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ABSTRACT

X-ray fluorescence was apphied to detemmle the concentrations of
elements in tclephone wires of different brands, The major sonstituents found m

ﬂmtclcphoncwir:sarchden.



CHAPTERI
INTRODUCTION

1.1. Radioisotope X-ray Fluorescence Analynis

_ Radm:sotope x-ray fluorescence i1s a mlatwely faot
nondcstmctrvc and versatilo physical method nsed for elementa) analyg;, ::“
powders, shuries and liquids. This method  provides rapig QH%?
sciquantitafive analysis. It is one of a number of techniques mwwﬂ'
detemnnetheconcentmtlonufelsmemsmdlfferemmatemls W'ﬂ”“!i
eqmpmmmmlysxsforaﬂdmnemsnbovc about atomic number 12@,1,0%
x-1ay fluorescence in a small fraction of the time requred by conventigyy,
chemical mothods. When making scouratc quantitative analyses, 1 i§ g,
necessary to prepare. accmnmnberofmfcmme standards Of Internal stay,
asmopucdspectroscopy mnceabosomme%nrmnemscausecomduﬂ
complications. These standards are used to prepare working cahbzmon curve
x-ray fluorescent intensity as a function of the concentration of the elements. |
genorally uscful for all major and minor constituents, but for trace elements!
probable that the optical Spcmogmphmcthodhm advantages. The two probd

hnnnnglngheraccumcyarethose ofnnzr-elemem ‘effects and of partics
effwts



Bl Methods of X-ray Fluorescence Analysis

BN cre are essentially two methods of x-ray fluorescence analysis.

They S
(1) Wonssemgth dispersive x-ray fluorescence (WDXRF) method
(2) Eigrgy sispersive x-ray fluorescence (EDXRF) method

in the WDXRF method, s diffraction grating usually a crystal, is used
to sepiiiaithe various wavelengths by Bragg diffraction. mm power is
lost in diffraction, fheptimmys;ou:rcemustbe_ strong, such as an x-ray fube.
Thercfore:in this technique a crystal diffraction spectrometer is used to indentify the
charactésistic x-rays from a sample excited by primary x-rays from a high power
x-ray machine. | S

In the EDXRF technique, excitation of charactenistic x-rays are
accomplished by (@) a primary source of electromagnetic radiation (x-rays from a
low-power x-ray tube, x or gamma rays from redioactive SOW@)OI(b‘ charged
particles (alphas or betas from radiceciive sources, clectrons or photons form
accelerators). Thin crystal sodium iodide (Na 1) scintillation detectors and Lithmm
drifted siticon Si (Li) or high purity germanium (H P Ge) planar detectors are used
i the EDXRF setups to give a distrubution of voltage pulse amplitudes. Electrome
'”Pﬂdimofthcpu]soheightdis&ibuﬁonfﬁmgivmaphotonmqumchm



CHAPTER 11
EMISSION OF CHARACTERISTIC X-RAY SPECTR,

'2.1. X-ray emission

When a sufficiently energetic x-ray photon interactq With g

several phenomena take place. One interaction mvolves the transfer of the :ﬂ

energy to one of the electrons of the atom (for example, a K shell elcctron)rc:;h
m its cjection from the atom. Fig (2.1) schematically represents the Process |
photoelectron 1s emitted with an energy E-¢, where E is the onginal photoy -
and $ is the bmding energy of the clectron in its shell. The distribution of elect
m the ionized atom is then out of cthbnum and within an extremely shoy;
retums to the normal state, by transitions of electrons from outer shells o i
shells.

