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r ol e  and 1 mpor t.ance of' the measur ement. const.ant. i n  

X -spect.romet.ry i s  consi der ed wi th the pr obl em or the sampl e

composi ti on anal ysi s wi t.haul the use of standar d sampl es . I t.  i s

shown t.hat i t.  i s  possi bl e  to deter mi ne t.he sampl e composi ti on even

when the character i sti c X -ray i nt.ensi t.y for one of the el ements i n

t.he sampl e i s  not.. detect.abl e .  The dur al umi num sampl e and lhe

brass sampl e compos1 t.i ons have been anal yzed as t wo essenti al 1 y

di fer ent exampl es of' t.he presented appr oach .  I ron i n  br ass shows

lhe case when t.he cor r espondi ng i nt.ensi ty  i s  undeleclabl e si nce

the el ement. i s  present. onl y i n  lraces . I n  case of dural umi num , lhe

undelec t.abl e al umi num i s  a domi nanl component of' lhe sampl e

composi li on .

1 .  I n troduc t i.on 

I n  t he l ast decade t.he EDXRF spect.romet.r y  has devel oped i nt.o the 

most rel i abl e ,  non-destr uct..i ve and r api d anal yti cal met.hod .  The 

X-energy spec tr ometr y  r equi res a mi ni mal sampl e pr epar ati on ( thi ck

t.ar get) . in whi ch case lhe matr i x  effects occur . The X -ray

i nt.ensi t.y f'rom an el ement. in t.he mat.ri x of other el ement.s is not.

l i near wi t.h composi t i on because of the sel ecti ve absor pti on or

secondar y fl uorescence whi t.hi n t. he sampl eu . The most. common

approach for correcti ng t..he matr i x  eff'ec ls i n  the X-energy
spectrometry is the f undamental 

corr espondi ng st.andards 0 i n  

par ameter 

or der l o  

met.hod wi th the use of 

avoi d deter mi ni mg lh� 

measurement. cons t.anl and a ser i es of ot..�er r el.evant. par amet..er s .  
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These s t andar ds: mak e t.he meas ur ement. mor e compl ex and ar e 

"tmwel come. Th! s  paper pr esent..s a new appr oach t.o lhe fun�amenlal 

par ameter met.hod wi thout. t he us:e of st.andards , 
avoi di ng t.he most. undesi r abl e  par amet..er , 
constant.� > 

whi c h  al so al l ows 
lhe measur ement. 

The probl em of deter ml ni ng t.he sampl e composi t.i on when lhe 

char acter i sti c X -r ay i nt.ensi t.y of one of t.he el ements i n  sampl e i s  
not. delec tabl e .  i s  al so consi der ed . Her e t.he fundamental par ameter 
met.hod wi thout. usi ng t. he s t.andar ds , cannot. avoi d deter mi ni ng t.he 
measur ement. constant. . The val ue of lhe meas ur ement. cons t.ant i s  
obt.ai ned by anal y:zi ng an "i ndependen t. "  sampl e 3 > • Thi s sampl e of 
cour se , mus t. cont.a! n onl y t.he el ement.s wi lh det..eclabl e 
char acter i s t i c r adi al.i on. Obvi ousl y ,  i t.  need not. lo be a speci al 
s t.andar d.  l l  i s  desi r abl e  ror bolh lhl s "i ndependent. .. sampl e al"ad 

t.;he sampl e i nvol ved t.o have t.he same exci t..ali on condi t..i ons 
( wor k i ng condi ti on of X -r ay lube , i r r adi a t.. or , geomet.r y 

col l ecti on l i me ) . I f  these condi ti ons ar e not. f ul fi l l ed i t.  i s  

neccessary lo per form t he r enor mal i zat.i on of the meas ur ement. 

constant.� > 

2. Auo ( d i. 7l8  the mea,surem.en t cons t an t  i. n  the ana t ys i. s  of a swnp l 9
compos i. t i.on wi. thou t t he use of s tandards

·The delect.ed c har act.er i sli c X -r ay i nt.ensi t.y for an el ement. has
been round t.o be 2>: 

{1 + -- -!.---i: w .C l -1 /J .) o-. C y .) o- .C y) k or .w . .  20- . ( y) J YJ " J J Y J  YJ 
" yj 

wher e:· 

K - meas ur ement. cons t.anl ( pr oduc t. of i r r adi at.or y-pholon 
number per uni t. sol i d  angl e and mean detec t.or sol i d  angl e) ; 

mass at. �enua�i on coerri ci enl or �he sampl e ror 
i nci dent. y-pholon ( l i near func t. i on of unk nowns - wi) ; 
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mass at.t.enuat.i on coe1'1'1 ci enl or lhe �ampl e 1'or 

x-phot.on from el ement. -! ; µ C y .) -t.he same for y phot.oni;m J 

w -
x i.  

