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THE USE OF ANALYZING CRYSTALS IN X-RAY SPECTROGRAPHY
by

Dorothy J. Reed¥

SUMMARY OF RESULTS

The properties of quartz, LiF and EDDT
crystals as dispersing elements for X-rays have
been compared. The ratios of the counts obtained
from these crystals has been found to vary with
the intensity as well as the energy of the radiation
being measured.

A questlion has been posed as to the effect
of crystal reflectivity on interelement correction
factors.

* Research Scientist, Analytical Chemistry Subdivision, Mineral
Sciences Division, Mines Branch, Department of Energy, Mines and
Resources, Ottawa, Canada. 4



INTRODUC TION

In certain analyses by X -ray spectrography, determinations have
been made using two different crystals to test the effect of greater separa-
tion of adjacent radiation on the results obtained. Examples of such
anhalyses are the determination of zirconium in steels having uranium as
another component and of tin in ore fractions containing antimony.

The ratios of the counts from the two crystals were calculated for
interest and proved to be variable for a single characteristic radiation.
The ratios were expected to vary with the energy of the radiation measured
because the crystals would be penetrated to different depths. but variation
with intensity was unexpected.

As time has permitted the ratios between the intensity of the
characteristic radiation of a number of elements as reflected from three
crystals have been determined to try to account for the variation.

CRYSTAL FUNCTION

Most X -ray spectrographic analysis is accomplished by the spatial
separation of the X-rays arising from a sample into their component
energies. X-rays of spectrographic interest have such short wavelengths,
0.1-10A, that it is impossible to rule gratings which can diffract them for
such dispersive analysis. However, many crystal lattices are of a size
that makes them suitable as dispersing agents for these radiations. The
selection of such crystals is influenced by their availability, perfection,
stability and reflectivity, as well as their lattice spacing.

X-rays are diffracted according to the Bragg equation: n\ = 2d
sin 6, where n is an integer, N the wavelength of the X-rays, d the crystal
spacing and 0 the angle of incidence of the rays. The angle of reflection
equals the angle of incidence so characteristic radiation of an element
emerges from a crystal at double the angle that satisfied the Bragg equation
and is identified by this 26 value.

The sine of an angle cannot exceed unity, so crystals can disperse
only those X -rays whose wavelength does not exceed 2d. The longest
wavelength that may be diffracted is determined by the crystal lattice and
this, in turn, determines the lightest element for which a crystal may be




used because the wavelengths of the characteristic radiations of the
elements vary inversely with their atomic number, Thig variation also
means that the angle at which the characteristic radiation appears and the
angular separation of the radiation of adjacent elements decrease with in-
creasing atomic number.

The highest atomic number for which a crystal may be used is
limited by the geometry of the spectrograph. In the case of Philips 100kV
equipment, below a goniometer setting of 6°208 the detector receives most
of the radiation from the sample directly. The resulting high background
makes identification of characteristic radiation difficult. The upper 26
limit of 145° is a mechanical stoppage. '

CRYSTALS INVES TIGATED

4 . LiF is the most w1de1y used crystal because of its stability, h1gh
reflectivity and suitable 2d spacing - 4.027A. It may be used for the K
lines of the elements from K to Wand the L lines of elements from Sn to U.

. The K lines of the rare earths and heavier elements are not well separated
by this crystal and it is better to use the n = 2 radiation, if the intensity
makes it possible. ' - . -

- For better separation of heavy element radiatioh the. spectrograph
is supplied with a quartz crystal:2d = 2.749 A. Ti is the lightest element -
whose K lines may be detected by this crystal. The heiviest element with

our equipment is Bi.. This is a kV limitation. L linés of the elements from

Ce to U are within its range.

For light elements EDDT (ethylene diamine dextrotartrate) is used
in our spectrograph. It has a 2d spacing of 8.808 A and is useful for K lines
of elements from Al to Sb and L lines of those from Br to U.

