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éﬁblicablﬁ-uéing as little as 0,1 g of -

samplé. The précision and accuracy of the d-correction -

ratio téchnique{

' method aYe generally better than that of the standard

LY

The cpppenibaae élloys analyzed in this study had

been previously analyzed by XRF (Y-correction coefficients

*technique. THe presént results show higher accuracy duq

and used in the present' study.

. to the-improved réliability of the coefficiehts determined
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~ 1. INTRODUCTION

4 . . . ) o ;

. - ' ¢ o] N -
1,1 Characteristic Radiation )

3 . . ) - A characteristic photon is generated by a two-
steb' process., The first step is where a high-energy
lque.ntum, such as an(élec'tron, an x-ray photon or a

w',' L ] . prot‘bn, strikes an atom and k.ﬁocks out an inner-~shell

.

electron. The s;,‘econd step is the readjustment within
e C the atom almost immediately by the filling of the inner-

N shell vacancy b-y\ one of the outer-shell eleéctrons and

-

the simul*taneous emission of an x-ray photon. The first

. ’ step uses: the energy of the 'incidqnt quantum; in the

¢ q second step energy 1ls emitted as the-charaéteristic

. \ - x=ray photon. The incident quantum may have any energy
.greater than the binding energy of the inner-shell electron,
with the excess energif used as kinetic cnergy for the

{ t Y

ro electron baing itemoved. But réplacement of the inner-,

/ i . shell electron by one of the outer-shell electrons
; ' corresponds. exactly to the difference in energy between
I the two'levels, hence the emitted photon has the charac-
I S Y .

‘ teristic energy of the difference in energy for the levels.

@ e e

‘Th:l./a photon energy c¢an be expressed in wavelength using

”
——“

- the Dt.tane-Ht.m.t1 lawi~-

-« -
B
.
-

A
]

~
e e )
—

: o
. Eahev = h-e/n : (1.1)
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WVhere E is‘photon‘.enefgy iﬁ-ei'gs, h 4is Planckts

i ~27 "
constant (6.624 x 10 Ters sec), ¢ is the velocity

10

of light (2.998 X 107 "cm sec"l), Y 1is the frequency

(Hz) and A is ‘the wavelength (cm) of the radiation.
. " For more general- épplicabilij:y the x-ray photon energy
can be expressed in volts -(eV), therefore: s

?

E = h-C/7\-e

oV (J.'..z)

Where e 1is electron charge in electrostatic unite

@ (4.8 x -10'-'10esu) and:

E_y = 12396/A # or A =12396/E | (1.3)

\

/

with A in angstroms (§)

N . '\
° The characteristic line spectrum is adequately

explained in terms of Bohr atom concept. Iij an
ele,ctrc;n is removed_.,from the K-shell, and replacéd by
an electron from tge L-shell, ra(iiatioﬁ known as X
radiation may be generated. The emission of an
1~line would follow for an electron f;':'dm the M-shell
£illing the vacancy in the L-shell. éﬁbseqt;ent

transitions and emissioﬁ. ﬁxay continue until the energy

)

N

tmsfer‘Quivalent to that associated with the .outer

orbital électXon energy.

©
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The x~ray spectrumeecmitted by any elcment is

-

different frouw that for ‘other clements, and consists of
only a few characteristic lines. Hencc, by measuring

. /
the wavelengths of each characteristic line, one %gn
¢ ” RSN

achieve a qualitative analysis'picture.

rd

In quantitative andi&sis, the intensities of the

characteristic lines are measured. Intensitics-are

3

almost always given as '"counts" per unit time -~ that
is, X~=ray photonsrpef unit area per unit time.
| Theoret%cally, the more atoms that are impacied by

primary Xx-raybeam, the more intense the characteristip radi-

ation produced, "and the higher the intensity of fluorescence

Agenerated by the specimen. A simple relationship v

‘may be set up, between the concentration and the -

intensity: 4 q : )

"~

(o] '
= K- = !
I, = K:Cy or Ii/Ii C (1.4)

i

\

Where ‘Ii and Ci are\the intensity and concertration

respectively, ©°

of analyte i 1

1s the intensity of

'pure.elqment i, and X. 1s the proportionality coastant.

Unfortunately, there is nearly always a nonlinear

Lt .

correlation between emitted radiation intensity and

concentration of the emitting element. The useful

,

emitted intensity is affected by:

NS, .

’

s

:

s
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1) The spectral distribution (both continuous
and target-line spectra) of the primary x-ray
. ‘( . S
beam. .

2) The absorption of the analyte and the matrix

for the primary x-rays.

3), The excitation probability and fluorescent
yield of the analyte line. -

4) The absorption of the analyte and matrix
for the analyte line., (

1

5) The geometry of the x-ray spectrometer,

- through the emission of radiation. Generally,,

1,2 Excitation of X-Ray - Continuous X-Ray
7 .

If an element is bombarded with high énergy ;
electrons, part of the kinetic energy of the electron ' 4

“ 1
stream, as the result of deceleration of the stream

U
-

by syfcessive collisions with the target atoms, is

e

emitted as continuous or white radiation, covering a : s

-

fairly broad wavelength range, which may include infrared,

ultraviolet ana x-radiation,athe last beingyof immediate

concern, . / | | - -
Any ‘interaction will involve energy change within

tge atom and the a¢om will later return to its original ;

(lowest) energy state by giving up any extra energy

. 4
TR T




among the types of interaction which ma& occur are

scattering of the bombarding electrons, increased

perturbation of the electrons of the atom and, in .
the extreme case, removal of these electrons from

- i ) »
their original atomic sites. The last effect may

give rise to the production of characteristic radiatio;

—

| : from the target atoms. Figure 1.12 shows the intensity

distribution obtained.fromha tungsten target x=ray

tube, and it consists of a broad band of*continuous
radiation, superimposed upon which are”fﬁchharacteristic
wavelengths. The distribution of radiation of the

3

continuum can be expressed in terms of Kramer's formula -

1
3

I(A)an = KedeZ (A/n ;- -1) 1/% da (1.5) .

It will been seen from this expression that
the intemsity distribution, I(A)dr, is a linear function
. of the x;ray tube curreﬁt i and the atomic number 2
of ﬁhe x=ray tube anoge materigl. Amin :épresents the

-

minimum wavelength of the continuum and this is found
to éorresﬁoﬁd to the maximum energy of the electrons
(i.e. the operating voltage vV, of the x-ray tube).

This is given by the Duane-Hunt equation as:~

‘ Amin h-c/Vo =" 12396/v0 ﬁ.6)

ot an ey B
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- The intensity maximum of tgp continuum can be obtained
‘ by differentiating the Kramer formula, viz
‘ I =K' 1 _ i ) ,
Amin A
"y
and:~-
t’ l’
‘ gi - - (K _ 2ﬁ ) = o
N 1 _ 2 5 = .
ori- et~ (i‘.e. Apax = 2Nin)

@

Hence the iné;nsity maximum of the continuum always

i

occurs at a wavelength twice the value of the minimum

wavelengtﬁ.
' >
i v

1.3 The Absorption of Primary X-~Ray Radiation ¢

When a beam of x-radiation falls onto an absorber,
. a number of diffeient prOcesses may occur. The fate of

each individual incident x-ray photon is governed by the

£ .

following threce processes. ’ A

»

1.3.1 ° Absorption . .

A certain fraction (I/Io) of the radiation may
pass through the absorber, and where this happens,
the wavelength of the transmitted be;m is unchanged
and the inten.sity of this transmitted beam TI(n) is

given byh:-'

' \\j
v ¥ ;
.

57w
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I(N) = I, exp (-(’li:fiﬂxi )) l (1.?)

.
[ '
i

Ao
2

wheret-
. ’}’lu s :
}Ji = the’imiss absorption coefficient
of absorber 1 for the wavelength A.-
?.“ ‘)‘
Io = the intensity of incident beam, " .- ‘

i

Py = the density of the absorber. N

xi = the thickness of the absorber;

b

l.3.2 The photoelectric effgct

where tn‘ represents the outermost electron level of the

From above it is apparent that an®amount of
intensity equal to (IO-I) has been lost, and the
majoxr portion of this is lost du§ to so—called pho-~
toelectric absorption. This will occur a; each of —
the eneréy levels of the atom, and the total pho=-

toelectric absorption, t%otal’ will be determined by

the sum of each individual absorption. Thus:-

+ (Top + Topr oo ) +o.4T  (1.8)

2

ttotal = tK

m

‘"atom. All radiations produced as.the result of electron

transitiéns following ejection of.orbital electrons will’
have wavelengths longer than A (incident beam).

In additiony not all of the radiation proéuced will bé
x~radiation, hence the photoelectric effect will give

rise to x-radiation from the absorber, and to other

- photons, .
! \
y :
3
i Ve
| .
! | N
: \ .
3 - - /7
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l.3.3 Scatter g -

Scattering can occur when an x-ray photon o

interacts with one of the electrons of the absorbing

elements, and can be coherent and/or incohercnts;

RENE PR

Coherently-scattered radiation will'suffer no encrgy
change, and the wavelength will be the same as the

incident beam. With incoherently-scattered radiation .

2

the x-ray photon loses‘part of its energy in the

.collision process and, in this$ case, the wavclength of

the incoherently~scattered’bhotons will be longer than
the incident beam. The total scatter 6 is made up

of both the coherent and incoherent terms. - )

‘a9

[

‘1.4 Primary Fluorescence - Absorption Effect
¥

When a specimen is iyradiated by primary radiation

from an appropriate x-ray tube, the specimen will emit
’ ’ - e
as secondary radiation the x-ray spectrum characteristic

»*

of its component atoms. For example, a certain element
i, may héye a wavelength 7\% excited by continuous radia-

tion from a primary x-ray source, the effective range

of the continuous radiation lying between the short

wavelength limit of the continuum hﬁ and the

in
absorption edge Aedge of the excjted eclement i{

\v&;
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Jenkin36 has suggested a convenjent way to
assess the efficiency of the primary continuum in
exciting a specific analyte 1liné, and this is by

plotting the primary continuum spectral distribution

" and the analyte absorption curves superimposed on the*

same waveclength scale. An example of such plots is
shown in Figure 1.2, '

The excitation efficiency is given by the common
area under the continuum and absorption curves oh the

short-wavelength side of the absorption edge (the shaded

2

area in the figure).

The'primary beam involves ghort-wavelength
components ranging down to hmin’\WhiCh can penetrateo B
deeper into the specimen than the depth from which
secondary analyte-line radiation can emerge. Th.s the

4 4
most effective primary radiation is that lying at a

7

wavelength just shorter than the absorption edge

associated with the analyte line and, tlherefore, the

intensity of the measured wavelength Ai is then

largely dependent upon absorption prior to emergence
from the specimen, this being the so-called secordary
absorption effect. Illowever, it also depgndé on the
absorption by the specimen of the exciting continuum,

this effect being called primary absorption.
3
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It is neceﬁﬁﬁry that both primary and seconda

absorption shouftL_Be considered and the total specimen »

v
absdrption can be given as:- .
Total absorption® = > dj - ¢y - (1.9)

wrve ‘C;j is weight fractioh of the elements j in

o
the specimen, and O(J is defined as:- '
& = (ipg(n) +aps(n) (1.10)
) \ ..
where:- e
. PJ()\ ) = i:ht_a mass absorption coefficient
of a matrix element for a wavelength
S A in the primary beam.
’ PJ( A ) = the mass absorption coefficient of

.. sthe same matrix element -j for
L - the analyte line )\i.

A = a constant equal to sing /sj.n¢ ,
where ¢ are respecl’ively the ~
angles o} in%idence and emergence
of primary x-rays at the specimen.

\ , ' - .

'l‘herefore, the total excitation efficiency for a° given

element“ ‘i, in a matrix made up of the elements j is

Yoo
- v‘ .

given by:- ”

f

Nodge 2y ()
I, ( 7y) = B0 {dn ?°(htv) "y :‘”‘. (1°11).
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wheres:—~

o

Besides the excitation efficie
. .
other effects having an influence on the fluorescent
intensity, such as the absorption-edge jump ratio

and the fluorescent yield

I, () =/
Pi =

R

10(7\) =.

3
-

the intensity of A

L4

i.

proporfionalitylconstant.

13

the x=-ray tube spectrum between its

excltation limits,

‘v’

»

ctc.

;ﬁy, there are some

1.4.1 Absorption-ecdge jump ratio (r)

-

t

.

r

This is a measure of that portion of the toﬁg}(

absorbed x-ray that is absorbed by a specified atomic’

energy level.  For_ example K Jump ratio is defined by:—~

X

= P Pur t Puax flupgp tocee

o Pur *Porz tPuarx toeecee

(1.12)

For the moment, the K‘spectrum alone is éonsidered,

only the number of photons which are absorbed by the X

energy level is considered,

equal tg:-

)

Px

This fraction T

K

r, = 2
K P Y Pux ¥ Purx * Purpx *oeee

- o e o

. is

(1.13)
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1.l4.2 Tluorescént vield.p(w) .

2o '
E;' r.‘ . )
[
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o
¥,

This is defined as the number, n, of x-ray-protons-

¢

number N of vacancies formed in the
each with the same time increment. For

fluorescent yield for the, KX series is

S (a),

associated level,

emitted for a given series, divided by the total

7

example, the/

given byt~

w, = ————— =

X N - N

“xoty_+ "xon + P,
; K

K .

Actually, w varies with atomic number

and. decreases markedly aith decrease in
4 .

»

7,8

3

Shiraiwa and Fujine

primary ffluorescence,algorithms in more
J/

ST

St
A

and the.liﬁé serles,

atomic number,

12 have presented, fo%' the

practical forms

than the Bquation (1.11). This is shown in Figure 1.3,

Equation (1.15).

4

o

4

2

l.5 Highor Order Fluorescence - Enhancement Effect -

\

Enhancement occurs when the characteristic radiation

from an elemenvt has enough energy to excite the charac<

téristic radiation of one or more other

saiple. This occurs when a element . J
)

elemonts in “tha

in a

specimen is first excited by the primary :E-ra'y;tube

R
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. ‘J ‘~the element i. However the element k may-alse cause

: e”ffeg%?, that the wavelength of the enhancing element (A~

" 16

spectrum, gnd then where its radiation 9\3 excites —

an analyte element i, This latter is called secondary
fﬁ;ﬁ)resceme, and can increase the total intensity of the
analyte line 7\1. ' There would be tertidry fluorescence,

where anbthgr element k, besides the element - j, is

-

.excitedf by primary tube spectrum, and where }p‘s radiation 7\K

\

in turn excilte$ the element j, which then as before excites

—_—

Y

secondary fluorescence for the analyte i directly. .

Figure 1.4 'illustrates the first two of these excitation

-

proc*esses. r It is an important conciitio:; for any enhancement

3
. ! <
or 'Ak) mst be less -than the absorption edge of the

/
¢

[
i
N

analyte element ( Ny, 'edge)'

In f&pt, a very complex relationship exists between

‘ . .
_the intensity for an analyte and the concentrations of the

ma'tr\ix elements when enhancement effects are concergxéd.

In secondary - fluorescendfe, one must consider the

- exgitation efficiency for tife enhancing element(s) J

which can excite the g.na];y-te i, the ibsorptiqn effect '
for the characteristic line of the enhancing elgment”(hj)

and the secondary fluorescence (7\1) due to the enhancement .

effect’by j. ! > v :

~
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The expressionfor secondary fluorcscence 12( 7\i)
has been‘ developet; by many authors7’lo’l‘l’12’13’,\
and is shown by the Figur:;}.S, Equation (1.16).~

For the tertiary fluorescence or for any higher
order of fluorescence, the situétion is too comp‘iicated \
for‘ﬂ\e\finition. DueJto\their re:\Lative insignificance ,‘
with respect to the total fluorescent intensity of the
analyte i, théy may be ignored. The tof:o.l mea'sured'

intensity can therefore be taken as primary fluorescence

plus secondary flu)’regcence:- . N

LA + T,00))

I(hi) = |
Equation (1.15) + Equation (1.16)

(1.17)

1.6 Matrix Effects And Their Corrections

J\:t is apparent fz:om the previous discussion that
a complex relationship exists between the ¢i.ntenss:l.t'y
i(—hi) of ap analyte i in a watrix made up of the
elements Jj., It was shown that the inténsities of
fluorescent x-rays producec{ within the specimen depend
on the wass fractions of the elements in the specimen

4 .
and the relationship of their mass absorption coefficients

B

\

o
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for the primary radiation. Similarly, absorption of

- L]

fluorgscent radiation within the specimen depends on
the various mass absorption coefficients for the
fluorescent radiation. Figure (1.5)11" illustrates
Fhe various types of effects ip a binary system
vhich contains analyte i and an interfering element

J, where Ci is the weight fraction of 1 .and Ri

%z the ratio of the intensity for amalyte 1 and Ry

f

r the pure element i, ( i.e. Ri = Ii/Iz' )

Curve (a): A linear relationship exists when the
absorption coefficients of the i and
J are nearly the same, for the primary
and fluorescent x-ray.

