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ABSTRACT

pnvm.om'r OF THEQRETICAL AND .EMPIRICAL
AND ‘INTER-ELEMENT CORRECTION co%rn
X~-RAY SPECTRO-
METAL AND MINERAL

oL _ The objective of this thegls I fs to devélop a modified ,
iachance-Traill approaqh 'in the x-ray fluorescent spectro—.

,Chemical analysis ;% multi-component systems,

The atudy'involves the experimental determiﬁ;tion of
matrix and inter-element correction coefficients from aque- K
ous solution media using binary element systems. Theoret- ,

.. 'ical X=coefficients are also evaluated using intensities
calcqlated from the fundamen@a; XRF intensity eéuat;ons.,

| Correlations between the experimental and the theoretical
coefficients are then established to show the validity and
etfectiveness of the approach. A data base of & -coeffi-

clents is thus established fog*;;;*ih the analysia of multi-

',component systems. '

The method is then applied to the study of several
metal and mineral sys%ems. The effectiveness of the proce=-.

L
r
-

dure in the analysis of comples systems is shown. o | .
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Thegincreasing need for.routine'aﬁalysis of multicompo-
nent systems, such as alloys, minerals, etc., in analytical
chemlstry has preferred the use\eg instrumental techniques

over the c1a351cal wet chemioal procedures. Instruments with

. the capabilities of analyzing numerous elements either
eequentially or simultaneously allow a large number of ;gmplee -

to be processed in. the minimum amount of time with veryf .

little loss in precision and accuracy. |

One of the most powerful tools of the analytical chemist
is x-ray fl&orescence speotrometry because of the 'lae range
of elements that ca be determined and the' fact that for
almost any type of sample both liquid or solid specimens
oyn be used with a minimum of preparation. The ma jor dise-,

advantage, horever, is the existence of certain absorption=-

\7enhancement contributions ;hich complicate the analyte

intenaity-concentration relationship. The measured X-ray
intensitiee, becauee of these effects are usually found to
vary with the concentration of the analyte element in a non-
linear tashion. This can be' attributed to the fact that the
1otensities of the fluoresceﬁl X-rays produced uitpin the
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-specimen depend on the mass fractions of the elements in T

the specimen and the relationship of their mass absorption ol

.
e e Them
e A= A AR ST

[P d ' od
I

coefficients for the primary radiation. Similarly, absorp-
tion of fluorescent radiation within the specimen’depends

on the/éass absorption'coerficieqts for the fiupreécent -
i ' | radiation((l). PThe various ‘types of effects which can occur

are shown in Figurﬁ)l. If the absorption coefficients of the
specimen for the primary aﬂd fluorescent X=rays are nearly
constant over the same range of concentration, a8 linear
relationship exists as shown by curve (a). If absorption

by -the gpecimen, of either the primary or the fluorqscent
radiathh, or both, is greater tﬁan thaﬁ of the an;lyte,' : R
the measured relativé intensity is below that given by the

g T © linear relationship and is shown by curve (b), This effect

: is referred to as foéit;ve absorpfion..lf ihe specimen 1
P - . absorbs‘the primary or the fluorescept radiation or both : ]
‘ . . less than does Mhe analyte element, an -absorption effect

in the opposite sense usually occurs as in&icated by curve

(c). This is referred to as nqgatiye absorption. Finally,

there is the possibility of fluorescénce following the ‘ _
absOQ%tion‘By the analyte elemqpt of a characteristic thaygh;%

radiétibn from one of the other eslements Ppesent in the ‘

specimen. This‘pbaaibiliiy,sindicated by curve (d) is asso= - -

“

ciated with an enhancement effect. Accordingly, there are
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Figute 1 1~ INTER-ELEMENT EFFECT SYSTEMS
(a) Linear Cali_brgtioh Curve’
, (o) Positive‘Absorption
. (c) Negative Absorption *
(d) .Enhancement Effect: ~
*  (ref. 93) |
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" present due to absorption of the incident x-radiation, and

two major contributors which are responsible for inter-
element effects: firstly,mabsorﬁtion and secondly, en-
hancement, If a specimen consists of two elements, A and B, g

in which A is ‘the analﬁte and B‘e coexisting interfering

‘element, a "pure" abgorpti%n will occur if the absofption

edge of B is on the long wavelength side of the absorp-

"tion edge of A. In contrast, enhancement will occur if the
absorption edge of B lies on the short wavelength side. of

the absorption edge of A, and as such the x-ray lines of B,
in addition to the primary incident x-rays, can also excite
the analyte lines under certiin con&itions provided the

absorption edge of A is greater than the x-ray lines. of B
being consldered. However, in the case of enhancement, an

absorption effectlcoexiete in varying;ﬁegrees (2).

1.2 Thedretical

. le241 Theoretical derivations of the Inteneity—
: Concentration relationship

Extensive studles haee been carrled out on the deriv-

ation of theofetical'relatioqsﬁips for the calculation of

fluorescent x-ray intensities ( 3,4,5,6,8 ). In all basee,_
quations have been presented for the primary fluorescent
x-ray intensity which arises from the excitation of elements

N

i - I
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the secondary fluorescent xX=-ray intensity which is due to

the enhancement efi‘ec% observed when element(s) can be

-excitedfby the fluorescent x-rays emitted from'coexisting

element(s).'Sherman (4,5) and Fujino and Shiraiwa (6)

consgider a further effedt, the tertiary‘flﬁorescent‘x-ray

[ d R N
intensity, which is due to the secondary fluorescent X=rays.

It has been shown that tne primary and secondarylfluor-
escent'x-ray intensities contribute the major part of the
overall intensity (6). Accordingly, the tertiary fluores-

-cent intensity contribution becomes negligible. In view of

this, discussion will be restricted to the primary and sec-.

ondary fluorescent x-ray intensity equations, using the

formulations of Fujino and Shiraiwa (6) with some modifica~ -
' <

tions in notation., J . o

The primary fluorescent x-ray 1ntensity for an analyte

element A can be represented as Equation l, and the sec-

) ondary fluorescent x-ray intensity produced by other e;e-

ments present capable of enhancing the anelyte'n,\oan ie
represented by Equation 2. ‘ ' '

Two important parameters appearing Ln Equations 1 and
2 involved 1n the calculation of the efficlency of the

fluorescent x-ray production from an element are the fluore

escent yleld (W) and the absorption-edge jump ratio (/).

S ot b RS 5
\

A e et S B A e,
a

TEN P4 St i s e = -
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EQUATION 1 ;
< /‘ s ”
4 .
, s Primdry Fluorescent x-ray I ntensity : . e )
) ) ' : A’ ]
> 2 .
o ed e ., . P . .
, g PR @ ,
_ Ca wM T (k) e
N S I4A) = — “a“nPp - A
. - sin(¥). mpMesc (@) + apMese(y) o |
2 “ . . [y . , R
AO . N N « -
“ P L4
whare : '
‘ }‘A : wavelength of abaorption etige ot the analyte
.‘ ' edge ' element i
\: ’ “. M . : minimum wavelength of the incident priuary beam
N }5 : hngle of incidence of primary beam
CRIN 4 : angle of’emergence of emitted x-rays
I,(A\) : intensity of incident x-rays of continuum
I1(A) : intensity of primary fluorssceant x-rays of analyte
""" weight fraction of clement A
¢ fluorascent yield of ele:nent AT i
4 ~

. Intensity fraction of P-line, in the cha.raccc-z.stic

Ca

“A

KA " ¢ abgorption jump of elament A -

Ré x-ray serioes which P-line belongs to

/AA()\) . :{:22 1a‘.bim:pt;:.cm coefficient of ‘alement A at qave-
b .
(\) : mac of olement A at analyte wavelength 7\ y

\. - :
am{A) = C MO\ which repreaents the mac for the ) )
/“rr‘ ' g .specimen at the wavelength X )
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EQUATTON 2 .
/
. /
Secondary Fluorascent x- rcv Irﬁcens;t’y : ‘
: edg : ’
Zsm(‘i’) m()‘)csc(ﬂ) +,um Yese(Y) P
3 ‘/ ‘
y ) . o
L) SN dx oo e . .

where :
1
.u.m( AA) ¢sc(¥)

]
“a(Mesc()

A ()A) esc)
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The fluorescent yield represents the probaﬁility of the
exclited state to result in the emission of .fluorescent
radlation. The absorption-edge Jump ratio represents a
measurezof that portion of the total absorbed x-radiation
that is absorbed by a specified atomic energy level (9,10).
Diagrams of these values versus the atomic number of the

analyte element are shown in Figures 2 and 3 (9) It can

be concluded from these that the fluorescent yield is a.
major limitation of sensitivity. : L .

These equations have been derived under certain as-
sumptio@s regafding the geometry of tﬁe x—ra& beams, spec-
imen, and physieal constants (3,4,6). It is assumed that
“the specimen is homogeneous in nature, with a flat surface
and of infinite thickness. Since the peﬁe?rating distance
of x-rajs'in a sample is usuaily less than about 0.1 mm,é
this criteria can Be easily met. Regarding the geometry of
the incident and emergent x-ray beams, an. assumption that /
tpe.incident X-rays are parallel ie.a;so made.

Another factor which has been considered negligible

‘18 gcattering absorption. Ebel et al. (11,12,13,14)- have

shown through theoretical calculations that,for bulk samples,
 less than 1% of the total fluorescent x-ray intensity is
due to scattering, Whereas for thin £1ilm samples, as much
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The fluorescent yield (W ) varies with the atomic
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11.
as a 30% contribution occurs. Accordingly, for bulk samples,
the assumption would yield little error. Scatter, however,
can be significant, especially for the lighter elements.

»

. The derived equations for the primary and secondary
x-ray intensities are in agreement with other authors. How-
ever, they differ from Sherman's derivation by a normalizing

* factor (6).

A}

l.2.2 - Application of the theoretical equations
to the calculation of x-ray intensities

The validity of these derived equations has been shown -
by comparison of measured experimental intensities‘witg‘ F
those theoretically caléulated. Gillam and Heal (3), using
molybdenum Kx monochroma£ic x-rays for the incident beam
and an alloy consisting'or 80% iron and 20% nickel, found
that the secondary fluorescent x-ray intensity contribution
for iron was as much as 10% of the total intensity. Sherman

(5) under the assumption of a monochromatic beam ﬁas com=

_pared intensities for bilnary and tertiary systems of vari- -

ous oxide mixturesqand found gpod agreement with the experi-
m;ntal results. Fujino and Shiraiwa\(G) acknowledge the
simplification used by Sherman (5) ﬁut question the exis-l
tence of such a wavelength. They‘perform their célculation
using a polychromatic incident x-ray beam where the intensity

.,
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distribution of the continuous X-rays emitted‘frbm a massive

. target is theoretically calculated uging Kramer's formulae

(6). Extensive calculations were .performed on nickel-iron,

" iron-chromium binary alloys and nickel-iron—cﬁromium alloys

over a wide range of coﬂcentratioﬂs.‘Effors ranging less

than 1% between experimental and theoretical data have

been attributed to inaccuracies of the physical constants

and the intensity distribution of the x~ray continuum, An-
‘ ‘ - o
other ‘source of error could be attributed to the effect of

neglecting the minor components present in the true samples

" ( ie, Cu, Mn, C, Si ) in their calculations (6,7). Their
rigorous treatment also included calculations for the:terti=-

ary fluorescent effects preseng'Whioh;proved to\oe ingigni fe
icant compared to the primary and 3econo§ry intensity con-
tributions. Tertian'(155 has commented on ohe'factlfhat
numerous’ authors have used the nickel-iron~chromium alloyo
extensively as‘:examples for comparison. These alloys are
dense and .comparatively restricted in ﬁhture as far as §
atomic number and cohcantration ranges aro coocerned, so'
that such examples tend to glve a particular and not a
general picture of the situation. Pertian (15,16) performed’
calculations on binary mixtures of rare -earth oxidee using
the basic equations for the ﬁrimary{and secondary fluores=-

. cent X-ray intensities,and using ‘both monochromatic and

]
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polychromatic incident x-rays. iﬂi.iller‘ (&)'.caicﬁie.t:d ‘the
S ,intensitiee‘for severial two-component mixtures‘of rare earth
oxidesfis finctions of the concentration without talding ‘into

L . account -inter-element excitation and compared the results

. with experimental data in order to establish the magnitude

of the secondary fluorescetﬂ,t x-ra,y intensity. : The magnitude

of the inter-element excitafion depended upon the wave- ;
length of the radiation of -the associated elements in
relationship to the abéorption edge of the element that was y
being excited. Inter-element excitation was' fonnd to be neg- ’
ngj.‘élq~'hen the radiation of the associated element Was far

~ away from the absorption edge:, When the rad:;at‘ion is“cloae

‘ to the absorption edge, lfowevef t};e a:ssociated element'm

cause an increase in the fluorescent intensity of the other

.element of as much as 10% to 30%. Th’e ma jor. portion of the ' . .

ﬂuoreacent radiation is produced by the primary incident
x-radiation. Inter-elemental excitation is sometimes of °
m:tnor importence so that the absorption coefﬁcients all%w/
onf_‘ to egt:Lmate the magnitude of -fluorescence caused by ‘the
o aseociated eielient. Miller (17) also brings up the question .
of an effective 'avelength referred to as+a welghted average
, wavel/ength and its usefulness in s:!.mplifying calculations
* with Equation 1. Hention is also made of the variation of '
' “this wavelength with t&‘e concentration of the analyte in the

\
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Both Miiller (8,17) and Tertian (15 16) use data for
the gpectral distribution. of the prima.ry x-ray continuum
which have been published "(18,20) or experimental data .
collected in their laboratories. , S S

aE

1.2.3 The concept of an effective wavelength .

4

The existence of an effective wavelength has cansed 4
much confusion in - the litera.ture ag to its validity and

.' par'ticularly its usefulness. ¥

' \J

The true effective wavelength was firstly recognized
“ K'alman and Heller (21) who applied the mean value theerem
. s of integral calculus. The theorem states tHat for a function
y = f(x}, which is continuous over the closed interval | ‘
a <{x<band possesses an anti—derivﬁtive in the open intep-

\ val a<x<{b for each x, there exists at least one number c

>
h AT

R R N

~ =~ .

B el B

between a and b such that-

b . ‘ S .
j g(x)edax = (b -a) £(c) (3)
‘a o . . .

2

where f(c) is the av'erage value of the integrand (Ez) This
concept was subsequently used by Pluchery. (23): Fujino and
Shiratwa (6), Evel ot 971\5 (2,25), Miller (8,17) and Sherman
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In Sherman's original calculatione (4, 1t was sug~

gested that a wavelength corresponding to the wavelength
t

of the characteristic pﬁfs of the x-ray tube target,.

‘usua.lly KX or L X , would contribute the greatest amount
to the ekcitation, and that tne monochromatic wavelengtli.

| satisfy:.ng the effective wavelength concept should lie in’

this region. In a 1ater pub]_'i.cation (5) the author acknowl-
edges the ex:i.stence of - a, mean wavelength derived from the
mean value theorem, and %tates that. it should va.ry with the \
composition of the _specimen and the incident radiation. - .
Lerouer, Mahmud and Davey (26) undertook stud;i.esl to
show the eﬁetence of an er:ective wavelengthaehrough exper-.
iment. They epplied the .mean value thﬂeerem to derive an. '
average wavelength ¢ A\ -ave ) for which the weight distrib-
ution 1B equal on elther side of the orcu.nate, which coin-
cldes with the average wavelength ‘of the idealized pr:l.mary
beam converted :Lnto fludrescent radiation. However, the
spectral ,dietribution‘o,f any primary beam is more complex,
and the authors show that the most effective wavelemgth
might be guite differenbin value from 9\ -ave as calculated
for an idealized primary beanm. These calculations show that

the most effective wavelength’for s!the individual elements:
. , . , o

S s
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varigs f£om 6% to‘al% for elemehts of atomic number 50 -and
' 23 respectively. The significant effects of the‘exCitation
" potential of the tungsten anode and the modification of the
‘quality df the original primary beam by filtering out the L
lines*usipg nickel folls are also sho‘ﬁ. In the latter case

{

no agreement between the two were found., y

P

~ The study also points out thé fact that the weighted
average wavelength is appreciably shorter than the absorption
edge of the f;uorescent{elemept, although the fluorescence
is most effectively produced by wavelengths near the absorpf
tion edge. | ‘ :

- ' Since the average wavelength in the study is derived .
'frog the mass absorption coefficilents of a particular element
as a function of wavelength, and the effective wavelength 1is
derived from knowledge of the primary-beim as well as the
mass absorption coerficients for the element of interest, a

- possible source of error accounting for the found differeqées

may thus be explained. L.

Ll

. Fujino and Shiraiwa (6) also studied the exist;;:L of
~this true efﬂpctive wavelength by penforming a series of

rigorous calcylations with their theoretical model for dif=-
ferent binary systems ofﬁvarying composit;ons. The authors

also included treatment of secondary fluorescencé which
‘/ ; ] . . ‘ . -‘. * r
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_others have omitted. They arrived at the conclusion that
the true effective wavelength t\sde to vary significantly ~

with the composition of the specimen. However, it cdn be
shown that if the relative intené{@ies of.two al%ags of
differing composition are taken, one can obtain an apparent
effective wavelength which differs from the effective wave-
Jength and has less physical meaning. Their conclusions
show that since the frimary and-secondary fluorescent x-ray
contributions cannot be”distinguisyed experimentally, the
effective wavelength concept should be used for simplifi-

. 4
- ‘cation purposes in derivations and not for direct estimation

of the total fluorescent x-ray intensity. The approximation
becomes poorer by 1nclusion of the secondary fluorescent

effects.

Tertian (15,16) in a series of papers has also performed
these calculations and introduced several different concepts

for this effective wavelength. The author took into account
both primary and secondary effects and concluded that the
effective wavelength notion is unfounded and that selection

' of this wavelength is arbitrary. In certain cases the exis~

tegpe of more than one wavelength can algo be shoun. The
author further states that “¢he choice of this wavelength

ehbulé be made solely on-physical grounds and not mathemat-
ical ones. Subsequently Tertian defines two other wavelengths
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which can be used. These appear in Figure 4 along with a

Amean which corresponds to the mean value of the fluores-
cent Intensity distribution. In Figure‘u,f}"max,corresponds

to a maximum value on the Curve which is the most effective

q . .
wavelength in the spectrum with respect to its intensity

in the distribution,and fkmed corresponds to the one that
ieaves equal areas on both sides of the ‘ordinate (15,27).

Tertian also agrees with other authors as to.the varia-

tion of the effective wavelength with sample composition
under fixed excitation conditions. As such, this concept
offeréxlittle interest for analytical applications. Accord—
ingly, by using fused diluted samples to overcome the
matrix effects, he shows the exlstence of an effective wave-
length which would give the fluorescent intensity propor-
tional to the actual experimental measurements, and which he

L.

terms the analytically equivalent wavelength (15).

Stephenson (22) criticizes Tertian's (15) approach,

. “ noting his reluctance to recognize the work of other authors

by defining his own terminology and his denial of any phy-v

'sicél significanceﬂfor this wavelength. The author stresses.

the fact that the equations are derived on physical grounw;
and not pure pathematiés. Tertian (15) has also claimed that

_the works of several authors (6,7,25) tend to give a partic-

[
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.even more inaccurate since they involve measurements in a

. : — 20,

ular not general situation and were influenced by a lack of.
PR .

precise data about the spectral intensity distribution. How-

ever, Tertian's (15,16) examples are no improvement, espe-

clally since the parameters gised in these calculathions are

sﬁectral region where authors decline to give values for
bl ‘
data because of the tremendous uncertainties involved, A

g

last point is stressed which considers the possible pxié-
tence of more than one such an effective wavelength and

Tertian's (15,16) reluctance to mention this situation ;h

‘the chosen examples, Tertian (28) retaliates in a subsequent

paper with the derivation of several different approaches

to solving the mean value theorem.

In a more recent paper (27), the authors have repeated
“ ) .
the work of Fujino and Shiraiwa (6,7) using binary mixtures

of iron, chromium and nickel as dllute solid solutions to

" show the existence and applications of an equivalent wave-

i

length notion. Included are variations with composition,

instrumént geometry and derivations for the effects on

" influence coefficients used in inter-element corrections.

~Jernkins (29,30) gives a general procedure for the eval-
uation of the effective wavelength and has concluded that,
in practice, where the contributions from the characteristic

e

“

e
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'source lines are insignificant, it can be represented

roughly as two-thirds of the analyte absorption edge wave-
length ( ie. the two-thirds rule (31) ). However, if the
characteristic lines are significant these should be chosen.

b

Mencik (32) has taken a totally different approach to

this problam by suggesting the use of an effective mass .
absorption coefficient, The author shows that this concept

v

glves a better'agreement than the value defined bfxthe two-
thirds rule (25), because it can take into account the de-
tailed distribution of the values of the mass absorption
coefficient as a function of the wavelength of the primary
iyradiation,inclnding the absorption edges if there are

several.

t

-

In suﬁmary, the effective wavelength concept is useful
gince it allows a reduction of the integral equations for
the fluorescent x-ray 1ntensitieq,,ailowins simplificationé
yhich can be easily adaptad-in studies of 1ntef-element
effects. However, it must be stresged that confugio; in the
literature is éver present, and that a distinction between
the use of this concept fp} intensity calculation purposes,
or validity in simplification of Equations 1 and 2, should

be made,

L]
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1.3  Matrix and Inter-Element Correction Methods:

'

Correction for the non-linearity which occurs in Inten-
sity-Concentrétion curves .can be achieved by several tech-

niques comprising either an experimental or a mathematical .

approach. )

1.3.1 " The experimental approach

In the experimental methods a linear relation is ob-

',' tained by adjustment of the specimen compositlon. This can °

be achieved by succesive dilution of the specimen with an
inert matrix;which has the result of decreasing the, matrix
effects. The method of standard additions can then be used.
In this case increﬁbnfal additibné of the element of interest

are made in order to obtain a calibration curve., The method

/ proves useful for samples where little or inadequate infor-

mation as to the matrix composifion exists. Accordingly, no
standard reference materials are required, and would be of

little value due to the unknown nature of the specimen.

The technique is especially effeqtive in minor
constituent analysis where the concentrations are of the
order of less than 5% to 10% and where the,Intéﬁsity-Gon-
centration relationship is likely to remain_l;pear,in,the

region of additions for the analyte eiement.

N
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R Another method utilizes calibration'standarde. In this.

Imethod, it is important that the standards used be of similar .

composition to the«samplee to be analyzed. The physical na-
ture of the standards and unknowns must also be similar.

4

<' Linear calibration curves will usually be obtained for
thin films, minor and trace analytes in low atomicvnumber

 matrices and fusion discs. However, if non-linear curves-are

obtained an increase in the number of calibration standards
can be used. to obtain a more reliable set of data over the .

range of concentrations expected.

Another of the methods most ‘often used is the internal

standard technique. In this case, an internal standard ele=
ment is added to-the specimen which has excitation and absorp-

tion-enhancement characteristics similar tothat of the analyte
in' that particular matrix. The advantages are that it compen-
 sates for the absorption effects and instrumental drift,

when considering powders or bfiquets, partial compensation
for variations in density also occur. The disadvantages,
however, limit the usefulness of the technique, since such
samples as bulk solids, foils and metal parts can not be

. subjected to this method. Such considerations as mixing and

specimen homogeneity, limit the use to liquid specimens and

specimens wgich can be dissolved in acid or other solvents,

t
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or fused. This subsequept increase in ,sample preparation

time, as well as limiﬁatiohs as to the analyte concentrations .
possible, must also be considered. Although the method is

easily applied to one analyte in a multi-component system,

it becomes impracfical to uge for multiple aﬂalyteg. ' o

%

R )

1.3.2 The matbematical approach

The mathematicél approach to the’borreét;on of matrix
and intef-elehént effects consists of using the basic theo-
rgtical equations to develop simpler algorithms which cag.be
applied to experimental data. The established relations thus
developed depend on the use of empirical correction factors d
which must be evaluatéd from reference standards prigr to

analysis of the unknowns.

Two of the methods used in the mathematical approach
are the fundamental parameters method and the empirical
coefficients method. '

1e342.1 The fundamental parafi€ters approach’ N -

AN

Criss and Birks (19) were the first to introduce their
novel approach by simplifying the existing theoretical equ-

‘ations (4,6§ relating intensity to concentration through the
' use of the experimentally-determined spectral distribution

for a variety of x-ray tube targeés (20). Sinbe both Equ-

i
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ations 1 and 2 involyelintegral terms, their approach was ‘
to divide the spectral distribution of the incident x-ray
beam into a number of wavelength intervals (AN) with

corresponding intensities I{)\). Figure 5 illustrates the
- f technique using a tnngsten target tube. As such, the inte~

' © ' gral terms can be replaced by summations which simplify
~ the calculation (19). Equations l“and 2 can ‘then be repre-
} sented as Equation 4. Suitable parameters are found in the
; " literature andtnhe calculation is performed with reference
to a pure standard,

As noted by Sherman (4) inversion of the formulae to
show concéntration as explicit functions of the intensities
or intensity ratios is clearly impossible. Accordingly, Criss
and Birks (19) use an alternative method employing an iter-
ative procadqxg to determine the mass fractions. This in- l
volves making Buccesasively better estimates of the mass
fractions until the corresponding calculated relative inten-
sity agrees with the measured relative inteneity.

o ' In a reoent paper, the authors (33) have pointed out

' that the fundamental parameters expression has essentially
no reatriotion on the range of composition which cqn.be con=
sidered and requires only pure elemont standards, The dis-
advantages of these -approaches are that rather 1ange com=

L, T
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puter facilities are required which may not be at the dis~
pdeal of every 1aboratory. _Other factors which have .severely
limited .the utilization of the fundamental parameters ap-
proach are the inaccurdcies in the absorption coefficients,
;Zéorescent ylelds and primary spectral distributions, and
the attempts to_ eliminate all but pure element standards,
which has resulted in biased cdlculated compositions (33).

Criss and Birks (19) hafn_applied'the methodkio the
analysis of stainless steels and iron- and nickel-base alloys
with a 2% deviation from the iet chemical analysis. By
" using a different approach, employing a multi-component
standard, the authors (33) have obtained results for NBS
stainless steel standards and iron-nickel alloys that have
an average deviation of 1. 2%.relative for the major ‘constit-
uents ( e, ) 2e 5% by weight ) and for minor constituents
( ie. 0.5% to 2,5% by weight ) an average deviation of 1l.6%
relative, except for silicon which showed deviations as ; o
large as 70% relative. The use of a pure element standard
gives an a{erage bias of 3% relative for chromium and 2%
relative for nickel..This illustrates the unsuitability of
neing,pure element standards, The use of empirical methods
would reqﬁire~at least 10 to 30 well-characterized multi-

 component standards (l% depending on the range of compo-

eitiOnsdexpected and the form of the empirical coefficient o
: N [V [ !“‘
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. fundamental. parameters approach and describe in detail a

“ratio of intensities from

" published data for these rock standards (36).

determination of major and mimor, elements on fused geolog-

1ical’samples using calibration constants obtained from the

Y
a system that acﬁﬁunts for absorption and enhancement effects,

source and requires‘only one multi—component standard. This

29.
equations,

Gould and Bates (34) have used the Criss and Birks (19)

program set up for analysis using this technique.
Palme and Jagoutz (35) have used the method for the

—

sured standards to those theo-

reticaliy calculated, Tneir results agree strongly wi

\

]

Stephenson g%7) has modified the approach by deriving
is independent of the spectral distribution*of the X-ray

¢
was achieved through the use of the most efficient incident

f ’ : h
excitation energy for the element under consideration. This

energy, according to the authors, is slightly -greater than
the enqrgy of the absorption edge associated with the mea-
sured x-ray iine. The weight fractions of each element in

an unknown is then iteratively adjustedﬂnntil convergence"

occurse. Any diecrepancies between calculated and accepted

values havebeen attributed to the assumed value of the most’

7

efficient excitation energy for each element The authors
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performed analyses on certain giasses, rocks ayd metai\ai;-
loys with acceptable results.

_Ciccarelli (338) developed a program for quantitaiive”

. analysis by modifying Stephenson's approach (37) in order to

al;ov gene;al use on smaller computer systems. The effectiva
Iavelgngth was chosen as éhe one wavelengtn\which is less
than the absorption edge o('the measured 1line and capable of
maximum exditatién of that particular- line, Data is presented
for three NBS standards. y

Laguitton and tler (39) have developed a very flexi

" ble algorithm which prjvides the user uith-a choice _of dif-

ferent types of specim n to' be analyzed ( ie, bulk or thin
films ) as weIf'as a cholce of data output for the required
task performed. A major disadvantage lies in the necessity

of using a large computer system. However, the authors have

analyzed- thirty-six NBS standard f%?erence materials com=
prising iron-nickel, iron-chromium, nickel-chromium and -iron=-:
nickel—chromium alloys with excellent agreement with the ac=

&

»

.- Englund (40) bas extended the technique to cover the
tertiary effects and has tested this on a variety of stain-

:ldss<steels, tool steels and nickel base alloys. The author.

demonstrates the possibility of calibrating on materials

.
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different fropgthe samples' to be analyzed. In this study,

the importance of the tertiary effects are stressed, in

contrast to other authors,

Hawthorne and Gardner (41,42,43) in a series of arti-
cles have developed a Monte Carlo Simulation of the x~ray

fluoriscence process. -The method was verified for the nickel=-

" ivon-chromium systems of NBS standards.’It was found that

when tertiary effects are not accounted for, the analyses
resﬁlts obtained contaln more fhan 1% relative error in

‘twelve of flfteemydeterminations. When accouﬂted,for, the

analyées.results contained more than ¥% relative error in
only four of fifteen.determinations. However, in their study
a long source was used‘instead of the usual x-ray tubes,
This can therefore aécoun% for the contribution of the ter-

tiary effects which are as high as 5% in certain <:ases..”\J

134242 Thepempirical approoach

In general, empirical methods appearing in the liter-
ature are derived on the following assumptions.

a) The specimen is homogeneous, flat and infinitely
thick

b) The primary x-radiation is monochromatic or a mono-
chromatic beam has the same effects as the actual
polychromatic primary spectrum for all specimen
compogitions of interest.

~ - ‘
¢) The enhancement effects have the Same effect as

e,
?
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¥

low matrix absorption and can be regardéd as a
negative absorption. '

Rasberry and Heinrich (1) ha?e examined twelve formulae

’which have apéeared in the literatﬁre which are quite dif-
‘fqrent in appearance, However, they have shown that most of
these are equivalent to several distinct forms which can-b;
~obtained by maphematicgl ﬁrans{ormation based on certain
basic assumptions aﬁqut the systenms ﬁhder exam%ﬁation.‘Such
factors as equalling the sums of f@e“mass fractions present
to unity and modification of the correction-terms to.a p L
ticular st#ndard method of representation have been consid-
ered. Iﬁdividuél derivations of most of the empirical formu-
lations appearing in the literature have been summarized in
texts by.Miller (10), Bertin (9), Jenkins (30), Birks (18)
and Liebhavsky (l4).

‘Beattie and Brissey (45) developed regreséion equations
which can be represented by Equation 5 of Table 1. The main
difference is theﬁr derivation of the ratio, RA’ wh%gh.is the
inverse of the notation used in Table 1.

~e
Egugfipn's has been used to evaluate correction coeffi-
cients from experiﬁental data .on Sinaryﬁmixtures.~The COr'=
responding correction coefficients appear as the ferm (48
which repreéénts the effect of element B on the analyte A.
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TABLZE 1

a) General Regression : (refére?ce 45) .
Cp /Ry =‘ZO(ABCB : - (5)
b) Lachance-Traill :'Sreferences 48, 50,51f ‘
.~ Cy /R, =g1+Z - (6)
| | 575 AB )
¢) Claisse-Quintin : (reference 53)
c, /R, = 1 +2; 0( .2 +
A A B#A ABB’B
Z}_{AO( ApcCeCe L (7)

d) Rasberry-Heinrich (reference 1)

C, /R, = ZO(C-I-Z ﬁABB 0(8)

A AD B#A Ca

e) Tertian : (refeances 57,58,59,60, 61)

c /R‘ = ZO(C + G ®
’ A A B#A ABAB .
2 o ( 1 \) L (9)
. 1+€,
.o ‘.'h . ’
<

o

=
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Sherman ﬁsed a gimilar approach/ (46) and obtained a
set of linear equatiom{ from his earlier theoretical equ-

ations.