There is a wide range of elements for which all three crystals may
be used as far as 20 values are concerned. For the 100kV spectrograph -
this is from V to Sb for Ka lines and from Ce to U for L. The crystals have
been compared using a number of elements in the Ka range. LiF has been
used as the standard of comparison for the other two because of its exten-

" sive use. All radiation has been detected with a scintillation counter.

The choice of the above crystals for the 100kV s'pethograph was'

influenced by early work with 60kV equipment.using NaCl and topaz crystals .

NaCl approaches LiF in reflectivity and its 2d spacing of 5.641 A makes it.
almost as useful. However, it is hygroscopic and i n humid atmospheres
its reflectivity was found to decrease rapidly. Topaz has a slightly better




lattice spacing (2d = 2.7121&) than quartz for short X-rays, but at 60kV
"ghosts" appear in the spectra of Sn and neighbouring elements reflected
by it.

RELATIVE INTENSITY

The relative intensity of X-rays of varying energy reflected by
the three crystals is shown in Figure 1 which presents scans of the
continuum from a tungsten tube, operated at 60 kV and 20 mA, reflected
from a filter paper sample. Both energy and wavelength are shown on the
ordinate. The positions of certain characteristic radiations are also
indicated. The intensity of the LiF scan has been halved to bring it into
scale with that of the other crystals. The intensity of the high energy por-
tion of the continuum reflected from LiF is reduced when the atomic
number of the sample is increased. This is shown by the line for a Ti sample
in the figure.

The Compton scatter which appears on the high wavelength side of
the peaks in the LiF and quartz scans is not separated from these peaks
by EDDT indicating the poorer resolution of the crystal. '

Figure 2 presents the counts obtained from five metals and
Sr(NO )Z at varying potentials using the three crystals. The energy of the
radiation measured is given for each sample. LiF gave the highest counts
in every case. EDDT reflected more of the radiation with energies less
than 10keV than did quartz. Counts from these two crystals were similar
intensity for radiation with energies from 10 to 13 keV. For 14keV and
greater energies quartz was preferable to EDDT using intensity as the
criterion.

With different dispersion from the crystals it seemed possible that
the range of energies reflected might differ and account partially for the
crystal differences. To check the energy dispersion, pulse amplitude
distribution curves were run for the K radiation of three metals using each
crystal. The results in Table 1 indicate no significant difference in the
range of energies reflected. Pulse amplitude, A, and width at half-height,
W have been used to characterize the radiation. The curves were deter-
mined using an amplifier gain of 10 and a counter voltage of 900.




LINEARITY OF COUNTS

. The response of the Ka ra.d1at1on of two metals to varying tube
potential is shown in greater detail in Figure 3. This response plays an
important part in d’etermi'ni‘n'g the count ratios from different crystals at
~ low and high counting rates. It is affected by such factors as critical

potential, over voltage response and fluorescence yleld, which determine
the ‘ermnitted intensity of a particular characteristic radiation. The crystal
reflect1v1ty, combined with collimation and path length, determines what
portion of this radiation reaches the detector.

The intensity of the radiation in Figure 3, as represented by the
count1ng rate, shows a slightly sigmoid response to potent1a1s above the
critical. . First order regression- lines, calculated from the central points
for each curve, have been drawn in. The counting rate is linear from a
- short distance above the critical potential to a point where either the _
response of the radiation is no longer proportional to the over voltage or
the rate is great enough to suffer electronic loss in the counting equipment.
The Co.counts lose linearity at 30kV or about 10° cps.using the LiF crystal.
" That this is a detector limitation is shown by the fact that the counts from
the other crystals are still linear at 36kV at lower intensities. The Cr
counts all show deviation from 11near11ty at 38kV, though it is not:obvious
in the case of the quartz crystal. This'is non- linear overvoltage response.
The intensity from the LiF crystal is only 3. x 10 cps Crystal ratios can .