Curve (b): If absorption by the specimen of either
the primary or the analyte line, or
both, is greater tham that of_the analyte
i, the relative intensity is below that
given by the linear relationship. This
effect is referred to as positive absorp-

v oo tion.

, Curve (c): If the specimen absorbs the ‘primary or
the fluorescent radiation, or both,

less than does the analyte i, a negative
absorption occurs. '

Curve (d): Enhancement effect due to the further

excitation of analyte line by the s
. , characteristic x-ray radiation of matrix
" . element J.
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linear calibration curve
positive absorption curve
negative absorption curve
enhancement ef;‘e‘et curve
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In fact, it is very difficult to determinc the
absorption and enhancement.efficts scparately from
. the experiﬁental aspect, since both effects always
coincide when one measures the intensities, except where only
ihe absorption effect occurs within the specimen.
In general, two different ﬁathematical corrcction
procedures can be applied to the solution of the‘matrix-
" effects problem. The first is the fundamental parameters

B

approach, and the second 1s the empirical correctivn.

*

approach.

e v
a

1.6.1 Fundamental parawmeters approach

In this method, the basic assumptions used are that
the‘specimen is homoge;eons, with a flat surface and is
infinitely thick with respect to penetrapion by the
primary x-ray beam. The fundamental equations wérg derived

. by ymany authors.”’'L116:17

Among them, Criss and Birks
- showed a most successful approach to the use.of fundamental
' data for the evalyation of éoncentrations from measured
f . , intensities. In their method the basic¢ algorithm is
| similar to the Equations (1.15) and (1.16). i%owever,
1 . . the applications were made on the basis|shown in |

erj ' .

Figure 1.6 , Equation (1.18).

.
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The first parameter needed in th\is approach is

the spectral distrlbution of the primary radiation’

3

from the x-ray tube, Theé, authors tabulated the spectrum
in the form of intensity I(7\) per O. OZX interval AN,
starting at Amin' An extra term Di( 7\1) or DJ(7\j)
was used in the summation term, and has the value 1
for 7\<7\ dge,‘(a.nd 0 for 7\>)\ dge’ so that the integral
form of Io()\)d)\ can 'be replaced by ZDi( 7\1)'7I(7\)A)\ or
EDJ( 7\J.).I(>~ )an, and the integrated value, IaAn , N
is the parameter for the primary intensity at each

bt

wavelength. .

The other’parametefs, such as mass absorptior;
‘co/efficients Ol's), fluorescent yield (w's) and
absorption-edge jump ra:io (r's), are ‘all derived by
separate experiments or éa’lculations.16'18'19’20'21

'I‘he summation over j indicates, it is noted,
that the contributions of all such sufficiently-
energetic (A (7\i ) lines must be added together.

A simplification of Equation (1.18) can be made,

edge

L:Ln which the relative x-ray inten'sity, Ri' is used,

and the Q. tgrms cancelled, leaving only terms in

¥

R and p. *This 1is shown:as:-~

Y

o
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e menmsrrraons '

PR, S

Sl W e 2 e o e

»

=

e,
e, 1



PO

R ik v SN

24

e
NN RS E Y s)

Where s indicates a standard sample. ~If a pure‘
element 1 is used for thé stagdard, since no secondary
fluorescence occurs with a pure ele@entf'Equation (1.19)
may be written as:-

I, () + I,(ny)

R, = , — fl.zo)
(%)

I

Accordingly, with the iteration procedure as used by
Criss and Birks, linear relationships between normalized

R;'s and C,'s are assumed, and from these (1n€\rrect)

C,'s, a new set of R, 's is calculated. The differerces.

p 3 i

l between the measured and calculated R, 's' are then used

i
to correct the Ci's and the procedure is started all
15

over again. The iteration eguation has been proposed:~-

/

L O
(1.21)

N meas.
cCoTTs Ri Ci(

i - meas., )
R, (Ci—Ri) + Ri(l-ci)

A\

/ . . :
Such interations are normally carried out until a

1-R£) -

desired precisdon of C, is reached.
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There is an additional coricept wjkch can further

simplify the concentration-intensity equation. Many

aﬁthorszg’zj'zu’25 X

have proposed the effective wévelengt’~

/

R
e wdf*wr:—ir&.qémm
- ?

concept, in which it is considered.that one single

wavelength Ae exists between hmin and %iugdge’(
this Ae has the same effectiveness in the excitation

of Ai as the whole continuum:-

' 3’
, edge :
N, = IO(?\)d% (1.22)

“ 7‘m:i,n

so that the primary fluorescence Equation (1.18f can

be simplified as:- -

Il( A o= (1.23)

gherg K, - = Qi/sin4>2 ]

In practice, whexge the contribution from character-

istic source lines is insignificant, this turns out to

be .equal roughly to 2/3 of A The subjéct of

i,edge’
the accuracy of the effective wavelength cbncgpt still
invokes considerable discussion, but nevertheless it

has been found extremely useful for‘simplificafioh' of

the concentration-~intensity algorithm. By using <A

-

and that

e

. S giton
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the handling of the calculation is similar to that ’
of the Criss=Birks method.AStephenson26 developed

the program CORSET which makes use of both primary

.and secondary fluorescence corrections, but. ignores the

tertiary and higher-order fluorescence terms.

. . L .
” . -

l.6.2 Ewmpirical methods

3

The use of the fundamental method indicates that
rather large computingrfacilities are required, which are not

at the immediate disposal of every laboratory, and that the

Pl

accuracies of the results will depend quite heavily on

the accuracies of the fundamental parameters uscd.15’27

These uncertainties impose limitations orf the fundamental

approach which has engpuraged many author528’29,3u to

develop empirical relationships between characteristic

‘ f~kaw\xn\\\ ‘x-raf emission and chemical composition. The majority

of the empirical methods inydlwe determination of mQFrix-

.

effect correction coefflcients through simplified
concentration—ingansity equations and ef%erimentation,
followed by substitution into a set of equations, from

which the composition of unknowns can then/be evaluated.

+ In practice, two major classes of empirical‘proceduregf

exist.,” The first, a semli-empirical approach in which

the cdncentration1}ntensity algorithm is expressed in

'
-

k .

o~

.
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‘

sych a form that the coefficien#s and correction -

terms have significance in terms f actual absorption

L]

e o 1 o e s b s non

|
i

coefficients., These constant terms can indced be

-4

calculated from mass absorption coefficient, data.

3

Secondly, the truly empirical algorithms, in which
the concentration-intensity relationship is‘expressed,
& -
! as a polynomial and then mathematical techniques are

employed to .solve for the correction terms. However,

{ ’ ’

. when one uses these methods, there are two important
e

assumptions to be made:- ) :

@

1) The primary x-ray beam is assumed to be / fJ
~
. . monochromatic, and the integral form of I (n) >

in Bquation (1.15) replaced by the effective

. " wavelength Nee - . : !

1 - JE—

- . w . §
2) Enhancement or sccondary fluorescence is

assumed to be treated acccptably as negative

31,32

absorption since the two effects behave ) o
in a similar manner. In this case, the absorp- ;
J tion coefficient for the enhancing element is
replaced by a hypothetical abdorption coefficient
" which is lower than that: for the analyte. B

\

Therefore, the effect of each of the matrix ;
eléments J on the f}uorescent intensityjof a given V
analyte i is simply that of an absorﬁtion effect.

: .é

,
. . M
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’and let X, = coi/ni’

‘and C, = O then wé’ﬂe}wé‘s- .. ' s

r
. 4
- '—.m«-rmv-"« == 4 ﬂ e
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AR s Lo
' |
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.
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The intensity equation' may t'hus. beqdramatically ‘simplifitld,‘

since only‘‘the primary fluorescent intensity is considered.

) For Equation ‘(1.23), ‘on\sider a binary \‘systengi i,. J,
T < o ’ 3 '.:\ T
where- the following. cpelatiﬁ\ship holds:=- 28,29,30 {

‘

¥ N -
LNy B
T

-

Since C, + C, =.1, then G, = 1 -C, and we ., |

i J i N J “
" obtains- : { -
| > s / . -
Ki‘Ci ? Ki.ci . A . .
I, = =, - (1.25)
i (1"‘33)0’1 + cj-on‘j O + CJ( oy = cxi)‘ ’
» o * /(g' 0 }
. o4 =0y ‘ : o
Let (053 .=' o . go that OS - di = 0(13'0( , 3

" - -~

"

éubstitution Equation (1.2%) yields:- * .,

t ¢ -
I, = Cy/%y . - ,
i . 1L+ & ,-C,
. ij J

or T . : , (2.26)
( C, = I;°K; ( 1+ ﬁcd ) . | —

¢

Since for a pure sample of element i, c, = 1

J
» o

- . . .
. ¢
an -
I ‘ B ¢ .
. *, , /
L) . B . .
. . ) s
e
. B
I

£ 08
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\\%- H N \: s L4 ‘\- “ X . ‘ -
n#‘:"w' - ¢ . "“." Y 3 A ! Y [ .

‘ M g . M y\. Cos i \ . 5 - ’

*ti ‘\ - . " ‘;f N ~
YJJ.;. ) > 1 . LN ' .
L ‘,z‘ M ., N . .o = ] = y o . N )
T (( o, N %Ki = 1/1:i . s
o e If Ri is taken as the ratio of the sample integsity -
ceg Ll - .

‘«'J o ‘ to _the pure element intensity ( i.e. I /Ii.)’ ‘substitu~
N “tion in Equahon (1.26) gives:~ R o I
o - N . . Qﬁ! . ) 5

> " ¢ ! % "
. [y ) \ : k] " ‘, ) . . . . ' »
et V . .C, 7= R, (1% 0, ) S 1.27).
e " cot RN SR ,1(‘ ; QS-J' J ) . ( ' 7)-
'.'. ‘ . » toa L]
. B . ~—
Y ‘ o The constént Ol is a factor, the so-called S
) la e ! \ <
; ) TR alpha c\oéfficient, which represents the effect of
i - & -
i efement j on elem»ent i, and its value does have :
b N
- some theoret:.cal sign:.ficance in that it is related
¢ \ \
A I to the ratio of the total abso::ptxon for j to th\
- ‘.»“ - l“ P <
. total abéorption for elemerit i The coéfficient may ;
. ;o
&\A ,A: X be ca-lculated from,@bsorptlon .coefficient data as:-

S
. i 4 { & N " ' ' LY i,
< v LR . . L ' »
. F i A + A ANL) N ,

? ‘ oy R ol 2y e) Pl %) N (s

~ - , -4 Gy 7 PiUng) + Aep Uy ) -
R ©o- - ) ‘ ' . Lo ’
: 'In a multicomponent system, Equation (1.27) may
s o .
0'= - : :
then be easily applied as:- =
b\ ) ‘ n )
. - - ~ 8 . -
- . ‘ . n hid A . /
. S0 6= Ry (1w EJO\L,-CJ ) (1.29)
. . . - '
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' This is the well-kﬁown‘ Lachance-TraillZd

- h!
mo?&#\\ In
thie model, the relative intenslty R's for each element

are measured experimentally, the alpha-corrbction ¢

~coefficients are dete:mined, also experimentally, from

[

'binary standards or, preferably, from multicomponent

standards.;'The chemical composit}ons for unknown

specimens can:.then be obtained from the meéasured ip<"" \:
\ .
tensities by solving e/sgﬁiem’of simultaneous linear

equations. - : ; /

e L&éhance~aﬁd Tra11133 applied\erir correction
~N

equdations quite successfully in the analysis of 9

componénts in steel alloys. The average relative errors

were 8 percent at 0.5 percent concentration level, 3.7

percent at 5.5 percent concentration level, and 0.96

.

percent at the 55 percent level.b

34

Sherman had discussed the empirical method in ;

1954, the year before the publication of his theoretical
pqegtionp, and his scheme involved the use of regression
analysis to solve the equations. Equations (1.30) are

typical of this approach, and are generaﬁ}y attr¥uted

35

to Beattie and- Brissey; elthough vmq50us refinements \

were employed by Me;ti?6 “The listed equations, refer to.
,/”J . \
- ~ I3 .
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a tertiafy system of elements 1, J and k.

; 'Y . . /
) ‘

. J, . |

c; = R, (c; + Ky cd+1c C,)
: ) S
R ;! .

- n KK, i : (1.

c, R (c‘j K5+ Cp + X c,) | (1.30)
y ;

o, = Rk(C + Ky Cy Kfc-cj)ﬁ

k}

%

Thia originated from the unation (1. 23), as the
Lanchance and Traill eguation, and the values of the X's

12 -]
are constants representing the effect of element Vg

‘or i, etc., which have the same meaning for, the alpha-

correction coefficients as shown by:- » +

i T Py H Ay ()
SR A A 1 E W0 K E ST NP

1.7 The Validity Of The Correction Coefficient

4

In point of fact, all methods for*interelement-

~
-

' effects correctién are ¢oncerned with the proper

evalution; or control of, the quantity "corxrrection
coefficient"., Whether as. the ix-coeff;cient or the
K-coefficient, they are derived from the same basic
equations, ané they guffer from the same areas of

. s
difficulty.




) However, Tertian27 has shown that the effective mdss absorption

i
;
{
F
1
f

“ L2
v ' - .32
o
\ v {
First, Equation (1.23) implicitly assumes that ‘
the primary radiation can be reduced to a single ) o l

wavelength . (effective wavelength) and that this
repr@sentéﬁive wavelength is the same for all of the

specimens to be analyzed, as well as for the pure elecment.

coefficients (given by him as di,o% etc) cannot be considered 1
aé cohstant, even witﬁ a fixed excitation condiation,
but as gquantities varying with spccimcn"compositions,
as also does the effective wavelcﬂgths %e.

It should also be noéed that both Tertian>’ and a
Lachance37 havé shown that,'as a consequcnce of the | "

[ 4
polychromatic nature of the primary x-ray beam, the

correction coefficients are not constants as assumed,

but tend to vary over a wide rangé of concentrations.

However, it is legitimate to suppose that if the

compositional fange narrows sufficiently then the“7\0

is approximately fixed an? the X or k coefficients

can be considered as constants in a practical sense.

The Claisse--Quintin23 relationship has taken the

v

polychromatic nature of the primary beam into considera~

tion. The authors modified the Lachance-Traill equations by

including secondary terms. For exampie, for a ??rnary

~ o ks et ARSI Bt AL
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system i, J,

k, we have:- : N o
| | .
¢, = R, (L+0,:C,+0c +0,:%+ 0. 2 +0,-CC)
1 i 3% GG %yiC5 * G % 31%5%

-

)
!
;

. However, the Qvalgation of the various coefficients from such
a relationship becomes highly cpmplex,'because of the

large nuamber of standards required.

The second probleﬁ that arises is how to deal with

the enhancement effect.
\

" (1.23), if ‘only the pure absorption effect (primary

Starting with the basic Equation

fluorescence) were present the situation would be simple.
There may possibly be, however, enhangement effects

(secondary or higher-order fluorescence), which are
qualitatively similar to "negative absorption",31’32 ) ’

and which f&?u;t in an increase in the fluorescent

intensity. For this reason most inve%tigatorsz7’28

have accounted for "negative absorption" by introducing -

negative coefficlents relative to.Equations (1.29) and (1.30).-

However, on a quantltative basis, eﬁhancement obeys its own

i

laws and, unlike pure absorption, does not follow the

9

additivity law. Allowances for enhancemerit effects have

’

been introduced by the Rasberry and Heinrich.J© Their

relationship is expressed by:-

. ' it

Wk

T DR R Tt =
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B
- 3 ——j'-d——.
c, = Ri(l*ZAiJCJ+Z e cj) (1.32)
J - J 1
\
When B = 0, the net effect on the fluorescence of

ij
element i  is absorption, and the equ&tion has similar

terms to the Lachaﬁce-Traill eduation, with! A having

iJ
, same meaning as ‘C&j, but is always given a positive

value. When Aij = 0, the net effect on the fluorescence

of element 1 1is enhancement, and Bid is always given
} a negative value. However, it is impossible to have
pure enhancement effects occurring within the specimen

which always coordinate with the absorption effect.

Such relationship do not provide for a linear situation
L4
between concentration and intensity.