Surnham, Hower and Jones (47) have elaborated regres-
slon equations for a three-co ponent system based on
Shema.ty's equations (46). The cqrrection coefficient X,q
was calculated from a series of éﬁhtaneous equhtiohs for
each angl};te using the regression Equatlon 5 set %p for

h several calibration reference standards. Once the coeffi-

-
——

clents have been determined an unknown sample can be ana-

lyzed by the ‘following form of Equation 5: g
(R%am10Cy + Ry Xypply + By¥yeCp = O
Rp’gg Oy * (RgXpp-1)Cp + RfXpeCq = O (58)
; . (5a
? © RXa ot Re¥eply  * (RePelCo = O
{ L % & =1

where 'Ri represents the ratio of the measured analyté i
intensity to that of the pure element i standard, C, rep- o
; , resents the weight fraction of the element i present and '

X, the correction coefficient.

P - When the system is used as an approximation, (ie. when

. RS lesiduai or additional eleme;its are present or the incident

A

] L i
eam is polychromatic), it becomes over-determined and there
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6 1

:is.a choice of which equation to omit (47). Beattie and . !

| Brissey (45) and Lachance and Traiil (48) have concluded c k
that the most desirable solution can be obtained by elim- 3
inating the equation that cohtained.fhe most abundant ele-

gt e v % =

Burnham et al. went one st’ep further and used an iter-
_ative procedure to obtain more reliable results. The authors -
" also developed‘a much simfler éraphical method of analysis

for the three-component system which eliminates-the problem
encountered in the regression equations (47).

Marti (49), Birks (19) and Miller (17) applied similar
methods'in analyzing stainless steels. Marti (49) uses stan-
dards to establish calibration cnrvés.'Ihe equations assume
the following form:

Iin aGA'*UA: IA (O(AACA ’(XABCB

R

X ,cCo * ced)

Iy = B0y + Up = Ig (XpyCy '+ Xpplp * ‘0<Bc°Jc" vee) -
It = oCp + Ug = Ig (XgyCy *+ Xgglp, + Kgelp * oo o]
la Gy 4% CB + 0 Cg* o)
(5b)

whe e Ii and Il’refer to the measured and corrected inten-
sifies respectively§ a,b,c are the coefficients of the slope

.for the corrected calibration curves; Ui refers to the back- .

ground of the corrected calibration curves; C(ii represents

-

P~ o . o
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the influence coeffic:.ez;ts and Ci .::’he veight fractions of
the element 1 in the specimen. The author further simpli'fies
the system by éssuming that the influence of iron c;n the
individual elements present is unity. The influence coeffi-
clents are determined and correlations between the c'oeffi:-'
cients and atomic number of the inferf‘ering' element, as well

as the mass absorption,are noted. Hovew}ar,/ a lack of cox;-

relation :Ls. evident, ' . i

Lachance and Traill (48,50,51) introduced a new ap=-
proach which differs from previous ones by eliminating the
analyte concentration term which'appeared in the denomi- .

nator formerly. The new equation takes thé form of Equation

6 in Table 1. The advantages are not apparent for binary

systems but, as noted by Beattie and Brissey (45), when using

multi-component systems there are n.2 ways to solve the equ-

ations (ie. n refers to the number of elements present in

the sample), each gd.vi;zg a different set of solutions, since
the equations are based on a rough assumption and the coef-
ficients are empirical. The result is a set of inconsistent
equations. One so’J.ut:Lon previou/sly suggesta&' was to omit

the equation for the most abundant element. These limitations
are not present in Equation 6 which allovs a complete and
unique solut:!.on for the unknowns in a set of linear equat:l.ons

(48) .

.
~ (/ o
. ‘ s
. .
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" terms and the cross-products.-

‘ ‘ ) ‘\. 37. Ral

The authors compare numerous equations found in the
literature and derive the corresponding CKAB)ternlfor sach
gystem for comparisnn purposes. /

The authors (52) have applied Equation 6 in the analy-
sis of multi-component systems consisting of at least nine -
elements and have shown the advantages of the method, In-
fluence coefficients are given and a. strong correlation

between the coefficients and theory exists indicating a

-
4 s 515, T ek e = o i 7

physical significance unlike.those'previouslf determined.

‘Claisse and Quintin (53) have modified Equation 6 to

compensate for inadequate assumptions made in the derivation.

€

When O =factdrs are determlnéd by regression analysis of
data from standard samples it is found that the expression
may not adequately compensate for the enhancement and third
element effects whene a wide range of soncentrations are -

covered,

The assumption of a polychromatic beam behaving as a
monochromatic one introduces other uncertainties such asthat
the (X «coefficients should be constanﬁ Equation 7 of Table
1lis similar to the original Equation 6 except for the higher

A major disadvantage of this method lies in the diffi-

culty in obtaining the correction coefficients experimentally

1
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very large.

" cients AR 2nd CKABB are necessary and that most of the
O(ABC coefficients are negligiblée. Accordingly, this simpli-

than the precision and accuracy of  analytical measurements

because the required number of standards required becomes
B

The authors (54) develop a method of theoretically
evaluating the X ~coefficients from binary and ternary éomp—
_onent systems. This is the simplest and most practlcal ap-

proach slncegfor a binary system there are only two unknowns‘ )

A
\

Cp = Ry (1 + Kpop + X, pe)  (7a)

ABB™B

and in the case of a ternary sysfem there are fiye coeffi-

cients to be determined:

v+ X

+

C.=R(l+(XC+O(' ABBCB.

AB“B actc

2

X pocle” *Kimelel ) (7o)

They have als8 concluded that only the binary coeffi=-

fication reduces the minimum required standards to 2(n-1l).

- @ w ’
Lachance (55) has investigated the Claisse-Quintin
relation and has concluded that .the error to be expected
using a single coefficient 1s often negligible while the er- '

ror using the first and second order coefficients is less

encountered in normal laboratory practice. -

-
B .
L
’
¢
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form. When the predominant effect of elemént B on the analyte

’- e | 394

-

Rasberry: and Heinrich (1) propose a different type of
dorféction equation to take~eohancoment effects into consid-
eration ( Equation 8 ). The coefficients CK are used vhen
the significant effect of the element B on the analyte A is
absorption, in which case the corre-sponding 6 AB is equal to -//.'
zero. In this case, ‘the equation is of the Lachance-Traill [

A is enhancement the KgAB coefficients are ﬁsed with the s
corresﬁonding O<AB equal to zero. Inxoome cages where a con~
bination of effects occurs the use of both the X-and (3
coefficients may bo requirog-to adequately treat the inter-

@lement effects. However, the authors have never observed
L . l . e '
such a case. ard : L
e "‘—/ ' . v
/ " »

In contfast to the Lachance-Traill model, the proposed
algorithm for the secondary effects has no theoretical basis
and was derived from a best-fit to experimental data. This o
factor was also observed by Andrews (56).

-
3 -

LS

The { and 3 ~coetficients can be determined b§¥ two

 methods. One method uses a graphical approach where a plot

o

of (CA/RA) versus C, is constructed. Thé coefficient is
determined as the intercept as CA approaches zero. The sec=-

ond method uges a series of simultaneous qgnations set up./

from (n~-1) calibration standards. In solving for.unkno'nf'
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these equations do not permit a simple, explicit solﬂtion
_for the weight fractions and an iterative technique is nece

essary. ' , (

Tertian (57,58,59,60,61) has developed a formulation,

Equation 9, which makes allowances for variations in coef-
4

ficients and eﬁhancement effects. The former represented

" by the term ( X 5 * (3 45Cy ) in the equation for the in~

dividual coei‘ficients, and the latter by the term e for
the overall crossed-product effects which can be negligible
in many casgs when considering dilutedaaystems.

2

: -\\\

. Emphasis is laid on the‘experimental determination of
eorrection coefficients gnd cross-product effects. However,
due to its form,'application to multi-component systems
-must be very difficult. ‘

Recent work on inter-element corrections involves modi-

fications to the existing methoas.

Rasberry and Heinrich (62) proposed a delta adaptation
to their previous model. Tils involves calibration around
a single standard reference specimen.

They have found this technique useful in applications 3
where the samples are in a limited concentratign range and
less sensitive to errors-in correction coefficlents than the

\@
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‘general procedure,

D\ (CyR) = (Sy/R) = (O,

-

The. new systém can egsily ’Be-devel'op;ad as tollovsé '

A . . ~

(20) -

N N N b o . ‘ .
Vﬂhere the subscripts s and u denote standard and unknown
o

5 - ¥
©” ' respectively. Equation 8 can then be represented as:

A(cifﬂi) -Z O g A(ck) > GikA(
o Z c,

where the /\ in the summation terms iﬁgiipate differencsg"“ ‘

1+¢
()

_between the ts_’t:'andard and the unknowns.
&, N v
delta method in which Equation 7 is compared to one. reference
standard. The unknown samples in this technique are considered
as the standard with a slight change in composition. Accord=:
. ingly, the difference in x-ray mte;sity between the sample

h 4
and the reference standard for any element is related to the

‘ aniall difference :Lh concentration of the .element and to a

smgll differqnce :Ln gatrix effects, .
R . - \ o ‘ -
° Application of the above to Equation.7 and derin.:\.ng an

"—

a.dditional tom ror tho apparent concentration of A as folf- :

lowa:.~ v ST

- &

Claisse et al. (63,64) have also developed a differential

[




K
! B , 42,
; " - 3 I \ oo
| TRt (¢ S S .

A ) \
; . (’\ where * refers to the reference standard. Equation 7' can be

. ~ . represented in the 'following form:

. -~ * v
{’ ' - | N , CA = ciPP ( l + é éi‘Aci> ] (13)
. : iher'e \ EE - / ’«‘.

ANec, ¢, -c -
St N , (14) !
and . ‘
- \\ ) “ N
S . /4 N *Om “
-~ AB - ‘ (as)
Ty
D(AB B D<ABB°B S ,

L | " It can be seen that the & -coefﬁ.cient is dependent on

. the composltion of the standard as well as the’ ‘K -coetsis |

. clents. As snch, when a different standard :Ls uged the J -
coefficlents are calculated from the same set ole “coeffi-
- cienta and there is no need to redetermine these. "

s

The é -modif:l.cation of the claiaae-Quintin, La.chance-
Traill and Ruberry-neinr:l.ch rolat:l.onships are alao aval- N

’mted.
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*" Weight fractions in unknowns are solved through an

iterative procedure. -

Inter-element corx:ections can dlso be solved b& means
.@of multiple”regression employing first, second and higher V
order polynomials to obtain a best-fit o the calibration
curves. This technique was ai:plied by Alley and Meyers (65)
and\ Mitchell and Hopper (66). Such systems require a very
large number alibration standards and are useful in a
limited concentr)‘tion range. \W}':Lereas, in the previous sys-
tems, the correction coefficients have a physical signifi-
’-‘cance, these do not. Coefficidnts obtalned through the use of”
.,thesa polynomial equations do noﬂt represent the effects of

@

, one element on the other, '

L

All of the preaented models involved concentration cor=-
rection methocﬂ, in which the chemical composition is ex=-
pressed in terms of emitted X=ray :l.ntensity corrected for ‘
matrix or inter-element effects. A different category ine
cludes the intemnsity correction procedures developed by
Lucas-Tooth and Price (67) and Lucas-Tooth and Pyne (68).
Both models employ interferirig-element intensities for cor=-
rection purposes rs.thex: tha.n interfering-element concentra=

™ t:l.ons. This model can be ropresented by Equation 16.
\ .

~
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Since the interfering element -uteﬁsity is subject to
matrix effects, the intensity, correction method is applicable o
over a relatively small concentration range. The :Lnter-ele-

'ment correction coefﬁ.cients are almost impossible to calcu~-
late from first princg.ples. Thiele (69) used a simila.r ap-

. proach but corrected‘ the_a intensities for ,background counts.
{

14 o The Experimental. Application of Matrix and Inter-
Element Correction Methods

— ‘ - v

14,1 & - The choice ©of a mathematical model to apply

- | Discussion has been restricted to deta.iling the various ,
methods avdilable to the analyst. However, certain other - | .
factors must be explored before practical use'is made of any

. of these techniques. | ﬂ

The empirical methods have an advantage in that any
laboratory can easily aﬁply these without the high coat of
computers, especially it these are not readily available.
Another advantage :‘.a that the analyst need not concern hime -\

self with various parameters necessary in the theoretical
calculations which may be significantly different for the
equipment under use. Alfhgugﬁ gome of the parameters found R
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in the literatire are reliable, not.enough spectral data is.
avallable for the x-ray continuum if different Operatings
potentials and x-ray tubes are used as is the case in host
multi=~component ana}yses.

¥
Anothér important factor which must be.mentioned con=-

# .
cerns the specimen under analysis. No distinctions have been
made concerning the physical nature of the specimén except
that it should be flat, homogeneous and 1nfinitely thick.

-Since perfect adhesion to these rules rarely occurs, a speci-

men-type error may occur when comparing exyerimental data to
theoretical data, which 1s the basis of the fundamental para-

umetérs method., The use of empirical methods would most likely

minimize the errors since they would include any of the

experimental fluctuations which can occur, as well as those

.due to the nature of the specimen under analysis in a par-

ficular instrument,

' It can also be noted that extensive work has been de-
voted to the analysis of stainless steels using the funda-
mental parameters method. Most anthors have tested the method
for three elements (- ie. ironm, nickel and chromium )\Vhich
aref present in conaiderable amounts in these alloys and
have obtained excellent gesulta,which may not be the case |
with other alloys especially those containing conaiderable

amounts of low atomic numbered glements ( ie. aluminnm,

.




magnesiun and silicon ), It has also been shown, in certain
cases,that high deviations do occur for the low atomic num-
be: elements present (33) Several authors (35,37) have
applied the technique to geological samples with satisfac-
tory results.

°

" The ‘empirical methods can preve mofevflexible in the
long wavelength regions. Data can be collected over the
full x-ray»spectrum without the need of depending on uncer-
tainties n parameters which may exist at the extreme ends
‘of the wavelength span. However, other problems do occur

which affect data results in both cases at these extremes,

As one goes towards the longer wavelengths,. other fac=
tors such as absorption, scatter and low intensities are '
readily encountered,which cause lower sensitivities for these

elements.

\

In the case of empirical methdds, the physical nature h
" of the.specimen under anslysis affects the intensities
considerably at theee longer wavelengths,so‘that homo=~

geﬁeity as well as surface finish and particle slze becomes
critical. |
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e Lele2 " The choice of the Lachance-Traill approach -

for matrix and inter-element corrections
N f //
The criteria for choosing a correction model must con=

t

sider the ease of application of the technique as well as the

physical significghce of the method with respect to the true
inter-element effects.

Mﬁltipie regré;sion h;; been extensively used. However,
thé correction_goefficients obtained'do not necessarily yleld
the true effecté of one ei;ment on an other but a statistical
best fit to the data is provided. Accordingly, the individual
coefficients are useless for other systems except the one

used to obtain them,

If the method under investigation does yield goeffie
clents which do represent the true erfects of one element on

an other, a data base. of correction coefficients could be

: - " »
established and used for a varlety of analyses.

)

4

Any one of the previous techniques considered could be, .

used, however, it can be seen that most of these have been

derived as extensions of the Lachance-TrailL‘approach (48,

,§9,51) In viev of this, the Lachance-Traill model appears .

to be the aimplest 7érmulation to apply. ‘ \

The argument which exists in ‘the literature and accounts
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for the various modifications arises from the 1nade§ua€é

assumptions used in the derivation of the equationm. Sinceé
the primary x-ray beam is polychromatic and not monochrom;
atic, the question arises if the method is capable of. pro-

viding adequate correction for enhaﬁcementqéffects.

Although enhancement effects have been found not to be
linearly additive in the.same manner as absorption effects,
Teftian (57)‘has nevertheless indicated that, under condi-
tions of polychromatic excitation the two effects behave

';n a similar manner. ' ~ }

Both Tertian (57) and Lachance (55) have shown, as a
conse;uence of the polychromatic nature of the primary x-
ray beam, the correction coefficients ére‘notpcongtant as
assumed, bu} tend to vary over a wide range of concentra-

tions., : .
~( I ' ’
On the basis of these afguments,\variouq authorsiyhave
modifie& the apﬁroach to take the'inadequate’assumpfions
into éonside:ation. Rasberry and Heinrich (1) ha;e ad&ed
an extra term to account for enhancement effects, whereas
Claisse and Quintin (53) have taken the polychromatic na=-
ture of the primary .incident x-radiation into congideration
by using higher order coefficients. However, the evaluation

of these models becomes more complex because of the larger

e ot

T
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number of standards requitred.

Accordingly, the simpler Lachance-Traill model. could .
be s&tisfactorily used if several assumptions are consid- .
ered:

a) If the concentration range is restricted to a |
particular level, the correction coefficients can
be considered constant.

b) The correction coefficients should be determined
experimentally under such conditions.

<

¢). The enhancement effect is additive and therefore
" the experimental data should take this into cone
, glderation, as well as the absorption effects.

1403 ‘The avallability of correction coefficients.

Correction coefficients{are affected by various factors

'such as instrumental geometry and type of X-ray tube target

used’ Although Lachance (55) has found the effects of instru-
mental geometry to be minimal for:the case of higher atomic
number 'elemeﬁts, Tertian (27) has arrived at different
conclusions using a variety of high and’ldw‘aﬁomic,number '
elpmenta in binar& nixtures. | .

The choice of xhray tube target also affects the coeffi=

‘cients,since the elemente present in the specimen-are ex-

cited by different x-ray continuum composed of the charac-
teristic x-ray lines.of ‘the target element which are respon-
sible for the greater part of the excitation process,de-
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: if pressed powder discs are used, since particle’size and

50,

’ pending on the analyte element.

Accordingly, data appearing in the literature must be
carefully screeped before use, Most offen s, too little
data is available for general use, especially when different
instrumentation and x-ray tubes have been employed. It can
also be noted, in many cases, that the coefficients have been
evaluated for a specific type of specimen considering only
a few of the components pres;nt. The correction coefficienta
¥n the former case may not represent the true‘inter-elelent

&
eff?cts,but a summation of the effects present in a partic-
ular matrix. ' ‘ ” &

1
\

In the case of geological matérials, the use of'ayn-\\
thetic mixtures of metal oxides to determine ¢orrection coef=
ficients is significant. Groes errors may‘exist especially - ,

matrix composition are critical for the low atomic number
elements (70). Although sgtisfacéory resuité have been ob-
tainéh'usiné such a form, the coeffiqients_g;e usually ‘ob-
taiged'thréugh multiple regression equations using a‘minimum
.of gtandarqé. Accordingly, significant variations will occur

'when different coefficients are compared.

The Eheoratical models have also been uaed #o det;rmine

correction coefficients (71.72).




/ . | : -
7 < In the literature, generally, the only significance
- attached to the coefficients is that satisfactory results

are obtained in the‘anelysis. ) \

,f ] In summary, although literature data is often avallable
it is either incomplete in the sense that certain coeffi-

cients required are lacking, In this case,: these must be

i . determined and may not nécessarily be consistent with the

others. Accordingly, evaluation of a large number of coeffi-

| ———

cients should exist, where these have been derived from an

- e A A P

experimental model under strict rules.

Llololy Purposes and approach to the investigatfeh

o o The purpose of ‘the investigetion is to apply the
Lachance-Traill correction equgtion in a generel ana%ztical
approach. The fundamental approach used in this study is

'that it is more fruitful to initially examine certain pre-

% . o liminary data in detail before attempting the direct devel-

opment of a specifi¢ analytical technique. This approach ' .

was confirmed by subsequent findings; réported herein, The

direct approach to the development of applications might _

t ’ yield. results more rapidﬂa;bnt it can also lead to aner-  , _ *}
‘ ’ roneous Or a restricted viev of the system, as demonstrated

by various analytical schemes developed.in the‘literature

for specific sample types. ‘ L *
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The work described in this thesis is divided into four

main divisions:
1) The determination of Lachance-=Traill X-correction
co&fY¥icients through an improved experimental tech-
nique and data analysis.

2) The correlation of experimental coefficients with
theoretically-derived coefficients obtained through
several methods.

A

3) The application of these coefficients in the gen-
eral chemical analysis of multi-component systems
using an approach which would minimize any
interferences.

4) A theoretical study of various multi-component
systems and the results of a Lachanc -Traill type
method of analy51s.

' The experimental techniques‘used to date involve mainly

’

solids, compressed powders or fused powders, with the
Q

coeffic1ents determined using similar medla.

In the case of specimens involving metals or metallic

= alloys, these. generally have surfaces prepared for x-ray

flubrescence examination, by either machining and/or grlnd-
ing and polishing. Such methods of preparation imply some
degree of roughness for the final surface, thé degree de-

pending on the finishing technique and the care exerted

" therein., It can be shown (73,74) that the longer the wavelength

to be detected in the X-ray fluorescence analytical process

the less the tolerance to surface roughness. .

'In addition to this problem, it should be nosed that, for-
' c s

3
o
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the abrasives used in any final process of surtace fin-

“E A o ishing, the grinding ‘and polishing technique must be such
.i ‘ as to avoid interfering effects based on abrasive emﬁedw '
U ' ment at the surface of the specimen (eg. silicon carbide,
aluminum oxide, etc.). |

. . Where solid specimens are concernéd,'of the type in- -

volving metals or alloys, heterogeneity of component .dis=

AT 3 e

tribution at'the examined surface, and the smearing of

certain components over the surface. during preparation\;r'
finishing processes,can also contribute to the overall »
' error (73.74,?5).- | o L

The preparation of mineral substances and samples of
S . \5eolosical materials for analysis usually involves the

- v‘x}- ' compacting under pressnre,with or without binder additions,
L of the finely-divided mineral. The ‘finely-~divided state is
4 : . obtaineq by. crushing and grinding samples of the mineral '
'matter of,adeguaté size. The grinding operation may result '

in particles of powder of identical size. Where the particle
size is sufficiently small, no interfering effects based
on particle sizing are encountered. Where the particle size

exceeds some critical value, based to a degree on the wave-

- length to be detected, interfering effects can be antici-

pated (76-82). On the other hand, the grinding process may

s -

!
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result in pa;ticIeE'whose s}zee vary as a result of the
variations in the hardnees,oor resfo;se to the grinding
action, of ﬁhe various components present, Veriations in
particle sizing with'¢0méositieh of the particles can also
lead to interfering effects (76-82).

The main cencefn is to develop an experimental tech-
nique under conditions which would eliminate the influences (
of perturbing factors such as particle size: grein compo-
sition, surface-finish and heterogeneity effects, and which
would allow flexibility as to the relative amount of sample
available, its physical nature and its general lack of,homo-

’5eneity.

The aqueous solution technique has been appligd by
several investigators, among whom are Waterbury.and Hakkila
(83), Zimmerman and Ingles (84), Kang, Keel and Solomon (85)

and Dwiggins (86). In such instances, the effects of absorp-

tion and enhancement were reduced to levels where they conld

be ignored, this being accomplished by the use of highly~

.dilute solutions of the analytes of 1nterest. The  total

golids concentration in, these cases rarely exceedad 2% by

weight., At -such lor concentration levele, however, emiasion

L

: _intensities were low, with associated poor relative accurecx
and precision for the analytes determined,

]
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Wt ,’ With solid concentrations totalling approximately 10% ,
' . by weight, absorption and enhancement effecte cannot be

- ignored and the use of correction coefficiente for such efe=
fecte is mandatory. The higher emission intensities penmit . v /

. "improved accuracy and precision. Wofk in.this area has been : w
carried out by Dick and Nguyen (8?,88,89) and the initial_ o

} o 'zreporte indicate very good accuracy and precision with res-
| + pect ‘to the determination of a wide. range of components in \ (‘
. extensive rangee of concentration. Both synthetic solutions .
‘ L; :and‘eolutione of commercial alloys have been'analyzed..The
X =Gorrection coerficiente reqnired ‘in such analytical pro-

- grams were aleo determined relative to -aqueous media.

The equeoue eolution technique for the determination of
b B CK-correction coefficiente and for use in the analysis of . - ¢
- multi-component systems has the following advantagee. \

. PR A
o R . '1) There are’ no heterogeneity effects based,on
g R SR component eegregation effecte. -

. L 2) There are no surface effects arising from
Moo . ‘. grinding and polishing,- thus eliminating ° R
B SV ' . smearing effecte due- to abraeivee ueed. co -

3),There are no particle eize efrecte(preeent.
4) The quantity of eanple required for’a, complete '
e Py analysis can be as.low as 1 gram 100 grams '
’ of solution. This therefore easily/gccomodates -
- very low sample ‘requireme ts. \jzf

. 5? The met _gral;o's samples of “uniisnal etatee,

such as t ninge, drillinse, millinse, etc., to ’ .
. be-treated. X
. ~ : j

T ' N |

. ’ " ;' tj [
s ’ [ ‘o ! / v
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A, LS @W —




BT LA Mt s s

~r

N . ' i / ‘
‘o C ) . 56-
":. s . . .

S

, 6) Heterogeneous -samples-of a phyaical nature similar
‘ to .the above can also be treated.

On the other hand, the &que'ous golutions do require -
cai'éfﬁl‘ sample cell preparé.tion' to avoid micontr'ollable ‘or=

< . o

rors, (:Le. gas bubbles, radiolysis effects and surface :Lr-
regnlarities) . , ‘ : o

.

-~

However, the advantages are far more consequential,
since the use of an aqueous solution for both tha analysis
and -coefficient determination eliminates any matrix | |
differen roblems. These usually occur due to the physical : |
differences" which exist between the standartrs used a.nd the |

, specimen. under a.nalysis. .

Ly
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2, . THE DETERMINATION OF LACHANCE-TRATLL X ~CORRECTION
_COEFFICIENTS , |

2.1 Introglu‘ction

.

N . .\‘ - \
Lachance and Traill (50-52)have shown that the theoret-
ical Equation 4 can be modified to obta:l.n their Equation 6.
through certa:l.n assumptions previously stated. !

© In this study, since aqueous media are used both in _the
detemination of correction coefficien’ts and in analya(ns,
additional term .representing the aqueous matrix which con-
stitut.es greater than 80% of the total weight fraction, is
4 1ntroduced into Equation 6. This modified equation ia shown

as:

. ' ) . ’ .. n . .
cg = Ry 1+ O<im Cq +~§’ (Xij cy 17 .
o oo j-l . . o
i

wheré: c, 8 the weight fraction of fhe aq.,ueoush matrix (ufsu-
ally nzo-mw )3 O(:Un is the correction coefricient for the . .
effect of aqueous matrix n on the analyte element i. The ‘
uodiﬁca.tion is based on the’ f,act that the matrix is com=

prised of low absorbing. elements ( le. H, O, N, .Li. and B )

 which can be grouped into one correction coefficient rep-
+  resenting the net effect (8#, 87-89). .

L] ' \/
s
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When applying such a system both matrix and 1nter-ele—

ment correction coefficients must be evaluated,

2.2  Different Algorithms e

e 2.2.1 ‘The aqueous matrix effects

When considering the aqueous matrix effect ‘we are
dealing with the effect of the matrix m on an analyte i -
im'.The
cimplest methodafor evaluating the individual 0<im's is

g and thus the coefficient can be represented as X

through the use of binary solution components. Two, samples

.of d;fferiﬁg concentrations of the analyte are prepared and,
~ 1y

using Equatiop 16 for each'sample,the following are obtained:

b

Ci(1) " Rm) (1 *O(m fmu)) | (17a)

°1(2) ™ 1(2) (1 oy (a)> S (a7v)

* where the subscripts (1) and (2) indicate the different
gamples and 1 the anéiyte element of interest: By taking
the ratio of Equation 17a and 175, and rearranging the
. | terms, the following is obtained: |

I ¢ - 1 c |
I1(2) %40 %m(2) = *1@) °1@ % - - 0 |
where: Ii represents the net measured i#tenaity for the s

. _'7’ R * \
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" analyte i. .

The inter-element effects

*?

In addition to the matrix effects reviously stated

2.2.2 &

each element present in the sample ‘exhibids to some degree

an inter-élement effect. Again the simplest method of solv-
ing such a gystem is to employ the minimum numbpr of com=

. .ponents in the sample, Accordingly, we can represent the

inter-element correction coefficientnas‘0<ij whére i is the o

analyte and j the interfening element, In order to solve for

inter-element effects the matrix-effects correction coeffi~ -
. \ ,

hY

“clent must be previously determined. \

Similarly to the matrix effects, equations can,%b’de-

. . r o,
rived foQ‘the inter-element effects and the followiné ob=- -
{ [

alned: - _ ‘ -

—

0(13 a

T

LT 24243 .

’

L1(2)%1(1) 95 XinCn(2) #14 (1)%1.(2) 4 KamCa(1))

Ii(l)“i(a)cd(l)'11(2)°1(1)°3(a) e
, : (19)
Vo

The third~element.effocts

A

The situation in practidé\of complete dissolution of.
Ja Bpecimen into a 329-8N03 matrix rarely occurs. In such

casea the use of hydrochloric acid or perchloric acid may

X

\\




be required. However, since our matrix modification accounts

for the low absorbers ( ie. H," 0, N, Li And B ) the effect
of fhe chlorine must be determined separately due to 1ts‘
significant effect. Aécqrdingly,'we have a.situation where
the analyte, matrix and chlorine a¥e present. The'following ,
Equation 20 can be used in these cases nacessitatihg the

"third-element effect" correction.
(T3 (2)=T1 (1) Xin T4 (2)m2y~T1.(2) (1)’

-cxijn : I c -1 c
' : 1(1)73(1) T “1(2)73(2) -
ST \ C -
where J in this case would represent-the effect of Cl on
' the analyte 1, . S C

2¢3

. (20)

The Validity of the Intensity Correction Algorithms

,Verification of the correction capabilitieg of these
X coefficients on the neplmeasured X=-ray fluorescgnt'intensity

can be obtained by a simple calculation involving the ap~
propriate form bf the‘following: : K

LY

. . I:L(corr)' i(net)(; c'(:l.m° ZE:P(id J (@) -

J#i
- ‘ . . <
'hére ;i(corr) represents the corregted net 1nt?naity fPr_

N

4
v
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«'kmylar is the mylar absorption coefficient and x the thick-

O e (L Ln K a1 s et e o ar o amayeb e

S S | .6l

the analyte 1 radiation and-Ii(net) is the net measured.

intensity corrected for background.

The results show the correction for matrixk and/or

‘inter-element effects present in the system under investi-

_gation with Ii(corr) as the net intensity free from these
effects. | }

Aﬁother important calculation which can be used as a
check, is thé I ( le. intensity of 100% analyte element )
which can be compared to the experimental value. Agree-
ment withi experimental error should occnr. However, it
has been noticed (90) that certain discrepancies, more ‘
severely with the 1ight alements, does occur. This has been.
traced to the _absorption power of the mylar film covering
on- the sample cell. The corrected intensity for this ab-

-

sorption effect is found to be of the following forn (90):

i

I(corr mylar) * I "exp(kmylar- x) . (22)

i

(where; Ii represents the net measured analyte iptpnsity; '

. ness in.inches of the mylar .film used. The value of kmylar

can be obtained'by using the following equation.

L Kpyrap = (3305200 ) (2-8020.03) \ (23)

[ ’
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244 Experimental Determination of X -Correction Coeffi-

of matrix effetis are prepared on the basis of varying the
weight. When dealing with inter-slement effects, in order 1

. make the degree of the effect quite evident, the analyte

Figure 6 shows the. relationship of kmylar to-the emitted
wavelength for the element under .examination (90).

clients

2eltel . Experiﬁental solution préparatibn
- : ,

In the défermination of correction coefficients a series
of solutions are prepared on a weight fraction basis using
reagent grade chemicals, usually the megal nitrates or the
pure metal dissolved in nitric adid. Solutions for the stﬁdy

analyte element concentration over a 10% to 20% range by L

to keep the system simple as much as posslble,as well as to

qohcentration is kept constant while the iﬂter?ering element
concentration is varied over a specific range. In all cases
a HaO-HNO3 matrix is used with the addition of HCL 1if dis-
solution does not occur readily. - c

Sample cells consist of disposableé SPEX (#3515) poly=-

propylene x-ray liquid cells with a nominal capacity. of

. approximately 10 ml of solution. The surface is carefully
covered with a layer of mylar film (sPegtroafilm, Somar Lab-
oratﬁries Inc., 0.00025 inch or > 6 xm) and secured by a

» " ,
-, . , &
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+ disposable plastic ring. Care must be exerted in the prep-
aration of the éample cells to prevent any surface irreg- -

wlarities or inclusion of entrapped air bubbles.

