T~

. - "y
]?ETERMINATI\OH I.N AQUEOUS

" BY XRF AND DETERMINATION OF THE ABSORPTIVE EFFECTS OF .+ \

' MEDIA-GF IN{ERELEMENT CORRECTION

~ I * N ~
~

. et v . . ) o
GOEFFICIENT? TO BE USED IN THE ANALYSIS. OF ALUMINUM ALLQYS *

N

MYLAR FILM SPECTMEN CELL COVERINGS™ ~  — .  #

. .

! .

: . , R N
- . - . & \
N c : . t-4 ‘
, 0 oL, L J
- A ‘ ~ . N .
‘ . ) /.—’3‘
~< \ T, * L /
T AN (‘Sy_ k3] . "
¥ h ’ . - ) -
® - A Thesis
« e - . ",! \ .. v -
. T dn “
v oo O . . ¢
3 .The Depariment of\c}megistry
. e \"\
i \ .o
i " - . ~ \
. ' P ' . \\
» ' . R . 7 \
. . . ~ Co e st . ‘,
"Prosented in Purtial Fulfillment of the Requirements for - o
5 SRR 1 RN - )
. the Degreé¢ of Master of 3cicnce at >~ !
1 . . ) . . . ~ . -
Concordia University. . o " T
’ - ) , !
Montreal, Quebec,.Canada Co : \

Cw heril, 175 B

* '
. .\ .
‘ eyl &
I;" Kl N . -
B
. * N /
IR ” t
S0 B - o
" A ’ / N o
S - -
. , A , .
. 4 A .
~ - - . ‘p
\ N ' oL ’
N -
- . -

® ‘chi-ehung Wan . 1975 S

- a ) ! I \\0.



ABSTRAGT

' . Ve R
’ ° N { [_—
.

' - Q -‘ W - oo ‘ . "
g CH pHgN%WAN S o o

« « " DETERMNATION Iﬁ %QUEOUS MEDIA OF INTERELEMENT comcngw COEFFICIENTS S

. & - .

. ) TOBE Uizz’m 1k ANALYSIS OF ALUMINUM ALLOYS BY XRF'AND DETERMINATION SR
50

OF THE RPTIVE EFFECTS OF MYLAR FILM SPECIMEN CELL GOVERINGS B " 3

.
’ \ ) . s\ . . 4 o Lo “
= oo . ' N . - 7 . |

4
- - h

s . vt N . e ,o » ‘ . : . ’ . .
J. I ..‘ ( - . t . . '-L\ , ( ‘k \ ,
‘ ’ Thia study . provide‘s a background Tor’the uee of x=ray ( ‘ ,

fluorescence suectrometry (XRF) in a projected imestigation.

.
bl 4 n

‘ D 4 the an&lvsls of commer;;ea\b &luminum alloys. ~~ Aguesus s»lution T e .

- .
[} - N ¢ N . 7 . .

systems are emnloyed.'ét, 1ev913 of compgnent cence,n'tratior}s such - \
, ‘o« 1 : - ' ¢ . o

that Lhe. absorption, 8nd/or enhancemént effects are appreciable,
e ? / . . ‘ : o ‘ - N
‘ - " in order to obtain resonably accurate agtimations of the G- <o

.
N, . L , Y.
. .

*» .t . @ correctidon coe’chiénts. ' - N . .

. ’ 1 .
P a . - . » ! - » +

‘53 .o . + The firstl, portion of the \investigat;ion 1r&olved the- de:(:er-

) l mination of thq &baorptive effect.a.of‘ mylar film specimen cell
covermga. The second port,ion., involved the determination oI’ ® .
. é o

the Lachance-Traill’ a-correction coef‘figients associated with o

! - certain elements of interest relative to the analysis of aluminum R o

(N a.llo'yf compositions. ' . ;

)
-




T ’ .

.

.
« I ]
.

' Y

. 5\
discusslons. '

N
¢ 4
1]
. *
. .
. +
'
ot 8] L3
- »
s ’ .
M .
[
L)
'
L4
. ’
’ »
.
Y N -
"
“ -
.. .
N
. .
. . '
- -
! N .
N - 4
. ®
o 7 o .
1
A
.
'
-
.
B
»
. a
. e

the investigation. .

.

o The author ‘wisT‘T,L’s“uto express his sincere apprégiation
. . . : & .

to Professor J.G» Dick for his

. L] X . . ..
A ‘. . )‘n .

“ ACKNOWLEDGEMENTS.

« e N .
valuable guidance throughowt
. o~ ' - ~ 2 } .
' . . ', . - +

L4 .~
»

d\ .
Y \ " o

o .

" v_ The aﬁtpo:c_wt}ianks Dr. A.D. Ngu,ye fo;‘d‘.he msny helpful

. ®
et N
"
L
A “
, .. -
-
L » ¢ -
\ . ot
4 oo ' Te
. 4 & .2
* ‘
o
) oo

.
. « o N
N > 0 - v 4
f . F} . R A .
.
. o,
. +
o
. v
L ¢ A ’ s
M Iy
VTV . o
: - @ l‘l'u * .
~ v
A ~
. ° . ..
. . ‘<, -
' o= | , ¢
. . - . &
. f
LI
L] v
N o
-
- ©
’ - . . »
. ¢ L °
. .
»
. » ——— ] .
» ’ N
. .
. o NN ‘ .
. N .
'3 '
. R a
’ R v L3
v . . o 1
9 * .
- .
[
hd ‘ . . , °
L N ~ A
. -
» . - " .
.o . i
'%‘ . . N < - . )
. N .
v ) ° ‘N * ° LI .

&

-t

,

-~
v -
[
“
.
‘ -
k4
.
N -
' .
..
.
k3
[
’
B
. -
-
Q 4 .
3-
.
~
b
.
Qo
A



. ‘ v - ‘ ) ° * ) ' ‘ ’
i , ] . : N *
. ! ' - < . v . v
N - . . " . . ’ N l
o ' e * . »
. g . e L ’
» . . \J i ., - N N *
! ! . . LN
¢ > . . . . - )
. N .t be P R .
. - 4 v’ *
: - . TABLE OF CONTINTS ; . .
. . " - ~ . R ~ ¢ [' N -
. * ot . ‘ ¢ d - [ o :
> L4 N N . 1
. ' .t — -~ N . ?,:‘
¢ . s . _;\.\ PRI R . . Y - S
- . ’ .t . " : . .
I, R NTRODUJ‘I"I ON ’ . J - - e
. - L. . I . . -
‘ .a R ¢ Lo . - .
[} - M N \b r i
. . . . .. . . ) ’
2. LAPERIMBNTAL . . 11
~ " , 3 ’
-y ) . .e .t
2.0 .Goneral Vo o . s 11 )
v 1%\- .9 . . . . ‘-) . Ve s v . ) .
R . ° ‘T .
2.1 Sovomple-Preparation . ! ¢ - 11 »
L N Y R X . A - . T
2.4, Instrumentation . : - \ . ) 13- -~ o
‘- - ’ * ' * ’ i - N ‘ .‘ .l"
2..2.1 X—ray tubes - ) 13 )
. y . C s ¢ ) ) i
- 2.2.2 Dispersive devicess | . - e 14 ' ‘
. ‘ f ’ . K ; .
, Lelle Collimation r;cnulrcment of the | . .
_spertrometer | . ) " o . 14
LI ) ) © ' - *
.o ’ v ‘x s g ) n’ ~
. feled Inlghaity detectlon . . . . 16
» » " . . Lot . .
o 2.5 » Samnle containep N . : = 17 .
. ' T - * ! . *
‘23 Abgsorptive Bffect of VMylar Film - £ 18 _
. ] : ry “‘i . ' . o
ST : ) ’ BT . \
s 3el Delermination of, k value for ¥ oo
_‘ wylae film>effeet ;) ° -7 4 . ' L1,
: > t . !
) Sited A-Corr: cubn Coeff: cient Dm‘urmln rttion 24 . -
e . , , -~
\ . ) ° - . ¢ ’
. 2. 4.1 Determination of .neb intensityr - 27
‘N, cl4.2 Calenlation of d—-correctlon coefficients 29, !
- ’ s ' L . ’ .
.. % ' w2.5 Buperimental Res nlid . 30 .
: . § c i . 3 R
- < ™~ . 2.%.1 Binarvy syq.stem .. 32 , '
, * ° ¥ .
N ‘ . . a Y 4 L . . .
' N, o " 2.,,2 'Tertiary qﬁz&iem o - Lo 35 -
B ’r, J'
- ot g . .
R »° . 0 N '\':1. : ! ' =
) . R ‘ ) ‘ , ;..:, R i 5 L ’ . v
- ' 3. .CONCLUSIUGH,. 42 .
M - . : "'f"‘.n N ) .
’ R M )
r ¢ -
t o . ?
. : s . , ; N
N [y v e {"
Y ] * * ‘ -
' AN ) ' S e .
. e -
. N . - -~




. R : T
v ' . \
. , .
LY \ \ s h . . . -
. * .. . b . . .o
o S . T ‘,' ~ . : ) - i ;' * N . ’ *
K . . \ Co . . .
v - ‘ ' ) , LI - .
' - ) -
» A - ¢ .
[ . . L - . Id
4. DATA IMBIENTATION A7 S
, " ’ ) . ~ - ) ' .
% rzj.l Abearptive Ki{fect of HMylar j‘l%’m Cove‘r?ng;}‘ . 45 v;»
. - .'~ [ N .‘ [ - .. , ) . W
. . 4.2 Interclement Effect .. e 86 .
. ; t 4.2.1 Btfects omyaluminum ° - 30 )
. \ , i - . .- P
* \ . ooy 7 . 1 P
, / 4.2 bitffects on chlogine . c 0118
A.2.3 Effects qn mangane:;e R S '\ 140
. . . T, ‘ o g o
4doled BEffcets on iron i "150 .
. y . «
dolsh  Ltfects on nickel ° L \\160 .
L . o
7 Aeceb Ef{jects.én copper ‘- . \\ FU 170 -
. Y ¢ . .~ ) . . ) \ + v‘
. .y I G " IS

REFERENCES - - . . , ,

. . N .
s . N <,
. - - « .
- . . .
. . ‘ - . B

APPENDIX I. . S CL - L 182 '
. § '0 K B ~ * N 1
APPENDIX. II . ' 185 -

. \“ N . A “ _ o ‘ \~

. . - A = ’ » { t
» \ 13 R r
e u s )
"~ N i ‘ o ’ . - ’
7 - - .
® ! co . . N v
» r‘) R R . .

. . , N 1
- h » N
~ % . v
I . M
» *
- — o
. . oo [ .
¥
N - 7 - ) i ~
S . > : AN
- | .
< ' .
o £l
a9 . . v .
» 5 N
ey IR ¥ .
B
] . b
[ a :
. 4 -~ '\\
t . s \
. .

I3




w L,

.
ne o,
.

e .4 . O-CORAKCTION COLFFICIBNTS AS

e

LIST OF TABLES - #*

COMP AL 50 OF MEHHODS (MYLAR COVERED AND UNCOVERED)

USKPUL RAKGES AND .6 VALUES
CANALLAING CRESTALS

PE, k VALUES FOR iy DI#P4RENT THICK MYLAR FILMS
. ERcy FOR  Al¥y RABIATLON

.

