CHAPTER 2

X-RAY FLUORESCENCE TECHNIQUE

2.1 Introduction

X-ray fl \‘-.1._, has been widely used
for elemental & /, / #‘&\Q\ atory but also in
the field. can be d ar
nondestructivel¥ oyerfs fuide 1 ’ \\i\ atal concentration.
In XRF andl; ple i8 exposed to photons (y-or
X-rays) or chnrged_ partic ly protons and electrons)
which cause : I
these fluoreséet
(Z) of the a excited; henee the concehtrations of specific
elements can be cﬂmined from ipeasurements of the intensities
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When a charged particle or a photon interacts with an
- atom, several phenomena may take place. If the particle or

photon had sufficient energy, an electron in the inner shell



(K or L) may be ejected from the atom resulting in the creation
of an electron hole. The hole will be filled by an electron
from the outer shell which has higher energy and the extra

energy is emitted as a fluorescent X-ray or so called a

characteristic X-ray.
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Fig 2.1 Bmission of fluorescent X-ray.
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The life time of the K and L hole varies between 10-% and
10-16second. The different X-ray groups are labelled by capital
letters corresponding to the shell with electron vacancies and

suffixed for the electrons which drop into the vacancies
{ l;[u, Kg, Ligys LB, L.r. etc.). The mumber of X-ray groups with

corresponding to the various

~on subshells. Figure
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Fig 2.2 Partial energy level diagram showing the origin

of the main lines in the K and . X-ray series.



The energy of an X-ray line is chﬁ.ra.ct&risti;: for each
of the elements, and increases with increasing atomic number as
can be seen in Table 2.1. The energies of K and L X-ray are in
the ranges of about 50 eV - 140 keV and 350 eV - 20 ke\;’
respectively. In practice, the energ.ies from 1 keV up to 100 keV

are usually involved in XRF - 513.

To eject a H.n atom, the incident

photon or charged binding energy

between the ele b or Lab as

tabulated in Tab ent ph-::tun must

have an energy e anbin-_:rdert.o

knock a Kor L e e Liaby Linag,

and Liis are the bi ctrons in subshell I,

IT and III respecti

semi=hion Energies in keV.

Table 2.1: X-R » W-‘-i'

Alamic J L series
Num-= .

ber Element tah Lptan  Lanen  Lys. L L La Lay
1 Hydrogen 0,01

2 Helium

L, 1S :
i m »

5 % n:t

L] Guboq

7

8

]

10 H-u

i 1 'h- 1.087 l u-u 0.055§ 0. ml. n mu

12 Hunulm 1.297 . 0.063 0.050

13 Aluminum 1.5“ 1.853 1. u‘-r lﬂl ‘0.087 0.073%* q ma*-

14 Bilicon 1.838 1.832 T1.740  1.730 0.118* 0.009** 0.098%*

16 Phosphorus 2.142 2.138 2.015§F Z.014f 0.153* 0.120} o0.128§

10 Bulphur 2.470 2.464 2.308 2.300 0.193% 0.164** 0.103%*

17 Cllorins 2.819 2.815 2.672 2.621 0.238% 0.203§ ©0.202§

18 Argon 3.203 2.102§ 2.957 2.955 0.267% 0.247%* 0.245%* -

19 Polsssium 3.007 3.580 3.313  3.310 0.41* 0.207%* 0, 204%

20 Caleium 4,038 4.012 3.001° 3.688 0.390* 0.3152 0.340 0. 344 0.341
21 Beandium 4400 4.400 4.000 1,085 0.462% 0.411%* 0.4D0** 0.390 0.305
21 Titanium 4. 004 —4.831 4600 4.504 0.530% 0.4G0%* D.4Mav* 0.458 0.452
23 Vanadium 5.463 —=5.427 4.052 4.944 0.G04* 0.510°* D.512%* 0,610 0.510
24 Chromium B.DBA —=5.040 5.4 5.405 0.GTO* D.583** 0.5T4** ! 0.E81 0.571
25 Manganess + 8.837 6 400 G5.BUB 5. BT 0.702* 0.G50** 0.030°* ‘ 0,047 0.036
28 lren 7.111 7.057  0.403 6.300 O.F40* 0.721%* 0. 708 0.717, 0.704
27T Cobalt 7.700 7.649 ' 06.930 0.015 0.020% 0.704** D.770°* 0.700 _  0.778
28 Mickel B.331 B.328 B.204 7.477 7.400 1.015° O A71%* O 8534 0.B60 . 0.848
0 Copper 8.080 B.970 B.PO4 B.047 8,027 1.100° 0853 0.033 0.048 2. 028
30 Tine %.000 (8,616 1.200% 1045 1,022 1.032 1.000

