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SYNOPSIS 

This report describes a method using X-ray-fluorescence spectrometry for the determination of 
n.olybdenum and tungsten in ion-exchange resins. 

The dried resin is milled with sand, binder, and an internal-standard mixture before being briquetted. 
Niobium and zinc are used as the internal standards for molybdenum and tungsten respectively. Intensity 
measurements are made with the gold anode tube. Corrections are made for the interference of the 
Mo Kor analytical line on the background intensities used for the Mo Ka and Nb Ku lines. The precision 
of the analysis for molybdenum ranges from a relative standard deviation of 0,02 at 5 mg/g »o 0,045 a: 
55 jtg/g; for tungsten, the relative standard deviation ranges from 0,04 at 5 mg/g to 0,055 at 55 jig/g. The 
limits of determination in the original rê in sample were found to be 40/xg/g for molybdenum and 80/xg/g 
for tungsten. 

The laboratory method is given in an appendix. 

SAMEVATTING 

Hierdie verslag beskryf 'n metode wat van X-straalfluoressensiespektrometrie gebruik maak vir die 
bepaling van molibdeen en wolfram in ioonruilharse. 

Die gedroogde hars word met 'n mengsel van sand, 'n bindmiddel en 'n interne standaard gemaal voordat 
dit in 'n brik.t gemaak word. Niobium en sink word as die interne standaarde onderskeidelik vir molibdeen 
en wolfram gebruik. Inlensiteitsmetings word met die goudanodebuis gedoen. Korreksies word aangebring 
vir die steuring van die agtergrondintensiteite wat vir die Mo Ka- en Nb Ka-lyn gebruik word, deur die 
Mo Ka-analiselyn. Die presisie van die ontleding vir molibdeen wissel van 'n relatiewe standaardafwyking 
van 0,02 by 5 mg/g tot 0,045 by 55/ig/g; vir wolfram wissel die relatiewe standaardafwyking van 0,04 by 
5 mg/g tot 0,055 by 55 jig/g. Die bepalingsgrense was in die oorspronklike harsmonster 40//g/g vir molibdeen 
en 80/xg/g vir wolfram. 

Die laboratoriummetode word in 'n aanhangsel aangegee. 
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1. INTRODUCTION 
The determination of molybdenum and tungsten by the use of X-ray-fluorescence spectrometry (XRFS) 

has been accomplished in several different ways'"' in rocks, ores, or solutions. The determination of 
molybdenum and tungsten in resins by XRFS should be similar to their determination in solids, provided 
that the hygroscopic nature of many resins, the inherent unhomogeneity of resin samples, and the variations 
in matrix absorption of heavy elements in a light matrix can be taken into account. The effects of the first 
two factors can be minimized if a sufficient quantity of sample is ground and homogenized in a suitable 
grinding vessel and dried before a sub-sample is taken for analysis. Matrix variations can be corrected for 
by the use of a suitable internal standard for each element, and they can be reduced by dilution of the 
sample. The use of the simpler background-ratio method of matrix correction could result in errors when 
the concentrations of the heavy elements vary widely in a light matrix. Because the background counts 
i >r tungsten in the region of the W Lai analytical lines are low, the background-ratio method will not 
provide sufficiently precise matrix correction. The resin samples used in the present investigation contained 
essentially only molybdenum and tungsten that had been absorbed onto the resin in varying concentrations 
up to IOmg/g. The concentration of the other elements was not high enough to cause additional matrix 
variation. 

The method decided upon at the outset of the investigation was the preparation of pellets of the samples 
containing suitable internal standards and their measurement against synthetic standards prepared in a similar 
way. 

2. EXPERIMENTAL METHODS 
2.1. Instrumental Parameters 

In the present work, use was made of a fully automatic, sequential Siemens SRS200 X-ray-fluorestvnce 
spectrometer equipped with a gold target tube and interfaced to a Data General Nova IV minicomputer 
via a Siemens LC200 logic controller. The spectrometer is also coupled to an 80-posit ion sample loader. 

The rhodium targe; tube is a good general-purpose tube4 but, although it can be used for the 
determination of molybdenum and tungsten, it is not particularly suited to the excitation of tungsten. In 
the present investigation, therefore, a gold anode tube was chosen instead of a rhodium target tube because 
it is more suited to the excitation of tungsten while being only slightly less suited to the determination of 
molybdenum. 

The other instrumental parameters chosen for the measurement of the intensities of the peaks for the 
analytes and the internal standards are listed in Table 1. Although the flow counter can be used in addition 
to (he scintillation counter to improve the sensitivity for tungster a was not found to be essential in this 
investigation. 