1.8 Modified Lachance-Traill Method -
It was decided in the%present investigation to
evaluate binary systems using a modification of the

original lachance-Traill equation, with some improved

a

experimental techniques for the determination of -
correction coefficients. Subsequently, a technique of
applying these Ol-correction coefficients, in the

general chemical analysis‘}f multi-component specimen

., systems, was to be developed. This technique was expected
, s '

3

ot 3,
.
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- fuslon technique at high concentration 1eve15 tends to

- solutions

v tad

. . ' |

to provide‘high flexibilityyfelg;ive to the amount of
the sample available for analysis.,

From the theoretical calculations of hachance?7

1

three basic assumptions may be madc:. -
t

1) The absorption effects of lower atomic
nunber clements such as oxygen, nltrogen,
etc., on thec higher atomic number e¢lements
such as iron, cadmium etc, can be considered
as constants regardless of minor concentration
variations for these lower atomic number elements.

2) The intcreleumcnt-effect coefficients for the
higher atomlc nuumber clements are approximately
constant where the concentratlon levels are
below 10 or 20 pecrcent, ' \ Q

-

3) Iligher~order correction’ coefficients are not
significant where concentration levels are

, bglow 10 percent for the higher atomic
number clements.

o

In additiori, in order to minimize the interelement

effects, and to eliminate”such factors as particle size,
compositional heterogeneity and surface finish, ete.,
the only one experimental technigue that can be considered o

as gefierally suitable is the "dilution techniques",

involving either dilution of solid samples by fusion, or

”

dilution by water additions to aqucous solutions. The

be both difficult and time-consuming. Dilution of aqueous

1h932’38waa thercfore chosen as the basis of

1
[)

the technique.
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; ' S
In the original form the Lachance-Traill eguation’

for multiple systems can be written as follow:-

;_‘,’ ) . . ,
n :
c, = R ( 1+‘ J%l Oy Cy ) (1-33}
(3#1) " :
wherez:

Ci = weight fraction of analyte 1.
C; = weight fraction of the interfering element
J- in the specimen.

=}
"

Ry relative intensity =- measured iﬁtensity for
i to intensity for pure 1i.

’, Cﬁd = correction coefficient for effect of element
J omn analyte i.

—

nm o= number of elements in the system;

In this investigation, since adueous media are used,

constituting the bulk((v80%) of the solution, an additional

term is introduced into Equation (1.33), which takes this

into account, and the modified equation is shown as:=

. ) " . n . ' ' o
C 6y = Ry (14040 4 zo&‘j-c‘1 ) (1.38)
J=1 ‘
5 (3#1)

vcu = welght fraction of the aqueous matrix

(usually Hz°’HN°3)°

W
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: |
- 3
: ’ j
&y = —correction coefficlent for effect of agucous !
matrix on analyte i. ‘ i
T v
The weight fraction of the aqueous matrix Cy can be i
obtained from:- eyt S
n v s .
C, = 1-C, - = C (1.35)
M 1 J=l J '
: (3#1) -

In this modification’the major assumption is that

the aqueous matrix effcct is écmprised of low absorbing =~

elements such as hydrogcn, oxygen, nitrogen, lithium

and boron, which can be grouped, into one correction

. o

coefficient representing the net effoct.

In order to determine the interelement correction

coefficients,- the follgwing experimental approaches

-

—

were deve;oped:u

1) determination of ®,* Samples of differing
concentration of analyte 1 and matrix(H,0-

%NOS) are prepared.

2) determination of ‘O&j: Samples are prepared,
wvhich consist of differing concentrations of the
interfering element J, matrix M and analyte 1,

Vhen,all of the required O-corregction coefficients

have been determined for the elements of intcrest, a

e s ey e « R
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single standard solution is néeded to evaluate the

o]
i

Subsequent to this, the chemicai composition of %

I = 1) and to calculate R, . .

. (intensity for ¢ fwn

i-n

solutions involving materials of unknown composition
‘may be evaluated by solving a system of linear equations

of the following form‘:

Ri‘( 1 +0(:Lﬁcl.‘4 +oeas +O(:chj + eee +o(in-cn)

c, =
c‘j = RJ (14 O‘mcM toeen # osici * eee * osﬁcn) (1.36)

o

: X .
C, = Rn(1+0(n1«fCM toeee #OLIC + il njcj,,)

i

with ‘ ‘

C, + ess + C

i +.--+E:n = 1

J
The purpose of this investigation is to te

(1) Deten;i.n-e additional d-coefficients required in the

analysis of copper-base and aluminum-base alloys; (2)

to redeteminé more reliably pre_v?.pue coefficientg

applicable in such analyses; (3) apply all such experimentally

' =determined and theoretically-calcoculated in the analysis of

such alloys; (4) indicate the precision and accuracy

e

of such analyses, s

L

—

o
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‘ . ‘2. EXPERIMENTAL L

"

2,1 TInstrumentation ' ' \

Throughout the study a Picker Nuclear Spectro- [
Diffractometén (45° incident and emergent angles), a o
£ . |

radiation analyzer and an ultrastable two-tube génerator

were . used.

2:.1,1 X~ray tube

B '"The>ﬁsg£gl gource of excitation in fluorescent

x-rﬁy anaiysis\is the primary spectrgm from an x-ray

tube. The spectral distribution in the primary sﬁectrum

is important because it determines how well the character-
istic. radiation will be-excited‘in’the specimen., The

only effec;ive part of, the primary specffum is that part
which is of sho:ter wavelgggth than the absorption edge'

of the element to be'excited in the speciﬁen. If there
~are intense lines, characteristic of the x-ray fhbg target,
close to‘the shorter waveleﬁgth side of absorption edge

of the analyte, if would contribute a large part of the

total radiation. Otherwise, the continuum would represent

Ay

the pr;gapy source of excitation.

wal i A2

Ty




o -,  Tafget material and Vgltaig determix.'xe the intensity . ‘
/{ in the effective part of the primary spectrum, and also i
control the efficiency and intensity of the fluoféécent
'x=-rays from fhe specimen. Figure 2.1 illustrates the
heffect of x-ray tube voltage and target meterial on the

‘o

‘gpectrum.

N

~

' N In the present sfudies, é“chromium target x-ray
tube with 0,.,25mm beryllium window thickﬁess, operating
g% 50KV/36mA, was used #n the intensity measuring process
for .the lower atomic number elcments (ie Z=12 to 22),
A tungsten tube with 1.5mm beryllium Wwindow thickne ss _ a
was used in the intensity measurements, operating at
. 50KV720mA, assoclated with the characteristic radiat%ono

(KO( or, Loy ) for the higher atomic number clements such

» . as chromium, manganese, irqn, etc. ‘ J . I\$

2el.2 Bpectrogpniometer {

.

Spectrometer are designed with the specimen pfaced
rd ' B
such that it is irradiated by the primary x-ray beam,and in
which the angle of incidence of the primary radiation may

; ’ be 60 degree,. 55 degfee or 45 degree. The 45 degree

arrangeffent has the advantage of si\plifying the caj,cq-
1
lations./ As an example, consideration of the depth of

M} Vi a e




RPN GRII TR P EA S & B N T TR T Y W
~

I

RELATIVE  INTENSITY,

pal
§
FIGURE 2.1
&
EFFECT OF X-RAY TUBE POTENTIAL AND TARGET
ATOMIC NUMBER ON THE CO Us

(A) TUBE POTENTIAL

50KV " mA, Z CONSTANT
‘/ I (“71-
j:

0.5 1.0 ' 105
VAVELENGTE A\, 4

L1




o

Oy
P N, B R e ]
. e n
-
]

1y
c 2 e e

4
L -
A
°
N
i
¥
$
!
—_
I3
- ) e
= 1
!
e
—
B /L
E’
v
.,
(s
b
) +
o~
. \
i
—

. (Bi

I

RELATIVE INTENSITY,

J N ~
L/
-
Va
42
CFIGURE 2.1 .
cont'd
TARGET ATOMIC NUMBER
{ \ Y
2L KV, mA CONSTANT
| " ‘

|

I

| , ’

L | > o
0o .

.5 1.0
VAVELENGTH A, A

i -

ER I R S




o
—~

B R Ry

. ‘L . ‘ 43
2 P . ] . Ca, ot N Y
N / . . .
L} ™ e
. o 2
N - - ' ) @ * a ¢ w’
- ; [ \ . ’ ‘ I o ‘x
.'%A ‘ v . " . , Q oo . f , ' ‘ ' . N ) A
Vel s —penetration*'requires -inclusion of a spectrometer geometry % )
) Al Hﬂ.
PO 2 . ' '
LT . factor wh:.ch is the ratio of the sine of: the inci.dent

\ n

I * 'angle to ‘the sine of- the take-off angle. For a 45°/45° ‘ ;

gg . .- .+ geometry is .‘°1, vhile fo#' a 60°/30° and 550/3'5°ge6met;vy, P
- J S .\ ty.:r.s factor are 1 732 a.nd 1.428 respectively. Yo - -
‘ o \A N The gmiometer is basically’ the a.nalysing cryStal and
o L . system of Sits or collimators. Figure 2.2 illustrated ‘

the general.arrangement of the 'spectrogoniometer&%“rh,e
canalyzing crystal is the basis of x-ray analysis, serving
¢ - the purpose of s‘gparating the specimen radiation beam

3 . I
L -~ into its individual wavelength components. The flat, ‘ H

~
A SN e e < oy

L ‘reflection crystal optical. system is .probably the most

R ' @  common of all the XRF techniques, and the crystal inter-
NS i

S o . ) plana’r Mspacin'g a determines the angle © at which

© Es

P :. .the, nth order of wavelength A will be diffracted accorc\ng
S T . ~ to the Bragg2+ e@uation:- & i .

- . \’\ \ RS ‘ (\ € . .
S S o " nx = 2d'sin® T (2.1)

KQ N E , -

T . . " There is a wide selection of materials for the '
. ' : ~ ) »,
" - & -+ - analyzing crystal. Table 2.1 lists common crystals used -

co , in x-ray spectrometers and the d spﬁings for these
- v . analyzing crystals. “In practice one should generally

?
. ot \use (the fs_mallest d-spacing crystal possible consistent

a \ VS
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5 CRYSTAL NAME  REFLECTION PLANE 2d, A 4
| -
c. " T0PAZ (Al.silicate) ©(303) . - 2.712
{l - o LITHIUM FLUORIDE (LiF) (200) . -4.028 . |
; % SODIUM CHLORIDE (NaCl)  (200) 640 '
/ » © PENTAERY-THRITOL (RET) (002) fose 8.742
¢ N , . ,’i;“
- AMMONIUM DIHYDROGEN d .
o PHOSPHATE (ADP) (011) 10.648-
| | GYPSUM (CaS0,-2H30) . (020) - 958
' . / , . 4 ) \
SORBITOL HEXA-ACETATE .
R (110) . .13.980 ;
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Vfor the elements from Wagnesium through vanadium, and a

ywiéh the méximum wavelength to be measured. In this

case, thée ADP is the efficient crystal for the diff-

raction of MgKg , the PET for AlKg through ClKgy , o

and the'| LiF for CaKx and upwards.

In x-ray analysis it is desirable to have a .collinear
radiation beam. ,However, sample excitation causes x-rays
to be radiated in all directions. S1lit or multiple slit

collimators are normally used to restrict the divergence

‘of the x-rays. The selection of the optimum secondary

n .
collimator for a €iven application must be made with the con-

sideration being giyeﬁ to the dispersion of the analysing
crystal empeoyed.hl/ A choice is freguently available
between, on the one hand, a fine coilimator'and a crystal
of poor dispersion buf ﬁigh reflectivity, and on the

other hand, a coarse Qollimator and a crystal of high

dispersipn but poor Eeflectivity. Therefore, ‘a coarse

collimator can be used in the intensity(Kg) measurements

v

fine collimator for the elements from chromium upwards,

!

1

'

2.1}3 Detector “~
The basic principle of x~-ray detection is that of

»

converting the x~ray photon energy into a form of electric

current pulses, which can be measured and integrated over

\ - -
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a finite period of time. There are three types,

.gas=filled, scintillatiog and 1ithium-driftﬁg silicon

detectors, which are normally used in XRF spcctrometry.
However, only the gas=filled and scintillation detector

werg used for the present studies.

-~ . P

a) Gas-Filled Counter: In this study, a propor-

tional TIow counter(PF) with P10 gas(argon

90% / methane 10%) flow was used. Figure 2.3

shows schematically the construction of this

- géunter. In operation, a methane atom absorbs
the x-rays and ejects a valence electron,'which
will be attracted toward the central wire and
lose its energy by ionizing other methane atoms
and generating a number of ion pairs (positive
iond and electrons). One can measure the x-ray!

4 intenéity,.using this counter, because of the
linear relation between ion-pairs and x-ray
photon energy. Normally  this counter is used
tg‘detect x—rgyslin the 2 - 10 % range.

b) Sciﬁtiliation Counter(Sc): This consists of

| thallium.activated Nal crystal, sealed to the
window of a photomultiplier tube, to amplify the
signal generated. Figure 2.4 illustrates this t&pe
.of counter. When the crystal-absorbs an x-ray
photop it generates a number of ﬁisibge-light
photons which strike the light sensitive surface
of the photomultiplér and cause ergctrons to be

‘.
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emitted. Thus, a muitipl‘j;ed electrib-pulée appoa;péj
at the output of the photomultiplier, and would

be proporfional to the x=-ray photon cenergy. This
detector was used for short-wavelength x-i'ays, A
where the range is 0.1 R to 3.0'2.

Lithium~-Drifted Silicon Detector( Si(Li)'),Bz
Probably the most significant recent develoﬁ-h

ment in x-ray dintensity measurement is this kind

of counter. It consists of a silicon (or germanium)
single—érystal semiconductor having a compensated
intrir{sic region sandwiched between positive and
negative regions., Figure 2.5 sflows schematically
the construction of this detector. In operation,

an x-ray photon can be considered as entoring the

detector and passing through,the active scmiconductor

volume ~ the lithium-drifted silicon region,

IEventually, it undergoes photoelectric absorption

by a silicon ator and imparts its energy to a photo-
electron which prodﬁces electron~hole pairs along
its path until its energy is expended = Ju\st as
ion-electron pairs are produced in ‘gég—fi%le‘d
detectoxr and light photons in a scintillation
counter. When\in use, the detector must be
maintained at liquid-nitrogen temperature (77 K)
to recii:.ce noise d ensure optimal resolution,
and alsq to grev nt a high diffusion rate for .

%

+ 1ithium.
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2.1.4 Dead-time correction ) .

¢

Under normal operating conditions the numbe? of
, voltage pulses produccd by the detector varies as the /
int‘ensity of the incident 'x-rays; 'However, at high;
c‘ount rates the linear relationship does not hold,
since the rclatively slow dissipation of the pos'it':ive
ion sheath has a very significant cffect upon the L
functioning of the counter in thﬁt, as long as the L‘
ions are in the immedllate’ viecinity of t‘he anode,
" | the field is reduced,ytlms preven;;ing further f.valmclle;.
® This gives rise to the so-called ‘Head-time of the counter,
: ) . and a useful expression for the true counting rate was first

¥

proposed by Ruark and L’»rammer‘::"2

|
P " - ‘ . Im | \
, : , I, (2.2)
: 1~-TI.¢ .
: t @ dn .
v ’
. where: -
?
\ It = true counting rate
{ Im = measured counting rate
& : N .
! t = dead-time of."the counter s

o

/ ' .

In this investigation, forthe scintillation counter, when Im
, g o s over 30,000 cps, a dead-time correction was made,

F and the empirical correction expression used throughout
) X ’ ¥ : /
- '"‘%thefp.resent studies as 3,

v I
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K ' . e’cments or their nitrates).

BT,

-

>

TR R A WIS Ry s sprme i, 1 3
, -
v
>
-
A

These solutions,

) . A series of solutions for ceach clement of interest

were prepared from rcagent-grade chemicals(i?e. pure

case, showed considerable variation in the concentration
range, geﬂerally from 0.005 to 0.1 weight fraction.
, ‘Each series of solutions was prepéred, from stock
solutions by the dilution methods. The final weight Af
each prepared solution specimen was generally 100g,
and the dilution water was boiled previously to prevent
the formation of gas bubbles during the XRF analysis.
. Using these stock sdlutions, the required amounts
; —‘of,tpe elements involved werc made up in a minimum of
. acia mixture(ﬂzo-HNOB), the concentration of the acid

~mixture.hot‘being considered critical.” The solution were
i ' then boiled to expel dissolved gases, which might otherwisé’

,. ~'{:.
\ / : 3
h ) _ j
/ ;
53 :
. /w -~ \ :

Im
It = - -\6 (2.3_) ‘
. 1.,024374 - 0.79681 x 10 'Im ' ;
. no

g :
2.2 Sample Preparation ;

’ . Solid standard samples égyplied by Somar Ltd., .

were used to set wup thé instrumenta1 paramé@ers Tor
. ) XRF analyses. They were also used as references for
. the determination of Io(intcnsify for a purc elecment).

in each : ; H
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2 . : .
ﬂerm'air bubbles upgg_%{;gglﬁt%on. When an elcmental \\\\\\f

xr <
mixture did not d&gsolve in thils acid-water mixture,

the use of another acid such as IHCl or H3P6h was
resorted to « In such cases, however, the effects.of

the heavier elements. Cl and P on the analyte had to be
predetermined. The stock solntions of chlorine and
‘phosphorus wege prepared from econcentrated hydrochloric
acid and phosphoric acid, and the concentrations .of

chlorine and phosphorus‘were accﬁratcly“determined by
;otentiometric titration. : ‘ - »~
The various commercial aluminum alloy sg@plesvsed
as standards and unknown inlﬁhis'investigation, were
supplied by the Aluminum Company of Canada Limited.
These alloy samples were'eiamined in the form of discs
obtained from standard chill-cast specimens, thL2 final
disc approximating L—%: diameter ahd —%: thickness,
The surface exposed to the primafy x-ray beam was prepared;

in the order indicated, by:- . ‘ K

(a) Machining. )
- (b) Grinding with decreasing sizes of diamond grit.