~

FOR SEVERAL -

- e +

k *VALUR DuTERM1FATIONS PORMMYLAR. COVERINGS

ABSORPTION, 1N XRP ANALYSIS

AQUEOUS SOLUTIONS

H

.
LN

.-

DETERNINED FOR

. 2.5  EFPCT PF_FATRIX W OW ALUMINUM

N

L3

]

v
A ) -~

e

» «_
Hans
N
L%
4 *

4.1 WXPERTUMPAL PARAMLTERS TOR XRF - ANALYSIS *

.’
-.I‘

-
.
-
.
.\
-
-
-
v
-
4
* |
.
. ~
- i
o
.
e -
3
[ 2.
-

¢

t
)

%

s

-

L4

e, 2,6 ¢ BIFRGTS O NAPRIX M CAND VMANGANESE ON ALUMITUM .
. \ <« Q

b ]

15

@ ¢

9

21

31

33, 36 .

© 39, 40_

a1

v

L
.
.
-
K
.t
. .
¢
o
? R\
+
w !
9"/“‘



s

“ .l 7.~ LIsT OF ricuRus

' o © e
Lo i :
B |I s . -
. - e e '
’, ~ iy it
2.1 IMK VL;R%U» mxcm 35BS OF rgLAR COVERED
’ WITH ‘i 1 Y .

. . : . 1
2.2 I MKL {SU THICKNESSES OF MYLAR covmmp - -
T = . hy .

wm.n‘ cAl = 0,035 R .
2.3 k V’gmm ATOMIC NUMBM AND WAVELENGTH OF K.,,
~ LINL OF J-.LLHPNTS S0 . a .
2.4 NORMAL MIEASURBMENT OF NET T 'PENSITY
I \ s
» .‘ H [ \ ' !
25 . IAlK yEu’.,SUg \ CAl AND CM , )
‘\ -, ’ ».
2.6 A“& vmzsu O‘D’f‘n ‘AND Cm ..{ « @
SR AR N ‘ A
] i (3 ’ :‘b\ . N :' .
,. il ' ~
[} B | ~ \ ¢ .
+ . N A a
* ' ey .
|
) N ' \
p ‘ ° \
u~ ! \ }
& s
] "\\ . - ““
1 A . :
? ﬁ‘ !
; fol .
i ’ . .
- - . '
I . \
. ] \
. / l . \
. . \ . \. . , -
/‘ . \ ’ - \ , ¢
ol & :
| , \
/\. ("\_ )* - . 9
| S ;"‘ .' é
[ o, \ , {
. . v R \
l”- \ i k L2 )
- - . Te
“ ’ \ » e '; 4

22

23

26
28

37 5

.41

&

R

o ainy a;s',';; '



.“ o . ‘ " ' 4
.1. INTRODUCTION . )

A

s 0 . . o o

. ,, .

3 . - , The quantitwtlve-determiwatlon‘of elements by x-ray

o L fluoresccnce (XRF) presents certain problems, the main difficulty ’
) o | &
) '1" \PVOIVlng thc spe01men 1¥uclf ‘ Q@e vali 1ty of the analytical

.

. determ1nat1on>depcnds on the physical structu d chemical

e
.

Y

- ) . compoéition of the specimen, The problem of ph¥y ulcal‘/;ructure

' would be solved 1f the apeclmon ‘was completely homogenous, .

.
.
- .

) with a particle vize or surface roughness less than the critical

133,'

1

! valu@ dictated by Lhe analyte of longest emlsslon wavelength,

) . This situation is not easily achieved for solid speaimen. The
- PR . . -
use?of solution specimens tends to eliminate heterogeneity, o
v ’ .
, » . . ’ \
surf{ace roughness and particle size problems. . ‘ .

N

[} ~ ' v
. s, :

) . A
. - . ' A pProblem of chemital ‘composition is generally referred

o . )
) . v *

to. as the matrix effect or inggrelement cffect. This results
B . v
LY . *
! in a nonlinear relationship between cmitted radiation intensity
. -’ . «®
and™concentiraiion of the emitting element, ‘
. I N ,
. . |
- |

’ . - . ’ N "

'donsider'a’multi~component system (A, B, Cy ven)e

Let IA.

be the intensity of a characterlstlc line from element

- A 1in this mulf%rcomponent system, and IAf be the intensity

- "N of that_llgg'Lrom the pure element ‘A, Then if CA is the

- ’ \ - . .
weight frackion of element A 1n this system, the ratio of B
“ P - <. H : .

"~

f .
.
. i N -
N -~ .
. . ‘ ] ' R .




> C o ‘iritensij;ies for a givenrline from a sample and a pure element
’ \' ..' . d - " ) .

should be,directly prOpo‘r't;iona,l‘ 1o the weight fracftion of the O
.. . / te . ¢
element in-the specimcn/beizig; analyzed. oo L '
) _ S .'

- ce R | ‘

'. ' = , v N = Q

_ I, /1A A or I, = 6 I, - .
| - s ' ‘/‘ . . . * * - . »

/ . - - ‘ : ro. p . ' '

’ - Houever,'tk/q deviations occur uhich may either increase
‘ . . \ . b ... kY , -
| or decrease Lhe in/tensity_ (-IA) from the value calculated from
; ) the above eq\uatig/n. Such deviat‘;oné are ‘generall,‘)j due to the & . :
|

7 .
, . &
absorption and/ér ‘enithancement elfects of edch matrix element on
¢ » . - . , . .
’ . ’//’- ° . - L : . N ‘
- X any other fpt rix element., . -
©n - | / . . ' N

¢

- / N + ) - 1

’ ‘. . P ] B . . _‘ . \ N
| . " A-number of ;Lutklorsﬂ..’bfé’?’a’ have cfrried out th/t

’ - ' 'theoret’icai studies of the absorption-gnhuncement effect. , .
|

Fd -

. . « 'These usually involve. the cb‘rivatlon'of theprimiry fluorescent . ’
. . LY N B

K intensity.due to ‘excitation by the’ i.ncidént beam,_and the . ' ‘ .

| . . , , .

‘[ secondary fluorcscent intensity due to.excitation by the
|

\

-

K 'characteristic radiation of\@e matrix e%ment'. “Fo:r‘- the \
~ ;ekpec%edg X-ray 'intens:tty IA- aof‘. an element A, in a thiek .

p ‘ / specimen- § exocited by'a polychromatic incident radiation. <

' - . , .
)

r
! ' . A 7 ‘. |
|
| -

e ! The 'primary fluorescent 'im;ensi'ty at radiation’ O f‘or" —e]'ement

. / ] P . s
. A can be aritten as shown in equation 1.° The secondary

/ o 1 ’ f
.

< soe @ fluodrescent intensity at radiation  for element A, due ’
. . [ ] 2

// ]

10 excitation by the characteris’tic radiation 6 for element®

l.

' »

B, can be writien as shown in equation, 2.. If the enhancement .
- - - t &

¢ I

K N N .
N [ DY - .. ‘ . S

L33




dx

| \ "A
LS @ . .
p N _~—‘<“~"v———‘—-v_
e o ‘ - -
) o NN NeS : LA
. . . I (2,) - _—_g—— (@) . ¥ QB?QB’“BBQ), IO( ) L "dAo (2) .
A rsing A e H[P("‘)[:-in@‘ ¢ pl@)/sing or- .
- .o ’ w ’ ‘ ‘>\O ’ ‘ . "B' ’ .i
— - 1 ' ' e R . . ' [ ,
] Wh,el‘e:- - . . A ' . .
L] ) ' . . A v
| N
N 'IA-(l) = the prinm‘y f‘luora',r-ent intensity, 'ra\liation o for 4 ) : |
4 T =..lhe fr"a*ct,,mn of f‘luore seent inlensi (.y passing th;rough oo
- © ti. ~ollirater towardo ihe, orystal - ko
L < EA = a factot uepondent upon- the atomic number of A, mth o ' "‘
st the value:~ v L T e ',
K T —~——t . . . -l '
- . R T ) o ?
: : Cm e e e e |
l’ . -
. T / vhere:~ ’
/ I SK - = fhx. ab orpt on Jump ratlo for K‘ R )
\ - . . v
// . (4 &
’ R WK = the fluorescent yield f?or the K series
’ ‘ ‘ 7 Pg = the fluorescent yield - e
. . oo T related 'to o ral iation - .
ST ’ IO(A) = the inciden’; intensity' at ,wav‘e-l'engtl "
‘ % 6,,Cy, = the weithi fra stion of the elements \i, B, ceeen " .
o ) 'IA(,:')Z = tho .econdary fhoreagentfntenalty, adiation'o¥ for-. A
. . W ’ ; the }ncldent ancle “ - ) C
o gy o= the emvrgent angle ' ~ ' ‘ ,
1 Ao =" the minyimm wavelungth of the primary spectrum
b‘."f", Aodea T the w;'wclpng’r.h at Lhe ~bsorption edge [lor "o
. ’ . S - ) i A . Lo ¢
) 4 . ' O'\ ‘ 'l\ \ . o -
. ~ . / e . P &-; K : DN 0 . 7
’ / [ . (LS * L] . L -t A
. by 2 A .
0 » (23 * ’ . ' @ ’... .
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- » oo ‘ C . -
‘ * ' px) pla) e« t}x\e averag, abs sorption scoefficient, ;
- pA( ). - 3 e of A, at'the ineidént radiation ¢
L ' P Yol ‘and ‘the - fluor,eucem radiation Y A
. et B; . .
. - . -
* p ‘ . . Ny - V4 ot . & - . .
L - ° X ‘. 1 .
- In 1 + ﬁl— . o =
- 4 L = "* M '( p Q Sln\*) ) *
o kL s TR siny o,
- - ) )
. ' \ . » " 3 s
. Lot - | L
. 4 ' - v ’ ‘ t * . . '..
: ' \ S, h‘|' ' ¢ Q- »
- ' ! o N ) v / ) . Y ’ A ¢, ‘
* - A -a: " -
IR effect can be considered as a negative absorption erfect,.the intensity :
‘ "t . . , - . . . - &
o . equation may be dramati'cally simplified by eliminative of the . | »
.’ - :.' ) ) . N N ° ’ . . -'. g
E secondary ftluorescent intensity equation. This’concept was originated
o " ‘ e B R 110 K
. v by Noakes” in 1994, and was rater applied by Birks and Clmisse .
e ’ . ¢ ' . ' .
b o1l : . - . '
. ‘ <" ané -Quintin” ", . ' " -
. ' . . . * °. e Lo v » -
[ Ta v . e ’ . . ' * . ‘ -
L , 2: . o e . o v ' .
. \ A * If one pow considers the polychromatic: primary. radiation *
' : to behav.e“ ex/ctly like a s;’iﬁg\le fnénochrom‘étic wagelength ,')\éff y- .
L] -' L i3 Ay ) b .
oo . /the fluore‘.scent 1nten51ty equablon' mgy be rewrltten clS Shown in . N
LY . s . " ‘a ,< . !
N N Equatlon (3) A o ' .
. R . . - :' - . AP . » ‘ , ; - . ¢ i .
! . ) - ' ’ M o ' h ‘ - ’ \ - -
N . . I . ¢ c pA(ALf‘f)I ()\efI\l Cff (3) ) n
: A uln AA‘C o) + C o Fueseeen Nod
L. . e WP (00 + Cfp(%) L
.-:‘- N 13 L - . o, . . . » 1
’ B oy o ’ > . i '
., e LAd{dre s > g . N .
. ':'g_'\. , . .
L Y * . -[{' \ :: . ¢ 40 . e . ) Ny .
- ' L . )‘ ., - (‘) < "I( L{*(\) \ ’X(Q) - I . . i
: L (e) = ‘ - » |
‘ R . . A . - 3in tp . . -8in q: v e - |
. ‘—-( L w * Y‘ »
. R o o " . ,“:5.\ ’ ) Y .
. ' e ‘4 In thé’ exp;z\'e., ,1on d.bOVe, 1n.tth“'—c"'s€’dfv*éﬁli5'r73‘ement,
» N ’ _ -
' l.""af‘; . . v L ’ R
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. * N Nt Ny N v, HE " )
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v
P
A

A ’ o .o

. A . ~ )
is a hypothotical dbéovption coefficient.
o . _" » :

I{ the intens 1ty ratio (R) is us ed thegbarameﬁen-

.. " ‘_’. v, T

i

constants, wi'lh th%/ﬁhqgﬁigonvoi the nags abcorption coeffgclents,

-

‘aré _¢liminated, ané Bquation (3) is radived to-Enuatiqn (4):-

. D& .
series of'relat;onshlps which &n be de&eloped on theoretical

grounds.