" be affected when- counts lose linearity, Whatever the cause

INTENSITY RATIOS

‘Ratios were calculated for the characteristic radiation from a
number of the elements, or their simple compounds, for which all the .
crystals could be used. A range of counting rates was obtained by vary1ng
~the kV, mA or percentage of the element.. The followmg ratios were-
determined: LlF/quartz L1F/EDD'I‘ and EDDT/quartz. '

- Figures 4_Land 5 present LiF/qu'artz'and LiF/EDD’I‘ ratios for
FeKa and MoKa radiations plotted against the LiF counting rate. In each
case the ratio varies with the rate, though the range of L1F/EDDT for Fe
is small. In general MoO4 and MoSZ give lower L1F/quartz values than
do the metallic samples. For LlF/EDDT MoO3 gives lower and MoS,
h1gher results than the metal. ,
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In Figure 4 the points from any one sample indicate a direct res-
ponse but do not lie on a straight line. There are two major sources of
error resp?nsible for this deviation: counting error and error in reproduc-
ing the geoniometer settings. By setting the kV and taking counts with the
three crystals before changing the setting, the use of the LiF counts as
reference reduced the inaccuracy in the kV settings to that due to fluctua-
tions in line potential. In the case of some ratio responses to counting
rate, the variation was no greater than the error introduced by the counting
error; but insignificant errors in counts can result in significant ratio
differences as Table 6, primarily included to typify responses to composi-
tion, illustrates.

To minimize the effect of counting error, regression lines for
count response to kV were established for each radiation for all three
crystals and the resulting counting rate for each kV calculated from the
equation, i.e. from the linear response best fitted to the experimental
results. The ratios fluctuation was thus smoothed, but the total error was
enhanced by that of the kV settings. In Table 2 ratios for CrKa are pre-
sented as examples of ratios obtained from experimental counts and from
equations calculated from the counts. The regression lines were calculated
using only the central points of each line and the equation was used to deter-
mine where the sigmoid portions began by comparing calculated and experi-
mental counts and allowing 1 S difference where Sy was the standard error of
prediction calculated for each equation. The calculated ratios in parenthesis
in Table 2 are from counts beyond the linear range for one or more crystals.
There is no significant difference between calculated and experimental
ratios. The calculated LiF/quartz and LiF/EDDT values decrease constant-
ly with increasing kV, while the experimental ratios decrease variably. The
EDDT/quartz ratio increases with potential.

All LiF/quartz and LiF/EDDT ratios were found to decrease with
increasing counting rates when this increase was effected by increasing the
tube potential. The EDDT/quartz values increased or decreased only
slightly with kV and in many cases were almast constant, showing variation
only in the third decimal place.

Effect of mA

When the count rate was increased by increasing the current to the
X -ray tube, the ratios were again found to vary. Results for MoKa from
MoS; in Table 3 show a decrease in LiF/quartz and especially in LiF/EDDT
values as the mA is increased, while EDDT/quartz values are almost
constant. There is little difference between the calculated and experimental



ratios. In this instance the response to mA was not linear for any crystal
and second degree equatlons were used.

In the 100kV spectrograph the current is voltage controlled. Table
'3 could not be extended beyond 25 mA at the kV used for Mo excitation.
Using pure samples to determine the ratios in this investigation, the count-
ing rate exceeded 105'cpsf at relatively low potentials. Therefore a current
of 10mA was used in most cases, 20mA in a few instances..

Combined kV and mA effects are shown in Table 4 using NiKa.
All ratios decrease with increasing kV. The decrease is much more pro-
nounced at the higher mA. For LiF/quartz and LiF/EDDT the 5mA ratios
are lower than the 10mA ones up to 24kV, then the reverse is true. All
5mA EDDT/quartz values are higher and the variation is greater. A

Effect of Concentration

The effect on the ratios of varying the counting rate by changing
the concentration of the element is shown for three steel components in
Table 5. For two components LiF/quartz varies inversely with the amount
present, for the other it is constant. For LiF/EDDT the var1ation is direct
for two and again constant for Ni. - All EDDT/quartz values vary inversely
with the concentration, though for Ni the variation is small.,

Table 6 contams the L1F/quartz ratios- determmed on two days for
Zr in steels, which are directly proportional to the amount present. While"
the counting ratios duphcate satlsfactorlly for the two days, the minor
d1fferences cause significant ones in the ratios for the higher concentrations.
For Ge in steels LiF/quartz also varied directly with the concentration. '
These Ge and Zr results are early ones and instigated the comparison of
crystals. : :