1
(c) Polishing with 20 micron diamond dust.

The final polishing operation provided\for a surface

-

e > - i
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roughness required for measuring the intensity of
' the secondary radiation emitted for the lowest
atomic number analytey In addition, the final polish-~

o

ihg operation éaé carried out in a manner inyend;d to
miniwmlze the surface smearing of the soft ‘elemcnts suéh

as silicon or lead in the specimen. A good test

for such superficial smearing is to measure, for a covéfed
element, the qu/KQ\ intensity ratio for elements up to
atomic number 60, and Mog/chl ratio for the heavier
elements. This was done for any possibly smeared specimen
and for another specimen of the same alloy known not to

be smeared, or even from the pure element. The intensity

- of the longer-wavelength line(Lal or Mg)- and thereby the

ratio - is decreased by any ovqriying smeared constituent.

A series of anélyzed solid samples of various, commer-

cial copper-base alloys; suitable for direct examination

under XRF,,wére supplied by Professor J.G. Dick and made
for this study.J These samples were used also to‘prepare

specihens in an aqueous solution form.

2«73 Measurement of Intensity

\\\\:2(§;1§Ciple' the integrated intensity under the
Jvoo- . , '
.entir?® analyte-line peak should be measured, however, !

A

"in the present study, the peak in%ensity at the 20

angle of maximum intensity was found to be representative

. e g A
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of the integrated intcnsity.
Table,2;2 shows the gcneratioﬁ and detection

parameters applied. These are not intcnded to mepresent

optimum values, they are the 1pplied values ovee the

Equation (2.4) as follows:-

period of the jnvestigation. In general for each

aﬁalyte, a scan of intensity wvwersus 208 angle was
obtained at the parameters indiéayed'(i.e; Table 2,2),
These-scans were then analyzed to determine the mos;'
suitabie '%9 for peak and background counting.

As tgf&general procedure for the measurement of

intensity, the peak and background angles were courted

five times, and the final:valueskappliéd in subsequent ;\

trejtments represented the averages of thesc mcasurements. .

L%
Lam -
Subsequently, these intensity valuecs were corrccted,

where required, for counter dead time using Equation (2.3),

1)

and then for background intensity involving the use of

- 20, Gp

bl b2

where:-
I = the net corrected intensity;
I, = the intensity measured at the

peak positionj
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I, = the intensity measured at lower
background angle; ‘ .
' Ibz = the intensity measured at higher
‘ backgrqpnd angle;
o 20,, 28, ., zel = the 20 angles for peak,
' Pk bl 2 \ lower background and higher
\ background, respectively.

{
Mo i o g o it

In. addition to this,/where a liquid,specimen cell 4
was used fOf solution samples, the absorption effect
" due to th; mylar film cell covering required correction,,
especially in the analysis for lighter elements.  To
obtain the true intensity for the analyte, it has been
found33'h7 that.a correction for the absorbing effect 4/x£

1of this mylar film can be applied:-
- .

™ = I_ exp(kex) and k = 13.53%°80 (2.5)

S

H Yy WBH FE
L]

= the
the
= the
= the
= thé

vwheret= - - ' #

corrected intensity; 1 o]
measured intensity; '

absorption coefficient for the film; ‘ \
wavelength of the analyte line;

thickness of the film (in 4nch),

v

2.4 Determination of Ol=Correction Coefficients : R
2.3 Determinaviod =on coe:lseonts |

\

*

Ip the earlier discussion, of empirical coefficients,

A .. .
A e N

it was suggested these coefficients be determined for each

0

L]
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i i pair of elements by preparing binary systems for those
elements. In this inv'estigati;on.\ solution specimens were
used, and three situations arose:-

i . | (a) Bir}ary system - Otin A solution containing tho

) anélyte i, which is actually a binary/ mixture,
- ! with the aqueous matrix M as the second componcnt.
L4 { . /
' (b) Ternmary system - id The solution contains the
an*:etlyte i, another element Jj and the residual
\
; // \ . aqueocus matrix M, and is used to determine

{
i O, ., where O‘iM' is known. \

b . . 13

: |

§ *  #(c) Quaternary system - O(ij;
k .

e ’ using HC1 or” ijol&’ conta s\analyte i,
\

A solution, made up

] plement k (i.e. ClL or
\ : - determine Oy yu' Where 0Ofy
E termined. :

v * B
\ 2. l& 1 The ca],;culation of O(-correction coefficients

{ , %f the evaluation gf the aqueous matrix effect is
considered, two samples of differing concentration of
the analyte are prepared. Using Equation (1.33). with

E , ¢ cd = O, for each sample the following were obtained:-
. Co . ,

-

’ : B : ‘

g v . . ' f . ci(l) o R1(1> ( 1,\4- C%-Mo(/}m(l)‘), ' k (2.6) .

3

i
1

14
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®(2) = Pu(z) (1 % Cu(z) ) L (@) ‘

where the subscripts (1) and (2) indicate the different

-

samples. By takingkthe.ratio of Equation (2.6) and (2.7) ;

.and rearranging them, one arrives at:- - )
i
: - : o
oy = Ti(3) %) = Ti(2)%i(a) (2.8) '
Ti(2)"%(2) %u(2) " (1) %i(2)"%u(2) -
where I1 represents the net measured intensi{ty for the -
analyte 1, - < , ; I

. Similarly, equations can beéi;rived for the inter-
rti

‘elemernit effects, s for the t

O&J ary and quaternary

; : q
\ "  systems, as Equations (2.9) and (2.10), with the intro=-

ducfion of the aqueous matrix coefficient previously

P

determined.

I

.
1o i ek raeEE = s
e A o SRR
-~

- . ' ‘11(2)"’1('1)'(;*_9‘4_}5""11(2) )
3 T3 (1p%(2) "%3(2) = T1(2)"Ce(2) Cy(2) ‘
,_ —_— - v (z..9)
o Ty(2)"Ca(z) 1 * % Cu(s) ) ‘
Ti(1) (=) %3(2) = Ta(2) C1(2) Ca(2)

% ' : ' ! -,
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1Ii(2)'°1(;)'( L+ O Cy(2) * Y Cie(2) ) _
T1(2)"%1(2)"%(1) 7 *1(2)"%a(1) %5 (2)

? (2.10)

Ii(l)'ci(zlf( L+ 9% C(1) * K Cie(1) ) !
T1(2)"C1(2)%a(1) 7 Ti(2) Cu()-Ci(2)

(

/

If, in the case of the intereclenent éffect,txid, the weight
frdction of the analyte C; 1is kepd constant, then this -

term can be eliminated from the Equations (2.9) and (2.10).

I [ ]
2.4.2 Experimental ‘procedures

When considering the binary system, evaluation of OiM

wvas obtained through the use of a series of solutions (~ 8),

of varying weight fraction of C; and Cy. The intensity’

ofbthe analyte radiation was then measured at the appropriate

instrumental setting for optimum excitation, corrected for
background and, where required, for dead-time., The r;tios
of all pairs of samples in the series were then treated by
Equation (2.8) to obtain the coefficient.

In the cases of ternary and quatefnary éystems, a
series o solutions was prepared and, in those instances,

the weight fraction of the analyte Ci was kept constant,

while the Weight fractions of the interfering elements ' CJ

and’ Ck(if any), and the aqueous matrix C, are varied

M

-systematically. The -measured intensities for all solution

-

~ L, ‘

-

e ek A e
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.
e
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% N
pairs are corrected for background and dead-time as
réquired; and then exploied by Equation (2.9) or (2.10)
to obtain the coefficient Oy 5 ’

When' the coefficients have been evaluated, the measured .
net :Lntensiti;a can then be corrected forl aqueous matrix
and :Lnterey4:t effects, and the net intensity for the
pu:E'e‘a.na.ly'te, I:, can be calculated using the appropriate
form of the “Tfollowing equafions:- —

r

~

Ii(corr) ‘= ’Ii-( 1+ QyCy + i 05..1' cy ) (2.11-)

=1
(3#1) |
/l I° = Ii‘corr{ - — (2 12)
i C T *

where:=

-
v

: ‘ : /
I:l.(corr) = ocorrected intensity of analyte 1i;

A :j:: = net intensity of pure element i;

[l

The general processes of treating experimental data

, P : .
is now shown in Table 2.3 and Table 2.4, using as examples -
the determination of the effect of the aqueous matrix on

potassium as a binary system for O ., and the ef-fect of

ea.lc:l.ﬁ:g on potgpsium as a tertiary system for Qy 5

- ~

-

'
e i ik LA
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B
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Graphical depictions for these systems are shown in
Figures 2.6 and 2.7, and these show the effects of the

applicaflon of the determined coefficients, Even at a
. L)

~AN

weight fraction below 10 percent significant effects
exist, the ivtensity-veight fraction curves being far
from linear. Utilization of the correction coefficients

yielded linear relationships in each case.

L

2.4.9 Experimental results v . .

It was anticipated that the ;orrection coefficients '
would be obtaiﬁed that would be as close aé possible to the
-true values,by using a"larée population for their evaluation.
Accordingly, each system(for one O=correction coefficient)
involved a triplicate series, eaéh series igsﬁlved a minimum
of 28 pélrs of data, all being-treated were as discussed .
in Section (2.4.2.). The total coefficient; from the series
were exaﬁinéd by'taking the averége and standard deviation,
Tge standard deviation was used to test the éésglts. A1l
vgluea exceeding’ x :.s were rejected. The acgeptable
‘va;uea from each series v@re then averaged and the stan&ard
déviation deterni%fd. The same teat{criterion to .determine

rejectable data was applied.

¢ R A D A i B, ol S
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ABLE 2.3 EFFECT OF AQUEROUS MATRIX :ON POTASSIUM
Solution Cx Cy I (cps) TE(cotr) T (cps)
. (eps) .
1. 0.01000 0.99000 4279 1334 133399
2. ' 0.02000 0.98000 8465 2698 134899
3. 0.03000 0.97000 12238 . 3987 132899
4, 0.04000 0.96000 16141 5370 _ 134249
5. ° 0.05000 0.95000 19643 . 6672 133439
6. 0.06000 0.94000 23373 8102 135033
7 0.07000 0.93000 26700 9hhko 134857
8. 0.08000 0.92000 29179 10520 131499
Average value IE = 134000
S/td\.\ devn. = .:1000
Comtbin o Coq:;lgin. - o Combin, .,
of. Soln, _ KM of Soln, IQ{\ of Soln. KM
1/2 -0.5263.:% 2/5 -0.7311.. - U/5 -0.7528..
1/3 -007150-- 2/6 -0069330- \\ u/6 ‘-00659000
1/k -0.6727.. 2/7 + =0.696L., L/7 ~0.6767..
1/5 -0.6952.. 2/8 =0.7385.. L/8 ~0.748k4a .
1/6 -OQ667600 3/h -0.530‘4.-* 5/6 \' —0.10702- o*
1/7 . =0.67u6.,. 3/5 ~0.6706.. 5/7 -0.6183..
1/8 -0.7172.. 3/6 -0.6228.. 5/8 “007“68..
2/3‘ -0.802{‘0 .* 3/7 -0061"'70.0 6/7 "’0.7091‘-0
2/4 =0.7199.. 3/8 =0.7183.. 6/8 «0,8104, >
, *7/8 ~0.8707..%
% rojects on first inspection
us;x M
Acceptable data (22 data) I N
‘l\ Average value Gm = «0,695 a '
L Std. devan., - = 20,038 ‘ \
. 2 } € A
» Series (1) ,O(KM = -0.697 X 0.038

S i, Bt R R AR .
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0.06 0.08  Cy
[ | !
.94 0.92 C
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TABLE 2.4 EFFECT OF CALCIUM ON POTASSIUM :
. |
T Tk (Ko )
Solution 7 c; - Cea ] Cag (cps)
1. 0.02000 0.00000 0.98000 28537 e
20 0.02000 0.01000 0.97000 27791
3. 0.02000 0.02000 0.95000 27640
k. . 0.02000 0.03000 0.95000 27073
5., - 0.02000  0.0k000 0.94000 27016 ST
6. [ 0.02000 0.05000 0.93000 26843 ;
7. 0.020G0 0.06000 0.92000 26548 :
; ~—r i
- (corr for M) (corr. for M & Ca) °
sbiution = (eps)_ x cps) (::Es )
A PO 8680 - 8680 k33999
2, - 8651 8546 427299
3. . 8800 8591 _ k29549
L, 8812 8504 . 425199 '
5. 8985 8576 428799 ,
. 9118 8610 430499
7. 9206 8604 - 430199
' Average value IE = 429000 :
Std. devn. = %3000 - . -
.
Combin. Combin. Combin.
of Soln. Ckca of Soln. %kca - of Soin. Skca i
©1/2 0.1066..% - 2/k  -0,3012.. 3/7  =0.3906..
1/3 -002161}00 2/5 -0.18163.. h‘/5 ' -O¢6u5u. n*
1/ =0.1617..% 2/6 °© =0.4390.. L/6 ~0.5780. .+
1/5 -0.2818.. . 2/7 -0.4224,, - L/7 -0.5054,
" 1/6  -0.3261.. 3/h  -0.0450..% g/s #9.5088. .
' 1/7 ~-0.3302.." 3/5 ¢ =0.3504.. : 77 -0.4321..
- 2/3 -0.5429,.% 3/6 ~0.4029,. 6/7 -0.3521.,
- * . ‘
* rejects on first inspection e g
~ Acceptable data (15 data) * \ . 9w§
Average value Og. = =0.378 A ‘ i
Std. devns . = 20.081 H

‘ | ' 5 Series (1) dKCa = -0.378“1: O.OBI' ‘ . /
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All of the final data for me, o\—corx-e'c ion coefficients

may be found in the Section AS1l. Some conm isons of the

.

o(-coeff:l,cient values found vit:‘}.iterntnre values -
is shown in the Table 2.4(A). In which includes
several coefficients brevionsly determined by Dick and

]

. Nguyen32 but these vere) redetermined, together with addi-

J . .
tion coefficients, because of the improved experimental and

e e e
.
v

data treatment approa'chjs., ~Mushout this part of the experi- o

"mental work, since a total of more than 300 ooeificients

were investigated, about 7,200 solutions prepared,
and more than 20,000 calculations made, computer
programs were developed t6 handle the mass of data, these

programs being applied on a large CDC t:omput:ezl:'l.‘9 ‘ f

4

2.5 Anglication of Determined g-Coefﬁ.ciente to Chemical
Analysis for The Multicomponent Systems

3

" 2.5.1 General ) " » S

!

From the previous studies,}tﬁ:‘e" effect of interfering

-

element J , on analyte i vere"diecnse,ed, and the coeffi-

c:l.enté‘, s Weredetermined as representing the overall

cij
effects(absorption and enhancement) of one element on the

1. has a positive -

ve.';.‘ue,'t;he measured intensity for the analyte line ‘:I:b)

tl
other, In a binary system, when

will be lower than that f:redicted by the relationship of

‘Equetion (1.4) ﬁ\i.e. I, = Ii N ), dae gp the positive
absorption effect of element j. If’ di.‘) has a neget%_' s

e . S N

. ®

T ot e W P TP
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vy -’cgei:ficiént values cannot’be less than ~1.

. is equal to the effeot-of enhancement for an interfering
. t

) 7 In.a multi-element system, the above situation was,

‘ a].loy, for .‘l.nsta.nce, of nickel,

: ‘coliponents vary from-0 to 100 we:l.ght percent.

" For irom, the fluorescent FeKn consieﬁ’s of Bjilple fluorescence

‘ &eKa by ‘uycq.