"When using aqueous soiution media, certain problems
, may arise during irradiation of the sonple which may cause
significant effeqts.nChemical effects which arise through
~ the unstability of‘tne solution to irradiation can be very
severé-iﬁ it occnrs. This rarely occuré:except for a few
w SR elements ( eg. silver ). These usually talce the form of a
) precipitation which causes a significant decrease in intene
sity wilh'timo due to losses of the analyte. Physical ef-
fects which can occur can easilj be prevented if certain
procautions are taken., The most severe of Ehesevi% the .
. A release of dissolved gases in the golution under irradiation,
whicn tend to expert a pressure on the mylar film covering,
thereby distorting the surfaca. In order to avoid the re=
lease of any dissolved gases, the sample solutions are boil=-
ed and cooled before final bulking to the appropriate weight

fraction. Under these conditions no noticeable bubble for-

mation occurs and the sample can be repeatedly irradiated

., | with no gisnificant decrease in intensity. Another factor

B which may affoct,tne solution is.heating when under irra-
djation, This can be eliminated by making sure the irra- .

diation time is quite short and the samplo chamber is kept

~— . -

\"
2
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2.4.2\ ~ Calculation methods

r W e

i . , The purpose of the study was to obtain a mean value
for, the correction coefficients, with as close a proximity
‘to.the true value in each case. This could be realized only

- with a large»population for the coefficlient evaluation. ic-

t cordingly, a strict statistical data treatment algorithm

| o was developed to obtain the maximum information from a )

series of data. Each system involved a trfblicate determi-

nation to assure that no adverse effects are present as’
would be evidenced if fluctuations in the C(-levels oCc=

- curred. Previcus investigators (87-89,91) have evaluated

‘ coefficients by averaging the ratios obtained using solu- -
tions of maximum concentration differences., However, niased -
data can be obtained in this manner since there is no |

- gtatistical reason to follow such a technique of analysis.
Other authors (72) have arrived at the coefficients through

the use of a linear regression technique. It has been suge

ngested that the linear regression technique should be used

P "7 also as a criteria for the rejection of measurements whicn :
. fall outside acceptable limits. At this point the measure-
ment would be eliminated and the regression procegs re-

' - -peated. In ‘the case of inter-element effects multiple re-

o B
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.gression could be used in the same manner. However, linear
regression.is derived on the basis that dependent and in- o
dependent variables can be clearly identified. In the pre-

‘sent model described it is impossible to separate these
( 1e. we have in effect two dependent variables ) but they <o

e e ——

are not sultable for use with the present deta. Accordingly,
" the choice of the most simple and flexible method, assuning
-a non~blased approach to the data analysis,is justified.

e

——

. Use of a linear regression technique as a tool for rejectipn,
after which a better lineits fitted,introduces a large de~
§ree'of bias. This is especially true where 'the main point
is to minim;ze the errors which may exist in a set of data
points by producing the best straight linegthrongh them, The -
formulation.eventuaily accepted constders the results obw :
tained from all the ratios in a particular series ( ‘ie. 11

R elght solutions are used, twenty-eight ratios for the coef-

ficient can be evaluated ). Since’ triplicate geries are

studied the population becomes significant. The total coef-

ficients from the sgries are examined by calculating the ; . .

mean and standard deviation. As a precaution, erroneous

. data is rejected éccording to an empirinaiutie test (92).

- Thet 1s test was obtained by exa.mination ‘of different sys-
'tems and establishing statisticél ‘tests which reject the

least amount of data as well aB preventing any bias from
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being'introduced into the technieue. The acceptable results
from each series.were then everaged and the ne; sggndard
eeviatioe calculated., The same test to determine reject=-
able data was applied to other series and final acceﬁ%abie

" values calculated.

?

Due to such a 1arée volume of data, computer programs
ALPHAMAT and INTERﬁl were developed for the calculation of
matrix and ipter-element (X-correction coefficients re-
spectively (Appendix A). \ _

- ' 2

- Typical examples are shown in Tables 2 and 3 for the

determination of (XCrM and C(CrCa respectively. "The matrix'

and inter-element effects can be graphically shown as 1n

Figures 7 and 8, for these same systems (92). - ,

2443 Results and Discussion .

Experimental data throughout the study was co;iected

~using a Picker Nuclear speotro-diffraqtomeeef ( 45° ing?-

‘dent and take=0ff angles ), a radiation analyzer and an

ultra-stable two-tube generator. Operating conditions
used in the evaluation of the 5(-correction coefficients
are shown in Table 4. “

. .

The accumu%ated C( coefficients evaluated experi-

o ‘mental]q are ahom in Table 5. (93=95). Each value is the ]

K
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Sertes (1) gy = - 0.85° & 0,02 (23 data)

o«
‘ TABLE 2 ‘
EFFECT OF AQUEOUS MATRIX ON CHROMIUM
4 » . . o~
. So]\.ution Cop ¢y I Criol :
1, 0.00978 0.99022 5701 '
. 2 0.01955 *+  0.98045 7246
. 3. 0.02932 0.97068 10538
be 0.03910 0. 9609Q 13260
S 0.0587 0.9414 18471
‘ 6. '0.0782 0.9218 21494
7. - 0,1173 0.8827 28450
8. . 0.1564 0.8446 33290 |
* net intensity for CrKw 1line, cps. (¥ at 50 kV/20 ma,
air path) : .
\ L o
Combination o Combination .~y °  Combination %
of solution CrM of solution Cr¥  of solution CrM
1/2 ' -0.6925... 2/5 = -0.8323,. 4/5  .-0.8228..
- 1/3 ~0.7375.. 2/6 -0.8705.. 4/6 =0, 8864«
- l/l-} "008030-- 2/7 -'"0.8580-- “/7 -Oo%hlln
. * 1/5 - -0.8118.- ' 2/8 ‘0.859}!! “/8 -0.86414...
" ‘ 1/6 "008536.5 3/‘4 "0088171. 5/6 —0.9299..
1/7) -0.8[}61- [ 3/5 "0.81486- . 5/7 '0-87890\
1/8 -0-81"9&' .y 3/6 "00885300 5/8 . »;"0087lf80-
2/3 : “0-7?3200 3/7 "0.8671.. B 6/?// -Q,.BZEQ-.
2/# -0-8397.- ‘ 3/8 v -0'866?.. 6/8 ' "0~8L}26-o.
7/8 ~0:9611..
* ) rejects on first insp_ectipn )
Acceptable data: : .
Average value O\ "= -0.853
. Std, devn, = #0.023
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' TABLE 3

r -
.
)
A ' -
. - N -
.
N I
) R .o
: . .
S CONG
. - L "'a/ ) . ¢
Y )
A 3
.. \
. I
~ 1 .. . ’
2

£
. EFFECTOF CALCIUM ON CEROMITH A
e Selutdon - epr cfgy. g Tyt
\ . T . . . ( ¢ .
1. 0.01000 0.0 0.99000 21342
24 " 0.01000 0.01000 0.98000 18568 .
z. 0.01000 0.02000 0.97000 16666
be 0.01000 0.03%000 0.96000 15062 )
Se 0.01000 0.04000 0.95000 13418 )
6. 0.01000 0.05000 0,94000 12513 |
. 7 © 0.01000 0.06000  0.93000. 11559 '
net mtens:l.ty for Cr}ﬁx line, cps. (W at 50 kV/ZO mt, -
Holium bath) . N
Combination Conbination . Combinatisn -
of solution Ncrca " of sOlution A¥rca _of golution O(Crga -
1/2 a; 1.517940 4 1.2377es °  3/7 1.397}..
¥ 1/31 3735 L d a? A4 -.. n4?53|o “/5 2.2206..’
U4, L. 335{9 S ULz wE . L.
1/5 o Ly t 1.3375..,  &4/7 w;u..,
"1/6 1.3867.« 3/u €% 1.2947.." 5/6.  0.7630..s
1/7 1.3858.. 3/5 . 1.6810.. /7 © 1.0289..
2/3 10191900 3/6 ' o‘(-ol7to N /7' A 105773‘00
N . F‘. B b .
.rcjo’éta oh’ first mpection o n . v 1 4
Acceptable data: ’
o Average value O(cha\ # 1.3808 "
v B <+, Std. dovn, = }0.0875
Series (1) -°<CrCa =, ) 1-380 4‘0.087
) Ny . ' ' X ',' . YR
> * "’ , ~ 1 .
4 .y . Aa ’ ‘ -
- 4w \.'v . .
¢ . - N t * )
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reQult of an average of at‘least fifty acceptable data

e N

points. The validity of each was evaluated by comparing
calculated pure analyte intensities after mylar film cor- - |

rections and comparison to pure element standards. Gragﬁr
i L ical analysis of each series also revealed the degree of

the particular effect nnd gave a good indication of the

success of the gorrectlon applied. ’

" 4
A — 7 -

, From Table 5,itcie evident thet‘the\precision for the ' ;'

. 'coefficiente varies with the element, giving poorer values
for the lower atomic numbered elemente. This is reasonable,

since with the lighter elemegts'the intensities are signif-

icantly lower so that even an increase in the counting pe~

riod does not improve the coefficient statistics. ';V

Since the Lachance-Traill equations used in (X =-cor-
rection coefficient de_termination are of a ' lic form,
if we vary the inteneit&ﬂvitnin the uncertaintyf/limits,
(nhich on a relative basis generally become larger: with
decreaeing atomic number of the analyte) and calculate the

. resulting coefficient, a curve similar to»ﬁigure 9 is ob-

tqined. In this instance only one arm of the hyperbola is

ghown since we are interested on that po}tion of the curve. Ve
which ylelds coeffitients with physical significance, (Le.
. ii .1> -l)r. This curye can then be arbitra;'ily divided into

-
§ ‘ 2 . . .
> N - .

\ v -
N\ e
.
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, three sections as indicated. If the instantaneous slope of

the curve 1s now considered we have the following:

b

. oo , - ax < hti‘><"é do¢ o o .
' —_— — —_— o (24)_ ' '
Ndar/a \ar/v  Narle ; ,

'where‘the subscripts refer to the sectiops of the curve in

Figure 9. For a given A I, or uncertainty in the measure-

fient of intensity, we have:

C (a0 (), < (an),

for any.CK‘in these regions. Indicatibns are that ths\un-

C(25) ! I

certainty in the measured intensity will most significantly
affect the (X-coefficient in section (c), less so than in
~section (b) and the least of all in section (a)f Since most .
of the light elemehts‘wiii appear in.the section (c) of the
curve, their precisions will likely suffer the most. From

this empirical fofmulation and thé calculation of the méxi—

mum possible errors associated with the calculation of the

(Xij's,aﬁd'the various manipulations, the coefficients can

‘at,ﬁest be represented to two significant figures and at

‘ " most .three for the more favoured elements,
C N . 4L g ; LI
' Table 6 gives some indication of the deviations-which S

., oceur in thesa.experimental'systems. . e

-
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4 Tables 7 and 8 show operating conditions and previously:
determined coefficients (87 92,94) respectively. Although

some significant difference in resulte occurs, a linear
®»

‘correlation 18 evident in most cases which suggests that

the data are similar although obtained under different con~

'diyions.

,  Verification of the validity of the coefficient values
is -generally obtained by noticing the trends in plots of X~

cOefficibnt values versus the atomic number of the influ- :

encing element.

2.5 Theoretical Models for Evaluating X-Coefficients -

In the experimental approach, emphasis is.made'relatiVe
'to the importance to the coefficients Of cert%in as-
sunptions in the derivation of the origial Lachancg-Traill
equations (which are known to be invalid to a certain degree).
Inadequate treatment of the polychromatic nature of the pri-
mar& x~ray'beam,and enhancement effects,may.affect thelr
theoretical derivations significantly. This in turn'may afe
fect the coefficients if theoretically calculated using .
their model. In order. to show that the. experimental coeffi-
&ients do represent true: coefficients including deviations ]

caused by deficiencies in the derivations, correlations

between these and the coefficients theoretically calculated'

%

¢




e S o o

BAe M e e

e
¢

o] S

S : espotaed
Supqunos -G Jo oFesvAe oJoM mnoﬂgﬂsnw»mv TT® ~- S3UN0D oWF} POXTA

amag ,

N

-«\||V

28 SHOILIQNOD DNILVIIJO

4 TTIEVL

\

10

ITe JITe JITe JITe JT@ JITE. IfE JTB JFR  JTR oH
‘1 0y ¥ ¥ % 3 1 % % 3 x| uvomewwm
S0z -s0z SOT SOT SOT SOT SOT SOT 90T .SOT 02 . OWTL
o5 9§ .95 o5 9§ 9§ 98 9§ 9§ 9§ ad _I83um0)
API 4TI 4T 4V 4T 4VT 4TI IV OVT 4T aad Tey84D
 OUTI OoUTJ OUTJ OUTJ SUTJ OUTJ OUTJ OUT] 0..3& ouUTy 98I800 ..ao,p.ma.ﬂ.n.no.u‘
05 05 05 05 05 05 05 06 05 05 05 o
R A N Y S S WY W W W 3ede],
ad ©uS P) ‘uz W) TN 0D oI UH ID Juome TA

A i

—




]
T PINENY |y ottt s

. g0t AL . i R " S
. - £ - - . L ° N . : . ‘ | a'« 4..
#9370~ gLE°0 489°0 81" T bt | s o
b . g°T°1 S IERT P T
e , - : . Qe BRIt
- )68°0  f2c0- 2L02°0= (BG°0= T9°0- T9°0~ "0 o8€°0- 8°T | vz .
,6T°0 5270 . oJ2° 0" g0 99%0- Hmw..o.. 605707 " TS0~ OM°T | Mo
gU'T  ylo°0- HE°0m  £9°0- (6£20- (£8C°0- ﬁmm..a W
. 5 :.m.o .ﬁm..d glt°o- :nm.oa, ¢$..o... 156°0- mwm.a. oﬂ ,
AN mm..o (G2°T- 2T 42eto- 198270~ 60~ ,TTT | ed ot
$F9°0 I 40°T  (TR'T T gTEt0m 0£°0~ ,99%0 H
B | ; osto ¢m.w.o ¢00°T  S50°T AN 280 mmm.‘.o“ - X0 .
mmmm.o... g8 0= gdseto- ,2¢to- 052'0- 9T0- g2lT*0-D ,jh0°0  62°0 g0 ™
(696°0= HG6°0~ §E96%0~ (ZH6°0= (5670~ AT6°0~ (22670~ 96870~ ummm.o..‘amﬁ.o..,. mnm..o...# K
‘ad us »D ug np ™ 0D od uK 1 N
. S T , . . :
) N \ 3 . .
yUENTHIZIAC XTSNOIARE] SINHIOIALZOD NOTLLOmEH00" ¥ X ) -
. - ¢ TTEAVL ;
& . :




'Zh

W
&t
1‘;’1: »
4
.
%A
'
.
E +
A

<

8l.

- . Al
t

'

by‘Various models must be evaluated. The. models- chosan must

'

_ pertain to the. same type of sample and .also the same sta=-
tistical data tneatment.

Two models are chosen: first}y, the basic equation

. guggested by Lachance-Traill (48, 50—52) H secondly a

fundamental parameters approach (5,6 19); additionally
) comparison with coefficients found in the literature, pro-
. vided these were oPtained under similar conditions experi- h

mentally ( ie.~same x~ray tube targets, same spectrometer

’,/

_ geometries, etc. ) These are often not’ included in full
detail.

» ¢ 2.5 The Lachance-Traill model

w

In the first model Equation 26 is used to find the ({=
coefficients for the éffect of an element j on an analyte i:

AN ‘
‘\\ : (Aticscv)i + ',Macsckfja )j | .
¢y 4 = o -1) (26)

A

J
: \ (Mlés"‘/)l * /‘a“"l/ja )y

~
.

*

where (L&l) and (/&l) are the mass absorption coefficients
“for ‘the elements i and J at the effective wavelength for the
excitation' o; the 1 radiation, (A{a)i and cb(a) are the

‘mass absorption coefficients of the elements i and 'J at’ theo.

wavelepgth of the chqracteriet;c ;adiation of the analyte 1;

B il
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and V/ and 9’2 are the angle of incidence of the primary . -

2

l Xx-ray beam and the angle of emergence of the secondary X
- radiation respectively. The adVantage of the method is that .

the coefficients. can be caleulated very easily by means of ‘
a tab;e of mass absorption efficients and do not require

‘more complex methods enploying different mathematical tech— - S
| niques. .One of the disadvantages stems from" its derivation.
Firstly, it is assumed that the primary x-radia%ion isamono-
- , o " chromatic, suggesting that a single wavelength could Ye used
| " to reprég:nt the whole primary spectrun that is responsible ;‘ . [ |
for exciting the characteristicflines of an analyte. Exis- 1
tence of such a wavelength causes various problens arising | ‘
especially in its choice,which is important in order-to ob-' ]
tain reliable coefficients. The uncertainty which thus arieesl R
over this 'Aeff value and derivation, as previously discussed,
_ adds to the problem. A second disadvantase arises from the
inadequate treatment of, enhancement effects. Accordingly,
by considering only an absorption effect the follcwing equa- N 1.
o tion can be written for the analyte intensity assuming a ‘ o
» 'AT 45°/45° geometry: . - |
o s ] « s g . f} edge

Aiu)‘l) | -d). @ Lo

B S ¢ Bl |

| ngm(g\) /“m(}\ ))
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\ _ where: /l'(m(?\) =(Z CJMJ.A and /C(m‘(‘} 5 =(Z cj M‘T)iﬂi ; / ;
. o, ‘.‘ d . .
%\ | « and g is a constant for tthSpectrometer: cy is the con= N 3
i : anal o
o . centration of the element j; 5\1 i§>the yte wavelength S
!

}\ R and A‘j is the mdss absorption coefficient of the element i
- | at the appropriate. wavelength indicated and I° is the inten- |
fﬂ‘ sity of the primary X-ray continuum,

1

-

]

With réspoct to o'b.ta.in.ing the )\ ofgs Equation 27 can
g” | ..' be.exprééned in ., variety of ways. GraFniqally it can bé
' . illustrated as depicted by various authors (27,30,96,97),
as shqwn in Figure 10. In‘Equation 26, ;achance sugéests the
. é " use of a wavelength for CXfo which is Jjust éhort of.the‘

- absorption édge of the analyte for which the mass absqrption -
coeffigients of thepelements i and j can be used. This cor-
responds to Figure 10(b) andtio(c){‘yhere it can be,éeen ‘ o ¥
- é .": that the effectivenesss is maximum for this wave1ength in
; | .- both the analyte and thejgampie.vfn their case, they ‘have ) '
- neglected totaliy the tube ‘target continuum and character-
'] . istic lines (Figure 10(a)), which do have some signifitance -

as shown in Figure 10(d).‘If t%e continuum and lineé~ara- . -,
considered a completely different picturo'is obtained, . P
': \ where a definite maximum can most often be found. If the
| continuum is used, the choice ‘of tube-target tygo is also
important, since the primary speftrum will vary with differ-n

»
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-Effectiveness with respect to XRF excitation:
: ) ‘Intensity distribution of the-incident x-ray
a : spectrum, (bg atomic effectiveness; (c) sample
' *  effectiveness; (d) effectiveness of sample and X=ray.
tube association.’( raf. 27,29,55, 73 )
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ent targets due to the_differenﬁ charecter{Etic lines o

responsible for excitation. Some authors ( 29,30 )

D e “ 3
N have indicated that’in practice, where characteristic tube-

- v
S s St fags

target lines are unimportant in the excitation process;Cie.

v, where L or M-characteristic lines oceur to .the ‘short’ wave-

" length side of the absorption edge value of the excited ele-
ment), A should be taken according to the two-thirds rule ¢
(31). This value lies between the maximum wavelength of the

, _— - continuum and a wavelengfh whlch is just short of the absorp-

tion edge of the analyte. Where K—linesefron the tube target :

L3

element occuf to the short wavelength side of the analyte .

. .
s

e T By it
v

absorption edge; A off

KX -1fhes of the target element. As previously mentioned in

should be taken as being equal to the

s 3 " the introduction several other definitions for A eff Can be
. SO :

obtained, thus leading to a variety of coefficients.,

.
/

o ) 2:5e2 The fundamental parameters approach

The second model chosen employs a furidamental parameters .

approach. This technique is 1mportant gince coefficients

S p——— A« e

can be obtained through the use of a theoretical method

which includes both absorption and. enhancement effects,as
well as the polyghrpmatic nature of_the primary x-ray bean, ‘ .%
; in the derivation. This allows comparison of coefficients. |

v . .
calculated for the same conditions as the experimental

¢ o . B " M e : N - 5




A

e mw;—«mw e

<

86+

coefficients -are evaluated. Various computer programs de=-
veloped in this study to calculate theoretical intensities
are shown in Appendix B. The algorithm employs the equ-
ations:developéd by Fujino and Shiraiwa (5,7)_evaluated
by the simplified method of Criss and Birks (19). Since

only binary'syetems_aﬁe used with a matrix of very low -

evalgation of only thenprimary and secondary inteérqlé'is

performed, These equatioﬁs have the advantaée Qver Equation

-
L)

26 of being theoretically sound,and have been used for many

years as the most satisfactory model satisfying the

full requirements for evaluating theoretical intensities

of any multi-component system, lhe disadvantages,(ie. un-

certainty in the parameters used% have. been cifcﬁm§ented
by a strict analysis and best statistical choice from the
most recent literature data available ( Appendix C ).

Once the 1ntensi§ies have peen obtaine& for a series

~of binary solutions, the (X-coefficients can be calculated

in the same manner as the experimental data. Due to the
flexibility of the calculation, coefficients can be ob—
tained for different conditions, (ie.. different geometries,

'sample?ccncentrations, etc.h which would otherwise be ime

' pogsible-to evaluate experimentally due to the large number

of samples and different instruments required.
- A

" atomic number, no tertiary effects should occur. Accordingly,

.
£

87




.
e v L e e Tl i e ————— oy 1 o osss sttt ? . s

L]

J

Tablés 9(a) and 9(b) represent the (Xij-coefficients
obtained through these simulation studies under. similar
conditions as the experimental data,

Additionally, the method also provides a means of
verifying certain data which capdﬁf be experimentally deter-
'N\“““‘-\min§4iégg_to either low concentrations or dissolution prob-

lems. Various enhancemént contributions and other ‘data

can be obtained much more easily and faster especially for
¢ difficult cases.

» . ,. ”.. * i
24543 " Results anqADiscussion '

3

CIE Aggr

. -a comparison between.these can be shown as in Figure 11 for

the elements. of higher atomic number utilizing a tungsten

tube for excitation. In the diagram, an eﬁproximgte 7‘eff .

value obtained from the experimental coefficients is also
shown with the result that only two of the techniques given
are most satisfactorf for the calculation of coefficients

"~ from Equation 26. In mose}cases the A is as good a

median
representation as the two-thirds rule. It has also been

gfound to be especially useful for the case of the light
elements using a chromium tube,‘which gives a good match
with the experimental coefficlents. However a marked devie

3

ation occurs in this particular case i1 he chromiun Kwo( -

87 .

is calculated by the-various methods Presented,

A >
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lines of the x-ray tube are used as indicated by the two-
)
thirds rule, This deviation with decreasing atgmic number

<

elements, suggests that 9\ can'be ‘best shown by A

median .

‘ whicn can be calculated from Equation 26 and experimental

coefficients,

In view of these results and from the fact that~e£pere
imental coeffecients do not exist to permit comparison, the-
use of the two-thirds rule, for eimplicity, was used to

evaluate Equation 26.

o

K}

In order to further validate. the two-thirds rule, in-

vestigation of the contribution of the L characteristic

‘lines of a tungsten tube target:in the excitation process

for the K-coefficients wes Eonducted. Coefficients were

theoretically calculated using the fundamental parameters

titanium and iron‘using two different x-ray tube targetS'
{ ie. chromium and tungsten ) for the excitation. The re=-

.+ sults are shown in Figure 12, These clearly indicate that

. for the analyte element, iron, in which the chromium K- °

‘1ines from the primary continuum do not play a part in the .
excitation process of the iron Kﬁlineé, that exactly the
aame results are obtained when using a tungsten ‘tube tar-

s

get which has only L and’M charactaristic lifles in the

\
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" approach for the effects of various elements on the analytes
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continuunm, Ip‘confrast,/when titanium is used as the analyte

a significant differenqe occurs in the O -coefficients due

.fo the participation of the chromium K-lines in the excite
ation proceés. These differences can be explained by the
fact that the K-lines from the continuum can also excite
the analyte K-lines more effectively than the L or M-lines
can. The chromium K-lines constitute approximately 75% of
the chromium tube ‘Primary continuum while the L and M=lines
of thf tungsten tube constitutg only about 25% of the con-
tinuﬁ;i ﬁbwéyer, with decreasing atdmic number of the an-
alyte,tpa contribution from the qébe chromium K-lines.in

. the excitation process does éeem to fail,sinée :\eff’ if
judged on the basis of :Xﬁedian’ shifts to longer wave-
lengths, This shows an average wavelength between the char-

- acteristic tube lines,and the analyte excitation wavelength

exists as indicated for the tungsten tube by the two~-thirds

,rgle.
. . N

Correction coefficients were then calculated using
. both methods. The results are ;ompgred with the experi-
) mental coefficients in Figure 13 for the light elements
(2 <22 ) using a chromium tube-target and in Figure 14~
_ for the heavier elements ( 2 > 22 ) using a tungsten tube-
,térget. In all casés, ;t can be. seen that the theoretical

coefficients obtained frdm the fundamental parameters

T A A .. e AR AN, gy Mk
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Graphs depicting correlations of & -correction
coefficients where the analyte elements A are
of atomic number less than 22, versus the atomic
number of the interfering element B.
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.Graphs depicting correlations ofo{-correction

coefficients where the analyte elements A are :

atomic number of the interfering element B.
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.methodwéiéeéwmbgfiérm:;éreement ;ith-fﬁg experimental éoef-l~
ficients than does Equation 26. This also proves the hypoth=-
esis that the experimental coefficients do take into con-
sidéfation certain featurés which were not included in their
orggfhal derivation, ma}hly the gnhancement effects: Equ—
atgbn 26 can be effecfively used in.cases where absorption

‘is p?edominant but when enhancement effects occur a marked

deviation in coefficients does: occur which is ve;f;signif:q

icant for the light elements. This,as ﬁell as the fact that‘

:\eff is hard to choose accurately, if it does exist, with-

. ‘out extra dataﬁmakes it somewhat invalid for use in eval-,

uating experimental data. ] ) ‘ . o
‘

In the case of the fundamental parameters méthod, de-
viations ;n the coefficients do occur for the light elements
comparqd to the experimentél coefficients when enhancement
effects occur. However, this can be attributed partiélly to
the lower inpenéities obtained in experiﬁegts,witg the
lighter eleme;ts contributing a higher degree of error.

From these diagrams, certain trends can be observed for
the X ~coefficients for a particular analyte as the atomic

number (Z) of the interfering element is {ncreased.

For both the light and heavy elements, in the case of

o e bt . - A AT I8

S\




'

“pure' absorption,(ie. before thé analyte absorption edge%

2 .
. L4 »
\& steep increase in X occurs up to a particular maximum

s ;glue: At low Z, these elements cohstitute a very light
7\“\\ ;l 0 absorption of the analyte radiation and have negative coef-.¥
.. ficients. The (X-values then increase fo a more neutral
absorp£ion effeéf in the region where X= 0, and increase

steadily to more positive values for the heavier absorbers
’ L ' R ’ . o —— .
”, until a maximum value is reached. This value occurs at dif-’ -

—

ferent positions for fhe light elements ( ie, ZA-i ). and

_ for the heavy elements ( ie. Z,-2 Y.

In the case of the light elements, once a maximum
~positive coefficient i1s reached, there is then a éteep de-
.c;éase at the analyte Z to a value of 0 for the effects of

self-absorptiop. After this value the main‘contributions
: to the system are the enhancement effects. Thé coefficients -
then decrease to negative values for the greatest enhance-

' Lt
ment effect occurring at %,+1 and steadily increasing

positively as Z increases.
%

In contrast, for the heavy elements a rapid decrease

“from the maximum value octurs at the element with‘ZA-g to
a slightly negative value showing a nearly neutral absorp-
tion effect or equivélent to the‘anaiyte self-absorption.

. This is due to the particular characteristic present in the

.- PR M o - PO [P SR Y i

.
-y
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absorbing power, and thus gives a very slight drop in' the

. The coefficients then inorease to a.value of O for the ef-

- approximately equal to the analyte, since the interfering

hancement contribution which occurs comes from the weaker

. enhancement contribution decreases and the absorption con-

elements with Z > 22, where the absorption edge of the

interfering element ZK-I lies between the analyte KX - '
line and the analyte K-edge. Accordingly, it can not absorb . .
much of the analyte radiation,being almost equivalent in

coefficient value indicating a nearly neutral absorp%ion.

oy

fect of self-absorption of the analyte, after which again a -

distinct feature for the heavy elements occurs. The inter=

’

e

fering element ZA+1 also shows a neutral absorption or one 1 {

element has a K& ~line which occurs to the long wavelength \
side of the analyte absorption edge and the analyte Kx-line.
It can, therefore, not excite the analyte K-lines. In this

case no enhaqcement from these KN’-lines can occur. The en-

K€> lines of the ZA*i element, which have a lower enhancing 1
power and,therfore, yield a slightly negative coefficient )
lndicatihg an almost neutral effect., The greategt degree of
enhancement occurs for the element ZA+2 which gives the

most negative coefficient in this region indicating a light

to medium absorptlon. As 2 increases from this element the

S

tributionyincreasee such that the coefficients go to ?pre

o
-
1




o mnee g e T

L ey Ve ey

~ that the latter becomes negligible, g 3

-. . can contribute as much as 30% in certain cases,which is

N 108. "

¥

" positive Qélues ascending to zero. For, X0 the absorption

contribution predominates over enhancement to the point

These qualitative deductions can further be substan- " : 5
'tiated by theofetical_calculatigns for several systenms 3
'which show these particular trends. Table 10 gives some |
results for the effect of various elements on the analyte

,"\

- element iron at a particular concentration.

_ In general, it has been found that enhancement effects . ‘
a very significant amount. As the ZB increases the en-
hancement contributions decrease to < 0,1% at high Zg and

can become negligible at this level.

i

In summary,- the most favourable correlation between
experimental aﬁd theoretical eoefficien%s shows the reli-
ability of the experimental data obtained. On the other
hand, coefficients calculated by the ‘first method are
xeasonable only in cases of '"pure" absorption, deviating
significantly when enhancement effects-occur. This coupled .
iith the difficuity in the 'choice of the.proéer fkeff P
required for the calculation, makes this method unsatis-

factory for quantitative enaiysis.

Deviations which exist between‘the experimental and
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theoretical coefficients when considering the light ele-

ments. cén be accounted for in the 1ower precis1on of the

S © 1104

. experimental data due to teelvery low';ntensities obtained

in this long wavelength region. One of the edvantages of the

theoretical technique is that such pProblems can be overr.
com® by direct calculation of the coefficients from the

‘ theoretically calcdlsted iﬁtensities; This is especiaily
uneful for the determination of coefficients in certain
cases,(ie. refractory oxides and low atomic. numbered ele-
ments% where solutions are very difficult to obtain due to

low solubilitiesv \\

The trends observed ,among the correction coefficients

ckn be very useful in determining data for other systems )

4

where data has not been evaluated ‘for these elements.
N ' ’ . A - . oo i
. ~ It is, therefore, evident~that the theoretical method

W

&

used‘should yield optimum results when used to solve model .

systems qpantitatively. The m@thod:s flexibility is also
. shown, in that coefficients for different instrument geo-
metries' can easily be calcdlated.without the need of re-
doing all the experimental work. Tables 11(a). and 11(BJ
. glve CK—cofréction doefficienﬁsAfor'a 502/30o instrument,

“«

which is in comion use nowadays. B
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3. APPLICATION OF MODIFIED MCMCE—TMIE}PROACH )

3.1 Introduction

A

TO CHEMICAL ANALYSIS

. .
, o , . s
!

’ . @ -
.