0.05T  9.571 B.038



Atamic K serien L wseries

Aum=
bar Element Kas Ky Ka Koy Kay Ldan Lites  Linte L L La, Lary Lany

4

31 Gallium £ 10.208, 10.365 . 10.263 0.251 9.204 1.30" ).134% 1 Q17ee 1.122 1. 000
32 Germanium 11103 11,100 10.881 ©0.BB5 D.B54 1.42* | 2d@%* | 217 1.218 1. 186
3 Arsenic 11.B63 J1.803 11.725 10,543 10.507 1.520 1.350 1.323 1.7 1.282
34 Belenium 12.6852 12.6501 12.495 10.221 10.181 1.B52 1.473 1.4M 1.419 1.379
35 Bromine 13.475 13,465 13.200 11.923 10.877 1.704f 1.500%% | 553+ 1.5268 1.480
3 Krypton 14.323 14,313 14,112 12 648 12.507 L1.031f 1.727%% | 675 1.038§ L.6AT**
3T Hubidium 165,200 15.184 14.960 13.304 13.335 2.067 1.800 1.804 1.752 1.804 1.002
38 SBirontium 18,106 10.083 15.B34 14.184 14.007 2.221 2.008 1.041 1.6872 1.808 1.805
39 Yitrfum 17.037 17011 10.730 )4.057 14,882 2.360 2.154 2.070 1.906 1.922 1.070
40 ZTireonium 17908 : 17 . 666 | i 2. 1. 2.218 2,024 2.042 3.040
41 Misbiom I8, DET . = i T 2. - 4 2.387 2.257 2.1080 2.183
42 Molybdenum 20,002 19, : i L ; . ] # 2.618 2.305 2.202 2.790
43 Technotium 21. 084§ . ol H | \ = 27028 2.074% 2.538§ 2. 424§ 2.420§
44  Ruthenium 22.118 | ; | 2.3 2.683 2.558 2.554
48 Rhodiam 23.224 1.001 2.R34 2,808 2. 892
48 Palladiam 4. 47 J.172 2,000 2.818 2.833
47 Bilver 25.517 J.348 3,151 2.984 2.978
48 Cadmium 20.712 J1.528 3.318 2,133 3.117
49  Indium 7. 028 J.7T13 3487 3.287 3.1T9
&0 Tin * 29.190 J.004 3.062 3J.444 3.435
61 Antimony 30. 486 4.100 3.843 1.005 23.505
52 Tellurium a1, B0 4.301 4,020 3.769 3.758
53 lodine 33,104 " 4 5 P i $ 4.507T 4.220 3.937 3.926
B4 Xenon 34570 34 4405000 aF 5 5., 1040, L0365 4.7208 4.422§ 4 111§ 1.008§
55 Ceaium 35,959 B 2 84 0 . T 5.258 280 4.038 4.620 4.286 4.272
56 Barium a7.410 37, ; : D05 6. 03, 5. 631 5.166 4.BZ8 4.467 4.451
67 Lanthanum 38.921 . i ¥ ¥ ok B0 b -7H8 5,384 5.043 41651 4.635
58 Corium A0. 440 .23 3 . B 8 052 5.813 5.2062 4.840 4.823
69 Prassodymium 41,998 e L ST 5008 6.322 5.850 5.4B9 5.084 5.014
80 Neodymiom . 43,571 e E 4 1 | . 602 6.000 5.722 5.2320 5.208
81 Promethium 45. 207§ b : - LB01§ 6.338F 5.086 5.431 5. 408§
az um 40,840 46, ¥ ) M 2 - i 180 6,587 §.200 5.630 5.6009
83 Europium 48,518 - B A A J i 5 ATH 6.842 0.458 5.848 5.8146
B4 Cadolinium 50.229 . 2 . s 5 e M v 7.102 6.714 6.050 6.027
85 Terbium 51.908 @ B0 3 : i g LI 7,368 8.970 B.275 6. 241