1'rom el ement. -j ;  

x-shel l 1'l uor escence yi el d for

same for y-shel l of el emenl -j ;

el ement. -i ; w - t.he
.yj 

O\.C y) - phot.oel ect.r i c  cross sect.i on , for i nci dent. y-phot.on

on el ement.-! ; O\ C y  / 
el ement. -j ;  

t.he same f'or y-phot.on 

J . - x-shel l absor pti on-edge-j ump r at.i o for el ement.-! .;XL 
J . -lhe same for y-shel l for el emenl -j ;

Y J  
w, mass f'ract.i on of' el ement. -! i n  t.he sampl e ,  

searchi ng val ues ; 

from 

&( x? - rel at.J. ve det.ect.J. on effi ci ency ror x-phot.on or el ement. -! ; 

k:or xi. t.he r el at.i ve J. nt.ensi t.y  or x-charact.eri st.! c photon 

from x-shel l one hol e s t.at.e deexci lat.i on for el ement. -! , 

kor .-lhe same for y-shel l for el ement. -j ;
YJ 

n
0 

rel ati ve i nlensi t.y  for i nci dent. y-phot.ons ; 

� - mean i nci dent. angl e of y -phot.ons ; 

e - mean exi t. angl e of' x-phot.ons . 

The rel ati on C l )  i s  i n  ful l anal ogy wi lh t.he rel at.i on C S) by Cri ss 

and Bi r ks " > .  The fact.ors lcor . <a> and J ar e . measurabl e physi cal 

quant.i t.i es and can be found i n  r ef'erences ,.:s,cs,?? Det.ec t.! on 

eft'1 ci ency eC x? can al so be found , or can be measur ed. Thus 

onl y lhe measurement. canst.ant. K i s  l ef t.  unk nown . 

I f  lhe sampl e composi t.J. on consi sts of' n el ements w! lh lhe 

corresponc:U ng mass f'ract.J. ons wf J =1 . . , n) .  t.he sol vi ng of' t.he 

composi li on probl em r equi r es n measured charact.er i s li c i nt.�nsi li es 

N
i. 

C i =1 • . . •  n .  one !'or each el ement.) . Then t.he syst.em 

N = KttF. C w .)i. L J 

E w . = 1
J 

J. =1 • . . . • n
j =1 , . . .  , n 

( 2) 

has C n +l )  unk nowns C K . w .) ·  and C n+1 ) i ndependent. equat.i ons . so lhe
J 

searchi ng for sol uti on i s  j ust.i fi ed .  The sys tem i s  nonl i near and 

lhe sol uti on r equi res t.he i ter ati ve pr ocess based on lhe 

success! vel y bet.ler est.i males of mass fracti on unti l t.he 
di fferences between the corr espondi ng cal c ul ated i ntensi ti es and 
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t.he measured i nt.ensi t.i es are wi thi n l ho desi r ed l i mi t.s . I n  9ach 

i t.er ali on st.ep t.hese obtai ned di ffer ences ar e used lo adj usl t.he 

new assumed mass fract.i ons . 

I n  appl yi ng t.hi s i ter ati on pr ocess i l  i s  necess�r y  lo avoi d 

deter mi ni ng t.he measur ement constant. K .  There i s  no possi bi l i ty 

for t.he cor respondi ng cor r ect.i ons . For t.hi s purpose i l  i s  

conveni ent. t. o  defi ne t.he measur ed r el ati ve i nt.ensi t.i es as 

H .  
r . = 

LIil 
C 3) • wher e 

J: H .
• I. 

Nl i s  t.he measur ed charac l er i sli c i nt.ens:i ly for el ement. -i .

obtai ned by decomposi t i on of t.he cor r espondi ng s pec tr um. 

lhe c al c ul ated r el ati ve i nt.ens i t. i es ar e defi ned i n  t.he same 

manner : 

r . = 
I.C 

F .  
\ 

E F. \ 
\ 

( 4) 

The composi ti on pr obl em i s  r educed lo sol ve t.he sys t.em of n 

i ndependent. equati ons wi lh n unk nowns : 

r .  = r .  ( w . ) C i =1 , . . • • n ;  j =1 , . .  , n) 
,m I.C J 

E w . = 1 

j J 

( 5) 

lhe most. si mpl e i ler at.i ve pr ocess i s  based on lhe l i near 

i nt.er pol at.ion of t.he mass f r ac ti on composi ti ons and on t.he scal i ng 

of these tract.i ons so t..hal thei r s um i s  a uni ty at the star t. of 

each i terati on step. I t.  can be shown t.hal r esul ts converge lo lhe 

uni que .sol uti on .  