\ r
| B v o o,

value, the effect of . § will be either enhaticement ox
negative-aesorption; and the intensity I,y of analyte 1
will be higher t that expected from I:;quation (1.4).
I;Io,weve‘r‘,‘wh‘e’re tll::;:e is a physical sign’ificance, the

A zexo

N

value 1'3 possible,ﬂ when the effect of positive absorﬁtion

element. J. With this eitua{:ioh, the, measured 4j.ntenss&:!.ty

I shtows an almost linear relationship with 'thd analyte

i

.o * . oy

. ¥
concentration,
4

' AN ~

oo ¥ . . N, . ’
discussed in Section 1.8, wherein the- total effect dh an " .
I ’ . o : ) ‘ i
analyte-l‘ine (I ) involfes the summati.on of the effect of i

each interfering element in the specimen. . Considet a ternary

. "‘ :

(:Lro%chromium, where the
Formnickel,

the fluoresoe\nt radiation :Ls siliple fluorescence . and

the ef cts of iron and chromium are absorption, their o =

dorreetion coefficients being respectively, 0. 96 and 1, 4é, '
y ¢

. and enhancemgnt or secondary fluorescenoes, whe:i’ejxn the :

enhancement effect :Lg due to the additione.l excitation’ of

The effect of chromium.is abeorption,

.-

P17




<)

\
L d

with the O(-c’orrection coefficient beihg 1.74, The effect

‘of niclcel is the enharicement noted a.nd positive-absorption,

-
with an ofer all Ol~corrcction cocfflcicnt of #-0.54,

< f N *

For chromium, Cqu this consibts oi‘~ simple, secondary

gnd tertiary fluorescences, but the tertiary fluorescent

EN

;‘iquten'si‘ty is topo small to be considered relative to the
r ota& fi\{t’)rescent intensity. Both iron and nickel cause

enhancement and absorptic;n effects on, chromium with the
¢ !

\

X -correction coefficients being =0,58 for iron and

| y

-0.39 . for niC[k.BI.Q . ’ ' * A
The /éompositions of this ternary alloy ca.n then be

”determined by applying the Dguati{m (1 36). asi- .
7 TN N

2 -

'., z, _ Y
. | Ni- . \ ) \

- ‘ v . ’ ‘
0. = IF" (1+1.7%. c - o.5h.Cy ] (2\{3)-
/ Fe + N . .
‘ IFe : - '
, . \
o I L
v Oy = to (1'058"1“'03901«1) | -

t

where, Ni’ IFe and Ig, are intensities for the

‘ pur,e"elemant's nickel, iron angq:chropium, and are. ocal- . .. ¢

“ culated from Equation (2.12)‘\1575.118_ a standard solution, : .

. v e
.o

. ]
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- . . Tertian%7 and Rasberry and Heinrich?o have pointed ]
e u : \ . v

“but that (1) a regular shift of the so-called effective
wavelength( 2 ) of primary radiation occurs due to the g

variation of the analyte concentration C and that (2) |

il
when a analyte fluoresence is strongly enhanced by an inter-

\
t

»
feriﬁg element j, the sccondary fluorescence incrcases morc . i

Wt ot

rapidly thar the reinforcing element congentration CJ'
N, 8 ’ ‘

In other words, O&&, which is negative, rapidly increases

(algebraically) with the fluorescent element concentration,
Ci.’ The above two facts are clearly shown in the Figure

/ “ v " ¢ - \

2.8. The example is O%eNi und P%eCr versus Cp_, }n

which the intqrelement coefficients ‘o%eNi and o%eCrt
are no‘loﬂger constant $Ver a large concentratibn range,
/
~ and Equation (2,13) is not valid for‘&he solution of this type

- of ternary s?stem. In practice%uhowever, it.has been shown

'Y

f H

that the correctien coeffic)ents do’ not~vary at concen- H

L J ’ - - . ;
o “E;déion levels up tod about 10 percent weight fnaction; é
In such cases, a dilution method was used for the samplé‘v - 4

: . Y

~ preparation, so that the 'analyte concentratian was undér'
- R = b *
the 1im}t of 10 percent. Since aqueous media are used, 3

<+

an additional term M- is introduced into this system,

and the effect of, N on elements has to be tdken into

o~

b —

2
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has . S

€ -

. accg%pt. For nickel, the O, 1is ~0.923,2}or/1ron ,/

Oy it 16 =0.900, and for chromium Of . it is B |

«

-0.850. Eventually, the system is a quaternary one,

! ‘ and Equation (2.13) may be rewritten as. :-

3 _ INi . -

- [ ] l . L4
, (1.~ 0.923 Cy *+ LeB6:C, + 0.96-Cp )
\ - IN!- Vd

: : i
Tro ,

) . re = I; (1~ 0.900-C, + 1‘7"‘~Cc;r -0 )lucm)
. . . Lr .

I : ' | .
: ‘ = —-—C-I-;— ' » ..g L4 . -
- Cop = 5 — (1-0.850-Cy ~ 0.58:Cp, ~ 0.39:Cy, ) .

Cr

M = N1 7 %Fe ~ Cer S | oy

G - by solving the above linear equations, the chemical

e composition’of a unknown may be ova,l\%atod; wvhife the '
. . :
characteristic intensities are measurcd and the - 1° ,

. v ' -

values are dete'rmi.ned .

In thi present study. a series of, copper alloys and
G

\ \ alumiqtm alloys were chosen )to exam:l.ne thd use ¢f ' the .

investigated O-aporrection c effioients in the analysis of.

i1 ' . &« " multicomponent systems. _This approach vas carried out
A

in two atepa. First of" all, s}mthetic solutions of knohx

]
»
composit:l.on were prepared and analyzed by XRF to determine )
by . N $

N

)
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A the general’ applicability of the aqueous-media-determined
+ correction coefficients, Secondly, samples of actual
alloys of known composition were placed in solid and/or
solution through XRF analysis. The sults were then °*
compared with the known composition valuep.

=

2.5.2 Analysis of copper-base alldys . %

2.5.2.1 Synthetic 'solutions ‘ ‘ .,

1 A series of mixturecs of pufe elements, each involving
' variahle wéights of the major elements in the available
-

commercial alloys ( copper, lead, iron and zinc ), were

prepared in a tytal weight of about 5 grams. These

mfxtures were then dissolved in nitrié.-acid-water solutions -

r..

. and fintally made up to 70 grams with boiled water.

Table 2.5 shows the weights, weight fractions, ‘and perc;n-
tages of these synthetic solutionsas preparcd, .
v Each solution was eventually subjected to examination
by ,XRF, this examination iﬁvo;ving the measurement of !
the. fluorescent intensities for each analyte element.

- In every gas; the average intensity was obtained,'and.}his
represented the éverage of five readings at{each emission
peak. For this seried, the I° - values were de%ermined

. . o .

from each’ sélution for every analyte, Averaged values '

e e s
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o v were used’to calcul)a;tc ‘the chemical compositions in the

solution. These I° values, along with their atandard
{
; _ . deviation, are given in Table 2.6.

Finally, compositiéns were determined by the computer-

programmed simultaneous solution of the linear equations * - >

. - é

“ . as Equation (1.36) or Equation (2.14). Table 2,7 . |

N illustrates the final results of these analyses and

. comparisons with the original values. The pertinent data

for ﬂbis -experimental program series SC, cun be found . S
“ .ol

6

- " in Section (A.2.1). / . ) e

f t
#

4

, - i 26542, 2 Commercial copper-base alloy samplesr

K Two groups of standard alloys, Alloys 2 and Alloys 8,
e

were.exjamined by XRF under aqueous E‘elution and solid

‘ ¥ specimen conditions. | ' X‘
. s . . ‘ " i . “u
I ) - In the solution approach,&samplé's_of .gpese alloys o N i

’

l A, / ' about 1 gram each were accurately weight out and dise »
{ o p.“' Yo
* N ’ ' ? . “ :
; e ‘ solved in.a mixtujae of hydrochlorigﬂ gqa nitric acids. - j
. ' ) / , . q
.o o Subsei;nently, a d:l..l.ution was carried out to a- total- :
o e .
Ly Lo ' we:‘!:ght\basis of about 50 grams, with boilec} water, .
(g ! ' / . . C e . ) ?“ | l?:;
.. <" /..cnlorine was determined'by potentiometric titvatisns for
. #,A‘ ) R . s , R ' ° N
=5 ‘ . : every 1i:quid sample. The Iptensities. of the oharacteristie
o : SRR t
' i - N l:l.nes for ecach element inc uding; chlorine were measured g
A ’ . o e 3
Y. ® R ¢ . + . '
1 Y, h { o . R
)'1“ \ < ' . . 0 oy, ¢ ’l o
t:gi":‘.: J . e ’ '’ Lt P ‘ ot - ’,/g“-‘ P . » . »
f?'j%: ' ~, ' i‘ ‘ U‘ - - ' l - ' "\ . 'A-" (] * ’
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’ - 222015 + 1216

, = (2422 + 0,01) x 10°cps
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TABLE §.6' I° VALUES FOR ANALYSIS OF COPPER-BASE ALLOYS 3

' V ' ';

. . . 5

, ¢ |

1 \4 A}

. Element xI° 2 std.' dev, //}

|

v

“ COPPER 214936 + 5471 ‘ i

= (2.15 + 0.05) x 10’ ecps .
> c : ‘
LEAD - 77823 + 1171 . L
‘ = (7.78 + 0.12) x 10" cps

i ' ’ . - ‘ ‘. J s . d

IRON ' 559795 + k2062 -

i , = (5.6 + o-h) X 105 cps - 7-,‘
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T e,
r

. » prl * - ‘ .
,(;,gead;t.ngs, thg’ heading M irdicates the aqucous matrix.

w

‘.80 luia.i.l:l.aéd speoiin

/ : ’ e !

-

and I° ~ vaiues were 'ca;culated as before.
'Forﬂt&je jéolid specimen approach, the general

‘procecdures for the treatment of data were similar to .
: s '
that for the liquid specimens, but the infensity of the =

¢

copper characteristic line was ngt‘ineasp.red,‘ since copper

was cons‘j.de,red as a matrix e_'lemcnt, (e.g". as "M" in the
liquid specimen). In this -éasg, the copper conécentration

,‘ : ' ) > ) * . ‘ —/-\ .
can be represented as:- ‘ N AN AN

’

Therefore, . by obtaining'and using only the mcaauremen\ts
of the intenﬂ‘i»{:“ies for the rest of tho elements in the %
jia.llo.y, the composition of these sgmplés can be determined.

Table 2.8 indicates, in chart foim, the determined

’
-~

‘O(—co;'rcotion‘ coefficients from aqueous solution, which

were required for the analysis of the solubilized copper-
, o : ‘
‘base alloys. The -ho‘r:l-.zont%)‘ headings (1) list the elemeénts.

P .Y . A} . N
‘a.;)fected. The verticdl headings (J}) list the elements

{ ¢

providing the.interfering effect. Among these latter

el

‘ Table 2.9 provides the results of the solid and

[N - * A .
en analyses for these coppe¥-base alloys.

- N M s
f P "?’

\ N - : s

-




R

K4

l‘nbt used, since the faifly low solubility of these alloys
‘in 'HC1-HNO, acid media, e:pef:ially in the present of
’silicon and /t:'lt'anium, would require a lowering of the
concentration of the anat‘lyfe,, and in turn a lowering of‘
the comting rate and an increase in the counting error..
‘ ,When a solid §pecimen was used, the surface to be
exposed to the primary X~ray beam was, prepared in the
order previously indicated by (1) machining, (2) grindiarig
with_decreasing sizes of diamond grit, and (3) polishing
with 20 micron diamond dust.” A total of fgrty;two

aluminum-base alloy standards were prepared for XRF

examination. Table 2.13 shows their standard compo‘sition‘s.

Inténsity measurements were carried out for each
element magnesium, silicon, titanium, chromium, manganese,
iron, nickel, copper, zinc, tin, lead and 'bisn7uth in the
alloy. The exception was aluminum‘, which was considered

as a matrix element in this system. The experimental

data related to these surveys are presented in Section (A.3.2).

Table 2.14 shows all of the O-correction coeffi-

cients which werlq used in the calculatiin of the composition

‘

of these alloys. . . ‘ /
Table 2.15 shovs the final results on these alloys,

i

* using the O(-correction techniques, The average-absolute -

~-error for each element determined can be found in the

I

Table 2.16.
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AVERAGE ABSOLUTE ERROR-ANALYSIS OF ALUMINUM=BASE ALI:OYS
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The purpose of this study, involving the deter-~
mination of CX-COErection'coefficients, was to obtain
‘ -a mean value with as close a proxiﬁity as possible to-
.thé true value in each case. This could be relized only
with an accurate measurement of intensity for coefficjent - ’nf\
evaluation. From the tables in Section (A.1), it is
evident that the precision for the coefficients varies _
'witﬁ the element, giéing poor values zor the lower atomic
number elements. This can be anticipated, since the
lighter elements y}gld significantly lower intensities
80 that, even by increasing the counting period‘to reduce

the effect of the counting ﬁtatistics, this influence on

the evaluatien of the coefficients remains significant.

DiFrusciah9 has c#rried out a method, where the
fundamental Equation (1.18) was used to calculate the
in;ensities for diffexrent c&mpositions in binary systems.
These intensities were then used inwthe Equation (2.8),
(2.9) and (é.lo) to evaluate the Q=correction coefficients.
Since the intensiéies’were obtained by calculation (not
by measurément), the counting error was limited and the

coefficients were considered to be as close to the true

1

A



[*3
A

B

n)

are available ). Table 3.1 illustrates the comparison
- d

of some coefficients ( effect of magnesium .on various
elements )’détermined by DiFruscia with that in the
present studies. This table shows better agreement
for ;he values associated with those elementg having.
higher atomic; nﬁmbers, such as irom, cobalt, nickel;
copper and -zinc.

The XRF method of analysis is generally adopted

on the basis of its inherent rapidity, this as compared

101

values as possible ( if all the fundamental parameters

v

to the more time-consuming and classical wet techniques. .

Errors in XRF analysis arise from several source areas,

One of these, the~rq}iability of the correction coeffi-

cients, was mentioned before. Table 3.2 (A.B) shows
somewhat better results, due to improved reliability

of the coefficients msed in the present analysis of

. copper-base alloys. Also, Table 3,3 shows the

accumulated relative errors for the chemical analysis
bortion of\}he.investiéati;n. The observation should
be made that the high average percent relative error
in some cases arose out of a few very poor results
within the associated series. qu the analysis 6f
aluminum alloys, the ratio methog¥was done and fhe'

relative error here is also presented in Table 3.3.

-2
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™~ .
K TABLE 3.1 : )
COMPARISON OF O~CORRECTION COEFFICIENTS FOR
EFFECT OF MAGNESIUM ON ELEMENTS '
Element A B * s T
Phosphorus 2,42 1.5 <+ Q.7
2
B '\ Chlorine 0065 106 i 003
. } , ,
Potassium -0.12 0.11 i 0.07
Calcium -0.31 . =0.10 % 0.07
Chromium ¢ = -0.47- . -0.35 & 0.03
- Ma.néa.nese -0.54 -0.46 + O0.0
\ oy . ,
B . /
N
Cobalt -=0.6h <0.64k + 0.03 ’ :
- . q o
Nickel -0.67 ~0.69 1+ 0.04 ‘
\ ‘ B -
.. .  Copper - =0.69 -0.71 % .0.02
, wZinc ' ~ =0.73 -0.79 1+ 0.02
- .
A results from Reference -(49) - N o
- B . results from this study ‘ 'd

—
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b : TABLE. 3.3
]
- . 4
AVERAGE PERCENT RELATIVE ERRORS FOR THE ANALYSES
- OF COPPER—BASE AND ALUMINUM-BASE ALLOYS .
- . L
{ - o /
ELEMENT . . RELATIVE ERROR; % __ -
[ ( z
/ . : . COPPER=BASE ALLOY ALUMINUM=BASE ALLOY
,/" ' - L ) A B o
¢ Magnesium - —— 8.9 18.5 )
Silicon — 2.4 9.6
., Tita.n.ilm - - = 108 ) 3'6
/) Chromium | mmememem 1. 5 - i\ = 3 .1 N
Manganese —— % 1.3 3.2
Iron ‘ .\ 6&3; . 1.2 v 3.2 !
Nickel . . 8. , f 1.5 2.0
Copper 9 ) 0.31 0.4 3.8
. Zinc - 6.5 : 0.8 6.2
Tin . C 2,2 2.1 10.8
" Lead . 4.3 2.6 10.8
Bismuth ) - 2,9 12.6
) 13
, - cé.lculations based on the weight
' percent of alloy compositions.
: ‘ A O-correction method. h
& . f , “ . R )
; ; B Adirect ratio method. : . o vid
g‘-
‘% * i -~ , -
‘sg 5
« ié — _ h
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This shows a higher wccuracy for the Ol-correction method.