TABLE 1 

Instrumental parameters 

Analyle Molybdenum TungMen 

' be Gold anode (•old anode 
. otential 60kV 60kV 
Curreni 40 mA 40 MA 
Bragg crystal I iF (220)-cui l.iF (220)-cut 
v. ounter Scintillation Sciniillaron 
Collimator F.ne tine 
Radiation path Air Air 
Counting lime 40* 40s 
Background angle 27,98° 2» 64 50" 2fl 
Analytical line an J angle Mo Ha 28.90" 2» W I „ 62,48" 2» 
Internal-Mar ':f'J peak and angle Nb K<» 30,42" 2» / n KIT 60.54" 2» 
Background angle 31,97" 29 -

2.2. Correction for Ma'rix Variation 
The selection of suitable elements to act as internal standards depends upon the elements present in 

the sample and the position of (he absorption edges of (hose elements in relation to the spectral lines of 
the analytes. As (he samples for analysis in the present investigation consisted essentially of molybdenum 
and tungsten in resin, (he choice was simplified considerably. In Figure I, a spectrum is shown for the 

I I 
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• Absorption edge 

-•—1 ' — I — • 1 -
33 31 29 27 

T •—I ' 1—•" 
25 23 21 

Degrees 20 

FIGURE 1. Relationship between the spectra of the sample and internal standard for 
molybdenum 

Mo Ka region together with that for Nb Ka, upon which the absorption edges in that spectral region have 
been superimposed. It can be seen that the Y K absorption edge separates the Mo Ka and Nb Ka spectral 
lines but, fortunately, yttrium was not present, which would have ruled out the use of niobium as an internal 
standard. Zirconium was also absent, but its presence would not have invalidated the use of niobium as 
an internal standard. Ruthenium could be used if yttrium were present, since the Ru Ka spectral line lies 
at 26,10° 20. Figure 2 shows the spectral region of W Lai, together with superimprsed absorption edges. 
Zinc, which is readily available and inexpensive, was found to be a suitable internal standard for tungsten. 
Other, more expensive, elements that can be used are tantalum and hafnium (both if nickel is absent). Zinc-
could cause problems if, for some reason, the tube potential or current were unstable, because the Au l.o 
tube spectrum would excite the zinc but not the tungsten. However, this is highly unlikely, and would be 
indicative of a serious instrumental fault that should be rectified. The internal standards were added to 
the respective samples as niobium pentoxide and zinc dioxide to give a final concentration of each element 
in the pellet of 1 mg/g. 

A higher concentration of niobium would have been desirable in view of the errors introduced by the 
division of the large number of counts for the Mo Ka spectral line by a smaller number of counts for the 
Nb Ka spectral line. However, the interference of the Nb Ka spectral l»n; on the Mo Ka line is significant 
at high concentrations of niobium, and makes corrections unnecessarily complicated. 

2.3. Preparation of the Standards and Samples 
The samples were received for analysis in a finely ground, homogenized form. Because of their 

hygroscopic nature, all the ion-exchange resins were dried at II0°C for 3 hours, ^fter the samples had 
been cooled to room temperature in a desiccator, 0,5 g of each sample was accurately measured out and 
mixed with0,500g of the internal-standard mixture, which contained lOmgof each of the internal standards 
per gram, coarse river sand (3,5 p), and binder (0,5g) 5. These components were then mixed with a spatula, 
and ground together for 270 seconds in a carbon-steel bowl of a Siebtechnik mill. The finely ground mixture 
was then pelletized by the use of a 32 mm die at 101 for 2 minutes. 

2 
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Co K I b 5 Ni Kat» Cu K l b , Zn K a b , abs = Absorption edge 

Au La tube spectrum 

- » — i — • — i — • — i " - 1 — r 
68 64 60 56 52 

Degrees 20 

FIGURE 2. Relationship between the spectra of the sample and the internal standard for 
tungsten 

The calibration standards were prepared by the milling of mixtures of quartz with molybdenum trioxidc 
and sodium tungstate and the preparation of pellets of these mixtures in the same way as for the samples. 
(Details are given in the Appendix.) 

The pellets of the samples and the standards were kept in sealed plastics bags and, if not required 
immediately, e.g. between the analyses of batches of samples, they were stored in a desiccator to prevent 
moisture from being absorbed. 