‘Sn in ores was also determined uslng two crystals by the 2% SiO -
dilution technique (1) prior to this investlgation Table 7 presents the
results of varying concentration and of background The ratio varies in-
versely with the amount of Sn present and the background has no eéffect
except on the lowest concentratlon where the greatest effect WOuLd be
expected. :

Effect of Background

The effect of background is also shown in Table 8 for AgKa radiation.
Ag was chosen to check this factor because, of the elements used in this -
investigation, .it is subJect to the highest tube continuum and the background




effect should be greatest. It is improbable that EDDT would ever be used
to determine this metal, but all crystals were used for all the elements
selected to make the survey complete. The counting rate was varied by
changing potential, not changing concentration as with the Sn results above.
LiF /quartz and EDDT/quartz ratios confirm the Sn results that the back-
ground has no significant effect, but for LiF/EDDT the net counts give a
higher ratio - the background has a much greater effect on the low EDDT
counting rate than on the high LiF rate.

Effect of Atomic Number

To determine how the ratios varied with atomic number, a
standard basis for comparison was hecessary because the ratios were
subject to the above variables.

The ratios were first related to the LiF counting rate. The
-potentials required to produce 5 x 104 cps using this crystal were calculat-
ed from the equations for each element and substituted in the equation for
the other crystals to give their corresponding counting rates. For the
- lighter elements the calculated potential was greater than that of the upper
limit for linearity of the regression lines. The basis for comparison was
reduced to 3 x 10% cps for the LiF crystal. This resulted in the potential
for the heavier elements being less than that required for a linear response
from the other crystals, ’

To achieve comparable secondary X -ray production from the
elements, a potential derived from the product of two factors was used.
'The factors were calculated from the fluorescence yield, v, and the
critical potential, CP; for each element. The factor for w was calculated
to give all elements a relative wy of 0.400. The yields of the elements
used (2,3), given in Table 9, have a mean of 0.445. The w factor was
multiplied by 2.5 CP (4) to give the final kV value in Table 9. The CP
multiplier was chosen to keep all final potentials within the linear response
range of the elements for all three crystals. The counting rates were
calculated for each crystal using this value and the ratios derived from
-them '

Figure 6 presents the crystal ratios plotted against the energy (5)
of the characteristic radiations using as bases 5 x 104 and 3 x 104 cps for
LiF, where applicable, and the comparable production factor. Where more
than one compound was used for an element, the mean ratio has been
plotted. The energy of the radiation, as listed in Table 9, rather than the
atomic number of the element has beeh used to make it possible to include
ratios for Wha; and PbLﬁl 4+ 2+ There is good agreement for LiF/EDDT
and EDDT/quartz regardless of the basis used for comparison. For LiF/
quartz the ratios based on 3 x 104 cps were in general higher than those



calculated to the other bases.

The LiF/EDDT ratios increase with increasing keV. The other
ratios increase rapidly up to 6 or 7 keV then decrease. Neither quartz
nor EDDT have as good reflectivity as LiF for any element considered.
LiF/quartz is least for the heavy elements where quartz is used to separat_é
overlapping peaks. LiF /EDDT is least for the light elements where EDDT
is likely to be employed. '

CRYSTAL STRUCTURE

During the course of these investigations Agp50,4 was scanned
using the three crystals to show the separation of the a and B radiation of
Ag' - the heaviest element used for crystal comparison. The scans are
reproduced in Figure 7. In addition to showing faoor separation of AgKp
at 6.47°20 from AgKa at-7.31°, EDDT gave double peaks. The scans of
a selection of lighter elements made with this crystal are shown in Figure 8.
The separation of the a and B peaks is complete at Zn. For all elements '
in the figure both peaks shownomplex _strucfure . '