-

Bedltie and Brisse.)}1

Q:

;ﬂe&t _

were among' The first to.propose a

‘ . C ; Ld . / . , "
v ’ ( LA -
: IA . et ’%A A ) . . .
: R, =—-% = ———— (4) -
SO ¢ C,p, + C.py + C
St A Al t, BB .ch .
- M | : o . . '
It o \ - .
‘where IA ig-the ﬁlujfcscent radiation. intensity for pure el
. * . . a RS O
- A oo S L S - -

]

1 N
-.,53;; Tt N

o

hallN ~ 4
While their approach is.theoretically correct, in

fore

a

’

In 1)66, Lach.gmée and Tr?xill—],':b

3 - . - - .
practice;}t shwwg rather large rclat:veggrror.
vy k !

3

5
s e

starting

-

-

from the same

~

- . . f . ¢ . . s . .
SFondameatal ~quations, déveloped a series of expre8sions which

o

»

a}e essentially 51milarﬂto those,éf'Beaﬁtie and Bnissey, but

which are pr-esented in a’ different maé%ematlcal form.

.
.« In Henarion.{(4), it
. ’ . B r
by (1. Gy~ Cg ae e )y QUL
EBauation (9):- ( ‘
/ " .
L *
: A
- A
S, ; ’ :.._./
.9 . .
. .
\r AY

"h,’ .
5
-,
CA in the -denowinator is replaced
terms rearransed, one obtains .
* y .
+ L 4
c., . .~ 8 M s 2
. , . ® .
- o .
Q
. .. , SN

N



- {riven as

whereﬁ*\, ‘ _ _ n ’ )
' . S and represents the effect of-
. Qg =7 - - v the element B .on element ‘A,
' By . .
. . . ,v Q"&
‘e N
Every cpeffic}ent dan herevaluated from every bne .

series of séveral standard binéry sample, which contain A,B p ]

[

or A,6 or A,D ... etc, using.a rclationship derived direcctly

from the busic Lpchance and‘Tbaiil‘Equation-(5).. Phis is ,L
S o a 1A 3) ~Ia@)%0)
AB IA(Z)CA(l)CBSZ) ~I‘1)01\(:3)013(1)

. /
. [
he subscripts 1 and 2 .indicate the standard
sample 1 and 2. R ' ’ ’ ..
- ‘\ L » .7'; 4
. ' ! - ‘ ) ‘."-z'ﬁ;el‘ -
& z A R

.t
—
<
C J
t
J'
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Thé problems encouniered in the XRF determination of/
o ’ N !

.

lighA elements can be.summarized as follog:= .- f . :
’ Vs |
(1) a reduction in excj%ation efficigney ) [
" pi:_ "(2) an increase in aﬁsorptlon of fluorescenf or /“
- emitted x—ray throughout’ the optical path of., .
) lhe spectrometer from specimen Lo detector. .
o °
(\ . -(3) a resultiug decrease in signal and in signal
: ' to moise ratio, and thus in scnsitivity.
: ? , ey .
(4)" the specimen preparation is more critical. ~ .- |
(%) 2 lower order & available dita concerning the - i _}
x-ray interadtion (watrix effect). - | e X
v 1
\

" degree, minimized, Problem (3). T’Problems (4) and (5) age highly

" absorption of ‘he solvent' matrix permits dilution factofs which

solupion technique has been aimlied by several invesiigators,

Problems (l}vanah(a) are instrumentod, and much has | -

- .

been accofiplished townrds thelr solgbién.\ This has, to a . |

ldepeh&ént upon the analyses attempted,-and generalizati‘n is _ :

s .
A Y

difficult. However, in an analysis using a liquid saﬁ%le,

- [« »

Q

because of the 1evefiﬁq nature of the solvent, the technique

helps to min¥mize and clarity -the myirix effects. The lower.

' . S .

1

*

would be prohibitive in powder samples because of intensity

. ¥ .
» 4 + ~

. ]
losses. In 2ddition, liquid samples are readily adaptable to

tne nse of ilhe «ddition vechnique of analysis. The "aqueous

' ' 15,

. . 1 . ‘
among htom are Waterbury and Hakkida, 4 Zimmerman and Ingles,

Kang, Keel “nd.Solomonlé and Dwigg1né.l7 In such instahqes

L -~
- R .
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the effects of absorption and enhancgmen% were reduced to

P o

+
-

! ; ‘ ». . . : . . .
" levels” where they could be ignored, ithis being accomplished ¥ .

by:the us of highly dilute solutions o?iihé analytes of interest,
‘ With'éoiids bohéentrations £o£aling'abpﬁo;ima§ely lO'pé;Qent To
’ ‘ . by weight, gh;orption and enhancemené effects can not be.iéno}ed ; %k .
T . . .
! and the use of correction‘goericients,fdr such is;octs is . .o
] 0 Y L -

75ndntory. “The higher emission intensities ﬁermit greatly

-

improved cceuracy and precision. . Work-in tpi% area has been l
A R T

carried out by Diék and Nguyen,: and the report indicetes .very. -’ -
- i

- good accuracy -nd procision wiih respect to the determination o

~ Y
.

|
. \
. . o . . e |
T ,of »n wide rafe’of comnoneuls in exi.onsive ramxegsof concehiration. |
\ . £ - .
~ . ’ . ' ’ LA
. N N .9 ‘

r—

~

. 1 )
In the delermination of Jlght?qlemérts by XRF analysis, .
: 58 p : .

- using the lignid gwiution technioue, the absorption; 2fTect lﬁ .
. .. - . *
‘ duc to the mylar film cell covering, especially at the losher.

¢ . o 3

.o urvelength x—-ra¥ must be considerecd. In certain instances -’ ' °

more than LV perccnt, of the emitled radiation can be ébsorbed_

b o ) . . ( ) ,
by the mylar film.  In-svch cuses, the intensity loss decreases
' . o et .

19

. R L. )
¢ the sensitivaty determination. Beurd and Proctor have

Q X
\ . tried tne trace analysis of eleucnts sulfur, 3ilicon and aluhinum

» e ™ °

-~ in the solution tcchnicue by XRPF analysics., ¢They uscd either

a )
mylar covered or uncovered speeimns and comp:red both methods.

. o -

' Thé rasult shown in Table 1,1, were obtaincd. The Iémii of

‘<' - deteotubzlity is shown in the 1l.:si1 column of this table. The

o . ' 0

o ° .



U s TABLE 1.1 .
n‘ . .; ' . v f' . " R L. N N
. .. . , . . ' '_t‘ , . ..\ . Y i
- Gomparison of Methods (Mylor Covered and Uncovered) |
- . i ‘ ¥ ) i ~
—~ o N —f - R .
v . " . S \ ‘ \ g
: L4 \\ L4 . E N LY . *
' ﬁ ? Element ‘Concen- ~ Metlied  Peak . Background Net.Peak Limit
X ' ) . tration Intensity Intensity Intensity .
. N \ . 4 ¢ ° A L. d ~t
3 ] \ _ (ppm) ‘(c.p.s.) {c.p.s.) (q.g.s.) * (ppm)
° n - ’ r' T — . . ‘ . e
. - IS ~ . . 3 . '
. ’ S 150  Uncovered . 201 84 117 . 4
! ¢ . N N ' v .
- . ‘ . . l . At - . N
.« v L Mylar. ! v ' o
‘ S 150 Covered . * 1<_ &9 . 87 B 5
i *‘ e ~"i . , '.: ) ‘ “ » . . . » o .
. - ) ' , R e .
e 8i 146  Uncovered 10 . 2, §°* ~ 12—
’ \ ' . . ’ » Al f * ’
' ' P , Mylar '-"' . ’ .
51 . 146 Covered 6 - 2 _ 4, 14
AR . . ) .
' 3 . L N , — ‘____‘__-
. ! Al + 130 Uncovered 1/7/ 3 e 14 4
i f . A . o
. Iy - . Mylar . : ) .
. e LAL 130 Covered 11 3 3 8 q
* :ﬁ o L -
’ B ) ¢ @ P o # . ‘ 3 '
Y " , i . / N \
g . . :
N ® . . Fi . * - f
.. * Intensity mea?hrement based on 100 'second
. .. . counting time , Too-
TS | L LU . ’
, , . ) : . : S . ’ .
e " T hl - -t ’ * - ] . 1
oL o . e N v - SO {
. ) » ¢ . . . X * ( ‘ ‘e .
\4 ) . o ' : N v
: ‘f. . . I8 a.\:' . . N —_— . A . |
‘. ' [N . \. P - . K N . . \\ - [
! \. - | ! N v
. . .. . . 4§ i xl ( N .
| ' ) €. - ) o n' - R * ‘ . . t\‘ " 1, " /
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' a
« ’ # N . A
) original tabled values have beer modified to~resonable sighi-
- L] ! ™ : ' \‘\ - A
ficant figure expression. . ' ,
# : . o . -

Y

Actually, the myla:r ef\feét can be p‘reviouély determited, “ -
. 4 »

.

i . , v - . ¢‘ . . 4 . \,‘
;' and depcypds on the; wavelength of the impinging x-ray and the
o thickness of, the mylar film. The simple expression for thé -
! [ . ~
relationship between the inteusity uncovered I° and the e '
- * = % 4 ’ ’ o (% ’ .
\ ' « intensity mylar covered' I can be shown as:- . \
. L . ‘. . e
. R . N . K a L 3,
® . ‘ E ! S
° ) - 0; ~kx ' ’ BREEEERIEN
L I s ) e A RAEE
°© . A , ¢ ’ e v n
. ' wheres— - ’ . . ' -
. . . k =, cpnstant'dependen% on film compostetion °
" ' and wavelength.of incident beah.”
} , I J’éf = thickness of mylar film . -
. : ' J A = wavélength of the characteriv~line of
. . . C element . ’
. ‘w- Since the K radiation has a charagteric wavelength .