.
When considering chemical analyses of multi-component

systems in XRF a.significantly more cdmplex situation occurs

as compared to the determinations previously evaluated using-

binary solutlons. The physical nature of the specimen ‘must

e

- be-considered. Solids must have some type of surface finish

to limit the grain size and distribution effects. Particle
size, surface’ conditions and heterogeneity effects must all
be considered if usina.solids or powders. In the case of

aqueous specimens these effects are nonexistent, and homo-

genelity is ensured once thersample is dissolved.

In this section a variety of complex systems are ana-

F

1yzed and compared to eValuate the modified Lachance-Traill
approach on a practical basls. /
A

¢

3.2 Purposes of the XRF Investigation

. .Previous works(87-89) have shown the applicabil ty:of
the aqueous solution method to the analysis of sever alloy
systems. In this investigation several different problems

are dealt with.
. J ’




N ] \l ° ‘ ll’-}‘
Firstiy, the determination of the validity of the new

’\
experimental X-correction coefficients, as well as the the=-

oretical coefficients, when applied to solid and aqueous

-

specimens, and their ability to yield satisfactory results

when applied to complex systéms.

Secondly, the establishoen% of some cdrrel‘fion bet~
ween experimental and theoretical dapalsystems, with a'view

to determining the sources of error which arise duriné anal- -

ytical applications.‘This is accomplished by simulating XRF
intensities for multi-component systems through the uce of

a suitable computer pregram developed for this purfose.

. Finally, an attempt is made to develop a method for
applying the modified Lachance-Traill system to 8011d=-501u~=

tion specimens. This is especially important in the apalysis'

of geological materials. , ' L \

With these purposes in view, the analyses of several
systems were carried out on solution as well as on solid

specimens. Inten51t18u appear in Appendlx D for all systems.,

1

3.3 Examination of Copper Basglloys

3.3.1  Experimental approach

@

. Two series of copper'giloys were indiyidually analyzed

<

o

bt

At

Lo
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e

'llso

) -
I3

s T . . B ' '
in both solid and aqueous systems. The solids had a surface

. finish prepared by anodic electrolysis. The aqueous solutions
.iere prepared by using 1.000 gram samples of drillings from

each alloy. These were subsequentiy dissolved and digested
in a mixture of HNOz:HCl. The final dilution was made to
50,00 gfams with water. The concentration ranges and standard

concentrations are presented in Tables’l2 and 13 respectively.

It is important to note that the .two series were anal-

yied on different days and therefore analytical resuits have

been calculated separately, The final results have then been

a

grouped for comparison purposes.

/%he serles were each evaluated by the Lachance-Traill
and direct ratio (DR) aﬁproaches using a single standard in
each case, The analytical results appear in Tables 14 and ;5

. for solid and aqueous specimens respectively.

_oIIn the Lachance-Traill technique the theoretical {X-
correction coefficients ( ie. Table 11 ) are used in the
calculations instead of the experimentél coeffiéients. This
is shown to be adeqﬁate(;ince no significant differeﬁge 6&-

cur in data results as seen in Table 16.

Table 17 represents the combined absolute percent rel-

ative'efrprs obtained in the solid and aqueous solution

_specimens uéing both approaéhés. It can readily be seen

e




¢ g e

Y
H
¥
i

L.+
\ ' : -
116.
TABLE 12
. ' ' )
CONCENTRATION RANGES FOR COPPER ALLOYS" ]
. , N
. . ‘ :"§ B
Element 'Solid (%) Aqueous ‘ '
: Solution (%) .
Copper 85.4-93.0 © 1.71-1.86
Tin 4e2-64.6 0.08-0.13 -
Lead ' 0.55-6.25 0.011-0.125
Iron 0.01-0.,13 0.0002-0.0026
Zinc 1.50-4.10 © 0.03-0.08
o .
K Allqys 2 and 8,

P
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TABLE 17

. COMPARLSON OF RESULTS™ - ABSOLUTE % RELATIVE ERROR

Element

Copper
Tin
Lead
Iron
Nickel
Zinc

Solid

[

v

Aquebus Solution
A B: A ﬁ '
0.34 0.87 0.58 - 6.78"
2.22 3.07 7,02 3.60
5.15° - 5497  b.d5  10.66
9.9' 9.80 11.20 2.8
9.09  19.66 8.40 12.88
555 6.32  8.10

9.59

e

A

Column A Results by the Lachance-Traill method
Column B Results by the Direct Ratio Method (DR)

ot Data for Copper Alloys 2 and & ™

R niwvt“-\#ﬂ, ey




- TABLE 18 .

- co ABSOLUTE % RELATIVE £RRORS FOR COPPER ALLOYS .2 AND 8

AQUEOUS SOLUTION

SOLID

: Element A B A B
| .
Copper 034 lek5 0.58 1.80
. Tin 2.22  2.01 7,02 1h.62
Lead S50l 3439 415 463

Iron - 9,90 - 1l.2 -

_ Nickel 19409 -, 8.4 -

J Zinc 555 584 6432

5.57

Column A Results from present work
- Column B Results from ref, 87

n

3 W
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"that'no mnajor -differences occur,in the case of'copper“al—
loys of‘this-tépe where the major species are éopper, zinc,
tin ang lead, Significant differences are evidegt in the DR
‘fméthod where the solid sanples yield aKlower‘relative error
in certain éases. In the ;olid specimens thg relative con=
‘stancy df fhé general matrix permits the use of the DR meth-
od without the introduction of”undue inacguracy. The’higﬁ
relaﬁive errors, in some cases, arise out of a few very poor
results within the series. Prior rejection of these values
would improve the overall éccuracy appreéiably. This is es-
‘pecially significant for minor elements such as ironmgnd
nickel, where the main problem of low concentration arises,

and contributes to very low inten51t1es posing extra

difficulties for aqueous“solution specinmens.

-~
- -

Comparison of the results with previous data (87)
(Table 18) shows little 41770réT5 in the Lachance-fraill

'approach in solid or aqueous solution media.

The relative errors appear to be quife high but the X
correction method does)seem to show a slight improvement, es-
pecially in the ease of applicaéion’and&simultaneous deter-

mination of all elements present.,

36302 ‘Theoretical approach

o’

2 F
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;In view of the 'hiéh relative :errors obtained, and also =
the unavailability of“ moi‘e types of copper alloy etanderds,
S - coxnputer‘ll’-is";o\gram involving a theéretical model simulating '
' ~\)CRF intensities obtained from the instrument was developed
e \ " using ::.quat:.on l;- (Appendix E). The Lachance-Trailg. and DR- .o
approaches were then anplied as previously stated and data

results compared.

Phe first series ‘( Series J) involves the analysie of .»
' ‘copper -alloy brasses and bronzes similar in composition to “
ta.llo'ys 2 end 8 used in the experimental section. Concentra=-
¢ tion ranges and standard concentrations are sppm}.g.r‘l Tables
;" - 19'and 20 respectively. Analytical results for both solid
ﬁ and aqueous’ specimens appear in Tables 21 and 22 respectivelye.
Table 23 shows the relative errors for both the Lachance-

. o~
Traill-and DR -‘approaches.

s

1

It is evident that the & -correction method does give

-better accuracy especially i& the case of aqueous solutions. -

. Hoyever, it must be emphasized that in using ¢he theoretical
(iel a truly homogeneous sample is used with no surface

or dther Physical” interfere{nces occurring. Another factor
] is that the calculated intensities are not sub;ject to the
, ;experimental va.rie.bility which causes significant differences
"vhen eonsidering analytes of low concentration. Accordingly,
'reeults for mi&mr components show 1itt1e deviation. e
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CONCENTRATION RANGES FOR COPPER ALLOY BRONZES‘~ =

 "Zlement °

Copper

Tin

Lead
Iron
Nickel
Zinc

fCopper'alloys Series J

-

3

)
°

Solid k% .
83.0:93-0>\ ‘
2.5-645
0.5-8.0
" 0.01-0.15
/0.01-0%16
1.80=4 .60
f

-

. :
O N TR Gt

. Aqueous .

. Solution (%)

.

| 1060‘1080

0 .08“1020‘ )
b.06-0 . r6

© 0.00=0.00k

0.00-0.006

0.06-0.15 - i

-y o
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COMPARISON OF RESULTS™ - ABSOLUTE % RELATIVE ERROR

PABLE 23

Element

Copper

Tin
Lead .

Iron

Nickel
Zinc

Column A& Results by the Lachance-Traill method .
Column B Results by the Direct Ratio method (DR)

* Data for Copper Alloys Series dJ

»
!

Solid ' Aqueous Solution . A

Ai. B A B
0.28  0.25 0.10  0.45 ///
W2y 5.10 1.62  6.64 %
0.76 334 - 041 2,01

0.37 . 5.31 0.22  1.85

0.79 .  2.16 10,00 | 0.63

0.40 |

0.31 0.17 ,'o;gs
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-~“ThHe.- DR method does under the same conditions show a
lower accuracy and thus gives an indication of the presence

of ébsorption-enhancement effects which seem to be compen-

sated by the Lachance;Traill approach; The usefulness of the
theoretical model in these studies is gurtharwsﬁbsténtiated
by the possibility of calculating the degrees of the absorﬁ-
tion. and enhgﬁcement effects, (Le. Table 24),"

" Severe enhancement effects are evident for both iron

and nickel in solid and aquebus specimens, the latter being

. |
f)

significantly lower. The enhancement effects arise basicélly

from the high copper and zinc concentrations and,to a lower
degree, from the lead and tin contents, Lead and tin are free 5
‘from enhéncement‘effects since théir absorption edges are

weil separated from the other analytes.,
¢ ' | ¢

L ( .
A second series ( Series K ) consisting of complex

brasses was also inveét ated. The relevant analytical data d
and resuits appear in Tables 25 through 29. Again, ‘the
‘ Lgchance- Traill approach‘éhows g.éignificént higher:accurécy
" than the-DR approach especially in aqueous media. In this
case, tﬁe major enhancement effects occur for manganese;.
1gon and nickel, and are basically du%\to cépper ané zinc,
, The effects are significantly decreased in aqueous so}ution.

s\ ' . ‘ \
The DR method does show signi.ficant differences over

) . . ) ’

. R LA e
o e ek v i B :«m}“d{ﬂrv—w»-—-
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TABLE 2f

U

L

THEORETICAL CONTRIBUTIONS FROM ABSORPTION AND ENHANCEMENT -
EFFECTS IN COPPER ALLOYS -~ SERIES J - '

e

R .

SOLID SPECIMEN .
Analyte Absogftion Eﬂﬁhﬁé§menp Major Contgibutors
[4 . ‘ L]

Element (% (%)
/ ‘ ]
Cu 7n Pb Sn {
Fe &7 . 33, 31 1.5 0.3 0.
Ni 5 15 l 300 [ ] .2
Cu 98 N 0.3 1.4 0.3 q
Zn 98 i 2 . 106 . O.Ll. 3
Sn - 100 ‘ ) 3 ¥

Pb - 100

AQUEOUS SOLUTION B x%

T L e L o LU
L

Analyte Absorption Enhancement Major Contributors

§

!  Element (%) . (%) (%)

é . Cu Zn Pb  &n

i ¢ Gl )97 <3 . 2 0. 0.5

; Fe . 85 . 15 14 0.7 0.3"

: Ni 9l 6 4 1.2 0.7 . 0.l \
Cu 299 . <1 0.1 0.1 0.6 : \

t Zn 99 1 008 0.2 . 3
Sn 100 -

Pb 100
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TABLE 25 -
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’

CONCENTRATION RANGES FOR COPPER ALLOYS

~ dlement .

Copper

Tin
Lead
Iron

Nicikel

' Zinc

Manganese

Aluminum

*Complex.braésqs Series K

< 

Solid (%)

59 .0"'66 .0

0.1-1.5
002"2.5

~ 0.06~1.50
" 0.02-1.30

29 .0"360Q
001-3 ‘O
0.1"‘2.5

Aqueoué
Solution (%) .

' 0.001-8:050

0.60-0.70

©10.002-0.030

0 [ 002"‘0 . 020

© 0.001-0,025

1.0-1.3
0.01-0.06

0.004-0.050

v




NN

nddﬂmhgm&w

o0 | ©
" e 8 & s v 8, 8 v o
QOO0 ONMHAHAMO

\Qd‘(‘\.IHOOU\

4|

o

- A0 O O MO
™ NGO O MMA D RO o+

coQHOQOMHN

ad

M\moﬁhmm -

0$°0
64°0
40°T
01°0
. 62°0
gh* 1
62°0
89°0
01°0
g2° T

segReayg xoTdwo) AoTTy JeddopH I0J ele( .

-
9¢°62

66°62
6¢° 62

02°¢S .

hgcce
aT Hg
96°4¢
28° ¢
20°9¢
26°h¢

ug

H0°0
€0°0
20°0
24°0
2¢°T -
90°0
65°0
LT°0
L2°0
$6+0

™

10
60°0
90°0
(0,90
89°0
HG* T
gecto
2Lt0
64°0
¢e°1

o4

|
rmﬂomwd A5YE HAdIO0D JO NOILISOdHOD

A

92 FTEVS

S

AR K AR At T AT Rl TrmnPo A A s

g

o 3 e @t B L g+ ol g

05°0 -

0T°0
02°0
gG°2
She1

%6°0 .

06°2
86°1
06°T
05°T

wH

otT-y
6-)
g-3
L=X
25
o >
£=-3 . -
e~

o

Loty -




RESULTS FOR COPPER ALLOYS SZRIES K

. TABLE 27

Column A Results
method

Column B Results
. * Alloy No, used

method

'using'the“Léchance-Traill correctiqp

using the Direct Ratio.method (DR)
as gtandard for the Direct Ratio .

' Fe Ni Zn

Alloy ' A B A B A B A B.
Kel 1.50 * 1.25 ¢ 0,55 * 34,92 %
K-2 1.88 1,95 0.78 0481 0.27 0.28 36.23 36.12
K"’B 1098 1099 0072 0072 0017 0017 3‘4’094 35!03
K"L} 2'89 2.92 0028 0028 0039 0059 35-65 35!63
K=5 0.95 0,93 1455 1.52 0,06 0.06 34.20 3441
K"6 l-l-fL} lci+8 0367 0069 1032 1034 33-9? 33060
K-? 2056 2063 1029 1032 0.?2 0072 33-22 33026
K=9Q 0,10 0.10 0,09 0.09 0.03 0.03 30.31 30.48
K=-10 0451 0.48" 0414 0,14 0.04 0.04 29.64 29.87

Sn - ~Pb Al Cu

Alloy' A B A B A B A B
K-1 1.28 ¥ 0,21 *° 0.63 * 59.70 *

. K=2 0.10 0,10 0,50 0.49 0,31 0.31 59.91 59.95
K-3 0.67 0.66 0.81 0.81 0.18 0.18 60.51 60.44
K=, 0.28 0.28 1.06 1,06 0.09 0.09 59.35 59.35
K-5 loll-? 1346 0036 0-36 0-85 0085 60056‘ 60.’4‘1
K-6 0.29 0.29 0,20 0,20 2,03 2,01 60407, 60439
K-7? 0.10 0,10 0.79 0.81 1.15 l.17 60.17 59.99 -
K—B 1003 0.98 1050 1046 1978 107’4' 65-75 65067
K-10  0u47 0.45 2.47 244 073 73 66.00 65.81

134.

j%oun SPECIMEN. t
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method

Column A Results using the

-~

/

Lachance«~Traill correction

2

T

TABLE 28
- RESULTS FOR COPPER ALLOYS SERIES K - AQUEOUS SOLUTION
Alloy A B A B A B A B
'K-l 1.50 * 1.23“ * 0053 * ~ 34,89 *
- K=3 1e97 1.96 0472 0.71 0417 0,17 34.80 34,87
"K=5 0.94 0493 1,53 1453 0406 0.06 34.12 34,16
. Ka% 2657 2452 1.29 1,27 0.72 0,71 33,20 33,16
- K=8 0.20 0.20 0,06 0.06 0,02 0,02 29,39 29.47.
o K=9 0,10 0,10 0,09 0,09 0.03 0,03 30.00 30,06
% félO 0.50 0,50 Oolh 0414 0,04 0404 29440 29441 -
? | ’ -1
sn Py A Cu
é Alloy A, B A B A B A B
: ., K"l 1028 ,* 0.21 * 0063 * 59065 *
3 K-2 0.10 0,11 0,51 0451 0.39 0.42 59.97 59.97
K3 0,65 0.71 0.82 0.84 0.21 0.24 60.60 60.51
K=y * 0428 0.29° 1.07 1,07 0.11 0,11 59.39 59.39
K5 l.4sy 1,53 0.36 0,37 0.81 0.89, 60.65 60.54
K"‘G 0.27 0031 0-20 0.21 2.1-!»3 2089 59070 59015‘7
_ "Ke=7 0409 0,11 0.80 0.8, L.k 1.85 59185 59.57
B ~ K—8‘ 1106 1006 1150 1050 1-84 1087 65.93 65&86
K=9 077 0478 1473 1473 1.24 1428 66403 65493
K=10 0,48 0,50 2448 2453 0.85 0,93 66417 65495

Column B 'Results using the Direct Ratio method (DR).
% Alloy No. used as standard for the Direct Ratio method -

135,
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'TABLE 29
COMPARTSON OF RESULTS. - ABSOLUTE % RELATIVE ERROR

' - " ~
I Element Solid , " Aqueous Solution

: A B . _A B

{ .

: Copper® 0.24 0.38 0.0k 0.17

K TMn . . 2.1 3.89 “ 349 5.10

: Lead 0.67  1.72 0.04  1.87

: .

g Iron © 0.75 0.76 0.1~ 0.95

; Nickel 0.0 0.58 0.17 0.32

i : 4

¢ Zinc : 0.47 0.86 T 0.06  0.16

. Manganese 0.59 . 1.99 . 0.26  0.78

Column A Results by the Lachance-Traill method
Column B Results by the Direct Ratio method (DR)

* Data for Copper Alloys Series K ;‘

3




s

. o
over- theé previods system. In the case ofpaluminqg.high J

. errors do occur in solid speciﬁenp even for the Lachance=-
Traill approach but these are adequately cqmpéusated for‘in
dilute solution. As shown in Tabie 30, fhe,degree of en-
hancement is subject to high variakility in solid speci-
mens over a range' of 7 to 32 pércgnﬁ5 appearing to affect

-the compensation powers-of the Lachance-Traill approach.
'Hoqeyer, in,aqdeous media, where the range-is decreased to

’;é , A 4 ﬁo 7‘percént,significantly lower‘effects a;e observed and ' ’

.+ - DBetter compensation resﬁlts. The major effects ariée from

", " the tin L-lines in both cases. It can also be noted that the

- g g,

. acid'(HCl) concenfréfidh does show some effect due to en-

haﬁcement of the analytevby the chloride content to approx-

imatély 4 percent. Absorption and enhancement’coqtributions

R

for the other elements present are given in Table 3l..

) : . AR

PER .

’ Comparison of Tabies 23 and 29 fop the Lachance;Traill
v approach does not show any di}ferences in relative errors ) |
even though samples of different composition and contents.
are used. The results al§8 shqw,that under conditions of

true homogenelty as well as significant intensities ( ie.

’ < N -
JR T L R I T

high peak to background') for the minor elementé, the
- Lachance-Traill approach, is capable of less than 2 percent
relative error in all cases for copper alloys (Table 32).

-
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" TABLE “30

THEORETICAL CONTRIBUTIONS FROM ABSORPTTON AND-ENHANCEMENT
ZFFECTS IN COPPER. AMLOYS ~ SERIES K ( DATA FOR ALUMINUM )

]

BRI SOLID SPECIMEN

"Alloy hbsofptiop ' Enhancement Major Contributors
R ) ' (%) | (%)
Cu Zn ‘Mn‘ Sn
{?-I 7045 29,5 2.1 1.3 Jout 25,9
-2 ' 9244 - ' 7.6 2.8 '1e8 7 042 207
. K-3 804 19.6 2.4 1.5 0.2 15.5
K K-lb 88.2 11.8 2.6 1.7 O|_7) 702
K"S .. 6709 32.1 240 105 0.1 12806 !
K"G ’ 87.9' . 12.1 2.7 106 0.2 7&5
K=7 92,6 - 74 247 1.6 043 267
‘K-8 7440 26,0 . 245 l.2 0,02 22.2
K-9. 7867 21,3 2.7 lo4 001 17.3
. ._Kel0 - . ,3)?“”“ 15,7 2.8, l.4 0,05 11.5

AQUEOQUS -SOLUTION

‘Alloy Absorp@:i’on; Enha.néement Major Cozitributo'z% :

(%) %) - (%)

K-1 . 9}04 6.6 003 0.2 . 305 205
K"a o 9601 3.9 003 002 ’ 003 301
K"} . 944.2' oy 5.8 0.3 0.2 1.'7 306
Kl 95.8 he2 W 0.3 0.2 &8 2.9

‘ K"S . ! 9206 704 0.3 00‘2 308 3.1
K6 - 9540 5.0 0.3 0.2 047 3.8

B K",?‘ . . 9500 P 5.0 003 0.2 0.2 Ll»o}
K-8 " 94kl0, 6.0 0.3 0.2 2.9 2k6
. ‘K-g ) 9500 ) 500 -0.3 0.2 201 207
. 'K-lo 95.0 5.0 0.3 0.2 103\ . 5.2

T

L ' Y i ' ‘\ R I -
. * Hydrochloric acid concentrations of 0.2 to 440 percent

.ﬁ/ ’. 1380
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THEOREI‘ICAL CONTRIBUTIONS FROM AJIBSORﬁTION . AND MHANCMT L
- SERIES K ,

EFFECTS IN COPPER ALLOYS

SOLID SPECIMEN

Enhancement

A

Analyte Absorption Major ‘Contributors
Element (%) (%) (%)
Md 67 33 2l 1
Fe - R A 36 . 24 12
Ni 71 29 7 22
Cu ' 98 <2 2
" Zn 299 <1 ~ : / P
Sn 100 ¥ o L ’
Pb “10Q , A
AQUEOUS SOLUTION
Analyté Absorpfiozr’ Enhancement Major Contributors
Element (%) (%) (%)
4 Cu Zn
Mn 95 5 3 2.
* Fe Ok 6 L 2
Ni 96 l 1l 3. .
Cu 99.6 QQL} . OOLI-
Zn 3 >99096 <000l(- . ” .
Sn ° 100 >

.

fog
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TABLE 32

ABSOLUTE 5 RELATIVE ERRORS Afg:;gLATED FOR COFPER ALLOYS

SOLID
A —
Slement A B

‘. Copper 0.28 Oe24
‘Tin he2h 2411
Lead ) '0.76 - 0.67
~ 1Iro 0,37 0475
+ Nickel 0.79 0,00
Zinc 0..l+0 0 .117
Aluminum  e= 13.6
Manganese - 0.75'9

AQUEOUS SOLUTION

Y
A B

0.10  0.04
1,62  3.49
0.41 0,04
0.22  0.14
0.00- 0,17
0.17 0,06
‘,-&\%\ 1.94

+ badnd 0.26

Column A Results for simple copper alloys
Column B Results for complex copper alloys




When consider%ng allox specinens, homogeneity is easily i
obtained, since most of the analytes are.in the.elémentélq ‘\ |
form in a relatively constant hatfix,(ie. copper in cop=-
per alloys), Also, very few elements are pfesent in signif- i

pose ah entirely dlfferent problem. The presence of mixed

aoxidé systens of unknown dlotrlbuulons and deferlng par-

‘a truly homogeneous sample. The question of how to obtain

"readily or to a high degree in acid solutions. Accordlngl

- material is required in.order to obtain high 1ntenslt1es..

icant concentrations and consist usually of atomic nubers

. X ‘. l “ ' ilflc
? ‘ . . ‘ N

3e4  Examination of Geological Specimens . o A

Beltel Introduction

\
A

-

greater than 2k,

Il
AN

The systems involving materials of geological origin

“~

ticle sizes give riseMto problems of* nonhouogeneity. As a

fééﬁlt a raw pressed specimen ( even of very low particle

size ) should yield significantly different results than

Y

»

a homogeneous sample can be considered to contribute an-

other problem, Since it has been shown that an aqueous (1
solution technique can be applied in alloy systems, it
would be reasonable to adopt this method to a powdered .

-

specimen, However, most rocks and minerals do not dissolve

the method is qulte 1nadequate if a significant amount of

°
. - . s
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One technique generally used in emission spectroscopy

and XRF fgﬁfusion with a flux of low atomic number . ele-

ments,(ﬁe.,Li, B;'O and N), This alternative will yield what
is commonly referred to as a solid-solution, (ie. a‘glass)§1
where most mineral sfructdfes have been decomposed. Use of
lithium tetraborate proﬁides a clear glass when fused at
1200 °C with most samples. The glgés can be poured while
hot into a mold and flattened "for direct XRF analysis. The
technique if proﬁerly applied will be free of surface ef=-
fects. However, it is tedious and sometimes quite hard to

--obtain a specimen which is free oflimperfections ‘through-

out, (ie. air bubbles, warped surface due to crucible, eth
Also, some glasses are hygroscopic and surface changes can
be noted. These can be circumvented byucrushing the'Pomo-

geneous glass to a fine powder in a ball mill and pressing
the powdef into a disc fbf XRFAénalysisi Use of boric acid

T ds a backing material for the disc provides a very stable

'prepared,graphite cruclbles are suitable especially in

support. The use of platinum crucibles is suggested., How—
sver, due to'the high cost,and if many samples are to be

L

yielding a glass button of proper shape for crushing in a

_ball mill, Contamination with a little carbon powder is

evident but poses no difficultles since carbon is of very

ﬂ;oé atomic number. A ﬁu%? more severe probleﬁ occurs due to

¢ - . RN

”
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o »
: ’ the presence of some anglytes with atomic number lower than.
i , . 24 which give very low intensities, especially magnesium

and aluminum,

When consideriﬁg geolbgical materialé, an édditional -
determination is required for loss on ignition during fusion.
This is due to water content,as well as loss of other vola-

tiles and structural decdmpositions which occur on high

-,,«...,' N
-

<

temperature heating. This can be obtaiﬂed'by weighing a dried

specimen, fusing with a flux and determining the weight of

the glass after fusion. '

A . -

o

r ' . 3else2 Analysis of Allard Lake standards

These standards were obtained from the Quebec Iron

. and Titanium Corporation in Quebec. The concentration ranges: "7

and standardAconcentrations are given in Taples 53 and 34 ' |
respectively, It is readily evident that problems in anal-
ysis will result due to the large concentration spans in- ' -
volved. Typiical data resulté appéar in Tab‘les'35 to 37. ‘

A
In the case of fused specimens, the magnesium content was

a1 <o o
P

. not determined due to the very low intensities. Table 37 .

does show the Lachance-Traill approach to give higher ac-
curacy in fused specimens but still at a greater than 4

. percent value, However; due to the complexity of the sys- =~

N . . . ’ )
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CONCENTRATION RANGES FOR ALLARD LAKE STANDARDS "

TABLE 33

Element Solid (%) Fused (%) .

Magnesium  1.4=2.3 0.14-0+23

Aluninum 10.7=12.0 0.07-1.20
_ Silicon 0.7=22.5 0.07-2.25

Calcium 043546 0.03=0.56

T4 taniun 2,0-22,0 " 0420=2420
" Chromium 0.0~0.07 0.00=0.007
Manganese” 0.0-1.% - 0.00-0.13
;ron B 4.9"{-1 ’8 0.49"4.20

*series ALS and TALS -

‘ IJ
\ ."\\“-_“"'z i
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. DABLZ 35

RASULTS FOR THE ALLARD -LAKE STANDARDS - SOLID SPECIMEN""

! Fe ! 51
Ore No. A B A B A B A B
: ALS-2 14,02 *  28.85 *  7.05 * © 8.78 *
t ALS=h 23441 2141k 50497 34440 6,59 3.99 44137 3.34
) L, ALS~5 15.62 16.82 32.36 306,39 3.04 2.13 6e39 6633
. .7 ALS=6 8e22 8479 "15.55 20,3 . 8.82 7.77 11.60 1l2.41
V © ALS-7 11,11 11.56 20486 23,57 8.16 6.71 10.36 10.63
ALS3-8 L.87 2.04 L4496 9430 10,63 11.05 14,94 17.4%4
1 ALS"IO 6023 6.55 11050 16.50 9076 9.20 13031 11}070
ALS-12 1.86 2.01' 4,45 8435 10,80 11.37 15.42 18.07
Ca Mg p Mn
! Ore No. A B A B ., A B ’
L
. ALS-2 2,36 % 2426 * 0,093 *
ir . ALS-A- 1,02 0.85 ﬁ3.19 2.66 00161 00115
L E ALS-5 leblh 1eb2 2463 2451 0,110 0,102
- A ALS=6 3407 2093  1lo54 1485 0.053 0.069
. } ALS"'? 2072 2055 1.82 2005 00070 0.079
ALS-8 4a33 4ol . 0.93 1.30 0,023 0.041
ALS=1l - 0,20 0.19 3.81 2494 0,170 0,119
ALS=12 Lol 4420 0.86 l.22 0.027 0.048 \
/Cai;;;/; Re:glgé using the Lachance-Traill correction
, metho v
Column B Results using the Direct Ratio method (DR)
* QOre No. used as standard for the Direct Ratio method

*# Data for Allard Lake Standards - Series ALS




147,

- . STV SOTJIS8S J0F Bled poyjeu yq I03 pITPUEIS Se PISN *ON 00N &
. . (9@) pouzew OF3ey 309JTQ oyjz Jursm s3TnEey g, WmTo)
4 K poyliau UOT398JI00 [[TEIJ-00UEBYIRT 83l wgﬂmﬁ gaTuS9y Y wmyoen

? N . - - By

H0°0 £0°0 99°% 26°¢  H6°02 L¥°c2 T0°2T 80°2T 98°9 69°G¢  h6°T WI2 . CITSTV
2T°0 2T°0 9T°0 AT°0 -08°0 [J4°0 . TIT 4O°T | TT°Q¢ $€6°Q¢ h*ee 2¢°6T TI-oIV
€0®0 60°0 6£°¢ 0%t GHHT 02°4T 92°9 6¢°6  G9°HT T9°HT T0°9 80°4  OT-STIV
¢0°0 ¢<0°0 g6*¢ 1TH*4 CCLT 48°TC €676 HB*TIT L46°9 L9°9 ¢8°T 2¢°2 g=SIV
D0 80°0 h2*2Z ¢@*Z -HTI®6 92°TT TG°G 86°9 QG°T2 G6°%2 0£°0T G0°2T  4-STV
40°0 90°0 OT°¢ 2W°¢ QG°¢T 22°HT 90°8 OT°8 L4°6T 22°QT 94°8 46°9  9-ST¥
. 60°0 2T°0 02°Q G9*6 Q¢°C 2¢°9° . 99°¢ Ho°h  9Q9°Q2 8h*LE 9¢°ST T6°8T  S-STIV
- IT°0 TI®0 T8°C TG0 H0°¢ TI*E TT2°2 H2*Z  L8°¢¢ G9°GE 0G°6T AT*8T W=STIV

= 60°0 . <2°2 « 29°8 x  T2°6 x O2°L2 -x NG°CT 2-STV
i v g v & v 8 ¥ g v ¥  "OoN ¥ooy
,/. .
. NEHIOZAS @asnd - SQEVANVLS THVT QUVTIV ¥0d STINSEY -

- e .4

9¢ TIAVL B

v - v Y pmemaa o M Tl W




~ .w.‘:,"

R B A kS

‘ ]
if‘( . (
/ L ‘TABLE, 37
K e
- COMPARLSON OF RESULTS - ABSOLUTE % RELATIVE ZRROR .
. Element  solid . - Fused ‘ S
| A B A B h
‘Magnesium  '33.7 . 17.3 —— —
Aluminum ;. 26.5 22.6 . . 404 10,8
3 .1' v/
T Silicon 22.9 4.0 4.09 13.08 . I
| Calcium 14,6 158 2,12 17.33 .
Titanium / "8.6 5.19 6.56 7.% ° . 1 .
' Manganese 13.8 20,1 5,47  10.08 ‘*
Iron ’ 16.9 20-7 . 6038 8021 g
Column' A Results by the Lachance-Traill method . = .~ -
Column B Results.by the Direct Ratio method (DR) . -
* Data for Allard Lake Standards - Series ALS o
. . s . \ o/ . —

@
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tem and the simultaneous determination of seven elements,

4this appears reasonable and aéceptabie. Wet chemical analQ
yeis of such specimens “is quite time consuming and tedious

with variou® precipitations and separations.