66 Dysprosium 53.780 Bl T.038 T7.240 6.405 0.457
87 Holmium 55.615 : 7.912 'T.628 0.720 0.680
68 Erbium 57.483 &7.088 ns. 4 = 2 A B.1BE T.810 G.048 0.004
89  Thuliom 6@.3359 58. . 4 3 . 2 1 H B.472 8.103 7.181 T.135
70 Yeterbium 81.303 60 E; - - T s - £ B.758 B.401 T.414 7.3867
71 Lutscium 63.304 D.048 B.708 7.654 T.004
72 Halnium 65,313 0.348 0.021 7.808 T.843
73 Tantalum B7 400 0.649 0.341 B.145 8.087
74 Tungsten . 69.508 9.958 9.670 8.390 B_333
76 Rbenium T1.002 10,273 10.008 B.051 B.584
76 Oemium 73.800 lﬂ.iil} 10,384 B.010 8.B40
77 Ltidium T6.007 ! 10.918 10,706 - 9.173 ©9.008
78  Platinum 78.370 3 LTI 1 . I s 11.249 11.000 9.441 ©.360
T8 Cald BD._713 = ; . 08.74 i3 s ' e 11.582 11.430 9.711 ©.625
B0 Marsury B3. 106 TO.821 O08.804 14.841 14.202 4 B 11.923 11.823 9.987 9.800
Bl  Thallium ‘85 61T ﬂ Ml‘ II T72.860 “70.820,15,3408 14.007 12,657 14. 12.208 12.210 10.266 10.170
B2 Lead Il. 1 T4.957 72, T‘N -B70 H 207 _13. .3 12,020 12.811 10.540 10.448
83 Blemuth 12.977 13.021 10.836 10.720
B4 Polonium 13.338 13,441 11,128 11.014
B85  Aststine 1 13.706 13.873 11.424 11.304
B8  HRadon ﬂ'.nlﬂ H.Im al. m II 1] IT 327 14, HE 18.788 14.077, 14,318 11.724 11,687
BT Francium ﬂ m ng B3.243 18.0638 17.004 15.028 17.300 J4 459 14.770 12.029 11.804
88 Radium 100.136 BS. 85,440 10.233 ABR481 15.442 17 845 BIR 15.233 12.338 12.194
B9 Actiniu 5, 4 5. 15.712 12.650 12.499
0 9 b 1] L .ﬂll.m 12.906 12.808
91 Protac 1.1 1 0 § 18.700 13.201 13.120
#2 Uranium A 1.7 = 17. 183 16.426 17,218 13.812 13.4238
23 ngmlunq Iil I.l.'ll 07.023 22.417 21.508 17.614 20.774 16.837 17.740 13.945 13.7068
™ Flulonium 111‘ 146 103.683 09.457 23.007 23.202 7 18,080 21.401 17.254 18. 14.270 14.082

+ B8 Americium 120,163 108.3561 101.932 23.703 22.044 15.525 22.042 17.077 18.820 14.818 14.411
™ Curium 123.235 100.008 104 448 24,503 23,640 18.000 22.000 18.106 10,393 14.081 14.743
97 Berkelium 126.383 111.800 107.023 25.230 24.352 10.461 22.370 18.540 19.971 156.309 15.079
B8  Calilormium 120,544 114.745 109.603 25.971 25.080 10,038 24.056 1H.980 20.562 15.801 15.420
e . . 132,781 117.640 112.244 20.720 25 824 20,422 24.758 10.420 21,108 10.018 15. 704
100 141500 140.122  138.075 120.508 114,028 27,803 26.584 20.912 25.475 10.870 21,785 16.37% 18,113

':"?