Each such electron transfer, for example from the L shell to th
shell, represents a loss in the potentisl cnergy of the atom. The difference n
binding energies of the two shells is given off as & characteristic x-ray photon.
of two processes can then tzke place, namely. (a) the x-ray photon escapes from!
aom and contributes to a characteristic radiation of the atom: or (b) the phoic?
absorbed within the atom itself on its way out and ionizes the atom in an Ouer™
 for example a K, photon can eject an L, M or N electron; this plwllmn‘m"’ﬂism]Il

the Auger effect. Again, the ionized atom becomes a source of radisi®
:xplamcd abovr:



K clectron
[ ]

x -ray pioton
iy

Figure 2.1 Jonization of the K shell by an incident x- ray photon.



2.2. Emission from X-ray Tubes

Modem x-ray generators are still built around the Coolidg, X
(1913), ic. o vacoum tube in which electrons &2 emitted by an “’%c:
filament (negative electrode or cathode), accelerated by a high voh%‘\f
focused on a water-cooled metal target (positive electrode or anode) , .
spectrum is shown in Fig (2 2); it ‘consists of a COHDIHIODS X-18Y Spectrun oy
radiation on which are guperposed a faw characteristic lines ofﬂ:etmgmm
this case W. The characteristic spectrum results from the direct ionization of e
atoms by the impinging electrons and is only absorbed if the voltage V i hi
than the critical voltage Vi in the ease of the K Imes. |
Thc critical excitation voltage of W is 69.5 kV forﬂmKspcmmz
10-12 kV for the L spectrum. Consequently, the emission spectrum of a Wiz
tube operated at 50 kV consists of white radiation and L lines of W as shom
fig(2.2) , but & 100 kV both the K and L spectra are observed. On account of B
monochromatic character; it is relatively easy to measure the intensity of!
characteristic lines as a function of applied voltage. It is found thaltlmill““-’j
varies as
I=Ai(V-Vg)
Whete A is a constant, I is the current throligh the tube and the cxP““‘“‘nisl
constant that has 8 value between 15Elld2dcpendmgonthnem!8ﬂ°nhm

rapid increase in intensity predicted by eqn (2.1) does not matmﬂhz‘ww
exceedsthreeorfommnesﬂlecnncalvohagevxorvl,

()
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Figure 2.2 Typical emission spectrm from a W target x-ra; tube at 50 KV.



The continuous spectrum is the result of loss of emergy by y
,élsc&ons as they collide at rendom with the loosely bound electrons of the tary
hence the name of Bremsstrahlung alsogiveﬁ-to this radiation. The propetics
f.ho contimuum that concern the analyst can be expressed by three criteris;
(1) The short wavelength limit is given by As; ie. the spectram starts. abruptly 2
wavelength that does not depend on the target material but follows the Duane-Hy
relation

= e ¥ @2

’I'}us expressmn signifies that the energy of any electromagnetic radistion in {
emission spectrum cmncvctbchghathanﬂxe kinetic energy of the elecirg

striking the target. Equation (2.2)1s more \Aconvmemly writen.
y DR | V)

Where A; isin A and V.in kV. The fact thet the short wavelength limit vans!
the reciprocal of the applied voltage is clearly shown in fig 2.3.

(2) The total or integrated intensity, the area under the curve in fig (23) &'
in;:n'agsing function of applied voltage V and atomic number Z of the target U
found the experimental relation



I=KZV? (24)
WthisaconstantﬂmtincludesﬂmelcctroncmrcntIinﬂwtube

(3) The spectral distribution of the continuum was investigated by Kulenkampff
who derived the approximate empirical relation

Ihﬂcz 1( = ) (2'5)

Where C is a constant that inchudes the current I. This is & remarkable equation
because it describes the intensity distribution rather well, it predicts the observed
maximum gt Ay = 1.5), anditisin agreement with eqn (2.4) for the integrated
mtensity. However, this analytical for the continuzous spectrum is not sufficiently
accurate for present requirements in spectrochentical analysis, and so led to newer
developments along both theoretical and experimental lines. |

2.3. Radioisotope Sources

Radioisotopes (Table 2.1) are commonly used beoase of their stability
and small size when continuous and monochromatic sources are required. Safety
regulations require that x-ray emission from these sources is limited to about 107