\ v ‘

To investigate this system further, in hope of find-

ing some idea of the causés of error, a theoretical sys-

tem ( Series TALS ) was analyzed and pertinent data are
given in Tables 38 through 40. The theoretical data, it
" must be stressed, used a truly homogeneous specimen where

no structural differences occur in the specimen ( ie, oxides,

etc, ). The data shows that the solid results for the

Lachance—Traiil approach are significantly improved over the

: e J
T

experimental data. This shows that even though the powdered
specinens are of smgll particle size, the different distfi-
‘ﬁutions affect the intensities significéntly. However,

the DR technique does not shov anf impro%emént when con-

1

sidering fused specimens. The Lachance-Traill approach does

~ effectively compensate for the absorption-enhancement ef-

fects present. Such elements as chromium, titanium, calcium, .

silicon, aluninum and magnesium in solids are affected sig-

nificantly with a range of 2 to 20 percent enhancement

. mainly due to iron and titanium as shown in Table 41, In

fused épecimens less than 10 percent enhancement is evident.

<, Graphical data of intensitlies versus concentration shows

£
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RESULTS FOR THE ALLARD LAXE STANDARDS

{

TABLE 38

>

- SOLID SPECIMEN

. M st
Ore Noa A B A B A B A B
TALS-2  13.86 *  27.51 *  5.200 * - .38
TALS=-L 18,16 20,01 35.63 32,16 2.15 1,95 3,02 2.97
TALS-5 1565 16463 : 31410 30,09  3.84 3,69 5474 5473
TALS=6 8e72 8,15 18400 2Le45 9469 1le51 14493 15.65
TALS=7 11,66 1147 23485 25.81 .6.61 7,10 1l.14 11.53
TALS=8 247 2015 7,01 10,76 12.17 17.61 22.18 25.32
TALS-10 * 6489 6.21 1lhelh 18,00 10.23 15.07 17.71 19.36
TALS<11 19,58 22.61 38470 33.8L 0.64 0.56 0.61 0,60
TALS=12 2415 1.8k 5.06 7493 12478 19.34 23.35 27.06
5 Ca Mg Mn Cr
\ - - - - 1
- OreNo.. A B - A B A B A B
TAﬁg:E\\\\,a.lu, * 2,30 * 0,00 * 0.063 * '
TALS-4 0,78 0.85 1,96 1.75 0.120 0.107 0.064 0.061
PALS=5 145 1,52 2429 2,19 0,100 0,102 0,059 0,059
TALS-6 3657 3427 1495 2434 0,060 0,072 0,027 0.030
TALS=? 2.75 2467 2,08 2.24 °0.080 0.082 0.041 0.043
PALS-10 Lot 3,98 1439 1.79 0,050 0,057 0,026 0,023
TALS-12  5.79 4.88 1o4h 2.24° 0.030 0.047 0.00 0.00
Column A Results using the Lachance-Traill correction
method .
Results using the Direct Ratio methodf(DR)

001umn B

Ore No, used as standard for the Direct Ratio method
»e Data for Allard Lake Standards =- Series'TALS

[

<
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. SABLE 39 o
RESULTS FOR THE ALLARD LAKE STANDARS - FUSED SAMPLES™

. Ore §o. A B A B A B A B
TALS-2 1415 *  27.82 *  5.25 .*  8.50 *
TALS-4  19.47 19:68 37.34 35.06 2,21 2.18 .3,15 3.13
JTALS-5 16427 16437 '31.86 51.15 3.91 3.89 5.88 5.86
TALS~6 8.54 8.38 17.83'10.20 0.62 0.83 1he77 185
TALSe? , 11.66 11.57 23.88 24,68 6462 6469 11419 11.23
TALS-8 2.35 2.27 5.85 8.07 11.82 12.31 ‘2l.4l 21.78
TALS=10 6467 ' 6,50 13.95 15.40 10,11 10.41 17.41 17.61
TALS-11  21.60 21.99 L4l.ih 37,96 0.67 0466 0465 . 0464
TALS-12 - 2.04 1,97 Lo94 5.85. 12.40 12,96 22.49 22,91 -

Ca “Mg. Mn - Cr

Ore No. A - B A B A B - A B
TALS-2 . 2416 . *  2.32 % 0,093 *  0.061 *
TALS-4 - 0.8L 0482 2,01 1.98 0.122 0,116 0.068 0.066
TALS=5 1.48 1.49 2.33. 2.32 0.107 0.106 0,061 0.060
TALS=6 3.50 3.4 1.95 1.99 0,061 0.065 0.027 0.028
TALS-7 2.9, 2.72  2.09 2.11 0,077 0.079 0.041 0,042 -
TALS-8 - 522 5,07 1.67 1.74 0.030 0.034 0.007 0,008 .
TALS=10  he33 "he2h L1¢39 Lleh2 0.046 0,050 0,020 0,021
TALS-11  0.25 0426 1.97 1.93 0,130 0.121. 0,082 0.078
TALS-12  5.54 . 1.h2° 1,48 0,031 0,036 0,00 0.00

Column A-
. Coalumn B Results using the Direct Ra

5637

Results using the‘Lachénca-Traill cobrecfion

method

tio method (DR)

* Ore No, used as standard for the Direct Ratlo method
** Data for Allard Lake Standards - Series TALS
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COMPARISON OF RESULTS - ABSOLUTE % RELATIVE .ERROR

e
’ Ilement ; Gf Solid -~ I .~ Fused ‘ .
. A <o . . . ’ ke ’ '
L. ‘ . R . t s S -
S - A B . A&
. Magnesium - 1.26 . 25.2 T0,00 2419
, Aluminum 12,01 2429 ° 0,33 2,16
silicon . - 2.72, .. %31, 0,02 ' 0.99
Caleium . 2.93  7.17 10.20° 2,29 ,
Titanium 432 496 ., . 0.20 L7770 .
’ ChrOEium . 1.74 12.2 “ 0:02 ‘}.98 )
Manganess'  3.92  23.3 ; Ousb * 7.81
. .. Irom. 291 272 . 049 - 9.83
o"“. . | . ‘.‘ e | .‘ ) V\% ;‘ ‘t- A - | ‘I ¢ . ) : .
- Column A Results by t%f.achancé-’fraﬂl’ method
Column B Results by the"Direct Rgtio method (DR). -

. " Data for Allard Lake Standards - Series TALS. . = -

\ A
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{ TABLE 41 S \

" THEORETIGAL®CONTRIBUTIONS FROM ABSORPTION AND ENHANCEMENT
EFFECTS IN ALLARD LAKE STANDARDS -'SERIES TALS

-

) - - SOLID SPECIMEN

Analyte Absorption Enhancement Ma;]or Contributors ' '
Element (%) %) - (%)
RE 7 M s Ca M Fe
Mg = 91.3=9346 6448, 1. €2 €2 <5 £3.5
A-l 9100-9’-}.0 . 6.0-900 <2 ‘2 <5 <3¢6
Si 90.5-96 4 -3e6=945 2 . <6 <£3.7
Cac. 84.0-97.‘5 2.5"‘16.0 <10 (605
T4 8647=97 o4 2.6=13.3 {12.3 .
Cr 78.3"'9’4-06 -5.’-}"&07 St N <2107
‘Mn 297.0 4 €30 <3.0
- Fa 100.0 ’ '
 FUSED SPECIMEN
' N N T 3 ‘,’ ) . 2
Analyte Absorption I'?n.hang:,emex__xt .Major Contributors
Element (%) (%) (%)
' AL Si Ga T Fe-
v, Mg 9743=9849 . . 1,1=2s7 <0.1 <3,0 €04 €143 {15
. Al © 97.3=98.9 1.1-2.7 <03 <04 €1e3 ¢lab
Si 96.8=99.2 0.8~3.2 €0,5 <l <1u6
Ca 9500"9900 1&°"‘50° (2.5 (209
? Ti 4e7=9942  048=5,3 .- €53
Cr - 89.1}-9803 1.:7','1006 / <1006
‘Mn - 299.0 - £l.0 0 - 1.0
N ‘ / ‘Fe lw.o )
i ) / . . » ." -,'A‘“‘ .‘-‘i::. i .
o R R T T g " i SN T MACDA S i
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. ' why the DR approach is unsuitable due to the high degree of
curvature- (Figure 15). However, the Lachance-Traill ap-

proach prévideé.a‘simple and accurate method of compensation

o
< ’ v
Vv T AR D IS T

. over a wide range of concentrations,
T [} . )

, 3.4.3 ' Analysis of bauxite and aluminum containing ,
' ores -
Selte3.1 Introduction S 5? . %
: o : !
Having considered a system most closely resembling B CL

iron-base or titanium-base ores both experimentally and
o . theoretically we have a somewhat cleafer idea of the %ﬁfects
present and tee compensating powers of the Lachance-Traill

approach.

- A totally different type of specimen encountered are
the’ bauxites. Bauxite is commonly referred to as an aggregate
of aluminous minerals consisting chiefly of aluminum hydrate

“ or hydroxide but may contain amorphous aluminous materidl
- ~ (rable 42).

P4

.
~
%
]

The potential sources of aluminum other than bauxite-

include aluminum phosphate rocks, aluminous shale, alunite,

Y

dawsonite, high alumina clay, igneous robks,,metamorbhic

'rocke;’saprolité a#d sillimanite srgup'mineralé. (9&),'

2
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Mineral Cohtents:

. trihydrate
. monohydrate
kaolinite -
mixed bauxite

hematite
goethite .
quartz

anatase.

N

7

N

raBLE 42 (98).

chiefly gibbsite
chiefly boehmite

both glbbsife an
boehmite

[y

SN NI
PRI SIS B Y

A1203-3H20
Alz - .HZO // .

A12 3-2310 2H20




' summarized in Table %3, (98)

]

157.
) Bauxites exist inja number of different forms and thelr ]
pﬁ&siéal properties vaiy appreciably. Bauxites may be mas-
sive or earthy, pisolitic,‘oolitic, brecciated, nodular,
“botryoidal, cellular, platy or vermlcular (98) Many pisolites
consist of concentric layers,and banding is common in other ]
structures. Some high grade bauxites are light gray or nearly
whitg, but shades of brown, yelf%w, red, pink and pufple Qre

common and those rich in organic matter are nearly black, The

hardness and specific gravity of the bauxite minerals' are

Mineral impurities present are iron, titanium, clay and

silica winerals, .

The 1ron minerals hematite (Fe ) and goethite (FEEOB.

H O) are the rmost abundant lmpuritles. They occur as nodules,

concretlons and as finely disseminated forms intergrown with

. alumlnous minerals. They are the chief.causes of the red and

brown colours that are characteristic of many éauyites. Mag-
netite (FeFe2 4) and ilmenlte (FeTlO ) are common in some-
bauxites particularly those that have altered from baslc
igneous rocks. Maghemlte (x'-Fe 03), has been identified in
several baux1te deposits and pyrite (Fesz) and siderite
(FeCO ) occur in a few dep051ts. (98)

. The titanium minerals in bauxite include the primary

&.-
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minerals ilmenite (FeTiO; or Fe0-TiO,), rutile (Ti0,) and /
titaniferrdus magnetite; and the ‘secondary minerals, ana-
tase (TiOa) and leucoxene (TiOZ), formed during weathering.

Titaniferrous hematite and sphene (Ca‘I‘iSiO5 or CaO-TiOZ-

$10,) are also present. (98)

" The kaolin minerals - kaolinite ((0H)851 Albr lo),

hal®ysite ((OH) st Al 010) and endelllte ((OH)8514A14010

AHZO), the hydrated form of halloysite - are the most commo

clay minerals associated with bauxite deposits. (98) The;

ey/
/

occur virtually pure in pockets, veins and concretions, :
Co - ‘ /
and are intergrown with aluminum and iron bearing minerals.

/p

- /
Nearly all the silica-in many high-grade ba {xite de-

!

Kaolinite is the most common mineral in the group.

posits is'in the form of kaolin minerals, but gome deposits

contain minor guantities of quartz and in a ffw deposits

this is the major impurity. (98)

i

Other accessory and minor mineral impurities whicﬁ'oc-'

cur are.zircon, tourmaline, kyanite and garnet as well as
; ; / -

chamosite to a lesser degree. (98) ///
This brief description shows the compiexities which .

. ~ )
do occur in any one specimen for analysis.
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33,2 Analysis of a series of high grade bauxite
‘ ores of the same relative composition

Thé first series (Series BXTj.include high grade ores |
containing 16 to 31 percent aluminum (58). These are basic-
ally boehmite (ie. samples B61 and B62) consisting of about
10 to 20 percent water, the other samples being gibbsite
with about 20 to 30 percent watér. Tables 4l through 48
give the data results., The fused ‘specimens are based on data
corrected for loss on ignition whgp calculated. The Lachance-
Traili approach gives effective bompensation for absérption—
enhancement effects and shows significant improvements over
the DR technique. Little difference can be distinguished
between solid or fused samples. However, since true homo-
geneity is assumed in the theoretical model, experimentally
thg situgtion may be quite different for raw solid spéci-
mens due'to sample cOmposition.2When considering fused
specimens, where thefséhple matrix has been destroyed, phe'

approach ﬁéy~bé valid. Table 49-showé that the main en-

* hancement effects are due to iron and titanium with a max-

TSRO

imum value of 10 percent, except fof certain elements ( 1e.
chromium ). =~ '

?

< o
.“ . - k]

" 3.4.3.3 ' Analysis of a mixture of typical bauxite
) ore deposits’

* §
The next series (Series DX) consists of a mixture of
& ' - ’
) - ™

. 1] =
. i . 4
L R A T e e T B B T, o™ ™%,




CONCENTRATION RANGES FOR BAUXIT

a TABLE 44

fiﬁ

LY

Elenient

Magneéium‘
Aluninum
Silicon
Calcium
Titanium
Cﬁfgmium

| Manganese
Irop .

' Phosphorus
Potassiunm

solid (%)

B S—

©0,00-0,40'
18.0-31.0"
0.20-12.0
o.bo-o.éo
0.60=1.80
0.01-0.,08
000-0.40
0.90-19.0
0.00-2.90
10400170

"Series BXT, samples B6L - B70

) ’
i
) et
-

-,

Fused (%)

' 0900"0010 .

4.00=9.00
0.0l4=1.60
0.00=0.30
0.10-0350
0.00-0.01

©.0.,00-0,10
0.20-5,00

0.00-0.80
0 * 00"0 .L}O

E SAMPLES® -

.
a
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h TABLE 48 °
' COMPARISON OF RESULTS® ~ ABSOLUTE % RELATIVE ERROR
Element . “ "'Solid . Fused - ’
A B A B )
. . ‘ \ . )
Magnesium 0.85 ' 174 0.79 ., 2.75
Aluminum 1.20 ©  12.6 ©0.25 . 2.84
. ' B {
Silicon ,Q.£9 8.62 . 0.21 1.89
- Calciun . 0037 6057 . 2.00 0055
I “ : : L 1
Titanid . 0,71  8.65 - 0.21 . L.74 *
Chromiun . 0.32 929 132 0.0
Manganese 0,09 1443 °  0.85 - 3.4 - .
' Iron . B 0098 18.5 ‘ . 0039 50.38
- ° Phosphorus  0.92  5.84 0.16  0.29
Potassium. 0.96 475 0.37  0.12 ¥

. Column A Results by the Lachance~Traill method
Column B Regults by the Direct Ratio method (DR)

* Data for BauxitdSamples - Series BXT .

-
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THEORETICAL CGNTRIBUTIONS FROM ABSORPTION AND WHANCHIENT

L

, N

,TABLE49.

.
-

N -

-

\u

1664

+ EFFECTS IN BAUXITE SAMPLES - - SERTES BXT. -

LIS
¥
N ta

 S0LID spmmm‘

RN

. . * ’ )
/ Analyte Absorption Enhancement Major Contributors )
Doment’ . A% .8 U@ :
Mg 93,0-95.7  L4a3=7.0 (3. ¢0.5 €0.6 <3.7 .
- Al c 9‘*00-9900; -~ 100-670 < 05 ‘OQ? <1+.0~”
SL. . -944799.0 1.0-5,3 - @47 <407
P, 96.,0=99,0 . 1. . " €047 €4e0 - |
K- 94.%38.7 1.3-6.0 " €1.0 €5.3 - L
: Ca 93.0-98 2+0=7, Q £1,2° €645 L
A = § 89.0=99.2 ©~ 0,8=11.0 - ¥X11.0
R Cr' 77.7"980& v 1 6"22.3 4 i . (2203
M . 700?99.8 - 02"‘3 0 . <'3.0
‘-Fe“l ‘ -100.0 ‘- L
. Analyte Absorption . Enhanctéxmlm”‘i:r Ma;}or.ggntributors - S ' .
 Element, (%) - (%) ¢ (%) - » ’ ..
F. i Br‘ - N ’ "’ ’ -
a4 oo m st r" |
Mg 97.0-98.8 ‘1.2-3 0o <o 8 <0 <1.9
: Al . 9700"99-6 ‘ ’4-300 : <003 <2oo
.81 97,0-99,5 T 0e5=3,0 . €0.3 €2.0 ' .
P -97.8- po OopmBe2 <0.3 2.0 .
G 96.9-99. 0:6-’-3.‘1 <€0,.4 €2.8 ‘
G “Ca 96. 9 6 ‘4"4.0' & , <0.6 r(} 5
TL 9400"9805 N 07"'690 ’ .
B 87.0-89.2 - % (13-0 . '
Mo 9B.4=09.9 .1-. & , e




+ Lachance-Traill apprbach shows acceptable. results as compared -

¥

"o

" ' s ¢ : ) 1670

typical bauxites. (98) The associated psrent\?ocks are pre-
"' . sented in Table 50, , = - ’ . S

I

Data results Tor this series are presented in Tables 51
through 56. The DR method in these cases employs twd stan- ';
dards to obtain better results for comparison purposes. The_'

to tha DR method under, the theoretical assumption of homo=-
genelity. Experimentally, raw 3pecimens would likely ‘be im=-

. practical for analysis due to the large concentration ranges

present as w?;}\is variations in mineral and water contents.

Fusion may aiso be a problem due to the high silica content,
but addition of certain oxidizers or modification of the

¢ flux may heélp in matrix disso}ution ( ie. carbonate fusion Yo

1

B % Analysis of a typical aluminum phosphate .
i . rock deposit

. 2 \ | .
Major deposits of allminun phgpphate rock (Series APD)

NS

b

occur in friable leached, phosphatic sand above calcium TN

phosphate zones in Florida. The aluminum bearing minerals

.\, ‘are crandallite (Calu3(1504) (03)3-3 0), millsite {(NaK)Ca:
" u6(p04) (OH) g +38,0) , wavelite (AL5(PO,) 3(00)5-5H, 0) and

kaolinite ((0H)881 A.‘.L,+ lo). In addition to the aluminous o

orme, some of the‘phosphate occurs as carbonatefluﬁ}apatite

~ 1




Parent Rocks,K Series DX:

A

2

’ lo

. 2.
g3.

" he

. 5.

\

Nepheline syenite
Dolerite ‘ .
Hornblende schist X

Primary laterite

Solid hornblende basalt, chlorltlzed and saus-
suritized

« Residual kaolinitic clay

Yellowish-white pisolitic bauxite - L
Green shale .

Diabase )

Compact superf1c1al gibbsitic laterite :

RS—
bl
168.
.
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1)
’l
. !
t
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1
.
v
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TABLE 51

CONCENTRATION RANGES FOR BAUXITE SAMPLES®

'

C

Efement Soiid (%
Magnesium 0.00-8 .00
6 '00-33 930
0.20"26 pl(-
0.00"8 OLI-
0050"2 .80
0.,00=0,40 .
. 0 .‘+\0-17 . 6
‘Phosphorus  0.,00=0,06
Potassiun "oqpo-s.so
’Serd.es ﬂx - -

" - «Fused (%)

0 ;oo-i +60
1.30-9.70
0.00-6.2

0400=1,70
0.00-0.70

0.00-0,70

© 0410-4,30
.9;00-0.04
~ 0.00-1,20

,
« .
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o n TABLE 55 . . o
COMPARISON OF RESULTS <5 ABSOLUTE % RELATIVE ERROR
4 Element 7 soldd . Fused .’
K- . A B - A B :
, Mdgnesium lo.g7 104 { . 0.2 4z ‘
S Aluminun 1.1 - 8.59 0.27 2,00 Co
§ilicon 149 435 0.7 2416
-ca.._LCium 3008 o 9.88 ° 0062 _‘ 2086” )
* T4 tanium 0.57 17,0 021 499 . |
. Mangaiiese 0.55 20,1 0,07 627 - .
* Ironm © L23 . 1347 0.3 11l ‘ ”
Phosphorus 09 " 9,32 0.76  1.20,
' . Potassiun 0621 174 . Ok 1.20
« ' s i . -
Column A Results by the Lachance-Traill method
Column B' Results by the Direct Ratio method (DR)
r .* Data for Bawxite Samples - Series DX ) ' 4
3 o ;
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PABLE 56 C ;

I'4

” THEORETICAL CONTRIBUTIONS FROM ABSORPTION AND ENHANCEMENT v %
EFFECTS IN BAUXITE SAMPLES - SERIES DX A

N . " 50LID SPECIMEN e

‘:\/ | |
Analyte Absorption Enhancement Major Contributors == =
Element (%) - (%) : -(%) , g \
' . N ; . Py
‘ ; | M S 0a M Fe K
. Mg 9345~96,0 Le0=645" - 3.3 3,0 2.7 0.8 3.1 2,0
Al 9300"99.0 1‘309700 M 302 2’.8 008 2.0 2.0
) Si- 9500"'99-0 1.0-5'.0 - ' 3020-9 3.3 0.1 ?
| . P . 9600-9800 \ 2.0-14‘.0 2.8 0.9 303 .
K 9‘}.0"'98 6 104‘600 4.2 lcg 2.7
Ca 9300-9805 - 105"‘?00 l. 506
Ti 91{».0-’99 6 0.4"6.0 N , 6.0 !
Mn 97 3"9905 005‘6-7 . ] 2-7

Fe + 1000

FUSED SPECIMEN °

\ - Analyte Absorption Enhancement Major Contributors®
., Element . (%) (%) (% -

Al S8i° Ca Ti Fe .X

_ o p— —— —— L
o

c 0 Mg T 7e5=98.7,  La3-2e5 - 0.8 0.6 1.0 0.k 16 0.6

Al 9705"99.5 005"205 o 6 lol OQL{- 107 007 »
81 97 09=99.5. 0.5—2.1 . 1.2 0.4 1.7 0.7

P 9708-9907\ '0.3"2. 103 007 8

K ' 700‘99.6 ”004"300 ' lo? 1.0 2 ,

Ca ' 97 9-9901 i 0,9=2.1 ' 0.6 3.0

Ti 9701"9908 0.2-209 ) . . 2.9
R Mn 9806“9909 001"104 . ) . lelp

Fe ) 10000 ' o . '

-

‘v

* The indicated percentages\are ranges representing
zero to the indicated maximum percent - -
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, The aluminﬁm phosphate:minerais form 20 to 30 percent

‘of tﬂe rock and more than 60 percent is quartz sand. The

quartz 1s coarser than 150 mesh and virtually all the phos=-
phatic material is finér than 15Q mesh or can be disaggreg-.
ated to this size. |

Though much of the rock containsrfrom 8 to 15 percent

’alumina, the alumina, phosphate and uranium contents can be .

o
increased three-fold by removing th\‘*150 mesh quartz sand.

- )
Tables 57 through 61 show typical data results, with the

Lachance-Traill approach. showing nigher accuracy over the

- DR technique even when two standards are ueed. Experimentally

the magnesium concentration is much too low for analysis.

’ Enhancement is minimal at less than 10 percent in the raw

solid and less than k4 percent in fused specimens (Table 62).

Separation of the coarser quartz may te ad#antageous
for experimental determinations since the silica content
is very high and will certainly pose dissolution problems,

Delroly. Analysis of a series of rocke‘end minerals

In many analyses involving geologioal materials, stan- -
dard reference materials are used for calibration purpoeee.

These are usually standard-rocks anf;pinegals which can be
. > ’

o
S

. v, .
’ - /
“ N '
o

:
~ . . - .
O e e e it Ly Bt o R VR e e
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CONGENTRATION RANGES FOR ALUMINUM PHOSPHATE ROCKS"

PABLE 57

Element

Pptaséium.

*Series APD . -

~Soldd (%)
Magnesium 0.006
Aluminum | 3,00=8.00
Silicon 19.0-32.6
Caicium 0.10-6.60
"Pitanium | 0.20-0.40
Chromium 0.00-0.30
Manganese  0.10-1.70.
Iron '0.90-1.86“
Phosphorus 1+ 490-8 460

. 0.00~0,013

!

Fused (%)

0.0013
0,60-1.80
§ J40-7 .10

0.03-1.40
0.04-0.09

'0.00~0.08

0.01-0.09

0.20-0542

1010-20;0‘

10,00-0,004
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* COMPARISON OF RESULTS" - ABSOLUTE % RELATIVE ERROR

' o
.,  Elememt . soltd °  Fused
S B A, B
" Magnésiim 1.19  0.00 ©, Ba33 0400
Alumi un 0,48 1245 0.30 054
. $ilicop’ 1,700 2.2 7T Q.56 0498
CCaleiws - 0,99 2.63 | 0.30  0.54 |
. mtamiw 0,80 134 - 0.00 4.86 I
/ ' Chromlum  0.00 .15.2 . 0,10 6463
’ 'f-: ‘ 7!-£an§§anese 0.9 1245 ;. 0,03 : 6.76
. 'Iron | 1.03 8.55 - .0.17 " 3.82
Phosphorus 0.78  1.92 7 . 0.20  0.66
. Potassium - 3.,07- 2.0l . 2462 1.00
. T i -

Column A Results by the Lachance-=Tralll method

'Column B . Results by the Direct Ratio mgthod (DR)

""" Data for Aluminum Phosphate Rocks -'Series APD
r T .. .
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' .+ " TABLE 62

o

l'l'HEORETICAL CONTRIBUTIONS FROM ABSORPTION AND ENHANCEMENT
EFFECTS IN ALUMINUM PHOSPHATE DEPOSITS = SERIES APD N\

)

\

SOLID SPECIMEN

. ) .,
Analyte Absorption ' Enhancement Major Contributors . : “

Eleient ) T (%) - :

AlSiCa‘I‘:LMnFeP

I‘Ig 9000-9200 800"1000 007 L}Ql 2.0 Ocl 003 0.3 408

Al 89.8"92.3 707 1002 L!-.Ll- 2.2 0.1_}0.3 9“’1-{- 1+06

Si 91.7“ 6.2 3.8"'803 20{+~0'51 003 Oolf 5.4 '
Ca . 9807" 902 008"103 ._;‘ -%006 0-7 3
Ti 9808"99-3 ) 0Q7'102 . 009 lo_q

Cr 97.6"'98.6 l‘oLl-"aol-} : . 02 2.4

Mo« >99.8  €0.3 . - 0.3

. Fe . 10040

FUSED SPECIMEN °

\
b

" Analyte Absorption . Enhancement Major Contributors B
Element (%) “ (%) ) - (%)

Al,‘SiCaTiMnFeP

y Mg 964197 47 2e3=3.9- 1,5 0.9 0.8 0.100.1 0.2 242
R Al 9600-9707 2.3"400 O.9 0.9 O.l OQZ 0.2 203
Si 96.1{'-98.5 . 105-3.6 1.0 0.1 0.2 0-2 2.]‘-{—
Ca . ’ 9906-9908 R 002"’0.04 : Ool 003 003 ‘ .
B 99¢3-99.7 043-0.7 + 0e5 045
Cr . 98.8"990’-} . 006?102 . 001 loa
Mn "992,9 V0.1 v o1
Fe * 100.0 ' .
i’ ~

* ‘The ind.icated percentagas are ranges represen’cing
zero [to the indicated maxdimum percent

]

< m—— i g e et




_kbbey (100). has produced a list of "usable" values for most |

"somewhat . ' : ®

'36%) is much toe high in certain cases and.problems'are, N .Q
‘ evident in fusions 1if high sample weights arelused. The .

magor constituents include- aluminum, 51licon, ca1c1um and )7 }
_1ron. . - . 1“

{ 182 .

Y . o ' o §
1

obtained from various sources, ie, USGS, NBS,.-etc.. Data

results on these.reference materials appeéring id ihe lit-

erature ( 99) are somewhat confusing, partlcularly as to the
true analyticql content. ”he concentratlon ranges for ‘the. '

individual elements can be seen to be.qulte large and in

some cases with errors of * 10 percent or greater: Recently,

L
P

standard reference materials which clears up the situation

[

- . .
In the following part of the study two series (Series

XY-1 and Series XY-2) were setup from thls accumulation of
reference standards. Table 63 shows the individual spe01mens

and parent rock or mineral,

o
Bl o kT

Theoretical intensities were evaluated for both series

individually, It can be noted that the silica content (1 -

v o

In Series XY-1, Tables 64 through 68 show data results

obtained in a similar manner to the previous treatments. It
is .evident that the.Lachance-Traill'approach sighificantly

cpmpensated for any absorption-enhancement effects which




amid v o

.
. -
* . '
e ‘ : 183.
! ) o ‘ Lo
— | | (100) ‘
‘ : . 00) ) ¥
. < TABLE 63 ,
. AN .
bd , l‘\ ' ' . o ’ J
« i ) R &% ‘ ! . ‘ “\
Parent Rocks or Minerals: . : : ;
' Series XY-I | Series XY-2% . S
‘ : MRG-1 Gabbro . I-1 Aplitic granite
' SY-2 .Syenite . - I-3 Dolerite
. -8Y=3  Syenite - M=2 Pelitic schist . L
AGV=1 Andesite M-3 Calc silicate ' , %
BCR-1 ~ Basalt 302/1 Iron ore L \
‘ DTS-1 Dunite DT-N Kyanite o ' \
G-2- Granite . UB- Serpentine . “ - |
T GSP-1 = Granodiorite ' NIM-S Syenite SN '
PCCx=1 . Peridotite Q\J NBS=97a . Flint clay . -
W-1 Diabase NBS-99a Sodium spar
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e mEBe 1
’ — R ..
- E ( céﬂcmrrmtrxon RANGES FOR ROCKS AND MiNEIiALSTx
flement. Y Solid (%) . < Fused (%) = ° - o >
S . Magnesium  0.40-30.0 ° 0:10-6,00
| Aluminun’ 10.10-10.0 04102220 "
! silicon °  18.0-32.0- 3.80-6.50
Calciun 0.10-10.50 * 0402-1.60 N |
4+ . ritanium 0.00-2,30 ©0400-0,50 - "
N //;\\Ck;fomM 0.00-0.50 - 0.00-0.09 -
| ' Mamgamess  0.05-0.30  0.00-0.06 '
Irom ., 1.80-12.50 0,40-2.60
Phosphorus  0.0340.20 © 0.00-0.04 " ' \
- 'Potass{gm 0400-5.00 -+ 0.00-1.03
*Sertes XY-1 e .
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TABLE 68
CONPARISON OF RESULTS® - ABSOLUTE % RELATIVE sno
b Element Fused
e L .
| T SR
_ Rl - ‘ !
Magnesium . 1.66,  20.9 0 0.09 19,3 4

e Auwntnan  1.86 30,9 . 0,33 294

; ) silicon 1,99 * 1h.2 o022 126 ‘

: Caleium 1,38 *.10.4 0.4l 11,2

§ T4 taniun 0.83 .19.0 0.00 20.1 _

P ¢ Chromlum 4,09 _ 26.9 397 15.2 o

: Mgngaﬁese . 203 . 32,5 . 1.6Qu‘ 37.0 ’

| Iron 2.1 35.1 054 335
¥ & Phosphorus  3.13  9.39. 2.k . 10i7
8 7 Potasstum 2.4 6.62  0.39 |, 7.72 '

= o . Column A. Results by the Lachance-Traill method |
1-—- ~Column B Results by the Diréct Ratio method (DR)

* Data for Rocks and Minerals - Series X¥-1

e - ., e o 50 e o P of e o - - oo e
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occur. Enhancement effects are present at less than 10 per=

. cent in all cases (Tab%el§9). - .1| J

. Tables 70 thrcugh 74 represent data results for the
. Series XY-2, The Lachance~Traill approach shows improved
. accuracy and, even if two standards are used,the DR is in-
adequate for data treatment. Enhancement effects are pLesent
-at Lefs than 10 percent level for most elements except tit=
anium and chromium with iron as the major contributor (Table
,. .75). ,
o ' R , e

s ‘ o 3.5«‘ Discussion

The modified Lachance-Traill approach has been shown
to be suitable for chemical anal&sis by XRF.VThe theoretical
l simulations emphasize the ability of the model to compensate
fqr absorption-enhaacament effects. It has also been shown
that éahancement effeccs Sccur to less than 10 percent and
that in this range adequate compensation does occur, The
theoretical moéel, when apéiied an a homogeneous sample, .
shows that relative errors of less fhan 2 percent are easily

obtainable for most systems (Tables 32 and 76). Experimentally

different errors are evident. Such sources of error arise

; , from low intensitlfies for the minor constituents especially

in aqueous or fused specimens. Another source may be traced
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‘THEORETICAL CONTRIBUTIONS FROM ABSORPTION AND ENHANCEMENT L
EFFECTS IN ROCK AND MINERAL SAMPLES - SERIES XY-l . '

( “ ’ ‘ ~ : 1900
«- TABLE 69 -

SOLID SPECIMEN

. The ixi_dicated percentages are ranges representing
zero to the indicated maximum’percent .

