eqn. aU s aUk
Calc. R,
> (Cale.R)
Hypothetical
standard compositions
Step 2 (Calibration) .
COLA R}
I
s § ./ )
L. 1€, 3Oy OLin Fo— 5qn £ vs
! ) Y Y Solve for R¥ I
1 1
I,y ¢
Step 3 (Calculation of COLA
ncentration ' u
concentration) - Eqn. c!
Solve for o¢
1
yes Print
u _ v
Ci

2.1

NBSGSC
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