!

There.is another source or error, which is due to
"the IOW'ggﬁéhsﬁties for lower cgggfn%rationz/éf the
analyteséZ%é;dis%ribhtion of the perccent re'ativé error .
can be shown graphically, and can be found'indégcaion
(A;B). A generﬁ} picture of this'%dr%gtion is shown as

» <

the hyperbola in Fipgure 3.1, Accordingly; the lower the

concentration of the‘ana}yte, Fhe higher will be the

-

relative error;
The relative error alsd depends upon the elgment"
4 : g
which hnalyzed. " As the atomic number of the analyte

decreases, the wavelength of the analyte-linc increasces, ¥

P
-
BN

and:~ '
b ]

—

1) infinite thicEncss decreases;

2) fluorescent yicld decreases;

BXl'matrix absorption incrcascs. ‘ ~
Moreover, as the effcctive atomic number of the total
specimen decrecases, both coherent and incoherent scatter
increase. Therefore, the analyte-line inteﬁgity is
reduced, and a result i; the higher rélgtive error obtained

3

for lower atomic number elements in XRF  analysis.

-

For instahce, in this‘study, the analysis of iron (Z=26)
in aluminum alloy has  $2% 1rclative crror when the

L)
»

4
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concentration of iron is at about 0.002 "wpight:fraétion.ir

\ A
But for magnesiup (4=12), onagchn‘expcct to obtain the
. /

a

same relative error (t2%) only with the analyte attaining

at least a 0.02 weight fractione. g

In addition, fhere aré other‘pfoblcms’whigh provide

for increasing difficulty and inconvenience specifié to

the determination of the light elements .by XRF analysis.

These are suwmarized as follow:-

1) a reduction in excitation efficiency;
2) an increase in apsorption for the fluoroscent
or emittod radiation throughout the optical
\¢
.3) a resultlng deorease in signal and in signal-

to-noise, ratlo, and thus in sen51ttvity;

h) ‘the speclmen surface preparation becomes more
/critical;

5) the crystals used at long wavelengths ‘are
frequently lecss "reflective" than those

applicable at shorter wdvelengths?o

S N ¢ - ¢ .
6) the higher value of the X=correction coefficients

(e.g. Fpggns = 8.68 compared t0 X yipg = -0.69)
. ~_results in a higher value for the correction
tarm, *®:C, This means that any erroxr in‘Cl-h
éoefficient value will.yleld a higher erroxr in
the analyte c1 determination.
-

Ty

tﬁ path of the spectromoter frbm,specimen to” deteotor;

Spate wmmkI e

r . .
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- advantages of the nuperieal-corredtion methods, and.
P * N

»

waever,nqethodology of . thé presentistudy uses the'

mihimizés most offthcir disadvantages, It is simple

to apply and accur‘te at all investiga@%d levels of
° 13

concentration. Even for the.lower aéoﬁic numbe1r elements
(e.g. magnisum and silicén’, i1he analfécs give acceﬁ-\
tablt ﬁrégigion‘ang*accpfacy, consider%&g éhat the
countiné'statksg;cs 15 practical%f théﬂonly sourcé

of error. .- . e )

Recently, Claisse and Thinglhave proposed a
diffcrentlal delta-coefficient method. This pumcrizal
method of matrix:effect correction in p.atiy anaf}sfg ié
ohtained by‘Aefivgtion of- the Lachance and Trail%?
Rasberry and ﬂeinricﬁo and lalsse and Quinti%9;;élation-
ships. The authors calculated the(X-coerflclean and
8-—coefficients by regression analysis from a sct of
binary syétems; 'These expressions begome highly complexs

) s ' * N

because the 5~coefficicnts'always depend on the cpmposi—
r .

‘tion of the sample. In‘%gch"césos, a new set of &~

coefficients has to, be recalculated whe it is necessary6
to analyze samples with diffcrent compositions. Never-—
theless, application of tgis techniquz, has been shown

to be an’ accurate method of XRF analysis, especially

in routine work where the sample composﬁ%ion mgries

only slightly. ’

at
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4, CONCLUSION

g :

In this study, the modified Lachance~Traill equatio
'fas”improved. A total of more %han 300 (x~co€fcction
coefficients were determined from aqueouslbinary and
ternary systems., Téeamethod offers a simple and rapid
fé;hnigue for the analysis of multicomponent systens
such as copper-base alloys ?nd aluMinum~-base alloys.
Theljaligity'of th;s approach: has g§en Qerified quite

successfully on the basis of the analysis of aynthctic

’
)

solutions, as well as on the basis of the analysis of

’

solutions obtained by dissolving known<composition

copper-base alloys), soli&”specimens of these copper-basé~

alloys and solid specimens of aluminum-basc alloys.
in.genoral, for copper-base a}loys, the components
copper, Jlead, tin, zinc, iron and nickel were detdrmiped

with percent relative errors of 0.3, 4.3, 2.2, 6.5, 6.1

1

and 8.4, In genéral, the relative crror increcased with

——

decréasing amount of the analyte deternined.

L) —

Again, in gencral, for aluminum-base alloys,

the components copper, zinc, iron, mangancsg, chromium,

‘ nickel, titanium, tin, silicon, lead,gbismuth, and

A ]

magnosium were determined with percént relative exror

\ Cof 0.4, 0.8, 1.2, 1.3, 1.5, 1.5, laf, 2.1, 2.4, 2.0,

f.9, and 8.;?\\1n genecral, the relative crror incrcased

(\ B \

Y e =

T
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with decreasing amount of the analyte determined, but
increased with decreasing atomic npnumber of the analy;e

This approhch also provide several obvious advantages:-

1) Only one standard alloy is reqiired in the
computation of the chemical compositions of
solutions of similar alloys of unknown

S : ‘ compositions. Several binary/ternary

. L specimens are required to determine the

=coefficients, but such measurements are
. fequ;ﬁ:d to be made only initially.
2) The solution simultaneously of a series of
' linear equations yields in one operation the

values for all of the elements of interest.

- - 3) When the solution technique is used, a solution
¢~ +total weight of about 10 grams would have
© sufficed to fill the cell for examination purposes, \

with a corresponding total required analytes weight,
) . or available sample weight, of only 0.1 to 1.5 granms.

s~ Im éddi%ion, for the further sgangﬁch about this study,
such improvement may be indicated as:- (1) Increase the
& .

.excitatior efficiency of primary x-ray beam, hence a higher
intensitzycan be megspred, thefefére, reduces the error
from counting statistics; (2) Iﬁﬁrové the reflective off

. " analyzer crystal; (3) Improve the abiiity of the detectorg

’

especially in the analysis for those analyte=line having
) é o
longer wavelength..

L4
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Thx"ge groups of ‘éxperimental data are presented
in this chapteri-
Section (A.l) Ocorrection coefficients
Section (4.2)' ° analysis of copper-base alloys
. Section (4.3) analysis of aluminum-base alloys e,

Tables Involving "Effect of A on Elements™

Every coefficient was determine}d from a triplicate
%
¢

series of solutions, with a minimum of 50 data; their average

values and standard deviations are given in these tables,

Ew radiation for all elements except Hg, Pb, 'ni, and U

whprel Lx used. IR

Tables Involving "Element Analysis®

The concentration (weight fraction) for each of
the elemente involved were expregsed at a significant
figure level, as ‘ba.’aed on the associated values from

ayxithetic solution preparation or analyzed-standards

.basils. ’ '

The percent relative error was calculated as:-
:

% Relative .Error =

C (’ca% ngd( .-;;tdv;)

N
e

TN s 3 g s aal



Figures Involving "Ii Vs Ci" and "Distribution

‘ ~
y of Relative Error" o,
- +
- . The circles surrounding each experimentally
: determined locus on a curve are for identificatien
. . .
of the locus only. They do not reflect the - .
uncertainty parameters in measurcment. —/ . -
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TABLE A.1l.1 EFFECTS OF MATRIX(M) ON ELCMENTS
. Cam ,
Element A Mean fStd. Dev.
. # Magnesium . © 3,18 . .-
. . ATuminum | . 1.28 ' 0.09
# Silicon - 0.844 -
Phosphorus - -0.1% 0.1
~ Chlorine : : -0.39 , 0.02
) v Potassium - -0.71 - 0.04 . N
"//A3\Jf> Calcium a -0.79 0:03
# Titanium o -0.804 -—-
~ Chromium , -0.85 0.03
Manganese ~ . -0.86 . _ 0.01
Iron 4 ‘ -0.90 ‘ ~0.01 .
. . * Cobalt J S ~0.903 0.005
i © Nickel S --0.923 * 0.008
- \ Copper 7 ’ . -0.924 0.002
, Zinc . -0.943 0.008
Arsenic . g -0.951 0.002
o Bromine & - =0.957 0.004
o S Strontium | -0.963 0.003
T Molybdenum ... -0.979 - 0.003
Silver . -0.963 0.007
! ‘ | Cadmium , . -0.964 0.004
o , Tin .« -0.962 0.004
; y Antimony | -0.964 0.005
P “Todiné | | -0%39 " 0.009
! S Barium — -0.940 ©0.004
; ~ ‘Lanthanum . -0.9a5 " 0.004
i ' - lcerdum -0.934 . 0.003 ,
.7 Mertury . . -0.972 ©0.003 o
Lead : -0.974 _ 0.004
B%smutn =0.973 - 0.003
‘ T;Brium | - -0.977 ~0.003
Uerium | ©-0.979  ° o.001.
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TABLE A.1.2 EFFECTS OF SODIUM ON_ELEMENTS
- , R 3“
, ' - ’q\Na . V‘ ‘
Element A Mean X Std. Dev.
I ; : .
‘Phosphorus. Cos 1.2 0.2 -
Potassium -0.2/2 ~ 0,05
" calcium e ‘lo.as 0.05 . - -
Chromium . ~ = . -0.56 ‘ 0.02 .
‘ B Manganese | -0.600 0.009
N Iron -7 -0.68 0.01
I Cobalt | -0.716 0°. 009
| N Nicke] - -0.773 0,004 ",
, R | " Copper ' -0.779 0.006
| Zinc  -0.824 . 0.009
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TABLE A.1.3 PEFFECTS OF MAGNESTUM ON ELEQNTS

: I - o
4 ~ Co | aAMg ) .
Element A =~ _ Mean tStd. Dev. .

o

-

p Siyicéﬁ A 4.03 L e
Phosphorus . o 1.‘5»" 0.7 |
Chiorine -~ - . T.6 T 0.3

* 7 potassium | 0.1 0.07 -

- .Calcium ﬂ\ 2010 - - -0.07
EE ' ~ # Titanium > o ©l0.37 ---
Chromium . 2 < -0.35 0,08

i - Manganege - s . «0.46 0,04
; : E "~ Iron E P £ x&, l0.57 - 0.05

| " Cobalt - . :0.64 . - 0.03

| Nickel - -0.69 . 0.04
. Copper” . , -0.7v - . 0.02 ”

-~ d .

P . Zinc ' : ~0.79 7 0.02°
et o -

* cadptum . S -0.93 . 0.05
oo gTins = oL -0.949 . laao
. # Lead: . 7 -0.896 ——-
. # Bismuth f . -0.903 . -
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a_ ‘ Element A 4 - Mean 1Std.Dev. -’
o '# Magnesium . S =0.12 ---

: N D - ,
< ?’ # Silicon 5.21 . ---
. . Pl - A S N B
. . Phosphorys 3.6 0.4 ‘
, L+ " .Chlorine: < 1.8 St 0.2
Yo ' Potassium o 0.23 .~ 0.08
Ccafcium .+ 0.03 = 0.07
S L T Titandun “0.21 c, ---
i ‘. A . / . i \ °
b (\ Chriom um . -0.22 '0.04
o “ Man‘ga’neseg ',, ' o -0.33 + 0,05 .
Iron oL % 20,49 - 0.03 -
oo - ‘o o o . . X
R R © . " Cobalt . . .0.53. 0.02 .

Loy ' il o N 0 . '

i . 8 Nickel = R : -0.63 0.03t ‘

Y f % Copper . w . .-0.64 0.03 -

- o ' o b . !

S e ' Zine " . . -0.70 . 0.02

S C o0 cadmium o -0.93 0.06"

- I ° . * ':"”‘ ) 'J ‘ ' e ® ) N -3 - * i ’ b ’ ‘ ‘ '
S oL 4 Tiny , ) -0.938 -
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. <L # Lead .-0.87-- ---
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 TABLE A.1.5

a
5

Element A

# Magnesium
# Aluminum .

# Phosphorus

. k# Ch]orine'

# beassium

# calcium

# Titanium
f # Chromium

# Mangaﬁese

¥ E}on

# Cobailt
# Nickel

# Bismuth

EFFECTS OF!SIL;dGNdbﬁﬂﬁﬁbMEN

C 2 OasEN\
Mean tStd. Dev.
0,09 .
0,06 " ---
‘e
. 4.80 ---
o 4 ---
0.1 /---////\'
- 0,003 P
-0.03 .7 =
T S
-0.31 D e
' -0.38 -' -
;m48£ -1
-0.52 . ---
-0.54 -—-
- - -0.61 -
* 20,923 e
-0.85 -
-0.861 -
A
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‘s TABLE A.l1.6 EFFECTS OF PHOSPHORUS ON ELEMENTS

She

 #

[y

Element A

Magn$sjum

Aluminum

- Silicon

Chlorine

Potassium
Calcipm
Titanium {

Chromium

Mangdnese

Iron

Cobalt

Nickel -

n

Copﬁef

Zinc.

. Mean:

L

+Std. Dev.

0.24
©0.085
0,17

2.6

0.83
,

0.26

0.19
0.08

-0.01
-0.20
-0.26

-0.411

.0.402

~-0.514

- -

Ay

0.05

\\*a 0.05

§ -

.02 "
0.02
0.02

G

" 0.01

0.007

0.009

0.005
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TABLE A.l.7 EFFECTS OF CHLORINE ON ELEMENTS -
\ - “her S §

Elemént A , Mean 2Std. Dev,. v T

|

R

4 Magnesium - 6;49 - .
C # Aluminum g 0.37 . & —e-m
o # Silicon, . 0.07 \“'f‘, ‘
N Phosphorus : -0.4 A
" Potassjum 136 .0 008 . o
| Calcium . : - 0.77 . 0.07 |
~-.# Titanium "\ _ j S 0,74 - e~ |
| Chromium "g‘.,| . f‘Ozég‘ . 0.05 . | :‘ e,
Manganese = - 0.3 . 003
Iron . .06 0004 N

" cobalt - .. . 003 0.0 |
C UMiekel - T o 0003 L e
CCopper . . -0.16 ° 0.0 o
ot .. Zine . IR 0 X A oY 13
o o Tin . -0.82 " 0.0
} N = ’
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" TABLE A.1l.8

EFFECTS OF POTASSTUM ON ELEMENTS

E]emeni A'
# Magnesium

“# Aluminum

. # Silicon

_ Phosphorus
.Chlorine

_Calcium

4 Titanium

£hr6mium
Manganesg
Iron ‘
Cobalt
Nickel
Copper

Zinc ’

IS

-~ Fx |
) Mean tStd.. Dev.
©0.87 ---
- 0.71 ---
0,35 s
0.4 . 0.3
-0.2 L0
1.5 0.1
1.57 -
) .0 0.02
/%.86 0.02
. 0.39 0.05
0.40  0.02
0.16 0.01
) 0.15. 0.01
-0.08 0.01
r
"
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'TABLE A.1.9 EFFECTS OF CALCIUM ON ELEMENTS
]
. . c&Cm i
Element A . Mean *Std. Dev. )
Magnesium A"' 1.29 -—-- s %
Aluminum _ "1.74 -—— f‘ é
Silicon SR 0.48 = . --- ' ) ;
Phosphorus 0.2 0.4 ?
‘ . 0 ;
‘Chlorine -0.0 0.2
Potassium -0.35 0.04 /
Titanium | ©2.10 ———
Chremium 1.37 0.08
Manganese 1.9 0.02
Iron - 0.83 °  0.02 o
Cobalt 0.64 0.01 L
/ —— ‘ i
Nickel _ , 0.38 0.02 : !
Copper 0.38 0.02 % .
Zinc. b o 0.0 / 13
, « \ _ ;
¢
i
]
[ ) 3: .
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hs
, _ Cati
Element A Mean 45td. Dev.
: —
# Magnesium o 2.52 -
# Aluminum . B 1.67 L e--
- # Silicon - 0.83 —_——
# Phosphorus 0.33 ---
# Chlorine - ) -0.24 e
# Potassium ,. -0.51 V -
4 Calcium . -D0v56 - .
- # Chrominm ‘ 1.62 .
# Manginege | X 1.30 R “
# Iron - 1.1 -
—# Cobalt »« « , 6.80 _——
# Nickel ' ; 0.69 _—
# Copper IR Y T I
# Zine _ 0.4 —
# Tin i o . =0.734 e
- # Lead . -0.45 e
- # Bismuth ] ‘ . -0.49 _—— ‘
- . /
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: TABLE A.1.11 EFFECTS OF CHROMIUM ON ELEMENTS