%
AnéI;yte Absorption' Enpapcément Major Contributors *
Element (%) o (%) \ C (%)

’ Al Si Ca ™ Fe K
Mg 93.0=97.0 30740 0.9 346 3.5 Ous Lok 10,
Al ’ >93 0 ‘ <?oo ° : 5.5 005 107 lol
Si 93,0297 .0 3.0-7.0 ¥ 4.0 0.5 2.0 1.7
P 93‘0'99.0 1160-700 \ 4.0 Q.s 1‘7
K 91,0-99.0 1.0-9,0 ¥ 540 0.7 245
Ca. 9500"9900 100'500 : 009 3.5
Ti 9500-9900 100'500 . : 5.0
Cr 89.0‘9800 2.0-11.0 11.0
Mn 98.45-99.0 1.0-1,5 . 1.5
Fe . 100.0 \ ‘
FUSED SPECIMEN -
;Analyte Abso;rp'tidn Enhancement Ma:jor'Contributors.
Element (%) . (%) . - (%)
| AL SL Ca M Fe K
‘Mg 97.0-99.0  1.0-3,0 0,1 0.8 1.3 0.1 0.9 0.5
Al, 97.0‘9900 100.300 009 1.4 OQl 009 006
51 97.0‘9900 1.0-3.0 1;5 Oal 0'9 006
P 97 «0=99.0 1.0-3,0 1.6 0.1 0.9
K . 96.0-99.0 3 100’#00 2.2 0.1 1.3
Ca) 98.0‘99.0 100‘2.0 00“ 10?-
Ti 97.0’99 0 1.0-300 2.8
Cr 9400‘99.0‘ 100-600' 6.0 %
Mn 299.0 <10 1,0
Fe 100.0

Al . B
- 7 vorem
: L Y L 2 e L
o e e i gl A FUvE
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TABLE 70
’ .
CONCENTRATION RANGES FOR ROCKS AND jimrz:mﬁ,sf

Zlement Soli; (%) ' Fused (%) - i
Magnesium 0,02-21 ek .0.,00-4,80

CAluminumct 1,50-35.5 0.40-7.20
silicon  8.30-35.2 1.90-7.40

. Calcium 0.08-8.60 0.00-1.80 .
T4 tanium 0.03-1.60 - 0.00-0.30
‘Chromius .  0.02-0.70 ' 0.00-0.14
Manga:r;ese 0.00-0,20 0.00=0.05
Iron 0.05=33.3 0.00-7.90
Phosphorus  0.00-0.,20 0.00-0.21
Potassium 0.00-12,.8 0.00=2.60
*Series XY~2 ) .
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TABLE 74

K

)

COMPARISOY OF RESULTS™ - ABSOLUTE % RELATIVE ERROR

" Element Solid :

. A F |
Magnesium’ 0.95 - 15.7 .
Aluminum 1.68 2647
Silicon , . 2426 9.99
Calcium 1.86 2;.2
T4 taniug © 0458 17.k
Chromiun 0488 181
Manganese 2.25 21,0
Iron 1.97 245 - . -
Phdsphorus‘ © 0475 5ok ~“v

p I

~
Fused
\A 'ﬁ
1.8  3.68
0e24 L4482
L 0.21 6430
0.61  6.72
0,15 "7.05
" 0496 6465
' >?Eﬁégﬁ%' 9452
" 0354 11,3
167 L
0,07 55

Column A Results by the Lachance-Traill method

Column B Results by the Direct Ratio method (DR)

*. Data for Rocks and Minerals - Series XY-2 .
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" TABLE 75

.

\‘1965

l

‘i THEORETICAL CONTRIBUTIONS*?ROM ABSORPTION AND ENHANCEMENT

EFFECTS IN ROCK AND MINERAL 'SAMPLES

- SERIES XY-2

4

SOLID SPECIMEN -

Analyte Absorption Enhancement
Element' (% (%)

Major Contributors -

. (%)

i

93.0=9540

1

Al Si Ca Ti Cr Fe' K

.

-

~

MS 500‘7.0 2.41h0‘2.8 0.3 107~l.3
Al 9200"9700 300"8-0 ‘+05, 3.0 0.1+ 5.0 2.0
Si 93+0-99.0 1,0-7,0 : 3.2 00t 001 5.1 4.3
P 9300'9908 002"‘?00 301 OQLQ: 0.1 503
K 91,0=99.6 Oelf=9.,0 Le2 0,5 0.2 7.2
Ca 91&%&9{9 031—9J) 206 0&38.9
Ti 85.0-99.9 0¢1-15.0 0.3 14
Cr 71.0-99,9 041-29.0 2845
Mn 95“»9939 0.1‘5&) 5.
Fe 100.0
FUSED SPECIMEN
*
_ Analyte Absorption  Enhancement Major Contributors
.\ Element - (%) . (%) (%)
' ) AL S1 Ca Ti Cr Fe”K
Dig 96.0"98‘8 ‘1.2-4‘0 0.6 1.0 1.1 0.2 2.7 1.3
Al . 96.0‘99.1 0-9-#00 1.0 1.2 002 2.8 1.4
Si + 96.0-99.8 0e2=440 ) 1.3 0.2 2.8 1.6
P 97.0-99.8 0e2=340 .3 0.2 2e9
K 95.@99.9 0.1"5.0 108 0.2 LI-.O
. Ca 98,0=99.9 Oe¢l=2.0 03 001 540
Ti 9100"99 9 01"900 0.2 804
© Cr 33.0"’99 Oe 1—17.0 ) 17.4
Mn 747=9949 0dl=243 23 -
. Fe 100.0

The indicated percentages are ranges representing
zero to the indicated maximum percent ,

.
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to the efficiency of the acids in dissolving certain alloys
@e; in the case of tinhﬂif preSent’in°high concentrations ’

in copper alloys,: dissolution is very difficult, In geolo-
gical material, different fluxes may be required to ensure ..

. e

complete break~-down of the mineral matrices present, as well

as the often high silica content,

‘.
A R S Ak =
. 7

’~.  The validity of the Lachance-Traill approach can best
be iilustrated graphically using data for the Series TALS :
obtained using solid samples where the concentration span

UV o

- S
——

and absorption-enhancement effects are more significant The

, calculated intensities ( I ) (Equation 21) and known.

corr
'compositions'of the 'samples are used to plot the various

AN B AT ¢ i i

intensity versus-:concentration graphs. The efficiency of the . g B N

‘Lachance-Traill approach in compensating‘for the absorption-
enhancemeng effects is clearly shown with ercellent linear
relationships resulting (Figures 16, 17 and’la).This is
‘especially significa.nt in the case of magnesium (Figure 16).
where a large scatter in the data points occurs. The data
also shows why thg- Direct Ratio metnod cannot be(success-'
fully applied due\to the severe matrix effects present which

results in the no -iinear plots for measured intensities

S0 o i,

versus concentrfation.

The Lachance-Traill approach has been shown to yield

t

|
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accurate results for most types of specimens over a large :

e s T

concentration range. Other advantages to this approach caﬁ.

z be summarized by the following: , /(Mwh\“\\ !
' s
1., 2xperimentally determined X -correction coef-
* ricients derived from simple binary solutions can
be successfully used in the analysis of complex
, nulti-component systems, .

e meenn e A ke 1 o

i 2. Theoretically derived coefficients can be cor-
related to the experimental coefficients and can
‘also be used. .

3. 0nl§ one single standard is required in the com= .
L - putation of the chemical composition of solutions ]
‘) of unknown specimens, o ' 3

' ' S L, The protedure yields simultaneously. concentration .
. L . values for all the elements of interest in the ‘

specimen.

orm Tabp s

o S5e Absorption-enhancement effects are minimized in
aqueous or fused specimens.

6e Higher accuracy, as well as rapidity and flexi- ,
* bility show the usefulnesséof the empirical ap-- :
proach.’ 1.

-

Le CONCLUSIONS

Py

} This investigation has revealed the following signif-

icant points.

1. Zxperimental coefficients are valid since they
can be correlated to theoretical coefficients
derived _under similar experimental conditions.

\ 2e The theoretical coefficients can be used for
: ‘ systems, (ie. of low Z), where o('s are not easily
: . obtaine} due to the low solution concentrations.

o . .3 Matrix effects arising fxom elements with Z(ll




' 2030 T

' can be grouped 1nto one coefficient and indlvidual
contributions need not be determined, :

4, The aqueous solution as well as solid-solution .
! " technlques are comparable in yielding the same , !
: t coefficients.

5. The Lachance-Traill approach'adequately compensates -
o for most-absorption-enhancement effects which occur. ]

6. The Lachance-Traill approach yields high accuracy _
on the basis of a truely homogeneous sample. As 1
such, geological specimens pressed from raw pow-
ders are not suitable for used in XRF analysis and - -
should be fused prior to analysis.

L

7. The theoretical model developed allows direct com=-
parison as to the inter-element effects which occur
in complex systems and can be adequately used to

. obtain preliminary data for study of different
effects which can arise. (8 . -

£

. 8. The results indicate the validity of such an
.- . empirical approach in the analysis of a wide va- 1
. ' . - riety of specimens without the need of higher 3
order correction terms. . ;

. 5, SUGGES TIO\IS FOR FUR

Furthef iork~should b¢ ddnducted on the expcriﬁentai

“analysis of‘variokg,mat

and geological specimens using

" different sample preparation techniques and fusion methods.

%
‘x\\ In many analyses only certain elements are required . to
b ceftified. An ekample'of fhis is the analysis oflﬁauxite

oreg for the Bayer process. Different ores are blended to
obtain a.particular overall concentration of various, ele-"

‘ments’ required by the process, The maJor components ana=
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lyzed are aluminum, silicon, titaniunm and iron. Accordingly,
" in what manner could the modified app:oaéh described be
applied in such cases where only a féw elemental compoeiﬁions

are required? . o . . o

This invéstigation has shgwn the usefulﬁess of theo-
retiéally calculated XRF intensities for multi-component
systems whic# could again serve a very significant part in
these further studies pre;eeding experimental work. This
shé@g only one aspect which could be extended to any number L., 3 :

of different specimen types. ' :
S ' %
>. Different empirical methods could also be studied to - ©

show the further contributions of higher order coefficients

and their particular advantages, if any, over the simpler

techniques., - ]
In this study, the use of wavelength dispersive XRF
| .. - -
is emphasized. Nowadays, there is an ever increasing use
of energy dispersive instruments vhichrhaya the advantage
of simultaneous multi-element analysis through the use of - \ 1

solid state detectora'and multi-channel analyzers. With
‘respect to this type of instrument, can the modified

. Lachance-Traill approach be used just.as efficiently? It
. . re :
would appear to be highly desirable since the accumulated

3

-

-

R T
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t

intensities cah easily be transferred to a micro-processor

programﬁed to apply the modified Lachance~Traill a;proach.
It 1s understood that due to the differing geometries in
these instruments, a different set of matrix andtinter-
element correction coefficientS"may'be'requirad but could

he theoretically evaluated using the proper equations for

" this type of system.

i
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PROGRAM " ALPHAMAT

PURPQSE: To determine matrix effect correction:
: coefficlents from elemental concentration
and x-ray intensity data for binary .
solution systems.

METHOD: The O(=-correction coefficients are .

‘ : determined using Equation 18. The calcu-
lation is carried out for all possible
combinations and an average coefficient

: , " 1s determined after statistical analysis
, ) : is performed.

!

\
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PROGRAM ALPHAMAT -
gUIU0 OFOGFAE ACPHVEY Y APE T, 00 PU T, TAEET, TADES) h

00120 RFEWIND 2

00110 DIMENSTION M“(iUG)9NN(100)¢AL¢H5(5’01.PX(SUO).CI(ioﬁ.CHtiﬂiv
0C120+4C(107.CTC(10),CIN(10)42ZP(SCO0)«NX(500) .

00140 CALL GFTUIBHTAPEZ,SHTAPEZ,C,0)
80141 CALL CFT(EMVAOES5,5HTAPES,N, ()

T L L g g et
001600 ~ALF”A CrFEFICTIENTS FOPR TH& PEYEPMINATION OF MATRIX

goi7on ‘EFFEFTQ ON THE ANALYSIS NF ANUEOUS MEDIA RY X=-RAY

go01d0C FLCLFECCENrE SOECTRAMETRPY ]
001cQn *wws’ FPRIL,1Q75%smxnrs . .
go0z290cC WEITTEN RY**xXxX QQRAERT QNIFPUSCIA *»wsax L

DTZTDC‘ ‘‘‘‘ smsaeneonens Lkl ol R A R LR R XL LD LT TS CmmcecmrmadmCer R ce e ® e~
00211 TPW=INTFEX=0

00220 7 PEAN(3,1)SYX .

D020 READ (T L9)NY ' ’

00240 QEAD(Z,20) (C(T),T=1,NX) '
06250 REBD(3,20) (CM(I), I=1,NX) \\\\ 3

TOZE0 REAN (L, 20V (BI(YV, I=1,NX7 - ) T
00270 1 FCRMAT(A2) . .
00280 9 FCRMAT(I1) ’ ; |
00290 20 FCRMATIRF15,6) : , P
00700 MX=NX-1 ) i
00310 I=¢

’ 007YeE0 N=CI(FKY*C(MY*M (N

00422 CALT REJFLYUALPHAL T, STOE XS Y, INCEY)

TURZ8 TACT YFFANLZ 79, INDEXG STHEVATYMERN)

‘00429 INDE=TANEX $ IMDEX=Q

UOULO IPW=INFEY=]

]

. 00480 CA CUTPT (MM, MN, ALPHA,CXySTNE,¥A,CT,CM, FoCTCoCIOqSTO,XO»NX»IvSXI?

00%20 NG 100 M=1,MY , N
00330 NM=*41 ¢ ' ,
00340 NO 100 N=AM,NX . '

00350 I=T+1

00360 &4 = (CT(N)I*C(M))=(CTIMI*C(N))
00370 A=CTI(M)I*C(N) *CM (M)

00380 ALPHA(T)I=A/(F=D)

“00400 MM(I¥=P ] NN(TI)=N

00410 100 CONTINUE

00420 PRINT+* CREFFICIENTS PALCUEATED * ' !
00421 CALL XFMEAN(CALPHA,I,STNE,YA) _déj‘

DB423 IPW=T9h+1

00424 IF(IFW.FR.3)89,99 ~

00425 8¢ CALL PEPLAGE(S5HTAPES,SHTAFFES,0,0)
004286 REWTNEG &

00427 READ(S54) (ZZP(IX)4IX=1,INDEX)

00430 CALL REJFCT (779, INDE,STHEVA,XMEEN DX, INDEX)

00431 PRINT 10C.SX.INDEZXyXMEEN,STOEYA

00632 100 FOEMAT(//S5X,*SERIES MATEIX NF *A42/8X*NQ OF ACC DATA =*T14/
00433+5X*MEAN VALUE =*F13,9/5X*STC rsv 4/ == * E16.,577)

00461 RFHTAD = 3
00442 99 CCATTNUE . .
00450 CALL PESULTSIAT 4N 4XALBTICSCICSTNLXCyNX,C)

00470 €20 (3,90 ING

[ 4
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1 215. &

T, UDRADT TR (TNC.ER 016, 7 ; T -

nqqgo f PRINT,® EXIT FoOM FIU—' » .

00500 OETNT,* ° AUTOUT AVATLAQLF FIrm TAPF 4 .

00510 RFWIND &

00520 ratL Qﬁvctqurnpra SHTAPEL,0,0,0) . c

00530 <TrP o -
TTTUOYLOEAN -

ggggor!u!;:li;#t:t#4#;4444##«;4;:;:tvttvta-;&.;u;:tu&;-u;::;;n;#144!4;;; i

005600 MEAN aANG TSTN NEV " SPRROUTINE

o 0570|" 'r‘ll4!!!‘!‘#&!'!'4{!##!’44!!#.tlll&“¥!‘-‘&ll‘l¥tl Il‘%l“lll#‘l‘l!!#

00590 SU“POUTIN" XMEAN (ALPHA M STNRE, X R)

005380 DIMENSION ALFHA(500) ' . :
T DURO0 SCMET.L O : - * "‘ B ) i

00610 00 110C K=, N : ‘

00620 1100 ‘SLM=SUMALPHA (K) ‘ : - e .

00630 FN=N - T T T : ¢ 3
- D0ELD XA=SUM/FN . - , -

D650 SUM=1,N . 1

00660 0C {101 L=1,~ ; ; .

0C670 1101‘SL”=§UM#(AL°HA(U)-YA)"2 L

00680 CK=MN-1 j--

00690 STDE=SCPT(SUM/FI) . f

00700 RETU®N' ;

- 00740 END : .

A AL DEERET TR I R Y T X e Ry P E Y P Y e e P ey e e T e T TS YT I N T T T T T
. 007300 , STATISTIMAL REJECTTAN SUSRNUTINE

007QUCI4¥¥?¥ (I EA XL R R RS L RS R RS RE R Y 3 LR EL I E L E I R S PRV PP VISR BV R LR NN

00750 SUPRCUTINE RFJECT (ALPHA,NySTOF,XALCX,TNOEX) . -

00760 DIMEASION CX(500) 4ALPHAI500)

gN77¢ CCUNT=SUM=0,C o

V0780 DO 140C IT=1{,.N ) i

00790 TF(ARS (ALFHA(IT)=XA)46E,STOFI100141C02 :

00800 1001 €X{IT)=CH(.R,)

00910 GC YC 10CH o Co ,

00820 1002 cx;31L>5u;—~- i

00430 SUM=SUMFALPHA(IT) , , !

00840 CCUNT=CCUNT+1 ‘ , i

004250 10C0C CONTINUF ‘

00760 XA=SUM/CCUNT o

00870 COUNT=COUNT=1 / ) , 3

00380 SuUM=0,0 . : ) e

00490 NN 1C04 L=,V : -

06900 IF(CX(LY.FN,5H 11005,100C4

00910 1005 SLM=SUM+(ALPHA(L)-XA)**2

06911 WSTTT(F,)ALPKA(L)

00912 INCEY=TNPEX+1

00920 1GCL COMTINUE

06930 STOF -<DPT(SUM/COUNT)

00340 RETIION

1

00950 ENP
nuqsoc##*###O#ll#l!!lltl#l#*##!i#l?l!!&;&ltllllltll¥¢§¥¥l¥l4l‘l&¢¥¢¥!l!#{
gCcaroc CALCULATFED PESULTS USING ALPHA

ngqqugau.-uc.nl-numv&:l¥¢:u;u4;&u;¢ct¢;¥‘n;;;;;4;;;;;;;...4;;;‘;',,.,,.,‘

009%0 SURPCUJIINE RESULTS (CT,CMyXA,CIC,CIN,STN, X0y NX,C)

= e e+ - {
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e 0100 TIMERSTAN CO1d),CI0L0) . CP 1oL CTC Loy CTatidy ‘
: 01010 0C 1007 J=1,NY v , ¢ . ]
‘ : 011720 -W=rT{JI*(1, +(YA‘CN(JD)) . ]
' 04930 CIN(JII =2TINT (W)
a " 01040 7=CICLN /T

P 01050 1007 CIN(J=ATINT() Sy

P " 01060 GALL ¥FFAK GFTO,NX, ST, X0) - e .
: 01965 XO=ATMY(X() ‘ " Z-
\ . 01070 PETUPN - ) " . : ' ]
e - 01080 SN
010GQ C ¥ F S XZE VXFUIRB AR LSRN I RSRRE RN L UNNEBA NN L5548 FUREARBR RSN R L R IR ZRBRERIEE
g1190C \ QUTPUT TQ FILE RCUTINE . ;

01110{‘44!#!' !!!#444!!4!!!4!‘#!4!4ll!#l'l¥l¥-‘¥lI-¥U--I-¥¥¥¥W¥¥¥#¥¥¥¥¥¥ll¥l§l. } .
01120 SURPCUTINF QUTPT(MM, NN, ALPHA.CYcSTOF XAyCT4CMsCyCIC,CTI0,STD,XO0,
BL1LTO+NY,T,S%)
01140 DTNFRQIPR MM (100) , NN(iDG),ﬂLFkﬂtiﬂﬂ) CU10),0X0160)CIT(L10) ,CM(10), ]
01150+CTCI10).CINC10) - . 1
: : 01160 NPTTE(UL.4LC) ‘ '
' o "61170 WEITE (G, 60)3 X
: 04180 WRPITF(L,51)S¥,SX :
0410 NPITE(4,52) (K,C(K) LRI SCTIOLAICIRIZCIO0 (K) , K=1,NX) \
01200 WFITE(LaEIIXCySTN . : .
01210 WRITE(L,54) .
04220 WFITE(UL, SSb(FM(K).NN(K}.ALPNA(K).CX(K),K 1+ 1)
T UIT3UTWRPYTETG,5EY YA, STDE
01235 WRPITE(L,SC)
01236 5S FCRVAT(5/)
014240 -WRITF(L,ST)
01250 49 FORMAT (1H?)
01260 SO FOOMAT(//45X,*EFFEST QF MATRIY ON * a2///)
'“"U'ETU'%“ FCRVAT (25X, * SOLT‘!X*C(*BZ‘)‘SX*CW*%Y'I(‘AZ’KAl‘ax‘I(COFR)* .

01271+ 7Y% I0% 2/
‘01280 52 FCPMAT (26Y, Ti,hX'F7 S.4X, ¢7 593XvF5 145%,F7,1.,4%,F8,1)

01290 52 FCOMAT(//50X4*AVE IO = %¥FG 1,% +/= '»Z 12 577)
01300 54 FCRMAT(25X * NATA RESULTS -*7/)
04310 55 FOPMAT (25X, T1,%/%, 14X FA L, * ...*ax.As)
T 0120 K FCOFATI/725Y,¥AVERAGE VALUE = ¥ 3X,F13,9/725¥% STD DEV ¥ i. -
013304 7X*=*IX*4/= *E16,5) , '
V1340 57 FCPMAT (1+1) i

01350 POINT,* CUTRUT TC FILE ESTAPLISHFG . : ;
01360 RTTUAN o ,
01370 ENP |
‘ ‘ .
. ) ’




PURPOSE:

INTERM1

[ v

To determine inter-element and '‘third=-
element!" correction coefficients from
elemental concentration and x-ray inten-
sity data for binary and. ternary solution
'systems. .

I3

. 1y
The & -correction coefficients are deter-
mined using Equations 19.and 20, The .
calculation is carried out for all possible
combinatifns and an average coefficient
is determined after statistical analysis
is performéd..

*
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PROGRAM INTERM1

" 00100 PROGRAM INTERAL (TAPE390UTPUT0TAPE4-TAPES) ~ s_/”///
00110 DIMENSION MM(100)sNN(L00) »ALPHA(100)+CX(100)oCI(10)9CM(10),
001200C(10)0CIC(10)|C!0(10)9C2(10)9C!D(10)012P(100}
00130 REWIND 3
00140 CALL GET(SHTAPE3+SHTAPE3s0+0)

gﬂOlQl CALL GEY (SHYAPESySHTAPES+09040)

oo lsoc..'.--.-..-.---------‘-'------‘-.--------------------------L---.----

- 0016dC

ALPHA COEFFICIENTS FOR THE DETERMINATION OF MATRIX
EFFECTS ON THE ANALYSIS OF AQUEOUS MEDIA BY X=RAY
FLOURESGENCE SPECTROMETRY

00170C
00180C

001950C oeone APRIL9197500n0se \

00¢ WRITTEN BYe#sss ROBERT DIFRUSCIA #eses N

0021 o’c-.---Q-----------------.------------p----------------------------;--

00211 IPWSINDEX=0

00220 7 READ(341)SXsPX :

00230 READ(3s9)INX -

00235 READ(35108)AM 3

00240 READ(3920)(C(I)sI%]oNX)

00245 READ(3920) (C2(I)eIS1aNX)  \_

00250 READ(3¢20) (CMCT)oImloNX)

00260 READ(3+20) (CI(I)oImloNX)-

00267 PRINT¢*FILE READ® : .

00270 1 FORMAT (2A2) . . ,
00280 9 FORMAT(111) . , ;
7700290 20 FORMAT(6F15.6) : x :

00295 108 FORMAT(F15,8) ' -

00300 MXaNXel :

00310 I=0 .

00320 DO 100 Mm],MX ' =
00330 NMuMs]

00340 DO 100 NanNMsNX

00350 Islel ,

00360 As (N)OC(M)*(lo(AM'CH(N))?

00370 B (M) SC(N)®{1a(AMRCM(M) ) ) Lo /7«

| 00380 D= (CT(My®CINI #C2(M)) = (CT (NI #CIM)*C2(N))
00390 ALPHA (1) = (A=8) /D
700400 MM(I)®M 5  NN(D)=N , .=
00410 100 CONTINUE . ‘ : R
00420 PRINTy® COEFFICIENTS CALGULATED # . AN
00430 CALL XMEAN(ALPHAsTsSTDE,XA) ‘
00440 CALL REJECT(ALPHA+I+STDE»XAsCKy INDEX)

0044] IPWEIPWe]

00442 !F‘IFFQEQ 389,90
00443 89 CALL’REPLACE(SHTAPESoSHTAPESvOoO)

00444 REWIND 5

00445 READ(Se) (2ZP.(1) oI=14INDEX)

00446 CALL XMEAN{ZZP o+ INDEX»STDEVA ¢ XMEEN)

00447 INDESINDEX )
00448 CALL REJEcT(ZZP.INDEoSTDEVAoXMEENoCXoINDEX)
.00449 PRINT 109 «PXsSX2INDE ¢ XMEENSTDEVA

00450 109 KORMAT(//S5X®SERIES OF EFFECT OF ®#A2% ON ®#A2/S5X*NO OF ACC OATA'
00451e14/8XOMEAN VALUE -0F13.9ISXOSTD DEY +¢/== 8E16,5//)

00452 IPWeINDEX=0

oosg REH;ND S . L
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00454 99 CONTINUE

00459 CALL RESULTS(CIoCMsXA2CICeCIO»STDsXOsNXsCoC2yAMCID)

Q0460 CALL OUTPTY(MMsNNsALPHASCX9STDE, XAOCIoCMoCtCICoCIOQSTDQXOoNXQIoSXo
00465+PX9CIDeC2)

00470 READ(3+9) ING ’
-00480 IF (ING.EQe0)6,7 . ’
90490 6 PRINT»® EXIT FROM FILE

00500 PRINT:' OUTPUT AVAILABLE FROH ‘TAPE 4 hod ' : ‘

00510 REWIND "4 CONCORDIA UNIVERSITY
00520 CALL SAVE (SHTAPE4+5SHTAPE490+090)
00530 STOP

40 END P .
o0550ca.o.0.000.'00i0Q0000000iooooooo'ooooo.oo.o.o&ooo00000n090o00000§9004

00560C MEAN AND STD DEV SUBROUTINE
o057OCQ.QOQ..QQQQ..QQ.QQO..QQQ.Q.QQ....'.00.0'00.000000Q000QQQC&QQO.GOQOQ
00580 SUBROUTINE XMEAN (ALPHA oNeSTDEeXA)
00590 DIMENSION ALPHA(100)
>ﬂﬂ§°° SiMa0,.0
00610 DO 1100 K=lsN
- 00620 1100 SUMsSUMeALPHA (K)
00630 FN=N ,
00640 XAmSUM/FN
00650 SUM=(,0
00660 D0 1101 LalsN
00670 1101 SUMmSUM* {A_PHA(L) =XA)®e2
00680 FK=Ne]
00690 STDE®SQRT (SUM/FK)
00700 RETURN
00710 ENOD

0o720c.QQQQQ.QQQCQO.QD.‘Q.QQQQQ.Q.!..Q.QQ.QOQ‘Q.QQQ.‘QQC......QDQQ..Qbﬁqu

A

00730C
«“ 00750

{

00760 -
00770
00780

STATISTICAL REJECTION SUBROUTINE

SUBROUTINE REJEﬁT(ALPHAoN'STDE.XAQCX.INDEX)
DIMENSION CX(100)+ALPHA(100)

COUNTsSUM=0,0

DO 1000 Ir=1eN

oo74ocaQoocolooq00000.oo.oobcaﬁocﬁonoiayaoootoolo;ooo»&oco.oQooioﬁoﬁooooo-

i

00790
00800
00810
00820
00830
00840

IF (ABS(ALPHA(IT)=XA) «GE,STDE) 100141002
1001 CX{I1)s5H(4Ra),
G0 TO 1000

1002 CX(Ig)=5H
SUMWSUMeALPHA(IT)
COUNT=COUNT*}

00850
00860
00870
00880
. 00890

1000 CONTINUE
XAsSUM/COUNT
COUNT=COUNT={
SUM=0,40

DO 1004 L=slsN

X 00

W'

00910 1005 sun-sanocALPuAtLl-xA)--z
00911 WRITE(Se)ALPHA(L)

00912 INDEX=INDEXe]

00920 1004 CONTINUE

00930 STDE =SQRT(SUM/COUNT)

00940° RETURN
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00950 END

oo960c000000ioo.00000.0000uonodoon.Qoo00.OQQQQQQOQQQQQOQQOQQQQQQQ.GQo'aoi’

- 00970C ‘ CALCULATED RESULTS USING ALPHA

00990 SUBROUTINE RESULYS(CI»CMsXAsCICoCI1092STDoXO9NX9CyC2¢AMsC10)
01000 DIMENSION C(IO)9CI(10).CM(10)oCIC{IO)oCIO(IOQvCZ(IOi1CID(10)

o098oc....CQ........Q....QQQQQl...."...’..Q.OOG...O...Q..QQQ.QQQQOQODQQQ )

01010 oO 1007 Jm1lsNX®
01020’ HICI(J)O(lo‘(AMOCHlJ))O(XA'CZ‘J)))
01030 CIC(UISAINT(W).

. 01031 Z28CI(J)® (oo (AMOCM(J)))

01032 CID(JISAINT(Z2)

01040 Z=mCIC(J) /€ (J) . " .
01050 1007 CIO(J)=AINT(2) : -
01060 CALL XMEAN (CIOyNX»STD+XO)

01065 XO=AINT(XQ)

01070 RETURN : .
01080 END >

\Qlo9°c.000.QOQ.QOQQCQ..O"Q.Q’OD.QQQQOQQQ.'QO*C.QQQCQG.{.QC.OOGQii..Q..ll
01100C OUTPUT TO FILE ROUTINE

01110conoaooaoo.oouoa.000.900000ouoﬁooooooocoo.g‘&o.onoo.conoocontao.oa;o
01120 SUBROUTINE OUTPT(MM.NN.@IDBRE(}RS@HE&ﬂﬂtﬂl\gﬂﬁ@ﬁﬂff!CIO|Sf0|X&.
01130eNXsIeSXePxsCIO0sC2) - .