(-\

. ‘a given thickness of mylar film., ,‘Therf_tore, the'tragsmittarce
of Wlar to secondaé X-ray ma:}" be. calculat=d, and the Whcovered
« - b‘ [- )

‘ ' intensity given bys=""" , L
' , . . .
;v . ‘ T~
o . .
. I = - -
~kx o 1
. e / .
\ 3 . N [Mt'
) . - - " -3
o
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le EXPERITGATAL . ° . ) . .
s

- "
« 'S R ’
' o < . .
. '. " . . ' o 3 . ¢« "

" 2.0 QGeneral” | : !

\ * ' a - ’
. N f : ’ " ’
3 The present siudies were intended. to investigate:-

(1) the dylar abgorptian for the x-ray Kg radiation.

< (2) the absorption-cnhancement effect of the aqueous matrix
M and of other elements whicﬁ might be contain in
"aqueous solutions of qommefcial aluminum alloys. The

‘ | Lachunqe—T;é?ﬁi d—cofrec%ion coefficients for the

egféct of a’ueous matffx‘and associated other elements

N -
@ were geterminod.n
- . Q\-\z ¥

. . "
.
R . “ - . 0 . 1

2.1, Sample Preparation’
‘ L
° .

- Solid standard samples supplied by Somar Ltd., were

. . )
used in thé& %ylar absorption investigation. They were also

-

“ °  used to set up thoiinstrumental'parametcrs.for XRF analyses.

‘ T A sgries of colutions foq each '‘element of interest

were preparcd. These sqlutions, in each cause,’ chowed considerable

.

variatian in the conceniration range, gernerally from 0.005 to'p.l

- weight fr§ction. Bich serics of golutions was prepared, from
. ,

° 7 .

¢ '  stock solutions, by the dilution method. Tyg'final weight
of ecac¢h prrpared solulionespecinen was generally *50 g, agd
the dilution ‘water was boiled ppeviousiy due to pre&ent the

formatiqy of gas bubbles during th® ARF analysis.
- . ] ’ - I '
. » ’ 2

A

£



’ [ ’ /'/ ' : . N
, .

. ),/ " The stock solutions, with concentrations of 0.05 g,

0.1 gy org O.2 g ‘per ml, were preparéd for cach element by ..
. R g - -
d;ssolving the,ajpropriate material in niiric acid. The chloride™

\

A a
- stock solution wal}prepnrcd from conceqtrated hydrochloric acid

. IS
o o, by dilution, and the’chloride concentration was accurﬁ%ely deter-
' ' mined by potcntiometric titratior u.infg standard.silver nitrate

) . v ’

solution aud a silmgr—silver/silver chloride eombination

@ , . .
e ) ) electrode, . N
‘. N ] t

— . \ :

- * . . . . '
. ‘ 2.2 §nstrumentation Y . "e

s v . ' ) B
\ o " ) - ) In this investigution, a Picker Nucléar Spectrodiffrac-
hd e’
o tometer, a J-tube ultrastible generator and a radiation analyzer

\ - © . - - ~
.

. . . 0o . ..
were useds The fluorescence spectrometer had 45 incident

_—— o - ’ - \ - R L4 .
and emergent angles. .
‘ .

¢ : ' L ¢ . 4‘

B, ;mxé choice of i;ray tube target for optimunm excitat105' . |

Z2e2.1 X-ruy' tubes. .

. -~

;of a‘parﬁiculhr type of specimen depends on several factors * N

. N ! . < .
oo whgch must be jJudrged relative to cach oiher. v
. N L) g .

»

° 1
(1) ouly. a few clcments have suitoble thermal and mech- '
anical proverties fow x-r.y tube targets. ~Tungsten is must
- common targetd material; s\nce'it has a very high melting point -
e ot

v and a resonable therm 1 conductiviiy fof cooling purpoéeb.

[}

»
L]
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{ ’ .

¢

. a . »

In Jddition, it ha; a high atomic number, anp*yieldﬁ gn‘inténse “
‘ 4
spectrum.  Tungsten is not used exc"lusively,ﬁ.s a target material.

. ~ . )
The use of the characteristic lines of other targets materials,

.
a \ . '

such as platinum, molybdenum, silver, copper, iron and chromium

.

in order to enhance the excitaiion of particular elements dn

Legararanatay i
the gspecimen ig_common. L ﬁbr“instance, g Silver target is ideal

for exciting molybdenum, chromium for exciting titanium and . .
L} P .

Y .o . v

aluminium, etc.

[y
- 3
s - -

L] ’ :
(2) Tube window thickness is important, especially for

therexcitation of ithe low atomi‘c number elements. However, . .
» N 9 < ’

thin-window tubes are more fragile and can provide for service

LY P ) . ) *

»

life problems. . .

~

From the considerations of (1)

éblng; pérhaps the best minimum complement|-of tubes Ad be a

‘e 8

standard tungsten tarﬁct tube and a bthin-wiyZdow c@gpﬁigm target

foxr most:analytical

situations. . In lhe present studies, a chromium\target x-ray
. . L . " . X -.
tube with 0O.¢5 mu beryllium window thickness, op

- »

50 kV and 36 mA, vas used in the MsKxy AlKgy S
and Cqu,lntehsiuy me.suring processs A tungs%en tubé with
l.Sfmmﬁ}beryllium window_thicknessy operating at 50 kv and

. |
20 mA, was used in the ‘intensity mousurements:associated with

. ¥
the characteristic radiations (Kg). of the other elements such

- N
-

f_v S ! ' :



dsg calciwnA\tiLanlum, vandium,. chromium, manganese, iron), cebalt,
w o N \ '

[ . ) L. x

. \ ‘ ‘
- nickel, copper ?hd\fiﬁi\eta' : ) " I,
o \ v Ny . . .

\ ~— v
)

4
-

‘0

£.2.2 Dispervive devices ' Q .
1

\ ~
x . o 3

1 R ~
Thovflat, reflection-erysial optical system is probably:
. g ) .
the most COmﬁon of all the XRI* techniques,' and the crystal inter- . ‘

' 2 . - 0
' planar spacing d detqrmfnés the angle © at which the nth - "

order of wavelongih *A. will be diffrabtqd’@pcording to the

} »
. Branr equatioq

N i
a 4 i R ’

| - . #1% = 2d "sin 6 o (2) e,
; \ .

) . )
' ~

o .Enbleiz.l. lists common brystuls uéed}in'x4ray spectrgi . -
. . meteﬁs-gﬁd'%ﬁe\ d? spacings and 20, values gSr several &nalyzing L
’ \"c . crystai;. Inipractfce one should generally use'thcjsmallesk- o ,
, .sﬁwcing c;ystallpcssihlo cansiutoui with Llho maximum wavelenmthzo '
. 1o be measnred., In ithis éase, ADP is the efficient crystal
. for the di®frasti n of HgKy, PET for A‘;.Ko" throuth ClKg, and
. .
: TiF for CaKg through ZnKg. . , L . .

. ' . . - ( . ' 5 - o

N

2¢2.3 Collimation renuircmenig,of the spechrometer )
’q s . . .

" : ' ' . ' ‘ ’ ' ' : . ‘. ' *
. . d The -sclection of the optiunum sccondary collimator for a

- ‘- . : . . . A - y -' Y » . ) ,
cerbain apyplication musl Le wade with Que consideration given .
: - S ’ 2

©




1.

P Blement K-line (X)

Y -

. ‘MABLE: £.1 "

USEFUL RANGES AiD 26 VALUES FOR SEVERAL ANALYZI

\

A e

d-spasing

&

Al

6.74° 8.81°

‘ 19.65'

4,03

LiF PET EDDT

= !
abp

Ve

s d - "y o
Mg {;9{8} - . 13 .5
_ Al /,//'u:34 145.1  142.0-.: 1¢3.1
sf’/ j.13 109.3 _ 108.0  84.0
" "6.‘-1»5‘ ‘ 89,4~ 58.6 7‘0'36,-
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“3.73
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< 275
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1,

1.66
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A Py

. ) R .
to the dignersion of the analysing trystnl employgd‘.‘l * A choice ’

ig Frecuently available bet'we;an, on ithe one hand, a fir{qa colli-

mator and a crystal of poor dlqursion but high reflébtivity ‘ —

3
ae

: r
T}V and on the other hand, a coarse collimator und a crystal of

ﬁ pomet

ﬁngh d] opersmn but poor I‘eflecthlty. Therefore, a coargse..

L

~ -

N ~
colllmator can be 1‘1ug.d in ihe intens sity (Kg) measurements for

kY s B e .
5 i .

|

J

|

. ‘ . . |

the elements from magnesium through wvanadium, and a fine collimaipr, ‘
’ l

: . . .

~

for the ellcuents from Ehromium upJards. T . )
. o ' ‘ . .
e L ‘. ' ) T
:j‘.’éﬂf Iute;zs:..t.y‘ detection * a . ‘ -
) The basic nproblem of x—tway detect‘ion is that of covert— -
ing }he x-ray into a form of c-;xerg,y which can be measu\f‘eqd and -
integrated over a f'i’nit:e pcrioci of {ime, ‘Tﬁere are two tyI;es
« of detector which are used in this investigation. ( ) .
: (1) The p'roportional flow ;:ounter (PF) with P10 gas ° \ &
(argjon )U,o/motnane 1Mf from (;’7 h _ ‘ i
~ v : Lo

1o+ 10 % wavelun"th. Thig detector was pused in Iio(’intensity A

-

mefsuremenis for ihe cléments magne:ium through®vanndjum.:
- U B Y

(2) The scintillutl‘én counter, ussful wavelength is L

. froa 2.1 Ao 3°R. Tnl c‘ctcctor vas 'sed in the Kginten-«

’si,j,".' x.‘.c\jsumng yrocess o the elemenis chroaium upwwru.,.

- -

. In th/opr:}tion' of deteclors the relu.l,ivély slow disg- -

ipationh of the positive ion sheath has a very significunt ‘efféct

uf)on the functioning of the counter in that, as lonf_;; as the
. 1 ° » . . .

R - ‘ % s



Y Ve M o T ° .
P Y
5 N . -
B <o . . . , . .
- - ° .

ions dre in the immediate vicinity of the anode, the field is

éi 'reduced thus preventing futher avalandhés. . This gives rise to -

N
the S0 calléu dcad-lime of the counter, and a useful expr0351on
H r

N for,the trut cogpf&ng ra}g first proposed by. Ruark and Brammefg

r 2 , ’ .

2

-

—_ Y

.l ._./ - 0 3 * 2 y ’
o A A =~ T D .

wheres- . T

It = true oouﬁf rate

t . ° . Al

: Im‘ = meaodred count rate

. : N dead—tlme of the counter’ z

5

i

"In practice, for Im\ 30,000 jE;p.s., a dead-time.

2 3

2

‘ . correction was made. | .

. 2.2.5 Sample container ’ !