These scans recalled the topaz 'ighosts" found for elements from
Cd to Te in much earlier work with the 60kV equipment, though there was
little resemblance in the complexity of the scans. These Yohosts' as
represented by those for Cd in Figure 9, were well separated from the
characteristic peaks and small in comparison with them, but they could be
mistaken for radiation from traces of neighbouring elements or the rare _
earths as indicated in the figure. The ghosts were assumed to arise when
radiation of sufficient energy to penetrate the complex rhombic topaz
crystal to a depth that enabled it to be diffracted from crystal planes other
~ than those parallel to the‘surf'ace was so diffracted. This ‘assumption was
based on the fact that the positions of the ghosts relative to the character-
istic peaks remained constant from . element to element. ' '

' The complex structure in the EDDT scans is not separate from the
characteristic peak and might be regarded as evidence of twinning, except
‘that it is not found in a scan of Ti ~ Figure 10. The multiple peaks are
probably due to the complexity of the tartaric monoclinic crystal. They
could arise from deep within the crystal where crystal planes not parallel
to the surface could diffract the deeper penetrating, more energetic radia-
tion of the heavier elements. They do notoccur with the elements for
which the crystal is. commonly used, i.e. those lighter than Ti. .The use .
of simple cubic crystals, whenever possible, is recbmmeqded.




DISCUSSION

In this investigation the crystals have been compared beyond the
range of elements for which they would normally be used. This was necess-
ary to give a good comparison range. It is unlikely that EDDT would be
used for elemeunts heavier than Fe or quartz for those lighter; though in
specific analyses, such as the use of quartz for high temperature alloys,
these limits have been exceeded.

The ratios determined in this investigation apply only to the three
crystals used. They may be used as a general guide for crystal comparison,
but are not absolute values. Reflectivity varies amoung individual crystals
of the same kind and in some instances may be improved by polishing - as
may resolution (6).

Detector response varies with keV (7) but it should be constant for
any specific energy and the ratios for any characteristic radiation should
not be affected by it.

i

The change in ratios with keV, or Z, was expected. It was assum
ed that X -rays of different energies would penetrate each crystal to differ-
ent depths and hence absorption and in-phase reinforcement would vary.
Considering this response, the crystals must give a different individual
response or the ratio would not change. In Figure 6 the curves with quartz
as the ratio denominator are similar. Therefore it could be assumed that
the response of LiF and EDDT are similar or change in a manner toward
quartz that is complementary; but LiF and EDDT do not give the same
response as their ratios show. A mathematical analysis of the six possible
ratios might give an answer, but such an answer would apply only to our
crystals. With other EDDT and quartz crystals, the positions of the Se and
Pb lines for these crystals in Figure 2 could easily be reversed.

The variation in the ratios with the counting rate was not anticipated.
For pure metals and simple compounds LiF/quartz increased or decreased,
only slightly in many cases, with no relationship to any apparent variable.
Because EDDT/quartz is almost constant for many energies, it might be
argued that the variation in the other ratios is due to LiF response. For
complex samples the ratios in some instances varied directly, not inversely,
with the counting rate when the changing rate was due to per cent composition.
This was the case for LiF/EDDT for Cr amd Mo radiation from steels,
Table 5. and for .LiF/quartz for Zr in steels, Table 6; but not for LiF/quartz
for Cr and Mo in steels. If such ratio response inversion is due solely to
interelement effects, should it not be similar for all crystals?
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Crystal response appears to be a relatively unimportant variable
compared with others such as tube operating conditions and counter voltage.
It seemed sufficient at first to establish only that it varied with the counting
rate, regardless of the means used to change the rate, and that the varia-
tion could not be predicted readily. However, on further consideration the
importance of crystal response increased. It is obvious from Figure 6,
where the effect of counting rate has been minimized, that the response of
one or more crystals must change with keV or the ratios would remain
constant. Such variation with the energy of X -radiation could affect the
evaluation of interelement effects and explain why Traill and Lachance
find experimental a’ s not in agreement with those calculated (8) and why
Lucas-Tooth and Price’s k’s (9) sometimes show negative absorption when
positive would be expected.