01140 DIMENSION HH(IOO)INN(IOO)QALPHA(1003!C(lO)’CX(lOO)'CI(lO)fCH(lD)o

01150+4CIC(10)4C10¢10),CJ0¢10)4C2(10) ,
01160 WRITE(A¢49) o ‘ : ’ .
01170 WRITE(4¢50)PX»SX B
01180 WRITE(4¢S1)SXsPX0sSX
01190 URITE(Q:SZ!(K'CGK)9C2(K)oCM(K)oC!(K)oKllvNX)

v 01192 60 FORMAT(//) : .

" 01193 WRITE(4958)PXeSX ' ’ © k S |

01195 WRITE(4559) (KeCID(K) ¢CIC(K)sCIO(K) sKumlyNX).
01200 WRITE(4953)X0sSTO - o
01210 WRITE(4¢54) ‘
01220 unxra(4'ss)(MM(K;.Ncha.ALpnA(K).cx(x).xaxox)
01230 WRITE(4+56)XAsSTOE. ‘ _
01240 WRITE(4s5T) 4 : e
01250 49 FORMAT(1H1:3(/)) -
01260 50 FORMAT(S50Xs*EFFECT OF #A2% ON %A2//)
01271 s} Fonngrzsz’soch¢x-c(naz-;-oxoc(-Aaoi-ax-cnoex-x(¢A2~KA>~/)
01280 52 FORMAT(26Xs L1 04X oFToSs4XoFT¢594XeFT¢593XeF8,1)
01289 58 FORMAT (25X %GO T#*SXS] (CORR M)*7XSI(CORR M ¢ SA28)8TX#10 (#
01286¢ A28 KA)¥#/)
; 01287 59 FORMAT(26XsT1eTXsFTolol0XeFTe1911X0F8,1)
01290 53 FORMAT (/33X s0AVE 10 = FQ,1¢# 4/« #E12,5///)
01300 54 FORMAT(25X® BATA RESULTS =%/) ‘
01310 s5 FORMAT (25X 11 9®/® 3 11 18XsFBeby®,,0%8X1A5)
01320 56 FORMAT(/25X%9® AVERAGE VALUE = ~3x;r13.9/zsx~ sro.ocv. »
0133047y #us3xs,/« #£16,5:8(/)) B
01340 57 FORMAT (1M1)
01360 RETURN
01370 END




0 o -
. , " e
. . hd '
(RN ' : '
- ‘. . . ) ‘
L . - . N . .
R B SNPTEN - . - l i’ -
[PV
%, . . .
R i
' ! ’ . . . [
. .
N | .
N . . €, . :
i . . . .
i . A . . R
Al
. il > '
- .
. - . , . .
o [r ) - . o ! '
~ ’ L . h *
3 . R . . R . - . - ¢
\;“ v M ’ 4
. . f . Lo . . i
.. . y ‘ . ¥ [ 2y
I3 - N
) . . . ) : . . .
. - [ . . sy .
Y, . . A . ¢ v . + ,/
- ‘ v ' : —
A N , . s
B . * s . ~7
. ‘ h 4 '
. " . - ~Ss
. 3 s ¥ . a
R . - N ’ ’ h
1 v N . - ‘
- . © i
f » . » ¢ \‘ ' . '
. ‘ , ' C [N - “ ;o )
. ' . ' . © h O e / . - : N
. b ' ' . ‘ ) .
» &
' ’ w * . ’
' . , -
Y . ' . ' .o ' L4
. ‘ Tl ‘ ' ' ’ :
. ) - . ”~
A s \ . .
) , . . . .
N r - . . . .\ .
- R .
. B Ly [ - N - .
A . N . ., - A} ¢
. ‘0 . M 4 L . ’
] . . . .
if o . . N o f
oo o . v s ? - > M -
' 2 +
. e . L - '
. c . . - - .
. . [ »
- L . - B :
- N N . » o »e . hd -
- . . v . .
. B ] * I ! -
‘ . . - . ' . . . o !
¥ N ’ :
- " ° B . t . ‘. N s
K r . .
2. \ .8 'v - , s . . \
, .
F " LY ! f . . { ‘ : '
ST . ‘ ' APPENDIX B
., . . s . e B P ¢
; . oW ) ———————— -
FEE. » . . " a .
B L s ’ .- u B .
. . L) . --l v * o . . . .
R .
. . . - . ¢
. o> C . ’ . .
oo - o et 1 . < .
. @ . . ‘ . .
. . RN 5
1. . - A ..
E : : T '
A i . -
. i . . G " .
P , Co. R ’ . - )
. , . , 4
% 4 . ) N !
. ' . ¢ 1
. s . h . . . } 7
4. e . , - e N .
4ore [T ' . . -
. . N - . - * kY *
" . - 2" [ 2 , . . . = - B ~ o,
o ¢ . - . 4 .
* L . M o . ! ' . :
, . . . oo . .
4 B . . . . ' v JEN
. 3 . ’ “ .
_ . n ‘ . .. .48
3 . Lo, . . . .
! . . s Lot . ) . - .
) - , . - B N I . . B X
Lt O ‘ . . . . t A - L.
- “ v + - N ? - '
. 3 - S . . ' . . N *
L . A PR . o . -
. LR . . R N - . N
e ‘ : ?
A .. .. N " L . o
' - . [ ' ’
. 4 R H - A “ . - ;o o
. A K ‘ o 4 .
1 e . S MY !
L5 . ) ot . - ' ' : ] N N
- N ’ A
. - *r . L
R N . Y . . .
¥ - - . . ' - . N *
y . P . . . > e .
: , ) o
. s . * .
b B . . ‘5 N
) . e I“ :
~ . N .
, B - . . . -
o R . ) .
. , R . . ' - ' [y
\ . . N )
4 .‘ . ’ -
. B N < \
i Lo : o . LR
! PP F ) R . .
e et . . N .
0 s : ’ . N
‘< - + PR
’ » . i '/‘ N *
. S * ! :
Lo o, . N I . " ° N D B . !
H ’ I N
- . . .o *
e . + - ‘
“ Lot [ . * .
bt L ~ R . . B
L 4' - . . - ' .
. ., , . o - X ’
SRCIERS STk 9

P o Sl SRR
S I3

% N 2 LApta)
3 Jiw tatiaa o W e
af» MR bttt e

"~ - )
. ——
N
" .
) °
M <
-
v, .
o
221 L 4
a .
T
. .

PR
,
. s
.
0
2 4
.
> )
e
¢ .
-
‘ e .
. N N
a
PR
. .
+
P
»
. '
e
I3 -~
'
: ¢
.
. .
. Pk R
B

ST IR 5 I 1+
w D




R e T et R ENPTen
. P

?

-, Intensities are calculated using Equation 4

T e

THEORET and MOV '~ .

To determine theqretical' x-ray intensities

~for binary solution systems using ele- . :
‘ mental concentrations and appropriate o v .

instrumental parameters.

¢

‘which is a simplified form of-the funda- . -
mental XRF Equations I and 2. The ‘algorithm - Y
uses the method of Criss and Birks (19). -

C e

3
e -




'PROGRAM ‘THEORET " a . o
00100 PROGRAM TﬁEDRET(INPUT;DUTPUT!T&FEI TAPE2yTAFE) .
00110 DIMENSION. XL(JOO);UG(JOO)rUB(EOO)rUM(SOO)’XIDL(SOO)vXYDL(15O)rUX(S@

00111+, UXT(20),UT(20),U2(20) sU3(20) s XXK(20) -
,00120 CALL GET(SHTAPEL,SHTAPE1,070) TN §
00130 REWIND 1 . _ | '
00131 CALL GET(JHTAPE3;5HTAPE3yOrO) ’ ' ‘
00132 REWIND 3 =~ 7 ‘ e
* 00133 66 REWIND 1 : . .
~——p0144 PRINT7¥READ IN MATRIX WASS ABSURFTION FUR K ALPHA RADTX
00145 READ,CXT . .
00150 READ(J»)INI¥NT™ T TTTRTTs aem Te e e
00151 IF(N1.GT.136)80,81 o ‘ : . '
00152 B0 NPETZE = o o e e R o
00153 X=2,99 ¢ XYZ=2,49
—U0T54 DU 154 I=I377NI \ j
00155 ‘X=X+0.02 ' . -
. 00156 XLUT)&X
: 00157 UM(I)=COEFF(2.985713. 19891XL;I)
; . T 0018 XYZ=XYZ-~0.07
Lo 00159 XIDL(I)=XYZ : .
: T 00155 154 CUONTINUE : ' )
; 00146 GO TO 82 . , : : .
! “ 001467 81 NP=Ni ~ "~ — T ¢
: © 000 82 READ(1s1)(XLC(I)»XIDLC(I)»XYDL(I), UM(I)yI 1%NP) -
: 00180 "I FORMAT (2X,F5.372Xs2(F6.2,2X) F6.2
CON 00190 N2=N1i+1
0 ——00200 IF(NT.EU. 10274 - ;
1

3
.

00210 2 DO I I=1sNP .
00220 T XIDLCId=XYDL(I)
* 00230 4 READ(3+)AsBsCyDsEYFrEDsFD T
H 00240 fAEC"XHRSS(NIfN’rXL1ArBerﬂvE!FvEDvFDyUA)
: 00240 6 READ(3+45)AFXC
/[ji:;ﬂ"7U—WRTTE(g;#’TﬁPXL
00280 45 FORMAT(A4)
*00300 READ(3»)NZ2+A»BsCyDyEsFrE D T : Co
00310 CALL XMASS(NI!NQ!XL!A!B!' +EsFIsEDsFDyUB) . '
© 00330 READ(ZI» JAXsCX»CA»JIK— =~ =~ LT e h
00335 IF(diéﬁ 150060 TO 340
VUSOU READUTS 2 INAT
00380 READ(3s ) (XXK(I) s I=1sNXT) -
00400 READ(3s) CULCI)U2CTI yUSC(D) s 1= irNXT) ; e e
‘00410 340 DO 200 II= 1;10 T : -
. 00420 CA=IIXO0.I —— e i e s et e o
00430 CM=0.0 ¢ CB=1.-CA : , o
00430 IF (N2 EG+I5007G0 TO 370 , — '
00450 DO 9 J=1sNXT ' S L
, T - 0047¢ UXT(J)=(U1(Ji*cn)+(ﬂ2(d)*08)+(U3(J)#CH) - ey it
. 00475 9 CONTINUE . ‘
00480 370 XP=XXP=XXS=0.,0 '~ e s B
00490 XK’(AX*CA)+(CX*CB)+(CXT*CM)
— 00500 XB=1.41% ¥
00520 DO 100 I=1sN1- _ o .

¢

QP STt ot ¢ g e - )
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o ) . 22l 4 !
) . : 4 \
00530. A=XIDL (I)XUACT) - ' - - R
00540 B=(UA(I)*CA)+(UB(I)*€F)+(UH(I)*CM) ‘
00550 CL=A/ (B+XK) v e —— .
- - 00560 XP=XP+CL , ‘
. "'D'D'S?U‘t,’n‘l./uml) : -

00580 XXF=0.,0 .

00590 IF(N2,EQ.,1500)100

00600, 201 IF(XL(I)WGT. x1.E 5?' QOBB‘I.A UNIVERSITY

00610 202 DO 99 J=1,NXT ‘

00611 XY=XXK(J)/(2.%XB) ) . °©

00820 C=UXTT{I) ’ = X

00430 YA=1:+((BXXB)/C) .

00440. YB=1,+( (XKXXB)/C)

00650 YP=((1./B)XALOG(YA)YH( (1., /XK)*ALOG(YB)).

0046460 XXP=XXP+(U1{(J)XUB(IIXYPXXY)

00470 99 CONTINUE -
=

e my A e MRS A SRR o 18+

Ll
" 00690 100 CONTINUE . :
00700 XXP=XXSKCB """ 7" 7T on e s e s s e s e

00710 TOT=XP+XXP Vv

00720 "ZP1=(XP/TOTI%100," ™~ e e
: zpv=<xxpror)x1oo. ' \
!XPﬁXXPvTUTrlF‘ln’.F-’
20 FURMAT(2X;3(F6 (474X) s3(F10.254X) »SXr2(F6.272X)) :
200 -CONTINUE ~—° =~ — ==~ T T e
. 00761 PRINT»¥QUTPUY TO FILEX , L0 o
gf 00770 IF(JK.ER.0)5,6 "~ TEmanom eme - me o ow e '

00780 5 READ(3y)JL , :

'EW0) /9060
00782 7 CALL SAVE(SHTAPE2,SHTAPE270r010)
00783 PRINTXQUTPUT AVAILABLE TAPE2% ~~ = 777 <=7 === == -

PEREPP S

00790 STOP . % :
00800 END ="+ wr wommmrm s s 1 meens s o e
00810 3UBROUTINE XMASS(NI;NQ;XL;A:B:C:D!EvFrEDrFDrUX)

OX{S500)
00830 DO 101 I=1,N1 _ .
00840 IF(XL(I)>.LT.1.00)102,103 .~ oo e A R
00850 102 UX(I)=A+(B*XL(1))+(C*(XL(I)&*2))+(D*(XL(I)*£3>)

008S5S GO TO 101 =~ "o T A o e S e
00840. 103 IF(I.GT. N2>1o4,1os ' .

—UUB70 I04 E=ED s
00880 F=FD g

00890 105 XX=EXALOG(XL(T)) ~ = = = "= o

00900 -UX( I) =FXEXP (XX) _ . .- . i
00910 101 CONTINUE ~~ —" === ' - |
00920 RETURN R

Q030 END

00940 FUNCTION COEFF(ArCoXLsI) o o
00950 DIMENSION XL(1) "~ e S
00940 XX=AXALOG(XL{(I)) .

00970 COEFF=CXEXP(XX) —~— "~ -7 =~ = -7 ==

00980 RETURN / ‘ ..

QOYY0 END hal

; - [ &
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' 78/05/04, 17.14.24,
PROGRAM MUV

00100 PROGRAM THEORY(INPUT»OUTPUTyTAPELYTAFE&»TAPE2sTAFEI)

00110 DIMENSION XL(200),U(200+20)yN2¢20)yUMC20),14(20),C(20)
’ 4 y 14 a“~ y “~ ’ -~ y

001304+UXT(20) » XX5(20) s XXY(20) yAPXC(20) ) : >

001314+»EDLIM(30) ‘ - o 4

00140 CALL GET (SHTAPE1,SHTAPE1:0+0)

00150 CALL BET(SHTAPESs»SHTAPES+0,0)

00160 CALL GET(SHTAPEB;SHTRPEB:O;O)

00170 REWIND 3

" 00480 REWIND 1 ,
00185 REWIND 6 & 77 "7 7~ 0 mrem e

00190 READCZ» YN1sNTsNsNTT ' '
00191 READCEr10) ((UCTyd) yJ=1+19)sT=1sN1) o ///
00192 READ(1s20)(XLC(I)yXIDLCI)yXYDLCI)»I=1yN1) 4 -~

700210 READ(I» Y (NZ(D) s I=1+1D -
© 00220, 66 CONTINUE -~ ) ‘ :
00230° 10 FORMAT(S5X,9F8,2,/10F8,2) S -

00250 READ(3r11)AX:BXC‘
00260 11 FORMAT(2 : g : o
00245 . NRITE(2r11)AXrBXC J :

. MLZX'Z(Fb.Z-ZX)) -
00290 READ(3s )NPsNQ
00300 "READ(I¢ ) (I JCH) vy I=1yN) : - -
00305 READ(37) (UM(J)7J=1sN)

" 00310 READ(3 s INXT : - P s |
00315 IF(NXT.EQR,0)G0 TO 49
00320 READ(Ir I (XXRK{XYrI=17NXT) N
00330 READ(I) C(US(IyJ)rJd=1yN)»I=1y,NXT)
00340 READ(JI+) (NP1(I)7I=1sN)

00350 READ(3;)(NL(I):I=1;N) , ) ]
003517D0 1137 IL=1,N ‘ B o T : 1.
00352 IF (NP1(IL).ER.3)1138,1137 . i

00353 1135 READ(3, INXZ . —

00354 READ(3y) (EDLIM(E) »I=1,NXZ) .
00355 1137 CONTINUE
00360 49 IF(N1. BT.136)80,81
00370 80 CONTINUE ~ ‘ :
00380 X=2,99 $ XYZ=2,49 _ . -
§ I=137 N1

oo4oo X=X+0,02 ' .
00410 XL(Iymy '~~~ " ooy e oo - R .
00420 XYZ=XYZ-0.07 oo ' .
00430 XIDL(I)=XYZ =~ ~~————TUThor oo o
00440 154 CONTINUE ' 5 ‘

IFINT B0 D247 - _ \
00440 2 DO 3 I=1,N1 ' ’ ,
00470 3 XIDL(I)=XYDL(Iy "™ " ; AT
00480 4 DO 200 IIP=1,NTT - : B
00490 C(1)=0.01 ¢ C(2)=IIPX0.01 o )
00494 C(3)=1,-C(1)-C(2) '

i RTPRIE P
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00495 1F (NXT.EQ.O)GD 10 59 _ R
00500 DO 130 I=1sNXT ' ’ : '
00510 SUM=0.0 I b S ‘

00520 DO 135 Jd=1sN

00530 135 SUM=SUM+(US(IrJ)*C(J))
00540 UXT(I)=SUM.

00550 130 CONTINUE

005460 59 DO 136 I=1,N

0570 136 Xx5<(I)=0.0 CONCORDIA UNIVERSITY
00580 XP=XXF=0,0

00890 SUM=0.0 - -
00600 DO 140 I= er
00610 140 SUM= SUH+(UH(I)*C(IY) -

00620 XK=85UM
00625 XB=1.414

2 s

00630 DO 100 I=1,N1 ‘ ’

00640 A=XIDLC(I)XU(IsNP) 'I/ X
00650 SUM=0.0 . : s

00840 1D 150 J=1sN ~ j

00665 IA=IJ(D) ‘ : {
"7 00670 150 SUM=SUM+(U(I»IAYXC(D)) . =~ Ceense e : 4
00480 B=SUM ‘
00690 TL=A/ (BEXK Y™ == = pme s o e s e
00700 XP=XF+CL ’ .
0710 CO=1,70CIyNF7 ] }
00720 XXP=0.0 ’ ' i o
00750 INIT=1 - - -mrrmimrmrireims <o sommion e e
00731 IF(NXT.EG.0)GO TO 100 '
""00740 DO 140 1I=1i’NT | - T e
. o 00750 IF(NP1(II).EQ.2)30,40 - :
—UU7&80 30 XXS{IIT=0.0
00770 GO TO 160 ’ '
o 00775 40 ' TFCNPICITYTEQ IIZLLGAL2 - ¢ o rmsmmmmms e e o oo e
. 00774 411 NLL=NXZ :
00778 CAKE‘LAHBDA(INITiNCEuEDLIHrXL:XXKvXB:UXT:BrIJ; T e :
00779+XXPyUs Iy XKyUSsNP1sNQyII) -y ;
00780 GO 1O 169 :
00784 412 NN2=N2(1T) . 1
00785 ~LE(XLCT) BT XL(NNZYIGO TO 160 ™ — ==
00787 NLL=NL(II) ,
00738 xxpé°~‘ 0 P L L TH . 4 aun A AR L by e “ . - R - -
- 00790 DO 170 JJ=INITsNLL :
00800 XY=XXR{JII7CZXXB)
00810 CO=UXT(JJ) '
00820 YA=1,+((BXXB)/CO)y——"""" . R
00830 YB=1l.+( (XKXXB)/COD) ‘
. 00840 YP=((17/B)YRALOG(YA) Y+((1:/XK)XALOG(YB))
00845 IB=IJ(II)
‘0U85U‘XXP!XXF?TUSTUU‘NUT!UTT‘TBTXTPxxv)
008460 170 CONTINUE ~
00865 169 INIT=NL(II)¥1 " - P o oo Ty
00870 xxsclz)aXXS(11>+<xxP*CLtcn) ' : «
00880 140 CONTINUE =~~~ 7~~~ - =
00890 100 CONTINUE - :

- © e b — = 1 T IR I RIS
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00700 TINTER=0.0 .
00910 DO 180 I=1,N

00920 "180 TINTER=TINTER+(XXS(I)#(I))
00930 TOT=XP4+TINTER

00940 ZP1=(XP/TOT)X100.0

00950 DO 190 I=1,N

00980 19U XRKYUIT= (tXXS(I’*C‘I”?|U|7*IUUoUU

00965 WRITE(2,208)(C(I)2I=1yN)sXPsTINTERyTAT»ZP1sXXY(2)

00970 208 FORMAT(2X»3(F&.474X) r3(F10.274X) 95X 2(F6%2+2X) )

01200 200 CONTINUE

01210 PRINT»*0UTPUT TO FILE ESThBLISHEDf"*”W"”“*"”““””“”““'*”l““”"“'_

" 01270 END

01220 READ(3y)JL .
01230 IF{JL.EQR. 077,64 .
01240 7 CALL SAVE(SHTAPE2sSHTAPE2:0+0,0)

o

"01250 PRINTs¥OUTFUT AVAILABLE ON TAPE2X T T

01260 STOP

- - —— R o o - e e

01280 SUBROUTINE LAMBDA(INIT;NLLvEDLIMrXL»XXK:XB;UXT:B;IJ;

OIZBIFXXPy0r 1y XK USyNPIyNUr LIT

01290 DIMENSION UXT(20)»XXK(20) rXL(200)»1J(20) »U(200520) sEDLIN(30)
01295+,US(15,20) rNP1(20CONCORDIA UNIVERSITY ,
01300 IR=0
01310 XXP=0.0 , :

01320 DO 170 JJ=INITsNLL

V1530 1W=1U+l

01340 NN2=EDLIMCIQ)

01350 IF(XL(I).GT.XL(NN2))GO TO 170
01340 XY=XXK(JJ)/(2.%XB)

01370 CO=UXT(JJ) .

01380 YA=1.+((BXXB)/CO)

~OT390 YE=1.F((XKXXBY/CO) ) "

01400 . YP=((1./B)KALOB(YA)I+( (1, /XKIXALOG(YB))
01440 IB=IJ(II) ~~ =~ .
01420 XXP=XXP+(US(JJyNQ)XU(IyIB)KYPRXY) ‘
014307170 CONTINUE =~~~ T e e e e
01440 RETURN . ‘

ey 4 anars o

TUIA50 END
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To ﬁetermine matrix and inter-element
correction coefficients from elemental

- concentration and x-ray intensity data

provided by the output tape from program -

MUV,

The -correction coefficients are deter=

-mined using zquation 19. The calculation

is'g ed out for all possible combi-
natlons ‘and an average coefficient is
deternined after statistical analysis

‘ds performed.,
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1 - : 78/06/12, 09.17.24, 4 : ‘ _ ‘ .
’ FROGRAR  COMPY - , : ‘
. _ v |
4 00100 FROGRAM COMFU(INFUTsOUTFUT, TAFE2sTAFE4)

00110 DIMENSION ALFHA(100)sCX(100) yHM{100) sNN(100)CA(20) yCH(20) yCH(209 ¢ XI (20
R . 00170 CALL GEYUSHTAFED  SHTAPES;0r0) °
, d0130 REWIND 2
00135 FRINT.¥READ IN THE MATRIX COEFF% ,
Y ‘ 00140 READ»XALFHA .
. 00145 FRINT/XTYPE IN THE TERMINATORX’ .
© 00144 READ S7,DT .
+ TO01377 57 FORMAT(AD) \ ) T L
00150 NX=11
00160.-6 READ(2y92)SXsFX " -
" 00170 9 FORMAT(2A2) ' ‘
. 00180 READ(Z2 20)(CA(I)oCB(I);CH(I):XPvXXP;X 1)5Z1+s22,1=1sNX) T : g .
3 00190 20 FORMAT(2X3(F6.474X)+3(F10.2y4X)15Ks2(F6.2:2X)) '

e L B DN R,

- 00200 RX=NX-1
. 00210 I=0 . 7
3 . 00220 DO 100 M=1,MX e .
00230 NM=M+1 o . I o , |
. 00240 IID 100 N=NHsNX . - . :
00250 I=I+1 g -
: V0TS0 A=XITHT=XTTN? T ;
00270 B=XALFHAX((XI(M)YXCM(M))~ (XI(N)*CH(N))) ‘
. 00230 C=(XI(NIKCR(N))I-(XI(M)XCE(M)) N .
) 00290 ALPHA(I)=(A+F)./C
00300 HM(I)=M
00310 NN(IX=N . . .
U0320 100 CONTINUE :
00330 FRINT,»XCOEFF CALCULATEDX ) ’ © N
00340 CALL XMEAN(ALFPHA,I»STDE,XA) ‘
00350 CALL REJECT(ALPHAsIs»STDEsXAsCXs INDEX) . o
- - 00340 PRINT 10%9»PX»SXyINDEXsXAsSTDE : ' :
00370 109 FORMAT(/DXXSERIES OF EFFECT OF ¥A2% ON XA2,6X*NO OF DATA XI4,5X,
‘3037T?IHEFN—UﬁtUE“‘*FIK“??uxx F7=XEI8. 577 i
00390 INDEX=0.0
00410 S0 FDRMAT(//4SXXEFFECT OF %A2X ON *A2///)
: 00430 54 FORMAT(2SXXIATA RESULTS %//) '
. 00440 55 FORMAT(10Xs2(I2%/%12+8XsFB8.42%., . XBX2A5:15X)) ‘ '
. : - 00480 56 FORMAT(//10XXMEAN VALUE = XF13.9»SXrk+/~XSX E16.5//)
VTS9O IF(FX.EQ.TTI57 &
. 00500 S CONTINUE . . L
15 ) 00510 STOP’ . Co - ’
00520 END - . -
00530 SUERRODUTINE XHEAN(ALPHA.N;STDE;XR) . - ’
00540 DIMENSION ALPHA(IOO) ‘ . o '
, VTS50 SUNEUL O g ‘
. , 00569 DO 1100 K=1sN
¢ 00570 1100 SUM=SUM+ALPHA(K)
00580 FN=N .
¢ 00590 XA=SUM/FN 3
‘ 00600 SUM=0.0 :

—— - ot v

-
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/

‘ , - 0610 DO TIOT L=1,N —
) 004620 1101 SUM= SUH+(ALPHA(L) ~XA) k%KD ¢
1 S 00630 FK=N-1 .
: ' 004640 STDE=SART (SUM/FK) .
004650 RETURN . '
00660 END
‘Tﬂnnm"SUBRUUTINE*REUEUTTED##W$r1nnE‘xn13rﬁmuEXT““‘“‘
00680 DIMENSION CX(100)»ALFHAC100) .
00690 COUNT=SUM=0.0  CCNCORDIA UNIVERSITY
00700 DO 1000 II=1,N i
00710 IF (ARS(ALFHA(II)-XA) .GE&TDE)1001,1002
007201001 CX(II)=SH(.R.)
(@)
' 00740 1002. CX(II)=5H
00750 SUM=SUM+ALPHA(II)
o 00740 COUNT=COUNT+1
00770 1000 CONTINUE . :
00780 XA=SUM/COUNT e G
G0790 COUNT=COUNT=1 -
00800 SUM=0.0 :
00810 DO 1004 L= 1,N
00820 IF(CX{L).EQ,SH . 1100551004
00830 1005 SUM=SUM+(ALPHA(L)-XA) XX
00840 INDEX=INDEX+1
—00B50 1004 CONTINUE X
00855 STDE=SQRT (SUM/COUNT) ' :
00840 RETURN
00870 END

W W Ar mam pem 2 W
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iARAMETERS FOR FUNDAMENTAL PARAMBETERS APPROACH :

F;uorescent Yields :

7

'~ Bambynek, W., B. Craéemgnn, R.W. Fink, H.U. Freund,
H. Mark, C.D. Swift, R.E. Price and P.V. Rao, Rev,
MOd. Phys. Llll-, 716 (1972). :

\

Absorption-Edge Juhp Ratios :

Birks, L.S., "X-Ray Spectrochemical Analysis",
Interscience Publication, New York and London (1959).

" " Bertin, E.P., "Principles and Practice of X-Ray -

Spectrometric Analysis'", Plenum Press, New York
(1975). ‘

Mass Absorption Coefficient Data :

o Robinson, J.W., ed., "bRC Handbook of Spectroscopy",
Vol. .1, CRC Press, Div. of Chemical Rubber Co.,
Clgveland, 0. (1974).

Principle Emission Lines of X-Ray Spectra :

"\ ., \
Zangaro, P.W., "Table of Principle Emission lines of
X-Ray Spectra', Application Laboratory, North American
Philips Company, Inc., Mount Vernon, New York .
n_' . K - } '
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o TABLE D=5 ’ i
N - | L o

INTENSITY RATIOS FOR SERIES K - SOLID spEcmzlv' *
;‘: ‘ . ) s B ) ) -
g Alloy No. "Mn Fe M . . 2Zn’
C K-l 32,90 3778 126,86 . 2.79 - .
; . o 'K-E 24.96 56085 ‘ 2,40021 . 2.66
;‘ j K3 244,70 64e31 392430 2478
? i K-s 52. ’-}3 ' ' 30 .38 . 1122 . 93 2 . 82 !
B K=6 ¢ 32417 65.39 - 49.06 2483 : C
i - K-8 244420 N 768.34. 3257,83 3414 . \ \
; o K-9 \48700“' .‘ 510.97 2163-40 ' '3009 :
K0 .. 9947 ‘ 335471 ' 1670465 3420
Alloy No.  Sn Pb AL cu. - ‘ K “ o §‘
K-l }+8 025 ] 547 .04 1266 013 1066
; K=2 622,09 230436, 2565436 1.63
o ‘ K"} - ~95009 141089 4337002 1063 . !
o K=4 219.82 109,42 9075.14 1.68 :
E-5 42,00 317.55 934.52 l.63 :
‘ K-6 207 .96 573.82 388.71 i,go
v ) . K—? 3 619.71 11"’4033 689!81 - o 6
.E i K-8 60,38 75483 442,63 " le45
; ‘ K-9 v 82,0'88 66.45 . 692085 1045
y . K-10 34,90 46.41 . 1083.50 1?7 . S
* Intensity ratlo expressed as. the ratio of 'calculated
I° to the measured net I ( I9/I )., :

[
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TABLE D6
5
INTENSITY RATIOS FOR SERIES K - AQUEOUS SPECIMEN
V
Alloy No. Mn Fe - Ni Cu &
——————— - — — —
£=1 - 717.09  788.67  1473.90 12.89
K-2 608.68 ~ 1322.32  3099.52 13.70
K-k 388.04 .3627.65 2090.63 13,50
K-5  1251,17  690.18 14191.87 13.75
X~6 878.01 - 1694.28  695.52  15.00
K7 524.31 . 942,93 1355.04 15.87
K-8 5463.11 16424438 - 39679430 11.80
-7 K=9  11089.85 11119.05 26791.34 11.94
e K=10  2353.05 .7593.50 21298.90 12.59
' - v +* #
Alloy No. :Zn Sn ' Po Al . Cl
Kel 19,40  137.25 1574.13 23214429 9449
K-2 20,07 1835.07.  687.47 37142.86 ?.80
Kw3 22,12 282.11  447.75 68421.05 66l
K-l 19,84  627.23 320,74 130000.00 8440
K-5 2l.44 124,95 975434 17808.22 7453
K-6 23.28 662.41 1862,93 5882.35 6427
) K=7 © 25409 2004495 487.16. 9848448 5e56 ,
K-8 23,20  167.96  221.94 7926.83 9.10 ”
K=9 23,06  230.34  195.iF 11711.71 873 :
.~ K-10 2485 379,25  1hl.47 17105.26 7454

*

Intensity ratio expreased as the ratio of calculated
I° to the measured net I ( Io/I ).