0'* or 10" for x-ay tubes;, the iy,

“photons §’ stemchml ' compared with 1
; f the source, Which allyy,, )
e

only partly compensated for by the small size O
compact source-specimen-detector assemblies to be constructed that i, .
convenient due to their portability. On the other hand, the low intensities Preck,
crystal dispersion so that these sources arc used almost exclusively in ene
dispersion techniques. Separation of analytical lines is sometimes dope .
selective filters but more often with pulse height analysers in combination with hy
rc.soluhon Si (Ll) semiconductor detectors.
The flucresced analyte line intensity m a radaomotope excil
fluorescence spectrometer is proportional to the ectivity yielding the excitation lin;
If the spectrometer is operated over a time period significant with respect to
source half-life, the concentration calibration curves mmst be corrected for &
decrease in source activity.
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Table 2.1 Radioisotope X-ray and 1y -ray Sources

wope | Halfife | Type and energy T
— emitted Bfficiens ,,
3 Whits radiation, 3-10 keV _‘"‘m
 Mn(K), R
e | 27 Mn K x-rays, 5.9keV BRI
To | 07 | yaays mamly 12 keV WE)
| FeK x-rays, 6.4 keV _.
cd 13 | AgKxrays, 2keV Fe(K), Cufr) ~
‘ | ' W(L), MofR)
" | 065 Y18y, 100keV W
| EuK x-Tays, 42 keV o
“"Pm 26 White radiation, 10-100 keV Mo(K), A
M aAm | 460 Y-18Ys 60 keV Mo(K), A |
| Np L x-rays 11-22 keV e




CHAPTER III
EXPERIMENTAL SET UP

3.1. Sample Preparation

This experiment has been worked out using Japan end China made
telephone wires. First, the cover was removed and wound the wire i the form of
circle or coil which has a diameter of 1 inch. But, due to inflexibility of the wire so
many gaps were formed between them. In this form, the wires wmnotusable as
samples. | |

Thus, Jepanese made wire of length S inches was cut and heated until
it was melt by using bellows with a mixture of sir and petrol to produce blue
flames. Then, it wes cooled in water which was st the room temperature (30C) for
onc mimute. After cooling, it was hammered and pressed with rollers. The copper
sheet produced was then cut into disc-shaped sample of diameter 1inch.

Simﬂaﬂy, the second wire, made in Chinha, was made into a circular
disc of 1 inch diamster. |

32. X-ray Tube
The tube stand type S, Siemgns C 79298 is used es & holdr for air

msulm,dFKtSO-mJt-mytube Thnmbestandmmomuedhotmmnyandm
connzdedtoﬂ:cx-mymm&nhghvolbgpcabb,thncmm@b
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and the cooling water hoses. The tube windows &I€ controlled by the tmer LU

the X-ray generator, Kristalloflex 710.

| X- ray tube has a Mo traget and works at 60 kV, 20 kW. The X‘Pay
generator is s powerful device for supplymng highly stable HT voltage ¢, y
tubes. It has a maximum power of 2000 W.

U

3.3. High Resolution X-ray Spectrometer

A high resolution semiconductor x-ray detector, hthium drifted sifigy,
semiconductor detector, Canberra Model SL 30180, with an opersting voltess of
negative 500 volts was used in the present work. The detector can be stored 2
roomi_tgmperm but the working tempersture of the detector must be kept 2
Tiquid nitrogen (77 K). |

| - T]ml x-ray fluorescence enalysis system consists of a Canberra Si (L
detector, Canberra Model 2008 (U.S.A) spectroscopy amplifier, Personal Compuét
Analyzer (PCA) card, Nucleus compatible computer Yale system. The detector b
an area of 30 mm’ and thickness of 5 mm. The cryostat is cq,ﬁppcdﬁhalhﬁl
beryllium (Be) window té minimise absorption of low energy x-rays. The windo¥
thickness is 10 mil (0.025 mm). The resohtion FWHM of the Si (Li) detectos
. system was 172 ¢V ot an x-1ay encrgy of 5.9 keV, i