I = 80, values withont symbols wre sbarived Tram (7). ‘i-:lll;m ;'_l,nd:gd;'illr " —m’ﬂl are hjli.“‘ !

Z 3 T, abeorption-edgn valies neo from (1) in D emee = - B0, and B2 remaining alboarniion edees to 2 = 100 are .ﬂ,“|

by Meast-sepirares nuadratic uting. AN asmimive valics T 2 E 70 asw dberived froin the preceding ahaorption edies, and others based oo (4). ‘_“?:‘E:"h:'l::
tien relatinng Koy = Kow — Lypp. Ky = Kan —“hl“!lh:.-: .u.—.lhut r}l‘:[wr & 5

* Obtained feam 0L I3, 00, B Be Chairls, J hivls 1855 ram Comptan aml Allissn (£, 1 Dorivedd i c.

9 Viaiues derived from Caxelicin and u..l..:.q. {7} which deviate Irom the Mosclay law. letier-fiting values are: Z = 17 x::': ’aﬂﬁﬂ;o:‘:i!‘
Kay = [BI7T0, Kap = (8250, Kl = 20008 ¥ = 54, Koy = 20770, Koy = 20,403, Ky = 30.308; B = 60, Ka, - 43040, x...ﬂ Koy = 18,778, Kay =
JB VB0, KA = ALEII X = 52, Ky = 40, 'm Lyy = 7302 K = 08, Lyg = BBAD, Lygy = 2.700: 2 = a0, Koy, = 50,283, xg,-y“, 3

¥ Calrulated b ival ol Bossl mjaeres ** Caleslated by irnmsbthan rolstinns




2.2.1 Selection Rules

According to the quantum mechanics theory, the
transition of an electron from an outer shell to an electron

hole in the inner shell obeys the following "selection rules":

An =

seen in Fig. 2,8, cc rules. The

¥y

el

transition betwg@a K Shell and Li i Sigle of a forbidden

transition be ca II |

AULANNTNADT. o s

line depends upon:
(i) the probability that the incident photons

-

.ﬁl - i¥

will ionize an atom in that subshell;



(ii) the probability that the electron hole
created in that subshell will be fil.lad
by an electron from a particular subshell:
{iii) the probability that the emitted fluorescent
X-ray will leave the atom ;eithnut, being

absorbed ggithin the atom itself.

- éﬁle (most intense) K
X-ray line, i.e

from Lixx to K. '//// \\\\\.? llm Gi*:z::
(Lrr to K) is ofily / \\\\; : .Kal'l‘he thick lines
l "‘“’\“‘\\\» lines. I

in Fig. 2.2

be absorbed by an outer
electron of the atom 1 = eject.inn from the atom.

'n'j.is HReNOMmenon is / s .'E“" L

=

electron is F;:‘;’-',_ e

.:‘E
Let w, = fllygrescence yield,.

Pl it 3 L) e

effectively leave thewatom in a fefiod of time,

4 Tl 38 U K AL

permd of time.

and the ejected

Thus, the flmrescence vield is defined by

= n
- £
n



10
For example, the K fluorescence yieldth}eqmls the number

of K X-rays emitted devided by the number of electron holes
formed in K shell trtx}. Hence

nf[Ku,,} + nf{KanJ + “f{KB,_} + s

ﬂuﬂ I VITNEH ‘5
QW'N‘R%

Rl - e
ﬂmmausnm';:-;o!o'
APORAC MURRES |

Fig 2.3 The relation between the fluorescence vield
and the atomic number



2.3.1 I i -

letector

Fig. 2.4 | of X-ray

ﬂuﬂ?ﬂﬂﬂ§W81ﬂi
f it N SUNENLIAL

X-rays which are detected with oyerall efficiency k (including

the geometrical efficiency G and the detectpr efficiency n

i.e., k = G-n ) is given by:

dlf = kﬂomtcnp exp[—n gx ] exp[-u PX ] dx
8in «a gin B
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where Ao source output, photon/sec,

w = fluorescence yield of the element for K and
L X-rays, respectively, ]
1 = photoelectric mass absorption coefficient.