L1

Chloyide concentrations determined by potentiometric'
titration,

L]
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'TABLE D-11 _ D }

<
INTENSITY RATIOS FOR SERIES BXT - SOLI;LSRECIMEN?
Ore No. Mg Al S1 7 « Ca i
B-61 1224.19 9.77 163.05 104 .05 29.72
B-62 875453 8.89 202,33 / 66466 28459
B-63 1624.27 11.34  2037.79 1105.33 2427 -
B-64  1435.99 10,66 | 145.44 51.03 38.80
. B=65 - 1765.96 7462, 137.85 244,05 28424
‘ B-66 2009.69 6448  1390.42 6415.09 23.95
g " B=67  2953.74 10.86 22,98 ' 6071.43 71.50 |
i B-68 2064.68 13,27 468,65  5546.49 30.89
a " B=69  3656.39 775 135,09 2074.44 28.91
5 B-70  4462.37 16.33 48.87 57?2.31 41.88
! . 'S
: Ore No, Cr Mn e K
{ B-61 677.69  4928,30 2.66 9487.18 790.18
§ B=62 1653.59. Lah .32 3413 7034.22 138.02
| B-63  467.22 398.05 2.76 1388.89 208.12
. B=bl  1422,51 103.93 3482 78403 45.22
b B-65 2576.89 5099.57. 735 8043.48 345.20
; B-66 789.25 4782.13 33.72 4057.02 630426
: B=67 4756419  L4475.67 5.88 6491.23 10420.71
: B-68 810,04 2742.55 ~ 2.19 3008.13 328.14 -
; B=69 2545.28 . 5095.59 .6.48. 80L3.48 9757.58
: B-70 1539.82 '5219.82 2417 - lh9l9¢35 T L4279
’ Intensity ratio expressed as the ratio of calculated
10 to the measured net I ( I9/I ).
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INTENSITY RATIOS FOR SERIES BXT

TABLE D-12

RN

Y

’ ?450 -

- FUSED SPECIMEN

~  QOre Nd;

Mg

‘ B-61 5723.68
B-62 4243.90

. B-63 6258499
B=-64 6126.76
© B=65 8207.55
© B=66 9157.89
B=67 14262.,30
B-68 7767.86-
B~69 16415.09
B=-70 ' 17400,00

Qre No, Cr

B-61 1551.81
B-62 3693.44
B-63 991,80
B-64 2860.27
B-65 5559.81
B-=66 1612.94

- B=-67 10874.27
B-68 ' 1776.39
B-69 5522.20
B-70 3535.46

intenéify ratio eipressed as the ratio of calculated
I9 to the measured net I ( I®/I ) ‘

Al -

O w—

4335
40064
41.81
43.33
32,85
2796
 49.0L4
48413
3321
61.88

Mn
10356.86

Blyolily
74586

192,59

9801580
9631.27
9666491
5266413
9797445
10456437

s
15 427
561409
5083461
387755

36440 -

3355441
66415
1194,97
340.04
134.80

=y
[}

L ]
—~
(0]

o
JTKLF¢G:J¥'G“J<h\p
QOO OWUNIQRO
\nEﬁkJuUONO\O\nt:

Ca

andn

261.77

166,09 ~

2823.05
111.51
2877452
14411,76
14533 .90
14000.00
4777.16
14115.23

P

25000.00 .

18686487

' 3382.08

192433
19072.16
- 9487.18
15546422

- _7429.72

19072.16
37755410

2025, 06k

351452
490,83
102,67
805437

1427431

25478426 -

786441
23142486
1074.27

/
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TABLE D-13

B

Ore No., Mg

DX-2 7915

DX-3 58050
DX~ 13606,.,56
DX~5 83067

‘DY-6 2311,98
DX‘? 2686008

e 180.63
-DX=9 40,20
DX-10 51875.00

Ore No. .Mn

/ DX-1 238460
L DX-2 1386498
DX-3 - 164430

DX-4 . 5631.69
DX's .. 352.23
DX-6 . 5323489
D};‘r] L}259080
DX-8 131.60
DX-9 6848496
DX-10 3974.01

Intensity ratio expressed as the ratio of calculated
IO to the measured net I ( I19/1 )

DX-1 1010.96'

Al

19.53
29.52

43,91

19.35
38 oty
14463

6462
23496

L3483

17623

Fe

2513
5482
7e31l
2¢53
Lebl

4 e26
69481

12.09
715
10.67

/ INTENSITY RATIOS FOR SERIES DX - SOLID SPE,CJ:MEN*

51

8.03
9.67
9:,88

2571
10.32
15.68
1706476
747
9.72
529.12

-P

10769.23
7Q000.00
10340.,91
60666467
4516413
4678466
146774

140000,00

S5741.32
55151452

246,
e
Ca ™ o
101.67  206.22
9.12 208.85
6.84 26456
6613.23 ©  18.31.
9.92 974k
7096.77  23.33 ,
11913.36 17.97 .
132.91 96.29 | ]
. 168052 .
354 : 65436
’ 9
13.77
479452
778,91
1058017 T
189.28 .
8256641
7076492
211,45 -
14061.14

.

-
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TABLE D-14

INTENSITY RATIOS FOR,SERIES®DX(S FUSED SPECIMEN .

. Ore No. Mg

DX-1  5918.37
' DX=2 L62,27
DX-3 342025
DX=4 58000.00

. DX=5  Lu48.45

DX=-6 1160Q,00
DX-7 .11917.81
DX-8 1084479
DX-9 243,97
- DX=10 21750,00

[

Ore No,. Mn
D=1 . 5?5;30
DX-2 27%6.72
Dx-3 309.74

. DX=l 10965.86
DX~ 690.11

DX=6 11095.20

DX-7  8399.23

' DX~8 318,08
. DX=9 135549.38
DX-10 7972.16

Al

109,83

- 151494

220652
77470
183435
7043k
28402
132465
218404
28179

- Pe )

51.22
1lo4l4
13.61
Lo72
8483
84359
137463
2340L
13496
21.19

si * Ca

32425 221.70
8.88 22463
0.89 . 17.10

77.91 16201,92

40.15 = 24,32

52.09 17552.08

4097.04 26746.03
« 075 309,34
39.80 19,01

1245.90 78573

P K

26911,76 32471
183000,00 1214,29

28593475 2014.97 -

152500.00 2577.81
11883.12° 474486

11883.12 20314.47"

4216.59, 15380495
36600000 71k
15508047 542440
122000.00 30761 .90

2h7.

Intensity ratio expréssed as the ratio of calculated
I0 to the measured net I ( I9/1 ).

kg
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TABLE D-15' : : | ; ’
.-, INTENSITY RATIOS FOR SERIES APD - SOLID SPECIMEN ‘ P
Rock No. Mg . - Al si Ca ™
_ ‘ —— ] "— —— - "hJ S -—.
APD-1 50000.00 51.37 7.29 9.1y 312.99
APD-2 50000,00 70475 - - . 5.83 10,00  309.22
APD-} 50000,00 29,27 7.06 25.33  151.87 .
APD~5 L7222,22 - 48483 °  5.19 88.90  288.07 |
. APD=6 [7222,22 = 42,52 : -5 O 401,73 | 212.41 - |
" APD=7 50000,00  27.56. 7,84 63.54 136459 o 1.
. ) |
» , : 1
Rock No, Cr Mn i Fe P K - o
e ——— onmin | e — - -
APD=-1 8136445 93,00 23.59 @ 28469 9047,.62
APD-2 803,69 121,04 22,57 45,18 180l 469
APD-} 683047 ' 29.21 s 24009 25060 8706.20 r’ : N
APD-  142.14 354,35 25,80 48.27 - 8997.21 . .
APD=5" 4533,61° 329,62 . 38,85 . 56,14 18248.59 .
,, 1

' Intensity ratio expreased as the ratio or calculated
I9 to the measured net I ( I9/T ), -

»

. , \ ‘ . *

[




19 to the neasured net I ( I o/ )

o

. ‘, e h
, _ TABLE D-16 s
INTENSITY RATIOS FOR SERIES APD - FUSED spmngl’
Rock No. Mg / NP st - . Ca &h ‘
"APD-1 30333%.3 291.67 . 34478 - 21,61  634.21
APD-2 30333393 413452 = 29.13 23492 .  639.03
APD-3 303333,3 182,74 . 42,08 . 22.85  545.17
APD=5 303333.3 293.36 25,68 213.31 657423
. APD=6 303333.3 252,15 . 26.02° 962,09  489.73
. APD=7 °"303333.3 151426 33451 149450 303,58
Rock No. Cr Mn ’ Fe P K -
APD=1" 16311.79 18477 46465 - 179476 21533,33
APD-=2  1641.37 2&45.15 454,39 . 121.27 43066467
_APD-3  1353.17 57.02 4677 70.72 2031446
APD"I" 50& - 754.61 5"“.16 125.00 21111011
APD=5 10133.86 737.33 864,79  142.75 42500,00
APD~6 . 7130.19 ~ 791.61 . - 84423  145.09 14292.04 °
APD-7  13868.53: 851.48 50,06 92.90 10221,52 . -
' ’

- htensity ratio expressed as the ratio og calculated

..

A

249.
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TABLE D=17 -

INTEMGITY RATIOS FOR SERIES XY-l - SOLID SPECIMEN

Rock N6. Mg A 51 _ Ca C T

MRG=1 43479 . 63.32 13.13\  5.37  .34.05 .
SY-2,  184.59  33.12 716 1137 el2.2h
", BCR=1 157 .02 32.51 8.61 11.84 0.14
" DTS=1 9.2 2390414 14,06 475,91 8247.66
. @=2 594435 23430 ‘6,02 . 45.74 213,36
GSP~-1 “487 «80 2l oLy 6.33 47 .24 167.31
* PCC=1" . 10.80 878,48 12,99 135.59 8209.30
W-l  81.30 - - 30.97 9.35. T7.57_ 115.64
Rock No. Cr . Mn Fe P K- .

o  oummmsemiiom— anm—. , M ——— .. ongme . - o, -—

* MRG-1 1625.05 490499 L,85 8632.08 451425
Aﬁv-l' 16248443 645464 - 9,50 1314.66 30,19
BCR~=1  16796.37 360.46 237 2013%.20 51.60
DTS-1° 9421 455,34 . 6418 63103.45 8661.20 -

G=2 76176647 1490444 22,79 5027.47 . 20,17 .
PCC-1 136,92 412.67 ' 6430 122000,00 8191.21
" Wel o4344,18 436482 . 6.05 4632.91 . 136470,

9

* . Intensity ratio expressed as the ratio of calculated
I° to the measured met I ¢ IO/I ).

[




\

Rock No.

TABLE D-18

™

INTENSITY RATIOS FOR SERIES XY-l'- FUSED SPECiMEN*

Rock No,

MRG~1

SY=-2
L *8Y=3
AGV-1
BCR=-1
DIS~-1
. G=2
GSP-1
PCC=-1

W-1

MRG=1 -
'SY-2
SY-3

,AGV-1

" "BCR~1

DTS=~1

G=2

GSPal

PCC=1
Wl

-

Mg .

241 .80
1147,.76
1163.10
2027.97

924 «55

65407
4027 478"
3246427

71.21

486403

Cr

3141,96

168441456

17065789
341351458
3495957

- 238,72

160123446

34221, 64
33738
© 8739.89

Al

283,06
182.54
186.90
130.11
169.49
9338,36
143,05
. 146477
3142466
157.83

Mn

.. 898471
419411

400,87
1320.07
712457
1096.38
3147412
843433
968,08
. 8‘{»43 97

Si

52405
31,71
31.71
32.78
36439
53428
2763
-+ 28481
48483
38l

Fe
8467
21,55
20.98
19.11
10.36
.. l4e25
~ 47470
30,07
14,26

1147

Ca
,__
13.53
25.98
24,98
41.05
29,05

L}ZBB.?l
105,18
4 106 .66
357.11

18.58

P
24285471
3928457
3085481
3450.18
S540L 462
170000,00
12896455
2500400
374000,00

1255034

Infensity ratio expresséd as the ratio of
IO to the measured net I ( I9/1 )., .

ot

«
"
ey ..-V....:)E;ﬂ.,q,..i ,’p\q.w.n-, TR

v g

T4

67474
1626.95
1620.56

222471

106,94

2138545k
460414
354475
20520423
232450

* K

-

1293464

48e4t3
51.11

131.61

2323741
"49.28
37482
21390473
347487

calculated

251. R




g s
s & -
N | 252.
TABLE D-19
’ o ’ Py
. INTENSITY RATIOS FOR SERIES XY-2 - SOLID SPECIMEN

Rock No., Mg a1 st Ca - i !

I-1 396,28 24403 © 5428  1l4462. 2079.91

I-3 139,49 35,40 9.88 9496 - L4363

' M=2 208455 16.85 10.52 55.62 158,11

? 02/1 57733 59+41 33449 16 54 175.04

T™ - 10000.00 5423 18.39  1989.05 65.82

UB-N 14.09 .200.85 13.36 59.35 675470

NIM=S  963.14 19.89 673  181.71 3361.82

NB3=97a "~ 288.26 8.81 12.83 688.28 45.79

. 'NB5-99a 21891.89 16.28 6.71  43.29 10892.31
Rock No, ° Cr  Ma Fe . P © K

: . I-1 7592 1908.96  101.71 34716.98 21.87

" I=3 . 86497 334,80 4e85 1579440 59479

M-2 - '84039 263 o4l T 7470 . 1309.61 1le44

M-3 92416 . 25025 15695 _ 1742442 - 121.98

302/1 621,23  238.00 1.65 267483 132475

UB-N - 17641 LO9.47 610 20444 44l 3878.79

NBS-97a 216681 2L425.83 & 113,16 1789.88 169 59
NBS-99a 2571.77 = 2853.38" '892.76 335he5 1482

' Intensity ratio expregsed as the ratio of calculated
IO to the measured net I ( I9/1 ). '




TABLE D=-20

¢

INTENSITY RATIOS FOR SERIES XY-2 = FUSE£ SPECIMEN"

‘ock No, Mg AL si ‘\\v/{/cﬂ Ny Ti

I-1 279743 155482 25.17 26;T74 LS54k, 29
I-3 . 762.49 174457 39473 244402 90.53

M<3  1270.07  92.88 51.05 122,00  328.81 /

© M-3 2500,00 122,12 . 34.21 16428 291,60 .
DIN 79090.91 37-#6 6140 4970433 T 157.14
UB~-N 8l.51 767433 47.58- 148476  1604,71
" NIM-8 6850639  130.27 31,37  368.58  6654.1L
NBS-97a  1820.08 504k 43,19 1610458 102,54
NBS=99a 145000.00 103,29 29410 96.26 22838,71

Rock Noo Cr  Mn- °_ Fe P K

——— — —— - . -

I-1 1632.21  4203.6k . 221,34 85454e55 52456
I"B 173028 641 072 Be 99 42‘53-39 150 oLlJ,'l'
M=2 - 171.10 523462 - 14,89 3443422 27497 .
Me3  176.36  §79.96  30.06 1596.58  300ui
302/1  1355.16 ; 4hB.80 2.91  922.52  331.76
DIN.  4080.99 ia5oa.41 18421 20434.78  1893.52
UB-N 410401  Ol6e62  13.27 53714.29° 9556.21
NIM-S  37631.58 14085.56 - 102464 15284455 ° 15.25

NBS~G7a L64.57 5280.67  245.16  382.58  397.10 -
WS-9%a 5320,38 Goz7ike  1861.30 Gsushusy| h2ilé

Intensity ratio expressed as the ratio of cLlculated
I° to the measured net I ( I9/I )..
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PROGRAM MULTHE ~
' PURPOSE: To calculate theoretical XRF intensities
A - - for complex multi-combonent systens of
less than 15 elements.
‘ METHOD: The intensities are calculated using .
: , Bquation L, \
. )}
, 1
L 1‘ ; :
o 4 ~ .
! . \ L \. R v
. { Y . 1
N ' . . *
. .
© ’ . ) P ’ - A -
-1 ) v > |
[ . \/ . ) . .
» v
- c e, t
. , id Y
. Il . N
. [ '
. . . ’
¢ . A ‘ '
’ " N e ) . \ ‘. ° "‘
L o t ‘.
| M < <
i ”v‘ 2 i (
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T 2564

.

FROGRAM  MULTHE

N y y 14 y r
00110 DIMENSION XL (200)sU(200,20)»N2(20) yUM(20)»IJ(20)+C(20) "
00120+XXK(30) yUS(30,20) s NP1(30) rNL(30) »XIDL(200) »XYDL(200)»
00130+UXT (30) yXXS(20) y XXY (20) s APXC(20)
001314 yEDLIM(30)Y ™" :
004140 CALL GET (SHTAPEL»SHTAPE1,0s0) . .
OUIS0 CALL GET(OHTAFESrOHTAPESs D O T
001460 CALL GET(SHTRPE3r5HTAPESrO:O)
00170 REWIND 3 — " : LT
00180 46 REWIND 1° , )
‘00190 REWIND™S R - - T
00200 READ(3y)N1sNTsNsNTT \ J
“BOTIU READ(Iy ) INZTII7I=1IvN) -

00220 READ(6710) ((UIyd) s J=1y19) yI=1sN1) )
00230 10 FORMAT(SXs9F8.2,/10F8,2) .~ LT
00240 PRINTy%READ IN THE ELEMENTSX ,
00250 READ 11, (AFXC(I)rI=1,N) mTommme e
00260 11 FORMAT(18A2) . o

‘UU27U‘REﬁUTI“2UTTxtTIT-XIntrrT-xvncrrr-r—17N1r : '
00280 20 FDRMAT(vx,Fs 3;2X72(F6 2r2X) .
" 00290 READ(3,)NP,NQ-" e s e et
00300 READ(3» ) (IJ(J)yJ= 1.N) ‘
“00305 READ(IY) ¢(UMCI) v J=17N) B e
00310 READC3y INXT : h ' : o
00315 IFINXT.ER.0IGU TU &7 7
00320 READ(3s) (XXK(I)r»I=1yNXT)
00330 READCI#YC(USCI ) #d=1sN)sI=14sNXT)" Lo e
00340 READ(Z¢)(NPL(I)»I=1sN) , ] . ,
00350 REAn<3v1cNtr17.rar,N) A AR ctmenemwnmge s e
00351 DO 1137 IL=1,N - ‘
VUSSL IFINPIUIL /el 3711309115/
00353 1138 READ(3y INXZ . ,
00354 READ(3y)(EDLIMCI)y T=1,NXZ) .~ T —— e ———
00355 1137 CONTINUE
00340 49 IF(N1 BT 134)80581 T ey e
00370 80 CONTINUE : .
=2 Loy
00390 DO 154 I=137,N1 : e 1
00400 x.‘_x+o 02 - v v WP ae y e s A N s —‘4‘4-«\,0.- .q- A 4 P TA PN T A ’
00410 XL(I)=X ' N
00420 XYZ=XYZ=Q.,07 " o s e o e -
00430 XIDL(I)=XYZ . S
TIRUE - — p
* 00450 Bl IF(NT.EQR%1)2s4 . : )
004460 2 DO 3 I=1;N17: . e - T
00470 3 XIDL(I)=XYDL(I) - - '
00480 4 DO 200 TIP={7NTT - - T . -
00490 READ(3y)(C(J)rJ=iyN) - . .
00495 IF(NXT.EQ. 0G0 1059
00500 DO. 130 I-inXT ' - AR
00%10 SUM=0.0" " ™~ Pt et T s e

. ke [P

00520 D@ 135 J=1,N .
bos30 135 SUMHSUN+(US(I:J)*C(3YY“V - T T -
00540 UXT(I)-SUH . ’ . .

rd
. \\
I3
. '

. R
b 5 el N
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. 00690 CL=A/ (B+XK)

. N 257.

VU550 130 CUNTINUE
005460 59 DO 136 I=1isN .
00570 136 XXS(I1)=0.0 : .
O T XPoxxPoos0 CONCORDIA 'UN IVER§ITY
00520 SUM=0.0
00400 DO 140 I=1sN
TUEI0 140 SUR=SUAFTURTIORCTI)N)
004620 XK=SUM
00625 XB=1.414
00630 DO 100 I=1,sN1
00640 A=XIDL(I)XUCI,NP)
00450 SUM=0.0

w0 J=1rsN
00663 IR—IJ(J)

00670150 SUM=SUM+(UEI,IAIRCCJY) ™ T e e e

004680 B=SUM N

00700 XP=XP+CL - .

00710 CO=1./7U(IsNF) *

00720 XXF=0.,0 . . . o ‘
00730 INIT=1 g R T e e
00731 IF(NXT.EQ.0)G0 TO 100

‘00740 D0 1460 II=1sN, T : D e s e s 20
00750 IF(NFPI1(II).EQ.,2)30,40 '

00780 30 XXS(ITY=0.0

00770 GO TO 140

00775 40 TF(NF1(II)EQ, 3)411»412 TN e e e
00776 411 NILLL=NXZ ,

00778 CALL LAMEDACINIT, NLL.EDLIM;XL:XXK;XB UXT;B-IJ-'““”"S“‘*
00779+XXPsUsrIeXKsUSyNPL1,NQyII) .
00780 GD TU 167

00784 412 NN2=N2(1II) ] . : :

00785 IF(XL(I).GT.XL(NN2))GO TQ 160 L T e s eme——
00787 NLL=NL(II) ‘ Co
00788 XXP=20.,0 ~—~ ~— T - - —
00790 DO 170 JJ-INITrNLL oo ‘
TOBOU XYEXXRTIIT7VZXXRBJ g y C

00810 CO=UXT(JJ) ) :
00820 YA=TT¥((BXXB)/CO) '~~~ . L e e e i £

00830 YB=1.+( (XKXXB)/CO)

00840 YP=TTIT/7B)XALOG(YA) ) +( (1, /xK)*Ang[YB)3~~w-~m-wu~w~mﬁ
00845 IB=IJ(II)\ '

’ » IETRYP¥XY)
00860 170 CONTINUE o . ’
00865 169 INIT=NL(II)+1 T T e e e T
00870 XXS(II)‘XXS(II)+(XXP*CL*CD) , ¢

R R AL . s

00880 1560 CONTINUE
00890 100 EONTINUE . .o

. 00900 TINTER=0.0
. 00910 DO 180 I=isN ' .

80920 180 TINTER=TINTER#CXXS ()4 (Xyy= = T
00930 TOT=XP+TINTER . - T
00940 "ZP13(XP7TOT) X100, 0 T T

00950 DO 190 I=1,»N ' . o o

e T e
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< T 00980 1F0 XXT(I= (ZXXSIIjiC(I))/TUT)*lO0.0Uﬁ

00945 WRITE(2,31)IIP’ ' '
00966 31 FORMAT(SX»rX SERIES OF "CONCENTRATIONS - %»I4//)

. 00970 WRITE(2,2 1)N@ ) -~
00980 21 FORMAT(SX»XANALYTE NUMBER IS *14//)

00990 DO 195 I=1sN .

01000 WRITE(Z,22)1,APXCC(L) »L (1)

01010 22 FDRMAT(SXvIJ;SX:*CONCENTRATIDN OF %A2,2X,xIS XE13.4)
01020 195 CONTINUE

01030 WRITE(2+23)

01040 23 FORMAT(SX,XTHE INTENSITY DISTRIBUTIONS ARE *//)
01045 XP=XPXC{(NQ)

4

WRITE(Z2,24)XPyLF1
01060 24 FORMAT(SXr*%FROM PURE ABSORPTION = XF10., 475X XPERXy -

01070+ XCENT = ¥F7.,2//)CONCORDIA UNIVERS

01075 IF(NXT.EQ.0)G0 TO 69
01080 -WRITE(2y25) ‘
01090 25 FORMAT(SXrXFROM ENHANCEMENT = X//)

OTTI00 I'U 1746 1=1»N .

01110 XYY=XXSC(I)XC (I)XC(NR) ,
01120 WRITE(2y26)I5XYYsXXYL(I) v '
01130 26 FORMAT(SX»I4»5XyX I '=.%XF10.4:5XsXPERCENT = %F7.,2)
01140 1965 CONTINUE

01150 69 WRITE(2,27)

01160 27 FORMAT(//)

01170 TTOT=TOTXC(NQ)

01180 WRITE(2y29)TTOT "°° = '~ ™7 T e mmm

01190, 29 FORMAT (5X» XNET INTENSITY OF ﬁNALYTE IS *FlO 4//)

01200 200 CONTINUE T ' T om
01210 PRINT»X%0UTPUT TO FILE "ESTABL ISHEDX

V1220 READ(Sy 2 JL
01230 IF(JL.ER.0)7166

01240 7 CALL SAVE (SHTAPE2y SHTAPE25 090y Q) " =5 ~mm o wommems s e

01250 PRINT!*OUTPUT AVAILABLE ON TAPE“* . ?

01240 .STDP s — . en JE [ e e v

“ [] y ’ y 1] ’ sy lJy
01290+XXPrUy Iy XKyUS»NP1sNQ, I1) :
01300 DIMENSION UXT(3O)7XXK(30)!XL(200)IIJ(20)rU(200720)9EDLIN(30)
01310+vUS(30;20):NP1(30) . . . .
01390 IQ o o u 4 e b " AR AW £ S KRIMAIE O AN R e Y ur ;» o PR DN N waan €
01330 XXP=0,0 :

TYIZ0 DU 170 JI=INTTNLC

01350 IQ=IG+1 ‘ ' .

01360 NN2=EDLIM(IQ) S i s e e e
01370 IF(XL(1). GT.XL(NNZ))GO TO 170 '

01380 XY=XXK(JJ)/( 2 *XB) . s ¢ o C—ry WA P e s bea Y s S g v 3 e e iy A

01390 CO=UXT(JJ)

OIAV0 YA=T . FU(BEXBY7TO)
01410 YB=1.,+( (XKXXB)/CO)

101420 YP=((1./B)XALOB(YA))+( (1i/XKIRALOBCYB)) - = =t wmm o oo

01430 IB=IJ(II)

01440 XXP=XXP+(US(JJyNQ)XU(IsBIRYPEXY) a - o

01450 170 CONTINUE . T

TTA&50 RETURN ‘ — ¥

01470 END | y

-
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PROGRAM

PURPOSE:

METHOD:

% .
reference:

[ A . - : -4

259.
»
DGAUSS

To determine elemental concentrations

from XRF intensities of multi-component
gystems using the modified Lachance=- ’
Traill %pproach. ‘

The progras uses the Gauss-Jordan reduc-
tion with a maximum pivot strategy to/
solve a sdt of simultaneous, linear alge-
braic equations in the form of Equation 17. ~
The program is performed in double precision
arithmetic, : .

1

Carnahan, B., H.A. Luther and J.0. VWilkes,
. "Applied Numerical Methods", John Wiley &

Sons, Inc., New York (1969). o
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FROGRAM = DGAUSS

. 00100 PRDGRAM GAURDF (INFUT»QUTFUT»TAFELD)

“B0110 DOUECE XyAYEFSHETER
00120 DIMENSION X(S0)r,A(51,51)rAB(S1,51)
00124 CALL GET(éHTapﬁizy6HTAPE12.0,0)
00125 READC(12s)N

00128 NN=N+1
00129 READ(125) ((AB(IyJ)sJ=1sNN)»I= 1rN) ) ' )

“O0T30" 1T REANITIZY TN INDICYEFA ‘ ) . -
00131 EPS=DBLE(EFA)
00132 IF(N.EQR.100) GO TO 53 °
00135 READ(12s)(AB(IyI)»I=1sN)
00136 EPS=DBLE(EFRA) h
00140 FRINT 200sNyINDICYEFS
00150 MAXEN
00160 IF(INDIC.GE.Q)MAX=N+1
00171 DO &5 I=1sN
00172 DO S5 J=1,yMAX
00173 55 ACI»J)=DRLE(AB(I,J))
' 00180 PRINT 201, ((A(IrJ)rd=1sMAX) rI=1sN)

0010 TETER=SINUL TN AT X7EFSy INDIC 51D
00200 IF(INDIC.GE+0)GD TO 8 : ,
00210 FRINT 202,DETER - -
T00220 FRINT 201y CCACIyd) s J=1sN) » I=1,N) '
00230 GO TO 1 ‘ o
00240 8 PRINT 203,DETERsNys (X(I)»I=1sN) .

00250 IFC(INDICT,NE OGO TO 1 ' . .
4 002604 9 PRINT 204 . ’
00270 PRINT 2119((A(I;J)1J 1sN)Y»I=19ND
00280 GO TO 1 )
00290 200 FORMATC(10H N = sI14/10H INDIC = ,I4/10H EFS =y
00300+ D10.1723H THE STARTING MATRIX IS /iH /)

| —OUIZ0 207 FURMATTLOR DETER = 7UTZ,8/22H THE INVERSE WATRIX TS 777

. 00330 203 FORMAT(10H DETER = D12,6/24H THE SOLUTIONS X(1)..sX(»
00334+ I2,5H)Y ARE //(1H » o

00335+ 7D15.6)) ’ .

00336 211 FORMAT(2Xs4D015.6) ’

00337 201 FORMAT(2Xy7D15.6)

00340 204 FORMATUZZ2H THE INUERSE MATRIX IS 77)-

00350 53 STOP ‘

00360" END . ‘ ;

00370 DOUBRLE FUNCTION SIMUL(NsA»XsEFSs INDICsNRC) : s
00380 DOUBLE XsY»AyEPSyDETER»FIVOTsAIJCK

00390 DIMENSION IROW(S50)yJCOL(S0)yJORD(S50)sY(S50) rA(NRCINRC) P X(N) =

D000 MAX=N -
00410 IEC(INDIC.BE.O)MAX=N+1
.. 00420 IF(N.LE.50)GO TO & - . ’ : . .
00430 PRINT 200 ‘ '
00440 SIMUL=0.0
. 00450 RETURN -
VUEFE0 S DETERST. U
00470 DO 18 K=1,N

}
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. 00760 DO 17 J=1,MAX

00480 KM1=K-1

00490 FIVOT=0.0 )
00500 DD 11 I=1,N * !
<00310, D0 11 J=1sN"

VOG0 IFIKVER TGO 109
00530 DO 8 ISCAN=1,KM1
00540 DO 8 JSCAN=1,KM1 DO NT7 =00 7 ST army
00550 IF(I.EQ.IROW(ISCANY YGD TO 11

00360 IF(J.EQ.JCOL(JSCAN))IGO TO 11 !
00570 8 CONTINUE

“GO0TSE0 V'XHF‘FEBS(Q(IrJ))—fABS(FIUUT)4«

003581 IF(XMF.LE.0)GO TO 11

00590 PIVOT=A(IrJ) .

00600 IROW(K)=I

00610 JCOL(K)=J ’

00620 11 CONTINUE ' /

V0430 XHF=DAES(FIVOT)-EFS 7
00631 IF(XMP.GT.0.0)G0 TO 13

00440 SIMUL=0.0

00650 RETURN

00640. 13 _IROWK=IROW(K) .

DAK=JCOL (K)

=DETERKFIVOT

006901 IO J=1sMAX

00700] 14 ACIROWKy )= A(IRDUK!J)/PIVOT
00710 A(IRDUthCOLK) 1./PIVOT

00720 DD 18 I=1,N :
00730 AIJCK=A(IrJCOLK) . .

00740 IF{I.EU.IROWKYGO TO 1B
00730 A(I»JCOLK)=-AIJCK/PIVOT
00770 17 IF(J.NE.JCOLKYACIydI=A(IrJI)-ALJCKKACIROWKYJ)
00780 18 CONTINUE

.00790 DO 20 I=1»N

, O0B00 TROWI=TIROW{T)
. 00810 JCOLI=JCOL(I)

00820 JORD(IROWI)=JCOLI

00830.20 IF(INDIC.GE, +0)X(JCOLL)=ACIROWI y MAX)
00840 INTCH=0 ,

00850 NM1=N-1 - ‘

V0850 D0 22 T=T7NHT
00870 IP1=I+1 .
00880 DO 22 J=IP1sN ~
00890 IF (JORD(J),BE.JORD(I))GO TO 22
00900 JTEMP=JORD(J) ,

00910 JORD(J)=JORD(I) . &

VOF20 JORDTIY=JTENF

" 00930 INTCH=INTCH+1

00940 22 CONTINUE ~

00950 TFC(INTCH/2%2,NE. INTCH) DETER=-DETER
00960 IF(INDIC.LE.0)GO TO 26
00970 SIMUL=DETER -

w
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TOPH0 RETURN = — '
00990 26 DO, 28 J=1,N
01000 DO 27 I=1sN
01010 .IROWI=IROW(I) o - .
, 91020 JCOLI=JCOL(I) ‘ :
01030 27 Y(JCDLI)-A(IROHI:J) o “
OT040 DU 28 T=1 ~ ‘ — —
01080 28 A(I, 12¥(D) -
01060 DO 30 I=1,N -
: 01070 DO 29 J=1,sN . S
01080 IROWJ=IROW(J)
01090 JCOLJ=JCOL (J)
01100 29 Y(IROWJY=A(TyJICOLI)
s 01110 DO 30 J=1sN _ g e
. 01120 30 A(IrJ)=Y(J) : | - \
01130 SIMUL=DETER S :
01140 RETURN
01150 200 FORMAT(10HON T0D BIG ) _ ~ ,
51130 END » - . r
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