2.4. Interferences 
Table 2 lists the possible spectral interferences that could occur in the determination of molybdenum 

and tungsten. As already mentioned, the presence of yttrium would invalidate the use of niobium as an 
internal standard for molybdenum, and neither of the internal-standard elements must be present in significant 
quantities in the samples. The ion-exchange resins in this investigation did not contain any interfering 
elements. When the molybdenum concentration in the samples varied from 100/ig/g to I0mg/g, the 
Mo Ka peak increased the background at 29,69° 20, which was used in the determination of the net peak 
intensities of Mo Ka and Nb Ka. The magnitude of this correction was determined by the use of pellets 
containing only molybdenum over a concentration range from I to lOmg/g. The relationship between the 
increased counts at 29,69° 26 and the gross peak for Mo Ka was linear. This correction was applied to 
the intensities for all the samples and standards (Section 2.5). 

2.5. Determination of the Net Peak Intensities 
The concentration levels of tungsten and zinc in the pellets were not high enough to cause any significant 

mutual overlap of the W Lai and Zn Ka spectral lines. Should the concentration of tungsten in the pellets 

3 
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TABLE 2 

Possible interferences in the determination 
of molybdenum and tungsten 

Possible interference!) 

Relative An^le degrees 
Analyte Element Line intensity I» 

Mo Nb K0, 15 27,01 
Zr K0. 15 28.50 
U L0, 80 29.29 
Y K(S, 15 50.12 
Nb Ka too 30.41 
Th L(J, 80 31.20 
Sr KfS, 15 31.92 
Zr K« 100 32.12 
Th i*_i 60 32,38 

W Cu K0i 15 58.52 
Hf LfJ. 20 58,52 
Ta LN 10 62,20 
Ni Kii, 15 63.56 
Ta Lai 100 64,61 

be higher than 5mg/g, however, corrections would have to be made for overlap of the W Lai and Zn 
K« spectral lines6. 

The background intensity at 29,69° 20 was corrected for the overlap of the Mo Ka spectral line by 
the use of equation (I): 

(A>2 - /M«> K x Z.B Mo x /2) 

( I - Í . B M 0 X / 2 ) 
( i ) 

where A is the corrected background intensity, 
A>2 is the measured background intensity at 29,69° 20, 
/M,. K is the intensity of the analytical line Mo Ka, 
L» M<> is the lift factor for the background intensity by the Mo Kai spectral line, and 

/ 2 is the background correction factor for molybdenum. 

The derivation of the equation for the correction of spectral-line overlap is described elsewhere''. It 
will be noticed that the background factor,/2, is incorporated in this equation. This may not be regarded 
as an accurate technique for the determination of the net peak in this particular instance, because the slope 
of the background changes with a change in mass absorption. However, it is acceptable for ihe purpose 
of the correction for lift and is sufficiently accurate, because significant figures are retained after 
multiplication by the lift factor, A» M„. 

The background intensities under the Mo K<» and Nb Km spectral lines were calculated by the use of 
equation (2) from the background intensities thai were measured at the background positions on either 
side of each spectral line, ii being assumed that the relationship between (he background intensity and the 
goniometer ancle is linear over this short wavelength region. 

A. 
<r >']//„: • (hi />//„, 

(p h\) • I hi i» 
(2) 

where /•, is the background intensity al the peak position, 
/) is (he goniometer angle in degrees 21) of ihc peak, 
hi and h: a re the goniometer angles in degrees 20 of the background positions on cither side of 

Ihc peak. .I IKI 

/ M and A,- aic the measured intensities (after correction, i f necessary) at the background positions 
/)l LIIKI h: respectively. 

4 
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The net peaks for the Mo Ka, and Nb Ken lines were then determined by the use of equation (3). 

/pinet) = / P - h, (3) 

where /pinco is the net peak intensity of the Mo Ka or Nb Ka lines, corrected for background and for 
the interference of Mo Ka on one of the measured backgrounds, 

/ p is the measured peak intensity of the respective lines, and 
/b is the background intensity at the line position as calculated by the use of equation (2). 

The net peak intensities for Zn Ka and W Lei were calculated by use of the background-factor method 
as expressed in eq tation (4): 

'p<nn> - / P - /„x / , (4) 

where / is the ratio of the intensity at the peak position to the intensity at the background position 
for a blank pellet, 

/p<iKi> is the net peak intensity of the W Lai or Zn Ka lines, and 
/ p is the measured peak intensity of the W Lai or Zn Ka, lines. 

The ratio R of the intensity of the spectral line of the analyte to the intensity of the spectral line of 
the internal standard was calculated by the use of equation (S): 

R*S = /A(«I)//S<IKI), (5) 

where /A<IKO is the net intensity of the analyte spectral line, and 
/s(nei> is the net intensity of the internal-standard spectral line. 