of the element, cm?/g, at the- incident

wr = ross-section,
Ca = wweight plesclot s of the element A to

e,

p paterial, g/cm?,
MarMg cient of t.he sample
{i:mident]
excited (fluorescent)
spectively,
o,B sample surface and the

he fluore:snant

g

By integrating forya specimen of thickness d

o USRI RN THEIAT o
ﬂﬁ’]ﬁ‘ﬁﬂ?ﬂﬂﬂﬂ%@%ﬂ’]@ﬂﬂl

sinp 3

Inspite of a wide range of incident and emitted

angles for central and annular source geometries it can be



safely assumed that the radiation enters and leaves the sample

normally. Therefore, If can be approximated by

I = I-mﬂun:c

A Itmexp—(ue+uf]pd]
TR ]
e f

which corresponds

].WEI‘ then =E G :.- 'w, ] [ 3 "“ _’__ “ : - | ey 3'. tl'm
r 5= |
 simplified expression of-ic hold

AUEINUNINEIDT. e o
A AR Sl AR

characteristics of the sample, i.e. on the mass 'a.bsorption
coefficients of the specimen for both the incident and

fluorescent radiation. Therefore, because other elements of a

13



sample affect these coefficients, the relationship between
fluorescent intensity and weight concentration is generally

linear in samples.

It is also necessary to consider the two types of

scattered radiation, ng ‘gherent scattered radiation” and

"Incoherent scatter ‘ Hatiof Av the mass absorption

coefficient for the tation must be considered

because of the 1/ \

scattered radiaf e /* ensity is s given by

mcident and coherent

ss—section of the sample

ident energy,‘
ks

So—_overall efficiencvfor Lh scattered

T X

1 IH‘
, s il

ﬂUBﬂ‘ﬁWﬁ‘ﬁ?ﬂ“ﬂ““‘*

compton iat:l.on, its i?t.ensit,y is

ammmmum'mm _ﬂ}

Mo EMeg

where 0,. — compton (incoherent) scatter cross-section

at the incident energy,
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M;.~ mass absorption coefficient of the sample
material for the incocherent scattered
radiation with an energy, being lost as a

result of an inelastic scattering process.

signal-to-background rati - " Poss 1D ﬁtance. for

It may be helpful to

e = g >

Hﬂl ." ~o_ and .A: e 7: 75“ IL upml

the energy of the ingide i Ghdmber of the

elements. 5 --.! 0-80"kKeV, [ d.: .+ o; ']

s “T@uﬂmimﬂaﬁm

QW?ﬂﬂﬂ‘iﬂMmT}VIﬂ’]ﬂﬁl

014304



The intensity and the energy of the incoherent
scattered photon depend on their scattering angles. As the
scattering angle increases, the energy of scattered photon ‘
decreases. At a scattering angle of 180°, the energy of
scattered photons is reduced to a minimum whereas the minimum

intensity occurs at 90°,

dctice, the intensity of the
incoherent scattered ¥ ized by positioning the

detector at 90° with"“Fespec t!éiun of primary

A ——{1 - cos8)

511 >

&UHQM‘ILMJ}L in ke,

amaﬁﬁ‘iﬁf’uﬁﬁﬁ‘ﬁﬁ e

8 is the scat.tering angle.

16
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it shnulq be noted that the incident scattered
peak is broader comparing other peaks, 'Zl‘h.'i.s;r is because of the
energy distribution of incoherent scattering of primary photons
t:hrnugh different anglesr.

- escape peaks resulting from escaping of

characteristic X-ray of the detector materials i.e. Si X-ray

for S5i(Li) detector, tector, Xe X-ray for

Xe-filled detector .anc sult, there also are

escape peaks at m which are

separated from ™ at the energies
of Eparent less : Xe L , etc.,
accordingly. Thi€ - peng’ whe -‘.‘\‘ g¥iof the photon is
greater than the dgbsgr 2 \ : \ ector material.
Take the case at E . -
will appear at for

- Si(Li) -;-“f":;_-“—_‘“ =1.740 = 18.260 keV,

—Gﬁdatecturﬁ- of 7 9,885 = 10.115 keV, and

"

= }{E—flllﬁd detq:tm:‘ E= Eplr. ~Xe L = 20 - 4.111 = 15.889 keV.