3 .
0 . “a

— v . -

_The solution subge&ted -to XRF analy81s1were cohtaxned

)

& N

yoooo © in Spex llquld cells, 1§nchW5 inghes im "

0 depth. \Such cells,hold agproégmatelx_’lﬂ ml of solutlon,

: . - T?e cell was.covered with a mylar -film O.&yOdS inches in

thickness., Considerable effort and care yaé taken to avoid

R
-

. " N . , . .
the inclusion of air tubbles:, and {o maintain a flat exposed
) . « .

r surface. <L, .

1

N N
o & '
): ‘ . >, . -~ . -~ . .
! . - L
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3.3 Absor tivé Effect of Myl * Film R '.i;

A Thb 11qu1d phase samgle 1s;ngtlcular1y convenlent 51nce

¢ - .

it offer a vgry s1mple means for “the prebaratlon of sfandards.

! 9 - - - -

The effects of sample’ phy51cal struoture can be succe sfully

overcoge by taking the §ample into liquid soﬁutkon, but problems
L

=
K

may a;sd arise out of Yariatioﬁs in the hhiqkness and/or compo-

-

sition 6f the. specimen cbvqging“film. ' The most commonly - used
type of film is mylar film, since its ash content "is low

\ Y
»

(usvally less than<b.905 weight percent) and any impﬁri{ies

2ro relatively’évenlj'distributed. - In addltlon, since its.

- 4 RS-

average atomic number is low, the mass absorptidn coefficxent

is relatively low. Nevertheless it %ill be secen bhat the_igi?w

-

- . - .

considefébig reduced.

ngities of longer.wavelen:sth* radi

S
R
\
-
.

If the‘compositioﬂ of mfIar film is homogeneous, then

R4

-~

'the fraction dI/I 'absorbod of" a bcam.of x—;ays of 1nten51ty

I, as it passes through a thin mylazr film, is proport10na1~
- ?

to the thickness dx of the film. ~Thus we haves- :

o« v
-

« . dI/1 = .-k dx : (11)

.

dt’Here k is the factor of,prpportionqlity, with the negative sign

iﬁﬁicating a decre%se in intensi{y. In addition, the factor
k is dependent on the film material and x-ray wavelength.
Rewr@tiﬁg and inté@ra@ing the Equation (1) we.have:-




f N y‘ .t . * sy ’
. - ' ~ -
. ~ -
- ' ' - . ‘°‘ ' ﬂx -
o s . * . . o b 'y(]
) in I - In.I ="-kx (12)
't theréfore:~ t S :
. & ) Ix . ) . .
[ 1 = S J . @ )
ST N
’ f) . o e )

- - Y

with’ mylar covered in thickness: X, and-’ on repf;esen;ts the

»
.

‘ . -’ : -
. 2.3.1 Dotermination of, the k - value- for mylar film efd

L4

" %he K~ radjution for eclements of alomic numberj/lz o 30 ¢ s
e b . - - y s hid *
. . N R <> ’ v
were measured. . It is apparent that the thicker lﬂre ‘mylar '
B ‘. - * ’ - .
film used, the lower the intensity, Lhat is measured. In addition,

the lower the atomic number of the cmitting element, the greater.

*
. * ‘ ’ N \ v -
intensiSy, of x-ray when x 1ls zero, at wl;xich the intensity T w
. ¢ - . ‘ ‘ .
4 - ’ . . ’ \ -
is not decreogseg by mylar film., : : -
. R .k °
. " . o " *

.° . | K] ., N
the redi@ion in-ininsity. vy T, ‘
* . . —r R
- v [N ]
’ - “From. tue Eauation (lg k may be written ass~ .
. ) InI -1nI ‘ i ‘ ' N
4 < - . P
ko= : - L .(14) i 5 L
’ ' ~ " Y- . ‘) . 3
. ~ s ,
ar. )
- . ) » N » o g}
: : - ,ln'I2 - 1ln I; . 0 ~ s TERR
k o= — (15) -
X, - X, . : i ,
- . . ],, 2 . . .
. -’ ‘ , 2
] 2 o, . -
! [N S N 4
[ ‘ » . \\\
R Y ' i LT \\\ Y
. Y ,
N ‘ - .
L3 - - . “ . * - ~

It is cleur from the latter eJ:cpression that Ix isw‘bhewintbensity_«:--»--

. . . N ) - o R / - .
Using differcent thicknesses for the mylar/film covering




- ‘ e ° !
R t L] ' .o i ) 20
.'\.w'o" ’ - . . Vi
P . . ) w v
, . ) . ot 0! Y \
“ .}': ‘;f:\;_ ;:" s 1 N N
‘ ’ "where:- o , ) . ,
i } I = the intenusity without mylar coveripf
y +x  =<*he thickness of mylar film ,
subsc’r‘ipts‘, l -and 2 = ]samples with 'f?é}ent
thickne'ssés of ‘mylar films x, and Xy )
N - A ' . ‘ »
N . 8 o . & . \
Bach k. value corres;onding lo_tilre- thickness of mylar
¢ film can be calculated by Equation (14) or (15), and the'averége
| .
i ~-~ ° k V-Lluq“approximal‘es the con'étan_t for 'the wavelength or element. - -
e . . ’ o v o .
involved. . . ’ " - X
oo . .

. /

For examplc, in the determination of the _k value for

the mylar trlm effect for ~Ach( radiation. ° Table '2.2 shows,”
. B J -) . A o .
Whe result. The voluc of I@(Al),' representing the ,uncovered

Yo

¢
speci;nen, can be .calculated by Equation (13). ’If 25x10-51nches
thick mylar film was.uséd for covering, \Io(Al) is given ags-

. T () L
N Io(Alo) - meas. ) (16)

.—0.05481 x 25
9 . A ' -
. Ina similar manner, for a liquid sample with 0.035

weight frgcﬁion, 'f aluminium,. AlKey radiéation intensity was

delermined iind the k value was calculatéd, as '0.05460 * 0.00080,

By Eouation (}.‘j)‘. Using the same approach, IO(A1=O.O35) may
: . < @
A - C
~be crleulated }‘r\)xﬁ Ix usin the sovation (13).

%

- \ ) ( -
: Figure 2.1 and Figure 2.2 show the intensities for

AlKe versus the thickness of mylar Govered 'for', a pure‘ solid
- > : e N

e
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3 . ’

4 -
aluminium sample and for a liquid 'sulutioa sample with 0.0}b ° ’
- . ’ - 3
. ‘ L
a . -

weight Lraction of aluminium respectijely. . .
1 . :

©

X .o . v . X

N e N , .- L
A number‘'of elcﬁenﬂ weres carried through the same approach,. .

and the a%sociqﬁed k values were determined. The'rgw data ° ‘ |
. . ‘ . . I \
T e - may be found in Section 4.1.. ™e k values for each element ' J

.

.
-

) L. . \are shown in the Table.?2.3.'
- N r
/7 . ' ‘ . . .
Figure 2.3. chows the plptited k valueg, versus atbmic
. ‘ o o , . o
number and characleristic <:felength of interest. *

o . N - -

N zed .Q=Corrcation Cnefficiont Determination’® . T oew
b Ll

'c .~ 7 e S N -
.

: T . .
. ) The aquzous malrix in ihis work cop§1sted most frequently

- .‘ ‘ s l' I - . ) \
. of water and nitric acld. It'ﬂgg\ggaﬁ\rﬁgégnized that the T

. . .

variation of nitric acid‘cdndentr tion does mot influcnce sign-

23

. ) ficaﬁﬁly ihe Uluorescent intensity of ihe elemchts. Theref%?e,

.

the water-nitric scid matrix is identical from one sample to

anoiher and can be design-ted as . «
V4 o <o

- 4 4 o .

ihe corvrietion coerfigientsTor” the offcod of ‘M or .
i .y . . ' ¢
' <ooany anotaer oleuont on wyontlyte element can be evaluated from . | o

. : two standard solubioas wsing relationsfiip derived rectly . N N
) & @ ra p \

\ * ) » . . s (3
from the. basic Lachance-Traill ecuation, and which was given ®

] 1 2 N

prev}ouély as Equation (6). Several standard solutions are . .

T

. ]

i

o o B L N L e



.\ . 25
- . . “\ 9
1
' \
’ ’ ‘ < -
( \
- . ’ v 25K A e N
. Blement k(l'o) k(e ) 17e" Transmi Wavelength
, : \ » tance (Ko
. . . Q
P )} - kd
’ o Mg 0.1)02 'ﬁi 0.05262 7.8894 12.6§ N 9.889
) ' . ' ¥ .
-4l 0.1.6¢ " -0.0,481 3.9363 . 25.40 = 8.339 -
' Yo 70.07)54,2 " 0.03455 5.3717 42,16 7.126
3 . ' ‘ . '
N . = P, ‘0.04743 - 0.02060° 1.6736 59.75 _6;155
’ ) . ' 1
J S 0.033.1 0.01442 1.4341 69,73 5.373
: cl 0.0:198 0.009545 ° 1.56)5 78,77 4.729
. Ca oﬂboax93 *0.,0033)2 1.1050 20.50 . 3:362 .
’ T, 02004809 0.002068 ' 1.0536 94.91° " 2750
o U o . 0.004739 0.002080  1.0534 94.93 .,
- ! Cr 0.003001 0.001303  1.0331 26,79
N n 0.00203% 0,0006821  1:0.23 97.82
: | " Fe 0.001697 0.0007371  1,00360 98,17
o '\ . Co 0.1:0131) 0.0005702  1.0144 D88
Wi 0.000)167 0.00037861  1.0100 J3.01 4
S " Cu 0,0006912°  0.0003u0¢  1.0075 39426
. : Zn 0.0.04)25 0.0002139)  1.0054 " 33.47
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used in this connecction. e

L] . ' 'p / . -
2.4.1 ‘Dewermsnation of net intensity

S . . Theoretlcal'ly1 the net intensity is cqual to the peak

- b
R ~ , . f
~ intensity of a wavolength~from theflément in the matrix, minus
* . : the tSue ‘backsround 1htensity. In practice an equivalent
. - Py . ~ . N
: . background position well away from the analyticdl line is’ .
' . . ) ' . - P * g
chosen. This is shown in Figure Z2.4.
. , , ) Several problems'may arise.in the determination of ,
| the net intensity, such’ as:~ o '
‘ ' (1) a reduc\:tion‘in intensity due- to the absorptive
4 LY ‘e
| -t - effect of the mylar covering
\ - N N
\ ¢ f . ‘o ’
; (2) an interfereihg line from the tube\tagrget or from
| ' - . ‘ some other element in the matrizx. '
‘ - - . -
| ' \
| : et (3) the chloride content of the mylar film, this can _
| a ’ .,-Q o atvfeet the mea.,ured 1nl,cn.,1ty for Cll{q for the
o . .31)0c1men. - . h '
> ~ . )
Proiffem (1) has been handled in Soction 2.3, Problems
. S (2) and (3) Were investig.ted by using a blankssample, and the
' ) net idemgity is given as the penk inlensity minus the intensity
' . of bloal/samvle using Lhe same paremdter lor cach measurement, <
' The ngflual formula for #e nct inteusity measurument may be
+ found\in 5Sceclion 4.2 . , .
3 8 .
- ' '
. -
¢ . H .
\ . . - .