I n  sol vi ng the pr obl em of sampl e anal ysi s  when t. h e  c haracter i s ti c  

X -r ay i nt.ens:i ty of an el ement. cannot be detected , the above 

fundamental parameter met.hod wi thout. usi ng the s t.andards2> cannot. 

be appl l. ed .  Namel y .  t.he syst.em of n i ndependent. equat.i ons wi t.h 

C n+1 )  unknowns has no unambi guous sol uti on . The number or unk nowns 

mus t be r educed by one. The measur ement. constant. K i s  lhe mos t. 

advi sabl e unk nown whi ch can be det.er mi ned separ at.al y .  Ther e ar e 

two essenti al l y  di ffer ent. cases . 

I f  an i nt.ensi l y  i s  mi ssi ng because or l he cor r espondi ng al emenl 

bei ng pr esent onl y i n  Lraces i n  lhe sampl e .  t..he measur ement. 

const..ant. K can be deter mi ned i n  lhe al l owed approxi mat. i on by 



- 1 lt 5  -

compos:i t.i on anal ysi s of t.he s:ame s:ampl e ,  assumi ng l.he 

cor r espondi ng el ement. nol bei ng pr esent. al al l i n  t.he sampl e.  

If  t he cor r es pondi ng el ement. of lhe undet.ec t.abl e i nt.ensi t.y 

i s  a domi nant. fr ac ti on in t.he s ampl e compos i t. i on ,  t.he above 
ass:umpt.i on i s  not. al l owed . Then t.he meas ur ement. cons t.ant. K 

mus t. be det.�r m1 ned by anal ysi ng an "1 ndependent. " sampl e.  I n  
bot.h cases t.he r el at.i ons ( 3) can be wri t. t.en as 

N. i � t  
i =1 , . . . . .  , ( n-1 ) ( 6) r .  

Lffl 
E N , + K · F l C w / j =l • . . . . .  . n  

i._.: l L 

and t. he cor r espondi ng sys t. em of" equa t.i ons C S) cons! s t. s  or n 
i ndependent. equa t.i on wi t.h n unk nowns and can agai n be sol ved by 
t.ha �ame i t.er at.i on met.hod. 

3. Measuring and res ul ts 

To ver i fy • bot.h speci f i c ways i n  deter mi ni ng l he sampl e 

compos i t.i on .  i n  case when l he char ac t.er i s t.i c i n t.ensi l y  or one of 
t.he sampl e el ement.s cannot. be det.er m! ned , t.he dur al umi num sampl e 
and t.he br ass sampl e have been anal yzed . 

Dur al um! num_samel e_anal ):'.:Si s_ 

Dur al umi num is an al l oy of Al , Fe , Cu , and Zn . The al umi num i s  
pr esent i n  t.he hi ghest. concen l r a li on ,  but i ls char ac l er i s li c 

r adi at.i on i s  not. delec tabl e wi th the appl i ed det ec tor s ys t em 
Fi gure 1 .  i s  i ndi cat.J..ve. Onl y the char ac t er i s ti c  peak of Fe , Cu 
and Zn can be seen wi t h  no char acter i s t i c peak of Al . 

a,:,

30 

20 

Count per ohanel U0 3 ) 

,� 

z�' : ·' 

FLg , i .  x-�poclrum from dur clumir,ur11. 
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An "i ndependent. "  sampl e has been anal yzed C Tabl e 1 . )  and the 

measur ement. constant. det.er mi ned . 

TABLE 1 .

Cr ( Y.) Mn( !-'.) FeC Y.:> CuC Y.) ZnC Y..:> 

1 .  1 , ±0 . 0 2  o . s>o±o . 02  sn . 7 ± o .  1 . 0 . 2 , ±0 . 0 2  0 . 0 67 ±0 . 0 0 5

Indopendet. sa.mplo compoei.1.i.on. 

KC measur . cons l . ) = ( 5 , 70 ± 0. 02) * 1 06 

Thi s constant i s  used di rectl y i n  the sampl e anal ysi s si nce the 

exci tati on condi ti ons for lhe dur al umi num sampl e and those of the 

"i ndependent " one were the same. 

The r esul t.s of' dur al um! num sampl e anal ysi s are gi ven i n  Tab! e 2. 

The sampl e has al so been anal yzed by chemi cal anal ysi s method. 