ﬂ‘UEJ’JVIEJVﬁWEJ’]ﬂ‘i

These escapg peaks may.i interfere oy gverlap lower
m@ﬁﬂ AIRTHBILDHIN Sharieci
tlt.a.t.we analysis. Fig. 2.5 shows a spectrum of Nb K
X-rays with their escape peaks including escape peaks of
coherent and incoherent peaks (detected with HPGe detector).
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170
180
180
140

Nb K X-rays————

110

Caunts
(Thousands)
8

Z T
o o " Afj!f. H\'\\l\\\

ing the scattered
s from Cd—lﬂﬂ source

8 detector.

1A
J.H

In Wavelength dispersive spectrometer, the

ehsorescenf ko) ] Gl TELDELSS o i

intensity X—raar tube and defected witksthe help of@a diffracting

crvsth LA El A S SR B e

: spect.rameter, the specimen can be stimulated by a radiocisotope

source or an X-ray tube hence its secondary



fluorescent X-rays will be detected directly with a suitable

detector, without a diffracting crystal as illustrated in

Fig. 2.6
He in E
Mylar wind
l Simple b Jzzzzzzz:.// v N
ﬂl. u:.uu:- 7
window s y —
SifLi
dllt:mr-urem}fl
in liquid - Si (Lil detector-preamp
My eryostat

Mullﬂtmcl pulssy
height analyzer .

A o

hﬂg!'lt analyzer

(bl

Fig. 2.6

ﬂ‘lJEl’JVIEWI‘iWEI’m’i

In this reseatrch, only a,radioisotopgsexcited
enerd| et GV G A I B LG
mmt.ructaﬂ and tested for analysis of sulfur and lead in fuel
oils. There are a lot of reasons for that c¢hoice. Firstly, its

speed is over the wavelength dispersive spectrometer, secondly



it can measure all expected and unexpected elements, thirdly

it can display the data and ease the interpretation, fourthly
there are only a fewer geometric constraints and finally it is
lower cost; moreover, its composing instruments can be sousght

easily for the measurement.

'ﬂnt&bleﬂ 2, ﬂm}[—m ANC m—mi.tt:.ng

e G ) = i

excitationlof the chamctnnstic x—ra.ys of a.lemtrl:s sought in a

RN AR TR AR =~ -

Firstly, for a multielement analysis, the energy

of the exciting X-ray or gamma-ray must be above the energy of

20
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the K or L absorption edge of the interesting elements which are
characterized by energxes from 1.0 keV to 98 keV tmrresporﬂmg
to the K absorption of Na with atomic number 7 = 13 to U with

= 92) and 2 keV to 2(} eV {mrrespondlng to the L absorption

of Zr with Z = 40 to U, als seeing in Table 1), respectively,

In order to avoid an\oy ;f. / K X-lines by L X-lines of heavy
elements, the cRe4tin: smﬂg&’ be adapted to the K

absorption edggwef=ihe dleme , = highest atomic number of
the sample Jf*Tof sl o emant. .» oreover, because the
eff;ici!emy T o g A element decreases with an

increasing dhoufly /e P ' ‘ e absérption edge and ‘the photon
energy of thg | Blanalysis, the selection of

several sourcgf | ": ¥ageous and should be taken into

ititation sources, a

careful testion ¢ v of > X-T&y cor gamma-spectrum
emitted from Fldinisutﬂpes ch are encapsulated above all in

mﬂﬂ%@%ﬂﬁ%’] na
Q RIAIASHN UBITNUARLL

tra are characterized by a high background, i.e. lines at



all from radiation scattered from the sample and from components
of the measurement assembly. The scattered photons of the

exciting primary photons may constitute a large part (up to 99%)
of the observed counts. The scattering ba.ckgrwﬂ allsu includes

the coherent and incoherent scattering.