Element A ‘ Mean Oﬁcrtgtd. Dev.
¢ Magnesium S 4:88 ) - g
i # Aluminum 3.28 -l \- 2
# Ssilicon’ . 1.81 _— ]
’ Phosphorus 1.2 0.1
- Chiorine 0.4 -0
Potassium -0.31 " 0.03
Calcium -0.49 0.04 | -
# Titanium -0.57 —~—— '
- # Manganeée ' -0.54 -——
‘ Iron ” 1.74 0.03
Cobalt. R W ¥ 0.04
Nickel . 0.96 0.02
‘ Copper }.00 0.04
o Zine . . 2.17 0.06
- Cadmium .. & -0.54 0.02 - )
) Tin . _-0.58 0.05
f Lead | - 7 Lg.29 _— ?
# Bismuth . -0.34 .- e
] | é
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TABLE A.l.1l2

Element A

# Magnesium
Aluminum

# Silicon

‘ Phosphorus
Chlorine
Potassium
Calcium

# Titanium
Chromium
Iron
Cobalt
Nickel
Copper

Ziﬁc

‘Cadmium . * -

. Tf.d*n
# Lead
# Bisﬁuth i

133
ECTS OF MANGANESE ON ELEMENTS
o‘f\Mn
' Mean "~ +Std. Dev.
5.94 ---
4.02 0.03
2.29 S
T.3 0.1
0.6 0.1
-0.16 0.04 R
-0.46 0.04
-0.56 L -
0.8 0.03 -
.0.23 0.06
1.6 0.
1.12 0.08 ‘
1.16 0.09
0.70 . 0.09
-0.50" 0.03
-0.54 0.06 .
-0.23 —— o
I-0.28 —=- :
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TABLE A.1.,13 EFFECTS OF IRON ON ELEMENTS

Element:A

Magnesium
Aluminum
Sjliéon
PhospﬁoruS
Chlorine
Potassium
Calcium’
Titanium
Chromium
Manganese
Cobalt
Nickel

Copper

Zinc

Cadmium
Tinv
Lead
Bismuth

£

~

o

3
1

»~

<
"m

/!

- o5\Fe

-

Mean tStd. Dev,
7.67 €®. .
5.22, 0.3%

"3.06 _—
1.5 0.2
1.00 0.07

-0.12 0.09

-0.41 0.07

-0.52 —-

-0.58 0.05

1 0.00 0.03

-0.02 0.08
1.46 0.09
1.47 0.06
1.04 0.08

-0.45 0.06

~0.47 0.03

-0.14 -

-0.19 -

A\

S8 T o Tt R B, B0 b TSRS
.




~
[P

Pl

TABLE A.1.14 EFFECTS OF COBALT ON ELEMENTS

»

hco o -

e s i b A

Element A . | Mean + Std. Dev.
# Magnesium 8.72 --- )
# Aluminum 6.04 - ;
# Silicon 3,62 --- ’
Phosphorus 1.5 0.4
- Chlorine 1.0 0.1
“* potassium ) -0.03 0.05
' cﬁlciym' ~-0.25 0.02 .-
# Titanium__ - =0.85 -
_Chromium -0.60 0.01
Manganese -0.59 0.04
Iron -0.030 0.005 -
Nickel 0,11 0.02
Copper 1.63 0.06 |
Zinc 1.20 0.05._ 3
Cadmium -0.42 0.06
‘Tin , -0.43 0.05
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" TABLE ‘A,1.15

Element A

# Magnesium .

Aluminum

# Silicon

Phosphorus ~
Chlorine
Potass'ium

Calcium

# Titaniﬂm

Chromium
ManganeSe
Iron
Cobalt
C&pper
Zinc
Cadmium

Tin

# Lead -\\\\N/}
# Bismuth

EFFECTS ‘OF NICKEL ON .ELEMENTS

(o]

Mean X Std. Dev.
8.68 ---
7.2 0,1
3.75 ———
2.3 0.5
.4 “ 0.2
0.06 0.04

-0.17 0.04

-0.40 -

-0.39 0.09

-0.52 0.07

-0.54 0.04

-0.05" 0.03"

-0.05 0.04
1.51 0.09 -

-0.27 007

-0.347 0.04
0.044 -=-

-0.014 ---
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TABLE 4.1.16 EFFECTS OF COPPER ON ELEMENTS

. - ‘ Shcu ‘ - |

', Element A : Mean *Std. Dev.
# Magnesium ) - 9.39 ‘———

« . Aluminum ‘ 7.4 O..Z, . §
#-8ilicon

. 4.10 -—
y‘ L -

" Chtorine . - - R 0.1 -
Potass%um / . 0.24 " . 0.05 -
_Calcium o 0.04
# Titanium | ' . -0.36 -/--' .
Chiomium -0.39 0.04
Manganese . " -0.65 ) 0.05 :
Tron < e -0.58 * 0.03 _ L
Cobalt 3 ~0.59 . 0.03 -
Nicke o l0.34 10.05
s, Zine -0.17 0.05
C0 0 cadmtum - L -0.22 0.07 .,
' . Tin - - -0.28 0.04
# Lead - .- 0los ---
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, . TABLE A.1.17 EFFECTS OF ZINE ON ELEMENTS:
- " * ; o - n ‘
i Y . ' Aln : ’ . ) - :
<L . Element A . Mean Std. Dev. _ °
s # Magnesium ., . . 11.2 -—— ] ,
to- . # Aluminum - - 7 8.0 : -
, ~ # Silicon 4,98 . —— ., ;

i
-
Sy

Phosphorus 3.0 0.3
Chiorine ‘ 1.7 0.2 o
Potassium g ] L 0.43'/8 | '_.'6.07 S - ' =
calgium © 0,05 " 0.04 o o
! ' # Titanium ' -0.25 -—
= . chromium © -0.35- 0.6 . . |
L  Manganese -0.42 0.06 o
Iron ) ~ -0.53 ' 0.06 |
Cobalt "' -0.53 0.04 -

. Nickel . -0.59 003 |

% - Copper. " -0.10 * 0.05 ,——/
| = Cadmium Y .0.09 . 0.03_ . '
g . o t- ?
| ) Tin o Z0.17 - . 0.03 L
" # Lead ° 7 , 0.29 - '
# Bismuth = . 0.2 R :
. . . ) . .
~ 'lt ‘
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e . . \ -TABLE ' A.1.18 EFFECTS OF CADMIUM ON ELEMENTS. e -~
5 s K _‘v": S L ) . . ] . Lo “,_,‘7; ;: , »
[P ¢ . f f&' s e
.- g
. . e el - - Chgd . ' ‘o i
REEE Element A Mean 2 Std. Dev. .
3\ . ' i . y ' *
0 " thlorie - — 1. 0.1 o
! N oripe . . 5 .
; L ‘_) - R , . o w
Ca'l'c_"ium‘a‘ .. 1.41 \ 0.07 -
] A P .n. ‘u )
- - Chromivh - : 2.07 0.04 g 5
_ Manganese .v . 1.84 0.07 -
Lo T ~ Iron . 1.29 0703 T
© " Y. . Cobalt 1.15 0.04 T
,  # « Lo
| ; . .
. *Nitkel ’ 0.77 . 0.04
‘ . _,/q . " o on r . . PR p
b NPT Copper - 0.79 0.02
L x Zinc. . ‘ 0.40 0,02 I
\ g P : ~. > LN " ' » | .
. ’ v “
. 1 / - ¢
P . . . 1
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TIABLE A.1.19 EFFECT OF TIN ON ELEMENTS

2

. L ) . 05-\Sn
: . .7 - Element A S @
" ' ) . g L,

Magnesium S ‘]2.0 —;--_ \>
. - SN

tSté. Dev.

NE

| . <. # Silicon o : 3.35 e y
) ‘; ] # Chloriné R ' »1.80 f‘_-_ [
# Titanium‘ , .'J i 2.67 - - |
: " _ # Chromium | . 211 ‘ -
‘, , o f Manganese Lo e e ‘
e T Ir‘ond ’ , 1.51° \‘ —— .
- # Nickel 1000 eem -
I # Copper L 0.8 . -l
# Zin; . 0.65 -——
(, : # Lead ,+ -0.484 —
~ ¥ Bismith L 0.8 . --l
»
. . :
f, . 3
P
/ _

Aluminum . 5.02 - )i

g

-
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TABLE A.1.20 EFFECT OF LEAD ON ELEMENTS |

: 5 . e
Element A Mean =~ *Std. Dev.
# Magnesium 12,83 -—-

" # Aluminum | 4.66 -
# silicon ~ 333 —
/#;Chlorin,e o ' 2,0.7 -

Calcium 217 0.09
# Titahiom . ST S—
# Chromium 1. —
Manganese : 1.66 0.%4
| Irop © o 1.09 " Gl
Cobalt . ' 1,09 0.03
/ Nickel - . - 0.67 0.03.
Copper - 0.71 0.02}?
Zinc | . 0.40° 0.03
cadmium 1.3 0.1
# Tin N 0.52 . ---
_# Bismuth - -0.04 | R
’ ;
. ,
N
p

11
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"« TABLE A.1.2.‘!. EFFECTS OF BISMUTH ON ELEMENTS

\

—

-

;o \ .
| gy

Element A Mean *Std, Dev,

Magnesium 13.29 = -

Silicon 7.62

Titanium 2.50 —-—-

#
#
#
~ # Chromium . 1.82 -
~# Manganese . CL e 179 | - -
# Iron ° -_ 1.70 —_—
" # Nickel , 120 -
# Copper , 1.16 -
- # Zinc : " 0.95 ‘ - —-
# Tin 0.594 _—
/#Lead 0.011 L =
. * '
, ) .
\
/
¢
L _dm . e
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SECTION 4,2 , .
/!
R LJ
7 ANALYSIS OF COPPER-BASE ALLOYS
S
(///’ \
! . ) -
= )
j / T %
-~ 1 )
y ‘1
[ ~ ~
A 2

I

L]

A.2.1 Synthetic Copper-Bas j\lloys vee .Lihuid Specimen
A\c2-2 Copper-Bale Alloygo sececsesvees oSOlid Specimen -
A02n3 Copper-Baae. Alloyu esssoss0scns e oLiquid Specimen
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SECTION A.2.1

SERIES SC

’

I

" SYNTHETIC COPPER=-BASE ALLOYS
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TABLE A.2.1,1 COPPER ANALYSIS - SERIES SC\
. t o t

\\ by * ’ ‘
\\ 5 ‘T"-"-,r {
Sample CCU(std.) I'gﬁﬁj‘ 183;‘; CCu(ca'l.) Re]at%;\ve Error ‘
(cps) (cps) g ;
$C-1 0.039290 59048 8341 0.038195 -2.8 ?
. R |
SC-2 0.041710 62689 8779 0.039926 -4.3
. \ ~
SC-3  0.044290 66475 9416 0.043002 -2.9" | ;
. ; ' - \\ t
SC-4 0.042350 64081 8946 0.041017, -3.2
SC-5 0.043710 70347 9847 05047705 ber 0 0 N
SC-6 0.045000 67987 9601 0.043972 -2.3
SC-7 0.046410 70118, 9858 0,045243 - -2.5 b
/ "\‘
5C-8 0.047610 74820 10562 0,050338 5.7 \
.' i Vo

~ i
- {
|
3
I
3
. 4 %
¢
. v oo
1
N 4 %
L ;
{ !
: :
- ~ 3
. 5 ' j
A 3
/, *, N
/ .
J 2
7 b
$
g f 4
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TABLE A.2.1.2 LEAD ANALYSIS - SERIES SC

'l

-

LY

JE—

i
*
i
H
¢
4
A
¥
2
&
x
i
g
4

~ Sample Cpb(std.) I',i‘ﬁff' ”I;g{;‘ CPb(ca].) Relative Error
- (cps)  (cps) %

SC-1 0.002579 1827 198 0.002095- 18,7 7
sC-2  0.001421 1027 N0 0.001167 -17.8
SC-3  0.002143 1540 165  0.001797 -16.1
SC-4 0.000286 229 25  0.000264 -7.7
SC-5  0.000714 529 57 . 0.000670 -6.2
SC-6  0.001750 1254 135  70.001472 <15.8
SC-7  0.001429 1039 il 0.001224 -14.3
SC-8  0.001386. 1017 109 0.001282 . =715

5 ' :

. {

-
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TABLE A.2.1.3 TIRON ANALYSIS - SERIES SC

/
L] r .

meas. [COr.
Sample CFe(std.) I ke IFeku CFe(cal.) Relative Error

_(eps) _(cps) % o
SC-1  0.000286 1405 181 0.000322 2.6 | i‘
SC-2  0.000286 1173 148 0.000264 -7.7 |
SC-3  0.000400 1662 213 0.000378 -5.5 |
SC-4  0.000136 653 , 82  0.000145 6.6
SC-5  0.000107 504 63 0.000114 .. 6.5
SC-6  0.000279 1148 146 0.000260 , -6.8
. ) ~ . .‘f . —_— )
. . SC-7 0.000143 610 - 77  0.000]137 -4.2
SC-8  0,000271 1163 147 0.000265 -2.2
g -
- 3
L N
s \ i 4
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o TABLE A.2.1.4 zn;c ANALYSIS -~ SERIES SC
, (
__Sample CZn(std.) I%E’ Igg:& CZn(Ca” Re]a;tive Error
- {(cps) _(cps) %
SC-1  0.029200 54340 6463 0.028919 -0.9
sC-2 0.027300 50575 5940 0.026279 -3.7
SC-3  0.024600 45426 5365 0.023952 -2.6
SC-4 0.028730* 53438 6278 0.027710 -3.6
SC-5 0.026900 53393 6264 - .0.029152 - 8.3
. $C-6. 0.024400° 45189 5318 . 0.023755 --2.6
.$C-7 0.023090 43501 5083 0.022748 -1.5
SC-8  °0.022160 43444 5087 0.023535 . 6.2
" » . )
: "
] - - —_— "
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COPPER-BASE ALLOY - SOLID SPECIMEN
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TABLE A.2.2.1 TIN ANALYSIS - COPPER-BASE ALLOYS .

\
) /
Sample an(Std’) Igs;i‘ IgﬂE; CSn(cal.) Relative Error
{cps) (cps) : ' t .
2-1 0.042200 7448 5703 0.041300 =4y N
2-2 0.048400 9156 7044 _ 0.051000 5.4 \;3
2-3 . 0.060500 10769 8315 © 0.060300 -0.3 !
2-4 0.059700 10627 8251 0.059800 0.2 ~
2-5 0.060000 10531 8213 0.059100 21.5
2-6 0.060000 10398 8158 0.059100 - -1.5' ‘
2-7 0.059200 4511 . - e
2-8 0.049300. 8521 6624 0.048200 -2.2
2-9 - 0.048000 8485 6650 0.048200 o4
2-10 °0.049400 8465 6659 0.048300 -2.2
2-11  0.058600 - 9990 7892 0.057100 -2.6
8-1 0.048300 9054 ~, 6700 0.047500 -1.7
- 8-2 0.060100 10656 ’/ 7928 056200 -6.5
8-5 . 0.059700 12157 9191 0.065300 9.4
8-6 0.063800 11890 9060 F: 064200 0.6 - .
8-8 0.056300 10120 7599 ) 1054000 -4.1
8-10  0.053000 10007 7573 - 0.053500 0.6.
8-11 0.053100 9946 7560 - 0.053600 0.9
8-12 °~ 0.058400 10417 7919 0.056100 -3.8
8-13  0.066100 11527 0.062100 -6.1

b
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. TABLE A.2.2.2 LEAD ANALYSIS - COPPER-BASE ALLOYS ,
o
-
Sample Cpb(std.) Iggf:" ‘Igg[“‘ , Cpb(cal'.) Relative Error %
7 {cps) (cps) - % -
— 2-1 07040100 2637 2857  0.039700 -0, :
2-2  0.039500 2577 2788  0.038700  -2.0 i
- 2-3  0.039600 ° 2593 2791 0.038800 ° -2.0 2
2-4  0.043700 2957 3180  0.044200 - 1.1 ° *
2-5 0.048700 2793 3002  0.041700 -14.3
2-6 0.054600 ‘3618 - 3883 ° 0.054000  -1.1
, 2-8 0,055700 3677 3963 0.055100  -1.1
- 2-9  0.061600 . 3916 4222 0.058600  -4.9
) 2-10 0.062500 4230 4554  0.063300 1.3
2-11 0.062200 4141 4443 0.061700  -0.8
8-1 0.006000 . 332 359 0.006000 0.0 .
= 8-2  0.005400 334 359 0.006000  11.1
| 8-5 0.017900 1078 . 1163  0.019200 7.3
) 8-6 0.025200 1411 1516 0.025200 0.0 : -
) : 8-8  0.018100 - 1033 1115 0.018500 2.2 .
- 8-10 0.024300 1153 1243 0.020600 -15.2 .
8-11 0.029000 1600 1739~ 0.028600 --1.4 %
| 57 8-12 0.027800 1527 1639 0.027300  -1.8 . P
g 8-13 0.027800 1306 1399 '0.023300 -16.2 e

B




-

[3

Sample CFe(std.) I?gzi' Iggzi
- (cps) (cps)
2-1 0.001000. " 863 495
‘ 2-2 0.001100 1101 647
2-3 0.061200 “1038 , 632
- 2-4 0.001300 1138 705
f 2-5 0.001300 1126 704
2-6 * - 0.0013060 1116 711
2-8 0.0012060 1005 620
2-9 .. 0.001200 939 582
K 2-10 - 0.001200 893 561
3 2-11 ° 0.001200 1026 664
: 8-1  0.000100 140 74
: <i 8-2 . 0.000200 20f 1M
! f?s-s 0.000300 228 131
: 1856 0.000300 165 98
8-8 0.000200 165 92
.8-10  0.000200 163 93
8-11 0.000100 155 90
8-12 .0.000100 ~ 161 95
’ 8-13  0.000300

PN

N
o e
{

TR
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TABLE A.2.2.3 TRON ANALYSIS - COPPER-BASE ALLOYS N

O 0O 0o oo o o

152
o
gFe(cal.); RefativeﬁError
% .