TABLE 2.  
-

Al ( %)  FeC Y.) Cu( %) ZnC Y.> 

X- g p o c: l r omo l r y s>3 . s> ± o .  !5 o .  2 s>  ± 0 , 0 3  5 . 6 ± o .  !!'i 0 . 0 , 2 ±  0 . 0 0 5

c h eyi i. c '1 l  
a. n o. y s; 1. g  s> 3 . e ± 0 . 2 0 . 2 5  ± 0 . 0 2  5 . 5 ± 0 , 2 • 

Dura.lumi.num gomple compogi.t.i.on. 

M - Zn bei ng pr esent. i n- traces onl y ,. and i t  was not. possi bl e  lo 

separat.e i t.  by cl asi cal chemi cal met.hods . 

The er r or s  

st.at.1 st.i cal 

i n  X -spect.romet.r y anal ysi s 

er r or and uncer tai nti es 

i ncl ude 

i n  the 

the counti ng 

fundamental 

parameler s 2 > . The er rors  i n  chemi cal anal ysi s  ar e e.st.i mated by 

super posi ti on of er rors  i n  t.he cor r espondi ng measurements . 

The comparati ve anal ysi s of the r esul ts shows the r el i abi l i ty of 

the descr i bed appr oach i n  sol vi ng t.he probl em of the sampl e 

composi t.on anal ysi s  when the character i s ti c  i ntensi ty of the 

domi nant. component. i n  the sampl e i s  not. detect.abl e .  

Brass _samel e_anal �si s :  

Brass sampl e ( al l oy of Fe , Cu , Zn) i s  a n  exampl e when t.he 

character i s ti c X-ray i ntensi ty for an el ement cannot be deter mi ned 

because lhe el ement. i s  present i n  traces onl y ,  as i s  the case of 
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i ron C Fe) . Fi gur e 2 .  pr esenl s  lhe X -r a y  spaclr um .from br ass . l l

can be seen t.hat. the char ac t.er i st.i c X -r ay i ntensi ty for Fe i s  01· 

lhe same order as the backgr ound noi se.  

�
'tJ 

Counl p�r chane/ 

295 326' .396 408 Chant:"/ 
Flg . 2 .  X - apQctrum from bra.,ua 

Thi s fact. nat. ur al y  al l ows lhe assumpti on t.ha l  i r on i s  not. pr esent. 

1 n  1..he sampl e .  The ai m of lhi s assumpti on i s  t.o determi ne the 

measur emenl cons lanl sol vi ng the cor r espondi ng syslem ( 5) .  

The tr ue composi ti on of br ass sampl e ,  now when the measur ement. 

constant. i s  est i maled , i s  det.er m.i ned on the bas i s of r el ati ons 

C 6) .  The anal ysi s r esul ts ar e :  

w = C 0 . 047 ± 0. 006) %
Fo 

w = ( 74 . 8 ± 0. 3) %
Cu 

w = ( 25 . 1 :!: 0. 3) �!Zn 

The same brass sampl e has al so been anal yzed by the atomi c 

absor pti on spectr ophotometry met.hod and the r esul ts are lhe 

fol l owi ng : 

w =C 0. 047 ± 0. 005) Y.
Fo 

wcu =( 73. 7 ± 1 . 5) %

w =( 26. 2 ± 0 . 8) %2n 

The err or s  i n  X -spectromelr y  ar e of' the same meani ng as beror e.  

The err or s  in the atomi c absor pti on spec lropholomelr y  i ncl ude lhe 

chemi cal anal ysi s  ar r or s  and the i nherent. spaclropholometr y  

er r or s . The compar ati ve anal ysi s of the pr esent.ad r esul ts shows the 

r el i abi l i ly of' appr oxi ma te deler mi nati on of lhe measur ement 

cons lant when lhe char acter i s ti c  X -r ay i ntensi ty of an el ement. i n  

lra�es i s  hardl y delectabl e .  
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4 . CONCLUSI ON

I n  Lne appl i ed X -spect.romelry  many .i. mpr ovemenls can be obla.i. ned 

not. onl y by advanci ng lhe det.ec l.i. on lechni que and spec l r um 

deconvol uti on . but. al so by the i mpr ovement. of lhe physi cal 

approach. lhe presented anal ysi s r esul ts\ when the char acter i sti c 

X -r ay 1 nt.ensi t.y for one of the el ements i n  lhe sampl e i s  mi ssi ng ,  

con�i rms t.he above s't.at.ement . I l  fur ther suggests consi der i ng lhe 

probl em in ·case the charac ter i s ti c X -r ay i nlensi li es for lwo 
el ement s  i n  t.he sampl e ar e undelect.abl e .  
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