In summary, for bhe"
above all, apeGiallyfr
system, a careful 5
arrangement, is im| ok over abovesall the influence of

be carefully detesh Al STTEFts made \forla reduction of

| ‘! 4 y Element
x 1% "_-_?i_' Rpeio. % per cOvVErRgE,
Source mCi v_ ' hl'l:egn E
”1 g number
13p, 0 : 5.9|MnK 1
$1Fe 5 =
l-lm
18y | d 20 - 43
e 'l*m E i
*Am lﬂql 14 -nmpu i 28 - 69
oy EI
A W TN 19 aﬂ«l i WJ’lﬁ R
9 : y rrl . 56 - 82
y . f 144 ] . 9.7
1 13611 gl B | =%
. C? 10 A EC 10 d 12211 85.2 70 - 98
6.4 [FeK| L 51.0

*A - annular pource;
D = disc source.
"*EC = eleciran caplure.

22
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2.3.3 X-Ray Detectors

Techniques for XRF analysis are based on the use
of solid-state, scintillation and proportional detectors. The
techniques are different for each type of detectors because of
their large differences in resolving power for X-rays (Fig. 2.7

and 2.8).

—r—
shoshell ¥-roys
e Ph Y j
|
|
]

RELATIVE INTENSITY
L

12 4

“flU AT G o x, 3o

illuat.rnte:} in relat.::.m to mergi

: N ﬂ\&ﬁ%‘ﬁ!ﬁ%ﬁ%ﬂ%&m

determined in on-stream analysis.
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10 key

RESOLUTION | FWHM I

Snlid;s : from elements of

ad jacent atomic }5‘ z ome) ,v"f? oncentration is

g

obtained by s:unple ' 2 Proportional counters

(nigh rmlﬂ%l H@%ﬂ%ﬁfﬂ sobed i resuts tn

psrncessing is gequired. ,&;mtillatioq.detect.urs .

mﬂrmawimw &) chbh)

Jcoarse
apec. analysis to sepﬂ.rat.e flmrescent from backscattered

X-rays with the use of X-ray filters to 1ss:t1a.be the K X-rays,



(1) XRF Analysis Using Solid State Detectors

Solid-state detectors are mainly used to analyse

mineral sample in laboratory, t they are in limited use for

on-stream analysis.
resolution enable si
excellent sensitiy] eplevels are, for
Z>24, about 20-50 Ang
elements, e.g. sd \\\\ » possible but
considerable samg

homogeneous sample
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mitiﬂty is adaquat.e for many practlcal
applu:atmrm, minimum detectable levels for very favourable

cases can be as low as 50 ppm, but usually they are in the
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range 100 to 300 ppm. Multielement analysis is probably
unpractical because it would require a mechanically complex

filter changer with two filters for each element to be

determined.

resolution is now sud \u t elements to be

e ststeadly ’\\\\\ b e shmtter
N -

In practice, cou

led to a moderate

maximum) of the f Mones » v rays spec caks are measured

and corrections made B ¥ peaks from adjacent
‘r & e

_elements. Correction f :J- absorption are made
using the n SUBgC ered X-rays,

Vo ==
The ’l system can be nsed [or el simultaneous

iy

determinati ahuut. four@glose Z elements. Sensitivity
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2.3.4 Quantitative Analysis with XRF Technique

According to
I a_
£ g + Mg

ip b&e fluorescent

intensity of an X-ray : lcongentration of an eleme:it

( Ca ) is usuallys fué i thicl la psidue to matrix
absorption ( p ) of egiagfa et effec However, in the range
of low concentratd®ngfe hed} < ration € nction can |
generally be obtai

the detection limi :

tﬁe standard ] 7 : ,f standard method

W

mﬂrdertaovercapthemtrix ts. In this research, it
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ti nst S

Here, the relationship between the
analytical line intensity and the concentration is determined

empirically with a set of standards that closely approximate

AU INENINLINS
RN IUNRINYIAY

28



	Chapter 2. X-Ray Fluorescence Technique