.
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S ‘there a s:lution contuins the -nalyte A, anoger element
. ! - °

3 ? '
/ 8 ’
. — ' 29
T~ :
‘ ,_f ' ’ ’ .
. ’ . o ¢ '
. * ' J .
<e4.2 Calculiation of ox-corgection coefficients . _ L .
Al ‘ ;. '. PR : 'a
. . - [}
In the earlier discussion of empirical coeflficients, N

»

it wag Tyrrested that they be delermined for each pair of

4 A d

_elemenls by prepariug biluary stendzZrd sysiems for those elemeitis.

In Lhis invegtiation, o liquid specimen was used, and a Eolution
. . « s ]

containint the element A 1is aciually a binary mixture, with g
» - - . . :

the aqueous $patrix M as the second component. The correction
" ;

. cocfficient for'the e¢ffect of M on A can bp givéen as ‘; o
° ' ~
i ~ ' . .
Bonation (17) _ P . .
. ’ - ‘ l. . —
)% )~ Ia@)Ca(2) T .o
O, = T, ,.1C C.rvy - I C 11C S an
SIS A a(2) n(n) A(2)"A(1)"M(2) :
i i . . - i ‘ ', [ . . »
) . , . 5 \ -
' ubereé s - - ] -
v ) IA = the ncfs intensity,of -nalyte elewent. A. - ‘
. . . -
. o CA, CI‘JI = the weish fraxctions\bf element A
. Y 5

and aocucous matrix.

the subscripts 1 and 2 =-standard solutignf::
. . 4
1,‘x'h\d Féu

- L4 [”

e B and the resrdual aqueous matrix M, it may be used to,determine

{ .
o whcre O is known. A goricus of such solwiions was pre- ’
AD : Al ) .
parcd contlining a constant weight fraction of the given analyte

(0.01 or 0.02) “;nd a variable weight Fraction of the element B/

(
1 LY . N ~
and matrix M. %B’ the\ixitcrelermt\eg“fech of element B on

. —

¢ ' ’
s o> , . .
. -
[
. ,




. ’ "the Analyte A, was detbermined frow Equation (18) or (13)
. ? N N .

o ' N a -.‘ | . ! J
- (L, 00000) = a1 St O AM(IA(_JM
LT o= Z (18)

W h@A@%0) T T GRE) AR
. S o ’ ’ ) - \ n‘ )
‘ ‘ - ox 5 :
. . ' . » IR :
‘ 8 (1 ,.\¢ I,,.:\C
Oy A(?) AQ) S Ta(2)%r(2) = Ia(1)u(ry” (19) S
~ta(1)%s(2y 7 Ta(2)%s(2) o
) - . - . (loe- A(l) A(z)) _
. - ‘ . / P - ,
/ . ,
L 3 A ' '
-~ " Padle 2,4 indicates in chart form the accumulated .
4 ' ’ Tesults of the total survey relative to the deter;frf;nation from
o ‘ I . ey
. .~ -aqueous solytion,media of the correction co@‘{‘iéifgr;t_s. _ The S

horizontal he:_xdings lists tne elements aI‘f‘ected. ‘The left-

hand coluun lists the elements in the general matrix prov1dlng

the 1nLerI‘or1ng effect. In this column, the headlng M 1nd1—

cates ‘t%m remdual mitkrix combination of hydrogen—-nitrogen-
& -

ox:/ge‘n or, under certzin circumstances, hydrogen~oxygen alone. .

-

T 2.'5 Exf)e rimental "Results /-"‘S\

¢ B * v <
-

' _The gencral process of treating-experimental data

\

i now shown, using as example the determination of the effect

1}

Pl s
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. .o TAYLE 2.4 o

O-CORRKC'TTON COWFFICIMNTS AS DRTERITTHED TOR AQUOUS SOLGTIONS
. - : ‘ ‘ .

-

x . -

.
. . N
i - . L.

Mas) L %an  Mes) e TeEs) e |

=T

I3
-

-
Y

e X
- 8 - r“ N ' .P}
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-g of Al/ml‘

~deviabtion were also c¢ailculated.

‘are shown in Table 2.5(8).

"

I‘,g

.on aluminum as a bipary syStem, and
& |l - Q" ‘
M- on aluminwn as a tertiary

of the aqueous mutriz M
Q

the effect Df'mnnganese,gnd
system.

2.5.1 Bindry System ‘ s

\ . ! ) V@
. *Seven alumeinum golutions, ranging from 0,01 to 0.03708

N N . . .
weight fraction of aluminum, were prepared bycdilution of an

¥
B

alumlnum astock solublon which contdlneé 0. ObOOO * 0. 00001

Aqu radlmblon me@ surement ‘was made at-peak inten-

blty, with the giuctrometer~operat1ng at bOkV and 36mA, and

~

at other apprcprlate purametero.‘

2

The average of five counting

A o

seconds counting time pach‘was obtained,
/

The meuasubad AlKQ ;ntenux%y/ﬁas corr&e&ed for the blank sample

;
period#, of 10

baokground and for the mylar effect. This procedure is out-
i 1 i * ] [
lined in Table <.5(a). ‘ .o Y ‘e

-

The results obtained from the above vere then explored
»

“by Egaatlon (17) to determine tgﬁ value of OﬁlM

cowblnahlon“ chosen were such s to jleld maxlmum differerces

in numevatonr and denominator vulues, thic w0 us 1o obtain ihe

.
‘

. »
teut vossible accuracy in the dcterwﬂngpion of the derived

-correction cocificient value. The average value and standard
‘ . * )1 -

This calcu}ation and %esult

. 9

Nlhe solution
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LPACT OF

ON AL

> B ﬂ. - . A“ﬁ" ‘ ' ’
. . (a.) ° - .
g C o seTubs . " ¥ mea;s "y My ) .
g '"Solutlon ,cp:1 CI:I AlI’ ‘(¢ s) IAIKo( (cps) -
. " ' Y S ’ Ce R *
TA-1C 0. 01000 0.59000 101 . 398 R
‘- . e
A-2 “0.0150€6" 0. 98500 . 152 599 | ( : ;
.o A3 9 0.02000  %.98000 “203 . 801 ° -
K . A-4 0,02500 0.97500 . ‘255 . , . 1004 o
R A5 0.0,3090* 0.970007 | 307 " 1208

A~6

0.03500

. 8.03708

0.96500

'0.96292

35900
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A determination of the corrected intensity fer each .
| L7

specimen solution was made, using the -Bnvations-
4 ]
3, - * . -

-

— '~ . ‘ZCovr. _ My ' ~ L. .
' / .IAIKO‘ B IAlKé 1+ Oy Cn ) o (20) TG

. ' Y

The value of Iolx'for AlKy radiation was caleulated indi~ = | |
A v1uu§.3.ly, uslng, Lquatlon (21) The’ averase value wa.s also

: calculat“ed. Thls procédure is ontllned in 'I‘a.ble 2.5(e)ys - — © - }

v .
. L3
-

- Back calculation of the concentration of the anolybe ‘ -

PICEN %

élgmeni was given‘%y Equation (22), and all the values calculated

to same significant figure position as C..A.l (known).

i

Back Corr.
Cn = W, /-

(22)

TN\
The absolute errdr and the relative percentare error in the
. \ n

ooncentratlon of the analyte element Al wa.'-‘ calculated [ S 3 s

-~ SIS

u31n{r the f\cllowlng eruatlons:- ' ) i -

\ . e -

—_—

A

—-‘..CM‘ = Absolute err‘or“ | (23) . r‘ ’ Bt

¢ |




.
, 5

. ‘ . L . U v
. (Absolute error)/‘CAl x 100 = Relalive percent {24)
- P : . error ‘
3 ‘. b ‘

. . ' - .- . )T v, ,
-t . ‘u ‘ ’ N R

. \ These calculations arce shown in Table 2.5(d).

. ) ‘. , . . - .
, . ° . 4

. ~ ‘The measured inbtenmity, the corfccted intensity for

o

myiarfeffect;'and ihe corrected inlensity for matrix effect

* +

. .versus yhe concentration. of analyle element C and the concen-

Al
“tration of matrix CH were plobtted in Figuré 2.5,

.
.

.
. -
. - f
~ , ! - .
’ 4 . -
- . s

o N
ro Z2aHe2 Tertiory systen ¢ . o !
:Aryrm»“'i{'_‘ h e . s . . ’ 1)
Yramy The goneral processes werce nlmost ddentical- to those.
’ . ‘
for the binwry system, except for the prncesses of solution

L 3 . v A v s

praeparation and a—corncction'cogfficienf calcuiation. Six
&—‘~ oY standard solutioni, con{aining a\constaﬁt alaminua weigﬁt fract-
‘ iog O:Oé s apd a mancanese weigh; fracti;n varying from 0.0000 " - =
to 0.0383, were brcpared.bj dilu;;on of an aluminum sﬁoqk RE ,
, solution which contained 0.05000 + 0.00001 .g‘)of Al/ml and a -
’ K manganesé stock solution which nontained: O.lOOOJ_i‘0.0QOOl o '

wis calculated uwsing Byuation

+ ~ M -

€ ?I Mn/iwl. ?he value of ckan

o co
(18) or (1)).  'he corrccted intensity was oblained froms— . -

» -—
. //“
. .
.

o Corr. . My (4 °
Tk - T Y Qan St S O ) (29)

A

-

2




Hyu

Corr.

- , “ ’ - L]
Solution Chq Cy AlK.O((c:ps) AlKor o (ep e) IAleﬁcps) A
oAl 0.01000 *  0.99000 338 ' * 03 70325 ’
- A=2 , 0.01500 0.98500 * 579 1354 90236 -
A-3 0.02000 0.98000 801 1805 30244
. A-4 0.0?S@HT?TW"' 2257 0296
j A5 0.03000 0.97000 1208 . 2708 3Q269
' A-6- . 0, 03500 0:96500 1414~ - 3159 90270 |
AT ‘0.03708 | 0.96292 1493 3347 - " 902707
* R » » ( .
Lo . ' ’ - d .
T P f~;~%~ average AlKy = 20270 opsl\ . P
- std: devn. = + 307 cps’ \
4 f « ¢ ” v 7 - 1 B ) {‘
. . . < '
(a) , . .
- s . Corr. Back Absolute 4 ,
Solution cAl\-ﬁP Aqu (c )‘ Cpr error error
\ A-1 '0.00000 * 303 0.01000 ,  0.00000. 0.0
A-2 7 001500 . 1354 0.01500 0.00000 . "0.0
A-3 ' 0,02000 1805 * 0.02000 0.00000 0.0 - ’
A-4 " 0,02500 2257 0.02500 0,00000 0.0
"A-5 0.03000 2708 0.03000 0.09000 0.0
\ . . ’ R r
_A-6 0.03500% - 3153 0.03500 0.00000 0.0 -
o A-T 0,03708 3347 © © 0.03708  ° 0.00000 0.0 \
——— v ° ™~ '
h oy
. . » - . ) : . ——
: \ ° . o - * J
s " . \ ST T
.[ o . i - / ~ o
e ~ «
. i Wt . - z‘ } \ .3
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ve

L4

4 . . - ' »
respectively. “Calibration curves are nlotted, as shown in

" These calculalions are'shown in Tables 2.6(aj, (b), (c) and ¥d)

Figure 2.6, using the measured intéﬁggty, the corrected intensity

and the correcte& intensity of analyte Al versus the concen-

tratign of effecting element Mn and agueous matrix M.

r

!