The PCA. card. contains & 100 Mz Wilkinson Anslog, 10 D
Converter, (ADC), Single Channel Analyzer (SC A), Multichannel Scaler (MCS)
‘md 8 dual ported memory. The dual ported memory allows the opersator 10 e
the PCA program through DOS without interru s tlmmlysisﬂn‘m,ﬂ,geof
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data input to the PCA card. The card, along with the standard software, transforms
the personal computer into a very powerful Multichannel Anslyzer. An input of 0
to 8 volts from a shaping amplifier is the only externsal signal necessary for pulse
height analysis (PHA) operation.

‘ The software utilizes the personal computer functions to transfer data
to a printer or to store and load data to the floppy or hard disk. The operating
procedures are menu iniensive and important parameters are displayed on the
monitor with ﬂie'spccts'al'data_

3.4, AXIL X-ray Analysis Software

The Analysis of x-ray spectra by Iterative least squares fitting (AXIL)
software package is an intergrated system for energy dispersive x-ray spectrometric
analysis. It runs on an IBM-PC or compatible computer and performs such tasks
as; , |
g Connnumsaﬂon with external multi-channel analyzers
- Conversion of spectral data, stored in various formats
- Analygis spectra using non-linear least-squares fitting
- Calculation of quantitative analysis results
- Plotting and printing of data

Provision js made for the processing of:
- X-ray fiuorescence Analysis (XRF)
- Particle Induced X-ray Emission (PIXE)
- Analytical Electron Microscopy (EM)



The characteristics of the software &r¢.
- Easy to use, due to a convenient user-interface
- Powerful non-linear least squares fitting algorithm
- Can 'bo-installed and tailored to your needs
- Provides a consistent environment for futher developments

The peak areas are calculated first by the spectum ﬁmpm%
gnd then the concentrations of the elements contained in the sampl ,

calculated.
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"CHAPTER IV
RESULTS AND DISCUSSION

4.1. Results and Discussion

The experimental work was done at the Nuclear Research Laborato
University of Yangon. The EDXRF spectrometer used was a tube excited systy
with molybdenum as anode and silver in the secondary target arrangement. T
spectrometer was operated at its optimun condition. The detection unit i
Canberra Si(Li) detector with a resolution of 170 eV at 5.9 keV, x-ray spectra we
acquired on a PC based MCA. |

The x-ray spectra of wire 1 (made in China) and wire 3 (made;
Japan) are shown in Figs 4.1 and 4.3, respcctivély. The region of interest, betwe
200 and 600 channel mumbers, of each spectrum is shown in Figs 4.2 and 4
rspectively. The most concentrated element in each wire is Ca and nearly equ
amount obe found in each wire. The wire 3 contains more different kinds:
clements than wire 1 sample. Cu is used for elecbzealwmdmgsmd wiring fori
high melting point, 1083C, low resistivity 1.67 x 10 Q m at 20°'C end very go
corrosion Il:sxslancc “

, meadcﬁnonofmcmmrelbmgsabommmcrememmm@hm

the ductility of the wire alsommeasesm&mcreasedmc content.

- Lead also has low resistivity, 2. l-—"x-‘ 10"7 {Qm at 20C and WSS'#gisesﬂ
cxcellent resistance to corrosion. |
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42. Condusion

The XRF analysis techinque has numerous advantages over other
methods while the only disadvantage is that the S (L) detector used in the system
.must be operated at liquid nitrogen temperature. This method is time saving end
rapid. Repeatability and accuracy are generally limited by the sampling error. The
malytical versatility of the EDXRF method is due primarily to. the abﬂityofme Si
(Li) detector to detect most of the elements simultaneously and to the fact thet the
data arc stored in digital form and are easily available for computer treatment. -