2.6. Calibration 
A set of calibration standards was measured by use of the instrumental parameters given in Table 1, 

and the measured intensities were used in the calculation of the intensity ratios A?w /„ and /?M<> NH by the 
use of equations (1) to (5) (Section 2.5). 

These intensity ratios were plotted against concentration, and slightly curved calibration graphs were 
obtained. A quadratic calibration function and a least squares regression were then applied to the results 
for the standards, i.e. 

C^aR2 + bR + c, (6) 

where C is the concentration of the analyte, 
R is the intensity ratio Rvt /„ or R\i„,xb, and 
a, b, and c are the calibration constants. 

3. RESULTS 
3.1. Precision 

For the determination of the precision of the method, two synthetic samples were prepared as follows. 
Barren resin was ground and homogenized with ammonium molybdate and sodium tungstate. One sample 
contained 55 /ig of molybdenum and 5 mg of tungsten per gram; the other contained 5 mg of molybdenum 
and 50/xg of tungsten per gram. Ten sample pellets were prepared as described in Section 2.3, and their 
intensities were measured by use of the instrumental parameters given in Table I. 

The results are given in Table 3, which shows that the precision of the analysis for tungsten ranges 
from a relative standard deviation (sr) of 0,058 at 50 jig/g to 0,040 at 5 mg/g, and the s, for molybdenum 
ranges from 0,020 at 50^g/g to 0,45 at 5 mg/g. 

3.2. Accuracy 
Because it ir, difficult for molybdenum and tungsten to be determined in ion-exchange resins by other 

analytical techniques, an alternative X-ray-fluorescence (XRF) method was used as a check on the results 
obtained by the method described here. The XRF method that was used is a variation of the technique 
of standard additions, in which the intensity of the analyte is measured on the sample, on a synthetic reference 
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TABLE 3 

Precision of analysis for molybdenum and 
tungsten in resin 

Molybdenum Tungsten 
Concn 

s, 
Concn 

J, 

55 
5000 

0,045 
0.020 

5000 
55 

0,040 
0,053 

s, = Relative standard deviation 

material, and on a mixture of the sample and the reference material. Although long and tedious, the method 
is useful for purposes of comparison. The details of the method, which is referred to as the 'single-standard 
method', are given elsewhere7*. 

The following materials were prepared: pellets of samples, pellets of a reference material, and pellets 
of a 1:1 mixture of sample material and reference material. The intensities measured on these materials 
were used for the determination of the concentrations in two samples. Each sample was analysed in triplicate. 
The two methods used for the two samples analysed in triplicate are compared in Table 4. 

TABLE 4 

Compai ison of results obtained on resin samples by 
two methods 

Synthetic 
sample 

no. 

Molybdenum, % Tungsten, % Synthetic 
sample 

no. 
This 

method 
Single-standard 

method 
Tills 

method 
Single-standard 

method 
1 
2 

1,62 
7.10 

1.62 
7.25 

0,52 
0,49 

0.54 
0,53 

3.3. Limits of Detection and Sensitivity 
The sensitivity, in net counts per second for 1 itg of analyte per gram in the pellet, and the limits of 

detection, which were calculated by the use of equation (7), are listed in Table 5. Because the dilution of 
the sample is tenfold, the limits of detection in the original sample are 20/xg/g for molybdenum and 40/xg/g 
for tungsten. If the limits of determination are taken as being twice the limits of detection, the limits of 
determination will be 40/xg/g for molybdenum and 80iig/g for tungsten. These levels are adequate for 
the method, since results below 100tig/g were not required. 

TABLE 5 

Sensitivity and limits of detection for molybdenum and tungsten 
in resin pellets 

In pellet 
In origi'iai sample* 

Sensitivity 
count/s 

Limit of detection 

V-%'1 

In pellet 
In origi'iai sample* 

Mo W Mo W 

In pellet 
In origi'iai sample* 

12 
120 

2,3 
23 

2 
20 

4 
40 

* These values depend upon the dilution fai.or introduced during the preparation of the 
sample 

6 
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L L D = ! J * (7) 

where LLD is the low<?r limit of detection, 
5 is the sensitivity for 1 fig of analyte per gram in the pellet, 
Rb is the count rate for the background, and 
7i> is the counting time. 

4. DISCUSSION AND CONCLUSIONS 
The gold anode tube enables molybdenum and tungsten to be determined without a change of tube. 