-

4

-

-

-

b

L4

)

-

-~

]

»

for mylar effect, the borrected intensity fdr'matrix M effecf

~

All of the data Yrom this investigation méy be found

. - s ~J
in the tables »nd figures of Sectiens 4.1 and 4.2 .

o




‘ KIFEGT OF M AND M
i
. r
(95 .
Solution QAl.A :CMn - CM '
AM-1  0.02000 0.00Q00  0.)8000
AM—5f¢§\\\0.02000 ©0.01500  0.96500
AN-3 0.02000  0.02000  0.96000 -
. AM-4 0.02000  0.02500 Q.95500°
Al-Y 0.,02000  0,03000----0:39000
AM-6 0.01915 0.03830. 0.94255
| t
w [y
(v) )
Solution AM-1/Solution AM-6
/

TABLE 2.6.

Am-lf e AN=5
AM-1/ =" . AN-# .
aM=2/ o AM-6 ]
AM-2/ AM-5
S AM-3/ AN~6
- ’ , °
7 *average C%Alhn =
) Btd; devn., =
. }

ON AL
'z -
meas
Tater 2
T 178 700-
, 176 694
175 630"
194 685
173 681 -
"165 0 ¢ 650" .
O 1pn §
©3,08334 :
3.40971
3.30761
4.17092 (reject)
4.11317 (reject)
C - 3.29494
3.9(
'+.0.30 )
- Y
) >

~
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Solution.C

AM-1

AM~2

A3

AM-4
AH-5
AM<6

(a) .

CAM=1
Y AM-2
AM-}
_AM=-4
AN-5

" AM=6

Solution €

Al

0.02000
0.020@9
0.02000
0.02000
0.02000
0.01915

<
P

e

Al

0.02000
0.¢2600.
0.02000
0.02000
0.02000,

' 0.01915

- - &
40
' 'y
My ' ‘Corr.for M .Corr. .O
Chn Oy Tk o) Taikglons) lalke TAlKg .

. N ) )
0.00000 0. 38000 1579 1579 78938 . /.
0.01500 0.96500 1550 _ . 1584 79216
0.02000 0.96000 1937 1584 ° 79138 .- -
0.02500 0. 25500 1522 1578 79182
0.03000 0.95000 ) 1509 1576 78904
0.03830 ,"0.94255 1435 1516 79182

. ’ s \ '
’ ., ,
average IZIKu = 7.294 x }04 cps -
std. devn/ < O.Ol8 x 104 cps
‘ L]
. (V4
Cotr. Back ' Absolute S 1
IAlKo( (ops) cAl - error . error
1579 10.0198 0.00002" 0.10
}1584 0.02004 ), 00004 0.20
1584 0.02004 0, 00004 0.20 .
1578 ' . 0.01)96 0.0000 0.20 *; .
1576 0.01394 0.00006 ¥ 0.30 ‘
1516 - 0.0118 0.00003 0.16
-~ ) L] ) J
l. < - ] Y
NN &L{J

l:“l
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3. CONCLUSION - ?
, Y ) '

a
+

. The method of‘anroach was.aimed attexploriﬁgfthe
¥

“wuse of XRF in the analysis of agueous solutions representing

)

t . . . .
metal alloys, particularly commercial aluminum alloys of ‘

unkown comnosition. ~ A. subsequent analytical anp}icationsj. ,
) . Y XN

program is nlanned to:~ o . ,

a (1) Determination the interelement-effect copﬁeqtion-.
cqeffiqienys for other relevant elements} sugh as

magnesium, silicon, titanium, etc. . .
. .
. - '

(2) Apply the détermined Cl—correction coefficients in-

the analysis of commercial aluminum alleys. o .
R . Ty L 1
- ¢

[

o

ITngertainties Tor the O-Correction Geefficients Determination*( /

€
a ., T
q

These are often somewhali high on“account of the low - e

o .
emission intensities-and high background corrections for some s

of *the éeterminntions~ Both factors lead to comparatively

A
]

high relative uncertainties for the calculated coefficients.

-

.

-

Where long-~wavelength radintion is #Mvelved, the
effects of mylar [ilws, based on compositiion arid thickness,

requires careful. corrcction.

- ¢ . . By

. &



1N \5 Congstancy of the O-Corcection Coeft‘iciént .

A

i

- s . ﬂ‘ . ' lfs

- ‘ Lac:hanc:e%4 has shown that® where the comcentration of
A L] ' ’ '

the analyte is approximately 10 percent\or less by weight

fractiony the O~correction coefficienis for the interdleme

¢ffects remain constant and rensonably indepengdent of "instru~
e ' ) .
, \ . s
) mental -geometry. In certain ‘instances, however; second oxder
- 0 ’ .
+ carrection term may have to, be applied and.the concentration of
LY

the ax’malyt_e sould be cor'xside.red. Both are referred to in Appen- ’

~ | dix I and II. o ‘ °
A¥~ ; . . :V o ) -

Bffects of ‘Chl-o\rine,l Sulfur and Phosphorus

. . .
-

° - In the investigation now planncd, hydrochIOIM,
® - . “‘ . ‘
~ ' sufuric acid and phosphoric ae¢id will often Le required.to -

3 p) ! ) .
permit the dissolving of aluminum alloys containing elemenis, -
suzzh ag titanidm, sil\icon, etc. It is aporéciated that the
M
V effects of the \agueous matrix on xulfur and phosphorus mhst
" N s " - ’

# be determinéd in the subsé'quent analytical programy @s musi

. '  {
o ; / their cffec:tsi on the analytes of interest.

S
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45
. .
. £ L2 ) ,
- . N ' € . * b Y
. 4 4.1 Absorplive BffCect of Hylar [Milm Coverings ‘ L~
. - % ) : .
» , ' ¢ . r . \ .
. : ’ . o fse . |
’ ! ' , A \
& ‘ Tobles involving “Islcnoity Measurcmenth and "k fa,lue\De termination"
] o ) : \‘
. Using differcnt thicknesses for the mylar {ilm' covering,
) R L L] .
' " . lhe kg radintion for elements of aidmic number i2 to 0 were ;
. N . , , . ,
’ - v * T 13 \ .
"y measured. The parameter [or anch debermination is shoun, 1nQTable
O- R N ‘
* li-clc ¢ . 4 °
¥ . B v . 1
¢ . "
. N ) .
e The it value may be'‘calculaled by Equation (14) or (15):-
A . 4—’- v ' . 2 N t o
. . R 1
e N . . . y, r . \ '
. e .1nIo—lnIx , \“
Q . Lo N . k = » N x . (14)\ . "
- ' . ' ) v .. “\ X \ |
v . .o ' s . -
. . ) » » " N R ) a [4 \\‘ 4.'-‘ 3 4
v it v | »\(-
in 12 - 1n Il . \
L4 v “\ \
’ k = X, = X - (\157\ *
1 72 . , '
. . . -7 v ! .
. e 1 . . ’
N . ‘
The av'exéage valu& k was calculated, and the|standard
"weviation was alsa.given. .
]
. . g
- Pireseinvelving “IAI’q Vorams 'l'l/(:l:ncn-.'. of 'y iar Covering® .7
[ - | ¢
N .
The intensity of .nal’te A versus the lhickness af mylar
, cuvering, was plotted on this figure and the circles syurrounding
o cach experimentally ueterinined locus on a curve are for|identifi-
- &
. _ . ‘
cation of Lhe locus dnly, they do not grelflect the uncertainty »
, I} ' . . e - . . .
[ - ,
» . /
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- PABLE

4.1

1TPAL I’MH

L] "Q

[

Al

{$ POR XRPP ANALYSIS

" ELENENT - TUBE PARGET

3 \ e
‘h
Iy 5
r O‘ . P
. EKPI‘IRIJ‘
. . “ . Y *
hl o ' ’ Caw \ ‘
. e

ATTALUAING
CUIBTAL

:

.
.

-

"COLLIMATOR “COUNTER 28 DEGREE

R 50 LV .
E or 36 mA

,,50 kv

Al c CT 6 -

o leRy

) 50 l«’V‘
» N CI‘ 30 mA

@ S—\-s ‘ Lcr 36 "HA"

C 50 kV
Coy 35°mA

b) kV
36 mA

50 kv
30 amp
. w0 KV
) o Cr 3U~QA

\ !Cr W 50 kv,. N

Co

20 mA.

”,50

=W aO:'mA

- e‘. 50 !_'V .
. Fe .. ‘d‘ ’MA .
" e vy )'J L’V'
-+ Co, V 20 mA
v TGy

H.r 20 mA.

*50 Ky A

BTy S

v

*PET

. PET .’

PET

&
PET

LiF -
LiF,

. LiF

“DiF

_MiF

LiF ..

LiF,

app .

COARSE

" COARSE

9

’

. COARSE
" GOARSE

. COARSE

e ool et it i T 4 s

COARSE

. gg§RSE ‘

COARSE |

°

vy
-

FINE

.

N SRR B ,_q; -

FINE =

."wINE

~

c

-

FING .

-

PF'.

PF -

v

PRI

i

* PF,
-

_SCIN.

SCIN.
i

N
v e

{

QCIN.

+ . SCIN..

.
»
1 /1

- 136 0)

4

.

e 102.31

83.66 .

7595
_65.60

'smsz

J“ 52 77

FINE

© e gt e e

HiF Y

FINE

¥

PINE

b
"‘\‘%"‘

PR 4 SCIN. !

SCIN.

SCIN,

¢

46.64

_.PE? __ COARSE . PF..-— — hiﬁﬁiﬁsﬂufi_l,_ﬁL,Tnm;
> - ’ .

© 62,36 ¢

R . .

PR BRI S

'S
°
-

et Bre i i
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Intereloment Elfiect . :

There are six scotions Lo be presegted:-—
. ~

\

° .

: 4.2.1 Lff;ect on Al , SR .
, 4.2.2  Effect ba CL
4.2.3 Effect on Mn i e
» 4.2.4 4 Effcct on Fe A
4.2.5.  Bffeot on Ni - § :
: ‘ 4oecs6 ¢ Effect on Cu . ‘
. f -' - s
Each scction were shown in tables and figures:- )
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. P. * .
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Six or seven ojutlonq of interest element were

.

* The concentratign unit of each element or :

b& weight fraction.' P
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4.2.2, EFFECT OF _ Cu AND M _ON_ Cl
" !‘a ! . ’ M ’
. . . ‘meas Yy
SO}utlon . 001 CCu CM | rICI!(d(CDsﬁCJ-Kd(cPB) il
clc-1 0.02772. 0.00000 0.97228 8530 10905
' clC-2 0.02772  0.01000 0.96228. 8413 10680
c1e-3 ~  0.02772 0.02000 0.95228 8244 10466
_Clc-4 D.02772 0.03000 0,94228 8077  ° 10254
€1C-5 0.02772  0.04000 0.93228 7926 10062
c1¢-6 0.02772  0.05b00 .0.92.28 7771 . 9865
o ‘ + ’
o
1
b) G10u
X )Solution‘ clc-1/8olution ClC~6 ’ 0. 0737
A ¢1c-1/ N\ . 03¢5 0.89876
"o o glc-1/ o c1c-4 =~ 0.91217
v L 0lC=2/ clc-6 0.30766 ..
- , .
" cic~-2/ v C10-5 0.89604 . '
O 5 X . VA c10-6 . 0.91246
N ’\»_‘_\ o T
: . W . o
- . ) 6 f,—'—'
averags clcd = 0. %O
. e . 0
- ' std. devn. =. + 0,01

¢

A e 4 s b
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. éolution

‘c1¢-1

) c10-2
c1c-3
Clc-4
Clc+

R X T

()

Solution

clc-1
. C1C~2
ClGC-3
c1c-4
c1c-5
C1C-6 .