SN [ euuleyD

888 B9

(PURID ) T oI JO ummoods kB3 TG 14 swudig

AR

ane

3T

apet

b

= fud £ ‘ 1 T e jeer
2 b | .
.._.... .._... _ _
.....d. =
1888t

"
! ; aaaT
,H, |

WY 9E:SE:BT S66T TZ oW - TAMIN
£° = JUul I6°2 = aqenhgIyy @7 uorjegal] TS - TAUIN wnxjoads



20

[ oIm Jo umnoads ABI-X 1Sa107UT JO UOBYY Z'p Snm._w

JSqENy [UUED

ASE

[4]a nGe

M 3T
“ 8T
,vbﬁiiﬁmeﬂ
F [ y
LI 2
3
m . i
| #aamﬂ i
m 2
w 7
M s
W 3
. 1]
M {8Ba8T 1
m . o
| i >
i
WY 9£:CF:BT S66T 1< C . raMIf

= axenhgSiy) 97

- 8@83 855 a8s asy Baot

RIGIE D E

A4S TAGLN Wnu30ads

Y NF YANGON LIBRARY

¥ANGON, MYANMAR,



JACWINN [ 2UURYD

(usdsf ) € axtM Jo umnoads ABI-X g ¢4 .ounwwm

3T

8881 gag B&

A I - MY
VET i Tl aaT

- M ; I

I 2

S LF u

-nn._. - :

laeBT |

J

>

s

188807 n

: o

_ 1 2

WY gL:EGIHT Ge6T T2 HUW - ETHIN
I = JIf 6°5 = adenhgIyy :gf  u0l}edal] qdS' EAUHY wx3oadg



22

€ oI Jo wmapads AB1-X 801001 JO 5&&. v’y emBrg

3NN [ auuey)

e e e bt s . e e e

289 AsS AAL AGEk aa ALE BBE . 52

10} S
. a
u
3]
lpaar
3
sm_.
S
&
lpo@@T
Q
A .. | )
WY BS:ES:AT G66T TZ HoW . EFHIN

FQ i6'G = axenhQy) cgE  UOTjRIL}] AdS’ €TUIN wnxpaadg



23

Table 4.1 Concentration of elements in wire 1

Sample: C:AAXIL\SPECT\WIRE1.ASR
Measurement date: 03-21-1995
Live time: 200 Sec
Tube current: 10.C00 mA
. Number of iterations; 20 Last Mean Diff: 0.310%  Max Diff: 0.5449,

Method is Elemental Sensitivities

Intermediate thick sample, mass = 1.500E-001 g/cm*2

Analysed elements: |

El counts . compound conc

Cu K. 247232 g 476 Cu 87870 g 334] %w
Zn K M58 g 105 . 7n 2015 g 0,148 %w
Rb K. 113 ¢ 30 Rb <338.028

SI. K 215 g 32 St 517.845 g 99.710 pp
Pb L. 193 g 25 Pb 2508956 g 346831 pp



Table 4.2 Concentration of elements in wire 3

gample: C\AXIL\SPECT\WIRE3.ASR
Measurement date: 03-21:1995
Live time: 200

SCC

Tube current: 10.000 mA

Number of iterations: 38 Last Mean Diff: 0.009%

24

Method is Elemental Sensitivities

Max Diff: 0.032%

Intermedhats thick sample, mass = 2.0135-001 g/em*2

Anatysed elements:

El N counfs
CuK. 253058 g
Ge K. 185 g
Se K. 156 g
Br K. 153 ¢
S K, 139 g
T L, 138 g
Pb L. 21 g
Bi L, 9 g

com;bomui
Ge.

Se
Br
Sr
Tl
Pb

Bi

COnc
01312 g 3476 Y%w
1537179 g 272437 ppm
798.557 g 205.739 ppm
633.608 g 13.6892 ppm

- 336820 g 73.786 ppm

2013.779 g 362.403 ppm
2825.318 g 308.906 ppm
1164.018 - g 308.906 ppm
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