0..000900 -10.0 .
0.001200 9,1 R :
.0.001200 0.0 L

.001300 0.0 "

.001300 0.0

.001300 0.0

.001200 0.0 -

001108 -8:3

.001100 7-8.3

.001300 . 8.3

.000100 0.0
0.000200 ~0.0 - -
0.000200 -33.3 i
02000200 -33.3 : g ﬁ
0.000200 1 0.0 e
0.000200 0.0 o ; J
0..000200 100.0 Lo
0.000200" 100.0 .
0.000100 -66.7 P "
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" L mgﬁg A.2.2.4 NICKEL ANALYSIS - COPPER-BASE ALIOYS |
\ .& ” .. _
: s - N
S}am\ple jCNi(std,.) Iﬁ?t' Iﬁ?k CN1‘ (cal.)., Relative Error - ‘
P s : . {cps) (sps) : N S
A . 2-1 0.002200 3245 2438 ' 0.002700 22.7 -
; - 2-2.'0.002400 3074 2327 ' 0.002600 8.] :
2-3 1 °0.002600 2948 _ 2269 .0.002500 -3.8 | |
} C 2-4 ,0.002900 2958 2295 0.002500 -13.8 §
< T - - Y*2.5 0.002700 2981 2327 0.002500 . - -7.4' J
- N 2-6° 0.0028b0 2931 2311 [ 02002500 - -10.7, ’ \ "
- .. 2-B .0.003400 4251 - 3307 0.003600 5.9, ¢
. N 2-9 0003800 4660 . 3634 ' 0.004000 , o ..
T s 2-10 0.004000 4755 3735 0:004100 2.5 ° -
Cd y 2-11.°0.003100 4615 3669 . 004000 29.0 © * /
SR “  8-1 .0.000100° ‘26 19 - 0.000100 0.0 | ST
Coe T 8-2 0.00 | T emm  a-- 0.0 . = -0.0. -]
! 8-5. 0.0 --- - . 0,0~ . 0.0 ) -
g . 8-~ 0.000100 36 27 » _ 481000000 - -1003Q : .
! / v 4 N R IR
C - 8-8 0.000700 ‘628 333, “¥ 0.000700 . 0.0 N,
! .+ .  8-10°0,001100 906 680 0.001000 -9.1 y 5
Cl e, . 8-11°0.001200 1052 96 0.0012004 0.0 S
3 . 8-12 0.001400 1176 898 - 0.001300 -7.1 '
boi ,, ~8-13.0.001100 1205 =~ 927 . 0.001400 7.3 L e e
- A B . R ‘ ) e \ - A . 1
R , » , » N ! L. )
! ‘. . V\w\ 4 N ; . 4
L N - C A ‘J 1
iy : L .
_ ~ . f ., g 1 s ? i
. . . B ) ‘ / K ¥ N
/ N “ o ¢ 3 ' & N
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TABLE A.Z.;?. 5 ZINC ANALYSIS - COPPER-BASE ALLOYS R )
. ' - * ' { 5
_ Sample  C, (stds) :I';?K:‘“ I‘Z:gz C,,(cal.) Relative Error ;
- ~_ {eps)  (cps) — % |
2-1° 0.024000 18093 17305 0.025700 7.1, (o
2-2  0.033200 27640 26735 0.039600 1.0 . i
'2-3  .0.046500 32567 31773  0.048600 10 T
-2-4 ° 0043000 32132 31551 0.046500 8.1 :
2-5  .043400 30767 30328 0.044400 2.3 ’ ‘
2-6  0.038400, 29822 ~ 29589.  0.045400 7.8%
.2-8 - 0,028200 20855 20539  0.030100 6.7 .
2-9  0.025800 20231 19992 - 0.029300 13.6" )
2-10.  0.028600 19682 19533 0.028600- 0.0
2-11  0.037700 25066 25035 . 0.Q36700 2.7 ;
8-1  0.014900 °4392 3800 -  0.016800 12.7 -
8-2  0.026000 7833 6817 0.030100 15.8 >
8-5  0.045900 8894 7834 0.034800 -24.2
7, 8-6 - 0.036900 8496 - 7524 0.033300 -9.7
 8-8  0.022700 5694 4985  0.022100° -2.6
8<10  0.022800 5457 4802 0.021200 7.0
.8-11  0.019500 5168  4549.  0.020200 3.6
8-12 0.015500 5959 B89 . '0.023300, 50.3° R
8-13  0.028800 7521 6675 0.029400 2.1 ’
- & . o '
. e .
9
\ - o - )
. T '/ ) ¥ .«
S ’ ", z
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SECTION 4.2.3
COPPER-BASE ‘ALLOYS - LIQUID SPECIMEN
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TABLE A.2.3.1 COPPER ANALYSIS - COPPER-BASE ALLOYS

~ s,

Sample  C (std.) IfSR®: 150%- Coylcal.) Relative ErrPﬁﬂ
(eps)  (cps) L%
2-1 0.018188 35211 4300 0.017992 -1.1
2-2 0.017373 32737 4082 0.017079 -1.7
2-3 0.017637  33737- 4171 0.017452 -1.0 .
2-4°  0.017337 34204 4180 d.017490 0.9 *
2-5 0.017615 34316 4222 0.017665 0.3
2-6 0.017673 34892 4244 0.017757 0.5
2-7- 0.016915 39022 4053 0.016958 0.3
2-8 0.017563 31552 4204 0.017590 ° - 0.2
2-9 0.017605 37477 4072 1 0.017029 -3.3
2-10  0.0J7143 38801 4131 " 0.017280 - 0.8 4/:
2-11  0.017116 40098 4099 0.017151 0.2 - /
'8-1  0.018552 29572 4206 0.018611 0.3
~8L2 0.018119 31063 4111 0.018190 0.4
8-5  0.017574 29119 3976 0.017593 0.1
8-6 0.01773 31308 ' 4029 '0.017788 0.3
8-8 . 0.0181Z7 30779 4103 0.018155 0.2 §
8-10 0.017958 32639 /- 4077 ~  0.018040 0.5
8-11 0.017698 33246 , 4027 0.017819- ‘0.7
8-12 0.017972 3311 3993 0.017668 -1.7
8-13  0.017694 29007 3986 -  0.017637 -0.3
y 4
. . Pl
f ! L »
~ K k
] N

ﬂ
|
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‘ ,
n e TABLE A.2.3.2 TIN ANALYSIS - COPPER-BASE ALLOYS
Sample CSn(§td.) Igsz:“lggz& \ C5n(ca1.) Relatinve Error
' ' (cps) (cps) i
2-1 0.000865 2503 146 0.000854 -1.3
2-2 0.000869 2968 172 0.001006 3.8
2-3 0.001222 3460 202 0.001181 © -3.4
2-4 0,001222 3609 209 0.001222 0.0
2-5 0.001232 3664 214 0.001251 1.5
2-6, 0.001261 3623 211 0.001234 -2.1
2-7 0.001198 3735 204 ° 0.001193 . -0.4
2-8 0.001007 2796 168 10.000982 -2.5
. 2-9 0.000972 3109 172 0.001006 . 3.5
2-10  0.000992 . 3100 170 0.000994 -0.2
2-11 0.001198  .3773 205 0.001199 0.1
¢t/ g3 0.000976 2762 168 0.000951 ~ * -2.6
8-2 0.001199" 3399 0.001133 -5.5
8-5 0.001196 ~ 3904 0.001325 - 10.8
8-6 0.001295 3898 .001297 0.2
8-8 0.001051 ® 3296 .001104 5.0
8-10  0.001059 3310 _ A0.001082 . 2.2
8-11 0.001048 3105 1774  0.001002 -4.4
8-12  0.0084170 3435  195.  0.001104 -5.6

8-13 0.001317 = 3800 " .229 0.001297 R P

eV
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/
TABLE A.2.3.3 ’LEAD ANALYSIS - COPPER-BASE ALLOYS

|
\

/
/

\

Sample CP (std. & / gg[o\ Cpb(caL) Relative Error
(cps)v {cps) : %
2-1 0.000797 1111 62 0.000824 3.4
2-2 0.000791 . 1076- 60 ,0.000804 1.6
2-3 0.000798 1056 59 0.000789 -1
2-4 0.000897 1113 61 0.000823 -8.2
2-5 0.001015 1323 74" 0.000987 -2.8
2-6 0.001148 1359 76 0.001007  -12.3
2-7 0.001198 1792 89 0.001184 = -1.2
2-8 0.001140 1503 . 88 02001179 3.4
2-9 0.001171 1909 97 0.001296 10,7
2-10  0.00125% 2067 10 ©0.001385 10.4
,2-110.001271 1961 96 0.001285 1.1
8-17"  0.000109° 131 .8 0.500117 7.3
8-2 0.000108 124 7 0.000104 -3.7
8-5 0.000358 422 25 0.000365 2.0
86 0.000511 607 , 35 0.000504 -1.4
8-8 0.000344 412 24 0.00035] 2.0
8-10  0.000486 594 33 0.000483 -0.6
8-11  0.000571 686 38 10.000543 4y ¢
8-12  0.080557 705 38 10.000552 -0.9
8-13  0.000565 638 38 0.000554 -1.9
2 IRVA N
\ ,

e pama



IABLE A.2.3.4 TRON ANALYSTS - COPPER-BASE ALLOYS

‘ Samgle CFe(std.) I

321 0.000021
2.2 0.000022
'2-3  0.000025
2-4  0.000027
2-5  0.000027
2-6  0.000p27
2-7  0.000026
2-8 0.000025
2-9 0.000024
2.10  0.000024
2-11  0.000025
8-1 0.000002
8-2  0.000004
8-5  0.000005
8-6  0.000005
8-8 0.000003
8-10 0.000003
B-11  0.000003
8-12.  0.000003
8-13  0.000006

meas.

FeKoa

cps
129
14

147

155

161
156

176+

134
157
150
173
64
74
78
74
70
82
76
84

68 -

cor

Fe&;

SCES!

18
22
21
22
23
22
21
21
20
19
21
15
13
14
13
13
14
13

"4

13

" 159

]

CFe(Eal.) Relative Error

0.000022
0.000026
0.000025
0.000027
0.000028

0.000027

0.000025
0.000025
0.000024
0.000022
0.000024
0.000003
0.000003

-0.000003
. 0.,000003

0.000003
0.000003
0.000003
0.000003
0.000003

Ny

o]

-

-

L, st N o .
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TABLE A.2.3¢5 NICEKEL ANALYSIS - COPPER-BASE ALLOYS

CNi(std.)

fF 1 1 ¢ 1 1 ¥ ]
-t ed e e D O N e e O 00N OO BWw Y~
- O

® O W' @O 0K N N NMNKNNDMNNDNN R
1

0.000045
0.000048
0.,000054
l///ﬁfoooosg
0.000056
0.000059
0.000043
0.000069
0.000076
0.000080
0.000063
0.000001
0.000000
0.000000
0.000001
0.000013
0.000021
0.000024

0.000027

0.000023

Y \
IR?E;’ .Iﬁ??& CNi(ca1.) Relative Error
(cps) [cps) %
364 43 0.000053 £ 17.8
343 .4 0.000052 8.3
361 43 0.000054 . 0.0
363 43 0.000053 - -10.2 \\\
368 44 0.000055 -1.8
367 43 - 0.000054 -8.5 -
412 4 0.000051 18.6
462 60 Q.000075 8.7
606 63 0.000079 3. 94
638 65 0.000081 1.3
673 66 0.000082 30.2
21 4 0.000005 400.0
20 -- -- ——-
26 - - .-
26 3 . 0.000004 300.0 /
80 10 0.000015 15.4 //AT
117 14 . 0.000020 -4.8
© 140 16 0.000023 -4.2
146 17 0.000024 -11.1
131 18 0.000025

8.7

i e T el .
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TABLE A.2.3.6 ZINC ANALYSIS

.

.+ 161

Sample  C, (std.) ‘Igﬁ;;' I%ﬁi&'
: (cps)  (cps)
- 2-1  0.000576 3473 367
2-2  0.000825 5134 553
2-3 _0.000941 6465 686
2-4  0.000932 6483 683
2-5  0.000903 6211 - 656
5.6  0.000856 6134 639"
2-7  0.000862 6690 580
2-8  0.000627 3567 416
2-9  0.000649 4346 400
2-10 0.000578 4445 401
2-11  0.000771 6017 512
8-1 0.000360, 1981 232
8-2  0.0005i9 3879 418
8-5  0.000919 4344 485 -
8-6  \0,000749° 4722 492
'8-8  0.000450 2893 315
8-10  0.000456 2885 '\291
8-11 0.000385 2892 282
8-12  0.000311 3404 324
8-13  0.000567 3651 4
P ' T

P O LY, SO

- COPPER-BASE ALLOYS

%CZn(cal.) Relative Error . %
N g :

0.000535 -7.1 f

0.000806 -2.3 :

0.001000 6.3 . ,

0.000996 6.9

0.000956 5.7

0.000931 8.8 ¢

0.000845 -2.0

0.000606 3.3 L

0.000583 -10.2

0.000585 1.2

0.000746 -3.2

0.000351 ~2.5

0.09g633 21,9 T

0.000735 -20.0 /

0.000746 -0.4

0.000476 5.8

0.000440° -3.5

0.000426 10.6 | !

0.000490 57.5 ..

0.000622 9.7 ‘ '

+ L R o i em e e T W
. -
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'TABLE A.2.3.7 CHLORINE ANALYSIS - COPPER~-BASE ALLOYS ) .

o s 2 e b

) meas. cor, ) - .
Sample Cm(std.) IeT ke I ke Cc](cal.) Relative Error

{cps) (cps) - %
, 2-1 0.034147 10625 7042  0.033533 -1.8
22~ 0.038000 12294 8156  0.038838 2.2
2-3 0.035600 11194 7431 0.035386 -0.6
2-4 , 0033900 10317 6834  0.032543 -4.0
2-5 0.034400 10789 7162 . 0.034105 -0.9
2-6 0.032200 10230 6786  0.032314 0.4
2-7 0.009900 2558 1671  0.007957 -19.6
2-8_ 0.048300 15686 10485  0.049929 3.4
2-9 0.016700 4710 3086  0.074695 . -12.0 s
2-10.  0.013600 3200 2093  0.010000 -26.5 C
2-11  0.007400 1681 © 1097  0.005224 . =29.4
8-1 0.061570 19313 12982  0.062413 1.4
8-2 0.048510 15123 10088  0.048500 0.0
; 8-5 0.053760 16605 11116  0.053442 -0.6
8-6 0.042870 12997 8654  0.041606 -2.9
8-8 0.049640 15137 10107  0.048591 -2.1
8-1¢ 0.038500 11981 7948 0.038211 | -0
-~ 8-11  0.033780 10663 7050  0.033894 0.3
8-12  0.030260 9730° 6425  0.030889 . 2.1
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