In these mathematical corrections the assumption has been made
that the radiation leaving the sample reaches the detector unchanged. Only
interelément enhancement and absorption have been considered in the cal-
culations; no other factors have been introduced. If the crystal reflectivity
changes with keV, then it also affects the intensity of the radiation reach-
ing the detector and hence the interelement effect interpretation. Some
interelement effects may have been falsely interpreted for this reason.
Crystal effect would expllain why corrections have been found satisfactory
for small ranges of sample variation when appropriate standards are used,
but not for wider ranges, and why standards must cover the sample range.

If crystal reflectivity is a variable affected by both the intensity
and the energy of X -radiation, a crystal parameter should be added to
Birks’ fundamental approach (10) to the calculation of the composition of

a sample. '

It is hoped to be able to prove or disprove the variability of
crystal reflectivity in the near future. While the exact measurement of-
radiation entetring and leaving a crystal is beyond the scope of our present
equipment, proof that it changes with energy and intensity may be possible.

CONCLUSIONS

Crystal ratios for characteristic radiation vary with the energy of
the radidation or the atomic number of the element.

Crystal ratios vary with the counting rate whether it is varied by
kV or mA to the X-ray tube or by the per cent of the radiating element in
the sample.
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For pure elements or simple compounds LiF/quartz and LiF/

EDDT vary inversely as the counting rate, while EDDT/quartz may vary
directly or indirectly.

In complex systems the ratios may vary directly or indirectly

with the counting rate.

‘Simple cubic crystals should be used as dispersing agents for

crystals whenever possible.

10.
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TABLE 1

Characteristics of Radiation Reflected from Three Crystals

CrKa " NiKa Mo Ka
A W A W A W
LiF 10.3 7.2 15 8.4 36.9 13
Quartz 10.2 7.0 15 | 8.4 37.2 13
EDDT 10.3 7.2 15 '
TABLE 2

Experimental and Calculated Crystal Ratios for Cr Ka Radiation

from Cr Powder

: Experimental ' _ Calculated ,

kV| LiF/quartz | LiF /EDDT| EDDT /quartz | LiF/quartz| LiF/EDDT| EDDT/quartz
12| 6.87 2.77 2.48 - (14.00) - (12.88) (1.09) '
14| 8.35 3.17 2.99 8.49 3.87 2.19

16| -7.45 2.79 2.33 7.60 - 3.21 2.37

20| 6.95 2.76 - 2.52 7.03 _ 2.84 2.48

24| 7.24 2.72 2,67 6.82 | 2.70 2.52

28| 6.68 2.64 - 2.52 | 6.71 2.64 2.54

300 6.62 2,60 2.54 6.67 2.61 2.55

34| 6.59 2.55 2.58 6.61 2.58 2.56

38| 6.71 2.67 .2.51 6.58 | 2.56 2.57

42| 6.67 2.59 2.58 6.55 - 2.55 2.57

46 6.70 2.53 2.56 . (6.53) | (2.53) (2.58) -

50] 6.55 2.59 2.52 | (6.51) (2.52) (2.58)




Ratios for MoKa Radiation from MoS; with Varying Current
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TABLE 3

" "Experimental Calculated A

mA | LiF /quartz | LiF/EDDT |EDDT/quartz | LiF /quartz | LiF /EDDT| EDDT/quartz
5 7.51 17.39 0.432 7.61 17.54 0.434
10 7.03 16.07 0.438 6.95 15.98 0.435
15 6.58 15.19 0.433 6.59 15.11 0.436
20 6.26 14.29 0.439 6.30 14.40 0.437
25 6.04 13.77 0.432 6.03 13.74 0.439

' TABLE 4
Calculated Ratios for NiKa Radiation - Varying kV and mA

10mA 5mA :

kV | LiF/quartz | LiF /EDDT| EDDT/quartz| LiF/quartzl LiF/EDDT| EDDT/quartz
16 13.93 5,47 2.545 11.12 4.26 2.608
18 12.06 4.74 2.543 10.74 4,14 2.597
20 11.23 4.42 2.542 10.55 4.07 2.591
24 10.46 4.11 2.542 10.37 4.01 2.586
28 10.09 3.97 2.542 10.28 3.98 2.584
32 9.88 3.89 2.541 10,22 3.96 2.582
36 (9.74) (3.83) 2.541 10.19 3.95 2.581
40 (9.65) (3.80) 2.541 (10.16) (3.94) 2.580
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TABLE 5