Cox

0.02772 0.00000 0.97228
0.02772 0.01000 0.96228
0.027%2 0.,02000 0.95228
0.02772,0,03000 0.94228

.Wﬁ)

loikg -

10905
10680
10466

10254 |}

7 o 137

. C

0.02772

110062
9865

0.02772 0,04000 0.93228
0.02772 0.05000:0.92228

average

std.

.

Corr. Back cal.
Io1ka (°PS' c1

-

0.02772°
0.02772
0.02772
£ 0.02771
0.02773
0.02772

Cl

6730
673b
6731
6728
6733
6729

0.02772«
0.02772
0.02772
0.02772
0.02772 .

Q
devn.

Icéﬁ??%& M ICorFS)I(c )
201K ’ *ClKkgq ~ClXo .
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6368 © 67337 242893
'} 6282 6729 ' 242749
cqu.‘ = 242730 ops
= -+ 60 cps;
_Abs. error | 4 error
0.00000 , 0.00
0.00000 . 0.00
0.000D0 .0,00 ; .
0.00001 0.04 ] .
0.00001 0.04
0.0000? 0.00
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N-3 » 0,04000  0,36000 5606 0.03970 ' 0.00030
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EF‘FECT;&F AL AND H ON E'Mn

D-

L3

meag(cps) MY (cps
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. meas, My .
Solution Cp Cy R Tpoxo: (°P5) IF,BKO‘(OPS) L
Pl 0.00500 0.995Q0 . 8775 . 8936 /¢
F-2 0.01000 0.99000 16512 16819
F-3 0.01500 0.98500 23546, 23984
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. F-6 ~  0.04000° 0.96000 ,53044 ' 54030 o v
F-7 0.05000 0.95000 62320 ' 63378 e
. ___‘\ L . -, \ ¢
(b) e ‘ . dFaM
Solution F=1/Solution F~7 -0.90516 "
o L F-l/ W F-6 . ’ -0.90635 \\f’. °
T » p-1/ n F-5 ' = -0.90914
M F~1/ n P-4 '«0.92248 —-->(Re ject)
" P2/ n P-7 ¢ -0.87898
" F~2/ o F=6. . ~0.89889
¢ . Fe2/ n " F5 . -0.90009 :
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Solution
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F4
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L)
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F-1
‘F-2
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F-6
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CFe

0.005 00
0.01000
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© 0.02000
0.03000
0.04000
0.05000

CFe

A

0.00500
0.01000
0.01500
0.02000
0.03000
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. 0,05000
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My Cotwremby M . -0 % - .
Sy T Rdg (P8 ) pory, st " Iperg (ops)
0.99500 8936 - 930 186000
0.99000 16919 1825 182500
0.98500 23984 2710 180666
0.98000 30590 3595 179750
0.97000 43300 5478 182600
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0.95000 63378 9160 + 183200
. A - .
. . .
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/
— . \ ‘ o
g,:;;'( ps) ngck oals _ Abs. error 4 error
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2710 '0.01485 0.00015 L0
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4e2eda2 ” . EFFSCT_OF AL AND N ON Te
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A S meas !
Solution Cp - ) Cyq Cy . IFeKu(CpS.)IFeKd (cpg).
) . \ , .
FA-1 0.02000 0.00000 ©.98000 30745 31308 »
. FA-2 '0.02000 0.01000," 0.97000 30221 30774
FA-3 ©.02000  0,01500 0.96500 27384 30451 .
FA+4 - . 0.02000 0,02000," 0.96000 ~ 29747 30291 v
' FA-5° 0.02000  0.02500 0.95500 23487 30027 . ;
. ' - ,
FA-6 . 0.01828 0.02742 0.95430 27324 27824 '
N ' ’ ' ' J
) #* o -0 !
: o — :
: ++ Olpgp r
(b) _ :
Solution FA-1/Soluiion FA-6 . =0,72210 ‘
" FA-l) v FASS T ~0.62177 .
w " FA-l/ " - FA-4 . -0.70323 !
" FA-2/, FA-6 -0.80477 —---(Re ject)
"’ hd l"'A--?./ - Rl FA_S - _0.732Q7 ' I
" FA-3/ S FA-6 r —o.§366934----(1ie3e9t) ;
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0.02000 0.01500 0.96500 30451
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0.01828 0.02742 0.95420 27824

r—

(c) A )
) Solutn':on CFe cAl
. ' F‘A‘—l
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O FA-3.
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- ~ N _
‘ *
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¢ 14
N
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Solution CFe
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"'\ " FA-6
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-y NI

c
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/
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.
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ICorr(cf)S)cBack pals

FeKoy o -
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. 373, 0.0199%
3664, . 0.0139%
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3668 0.01997
3371 0.01835

155
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FeKat FeKoy
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EFFECT _OF

g Gl _AND. M
- (a) . L. v
= : ' .. meas . .
‘\ Sqlutlon (.’FB . cql CM IFGKOL( ops IFeKo( (cp's ) .
) L. ° ’\ ' . b4 ) N
o &}: . . T '\ °
. }, FCl-1 -~ 0.01000 0;'00006 0.99000 ; 14395 16700 ‘ 0
FCl=2 ~-. 0.01000 +0.02158 0.96842 13743 13999 . |
: FCl-3 ~ 0.01000 0.04316 0.j4684 11818 12093 5
- © FCl-4 0.01000  0.06474 0.32526 10387- - 10580 ° §
o " . PCl-5 0.01000 0.08632 0.90368 9231 9464 :
. FCl-6 0.01800  0.10790  0.88210 8359 8514 k
a‘ N — LN ‘ ;
‘ A q . . .
Ebl . SRR . PeCl - \. |
“ solution FCl-1/Solution FCl—6 0.066321 R
. mo FCl-1/ TR T Bel-5, .0.060541 -
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N-2 0.02000 8255 *  0.02009 . 0.000C). 0.45 -
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NA-2  0,02000 0.,01000 D.97000 81135
NA-3"  0.02000 0.01500 “0.96500 80820
NA-4  0.02000 0.02000 0.)6000 80461
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. : NiKgy
S , std. devn,
A
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o _..forr. Back cal.
Solution- Cp. ‘ I NiKoy (cpsg )CNi W -
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. BFFECT OF €1 “AND ‘M Ol  Ni

f

(a . . ;
% \ Solution G c c e (%S) > 7
Moo, C; M Tviko ik T |

NC1-1 o.plooo o.qooqo  0.99000 44017 44457 ’ G ‘ *t

NC1-2  0.01000 0.02158 0.96842 37316 37689 . IR
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. meas My °
.Solutjon cCu' » Ccl - C.M ICuX@ ICL}KO{ ‘ |
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e _ : cCl-2.  0.01000 0.02158 0.96842 34692 34952 Ne
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In an effort to improve the accuracy-;)f the Lachance—
: Traill correction coefficients, Claisse ané Qui;lti;xll modified
' ’ ‘the'L—T' equation to‘. take ixiﬂ;o consideration the polychromaticity
. ‘of’i,he primary ra(giati‘on;~beam.‘ - By considéringo th? total‘f}uoresc-

- [

-

ent intensity tas the sum.of the intensities for each wavelength,
they obtained a summation for the L:T eqtiation. oTheir, geﬁeral

' ' 1 \ .
equation is similar to the L-T equation, e&cept faor the inclusion
: ' =
- of higher-order terms. They also conducted EXperimental inves-—
) . g \ . s
w tigations aimgd at pr'o:/ing the gxistence of these high—order terms,

and estimgting their magnitude in binary mixtures involving the 4 .
* ' . x s ’
oxides of iron, nickel and chromium. In this systenm, the'single '

correction coeflicient chB qf the L-T system=for.a binary mixture

[

is given by:- u
2 ’ ) ) . -,’ ] '\‘
. P
. o . _ . .
- e 3oy ' (n=1) .~ 2
o - = %8 * %% *oepe% Tt v * 95 ..n8%B (260~ ~»
. ' N )
‘ ' . ;’. . 4 R E * ’ )
* - * . \d .

They found that only. the secopd:order term B ig significant,

,and that it is particularly signifigant wh%ro ?nhanoement effects

»

¢ .
. are involved, Therefore, .the L-T eaquation may) be rewritten as:-
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o : In ternary system, an additional corre®tion term has been ° ,
. ! ) . . 2 ’ o
S » . o N .
- propoced in order to take'into account the effect of a third element’
. . ’ & . .
- . > 2 N .
on the second. This involves the bnroduct ~CBCC in the Claisse- -
vand Quintin equationz— : .
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"% . Consider Lquation (5)\{3? a binary systemsi~ = - A L
. ' L . ~ N
- i y . L - ® . . . ..
¢ - \\:\\ ‘ .- g . Lo ‘
- ' I e / R ’

- _— AN -t
— ﬁ" — L/l s (29) . T~
L+ Oplug/u, = 1) S
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‘ withe Koo = @g/u, - 7, T
. e, o S Lo . ' -y il s
XN ' _fiquation cen-.be rewritten as:- . Ca

. > S .

N h
. 1 - .l . . N ° [ .
. R &= = - S J . (30) , -
. «1 + (Kj - 1)¢c ) . n ' :
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. b - .
is large tha¥ unity the lower curve on, Figure A N

3 ~ + .

"is obtained, ang we speak of»a'pos%iiveégbsorption effeot’of B _ X

.. ¥ ) . " Er . . -

on A, and if Ky is less thgn unity we ge} the upper curve and;' -
: ‘ . SRS el

happens by chance .-
' ®

speék of a négétive'absorbtioh-effeEE: i EN -KB
' R -~ 2 N . .
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dnd we haye . .

- po,ﬁe ééuai to unity theye‘is dq‘absorption-effect,
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. . -Each. parttcular value of K sdetermines a certain curve
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which is an arc of a hyperbola.; Conversely, it is-sufficiednt . - -~
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. " * . which is a most wseful relation. ' For instancej if ome of the ' v
~ . o 8 : : - . ’ . ]
. ~ oo . . i . w o2, _
. _ curves is distorted for some reason, then the curve is no. longer *
v - - . ' ’ . . ' .o ’
. .t . ) g N ‘A 8
an hyperbola and ifs. K is no -1onger a constant!. ‘* However, . N
. ] > ' 1L v
. v v N - [ . . - .
BEquation (31) enables us to calculate K for any point on %he e
| - . . S ‘ ) - . L )
/. curve, and this to characterize the.distortion of the curve by the =~ . -
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P - Tertian < has carried out some interelemént coefficient ,
, applications to 'the analysis of metal alloys. The follewing - .
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