Ratios from Steel Samples for Ka Radiation of Components

’_———"— T - TXperimeﬁfél ) . Calculated R

% |LiF/quartz| LiF /EDDT| EDDT /quartz| LiF /quartz | LiF /EDDT| EDDT/quartz
Cr | , | |

2.12 7.68 2.25 3.41 7.87 2.25 3.50

4.66 7.94 2.37 3.34 7.73 2.39 3.24

6.02 7.50 2.43 3.08 7.69 2.41 3.19
16.56 7.86 2.48 3.16 7.59 2.48 3.06°
16.68 | 7.46 2.48 3.01 7.58 '2.48 3}05
Ni !

7.12 | 10.50 3.61 2.71 10.36 3.70 2.799
10.07 | 10.25 3.79 2.70 10.36 3,70 2.796
13.37 | 10.21 3.71 2,75 ©10.36 3.70 2.795
14.36 | 10.50 3.75 2.80 1 10.36 3,70 2,795
15.48 | 10.37 3.65 2.84 10.36 3,70 2.794
Mo |

0.84 8.86 7.38 1.20 9.25 7.00 1.18
1.50 | 8.73 9.14 0.96 8.86 8.98 |  0.99

2.80 8.69 10.01 0.87 '8.60 10.02 0.86

4.61| 8.67 10.87 0.80 8.50 10.63 0.80

8.26 8.36 11.03 0.76 8.41 11.11 0.76
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TABLE 6

Ratios for ZrKa Radiation from Steels: 2 days, total counts

e e e e

% Zr | LiF cps | Quartz cps | Ratio|
]
0.015 1452 258 5.62
1452 261 5.56
0.033 1664 288 5.78
1656 272 6.09
0.071 2195 299 7.34
2187 291 7.51
TABLE 7

Ratios for SnKa Radiation from Si.O2 Dilution Standards

% Sn LiF/quartz
(in 2% dilution) Total cps| Net cps
78.76 2.56 2.54
39.38 3.58 3.60
7.88 4,19 4,22
1.58 4.79 5.39
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TABLE 8

Effect of Background on AgKa Experimental Ratios

LiF/EDDT

LiF/quartz EDDT/quarts
KV | total | net total | net | total | net
28 7.28 | 7.25 19.91 | 20.97 | 0.36 0.35
30 7.02 7.02 20.58 | 21.38 0.34 0.33
32 6.75 | 6.75 19.04 | 19.54 .| 0.36 0.35
6.54 | 6.55 18.94 | 19.37 0.34 0.34
36 - 6.30 | 6.31 17.57-{ 17.90 | 0.36 0.35
TABLE 9
Factors for Equivélent Secondary X -ray Pr(.)duct:ioﬁ, S
, , V _ factor S
1Element Z keV CcP wk wk =0.400| 2.5CP x factor
v 23 | 4.95 | 5.462 | 0.216 1.8518 25.29
Cr 24 | 5.41 | 5.987 | 0.245 1.6326 24.44
 Mn 25 | 5.90 | 6.535 | 0.278 1.4388 23.51
' Fe 26 | 6.40 | 7.109 | 0.308 1.2987 23.08
Co 27 | 6.93 7.707 | 0.340 1.1765 22.67
Ni 28 | 7.48 | 8.329 0.374 1.0695 22.27
Cu 29 | 8.05 | 8.978 | 0.405 0.9876 22.16
Zn 30 | 8.62 | 9.657 | 0.436 0.9174 22.15
Se 34 |11.20 | 12.649 | 0.556 0.7194 22.75
St 38 [14.16 | 16.101 | 0.654 0.6116 24.62
Mo 42 | 17.47 | 19.996 0.730 0.5479 27.39
Ag 47 |22.16 |25.509 | - 0:799 0.5006 31.92
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