The rhodium anode tube, which could also be used, would improve the molybdenum determination 
marginally at the expense of the sensitivity for tungsten. Small improvements could be obtained in the 
determination of tungsten by the use o.' vacuum and of the flow -ountcr if required. Niobium and zinc 
are adequate respective internal standards for molybdenum and tungsten, provided that they are not present 
in the samples. The absence of elements such as yttrium, with absorption edges between the analytical and 
internal-standard lines, is also essential. No interference, except that from molybdenum on the background, 
was encountered. At higher concentrations of the internal standard, significant mutual interference occurs 
between molybdenum and niobium; the correction for this is very difficult, since the K/3 lines are also involved. 

Preparation of the samples is minimal, and does not require any special skills. However, every effort 
must be made to ensure that the resin is dry, since even a little moisture will lead to erroneous and variable 
results and cause caking during the grinding stage. The precision of the method is good over the concentration 
range tested (SO to 5000 pg/g), and the accuracy is satisfactory, the error ranging from zero to a maximum 
of 7,5 per cent. The results given in Table 4 are based on the mean of at least three determinations. 

If even lower limits of determination are required, the mass of the resin in the pellet can be increased 
and longer counting times used. Sufficient sand needs to be added as a grinding aid. The mass of sand 
could probably be reduced to 1 g, and the mass of sample increased to 2,5 g to give a twofold dilution if 
required. Calibration standards would have to be prepared in the same way, and it would be advisable 
for a small calibration range to be used if accurate results at low concentrations are to be achieved. 
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APPENDIX 

THE DETERMINATION OF MOLYBDENUM AND TUNGSTEN IN ION-EXCHANGE RESINS BY 
X-RAY-FLUORESCENCE SPECTROMETRY 

(.LABORATORY METHOD NO. 42/11) 

1. OUTLINE 
A finely ground sample of ion-e-"harige resin is dried for 3 hours at 110 °C. The dried sample is mixed 

with an internal-standard mixture, sand, and binder, and the mixture is then homogenized in a rotary mill. 
The mixture is pelletized, and the appropriate background and line intensities for the analyte and internal-
standard peaks are measured. A gold anode tube is used. The concentrations of tne ana'.ytes are determined 
by comparison with synthetic standards. 

2. APPLICATION OF THE METHOD 
The method is applicable to ion-exchange resins containing only molybdenum and tungsten in the 

concentration range from 40/*g/g to 10 per cent for molybdenum and 80^g/g to 10 per cent for tungsten. 
Interfering elements must be absent, and the concentrations of niobium and zinc must be lower than 200jxg/g 
for an error of less than 2 per cent. 

3. APPARATUS 
(1) Top-loading Balance 

Accurate to 2mg. 
(2) Siebiechnik Mill 

Single-pot or six-vessel swing mill equipped with 100cm' vessels of high-carbon steel (one or six 
respectively). 

(i) Herzog Press 
(4) Fully Automatic, Sequential Siemens SRS2IH) X-ray-fluorescence Spectrometer 

Interfaced to a Data General Nova IV minicomputer via u Siemens I.C'200 logic controller, and 
copied to an 80-sample loader. All the instrumental parameters, including the selection of 20 angles 
viable 1-1), are controlled by the Nova IV minicomputer. 

TABLE I-l 

Instrumental parameters 

Ana lue 
•+-

MnKbdcm in i ungsien 

Tube 
•+-

•\u anode \ u anode 
Potential 60 k\ 60 kV 
C'urrcm 411 m A 40 mA 
Bragg cr\s ial 1 i l <22U| cut 1 i l l220)-cnt 
Counter Scinti l lation Scinti l lation 
C ol l imator f ine 1 inc 
Radiation paih Au Air 
Counting lime ' 4IK 40 s 
Background angle : 7 .<w in 64.5(1 2« 
Analvle peak and angle Mo K. i , 2H,'XI 2« W 1 >r, 62.4H 2» 
Background angle 29. 69 I'l 59.40 VI 
Internal-standard peak and ang C I \ h k<,, 10.42 2« / n K(r, 60.54 2W 
Background angle -L M.97 2« i.\ ..... 

4. REAGENTS 
(1) Niobium I'entoxide (Nb20<) 

Spec-pure. Ignite at 950'C fur I hour and store in a desiccator. 
(2) /inc Dioxide <Zn()2) 

Analytical grade. Ignite r-.i 600 JC for 1 hour and store in a desiccator. 
(3) Quartz 

Coarsely ground from pure quart/ rock. 
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(4) Sodium Tungstate Dihydrate (Sa2W04-2Hfi) 
A.R. grade. 

(5) Molybdenum Trioxide (MoO}) 
A.R. grade. Ignite at 950 °C for I hour and store in a desiccator. 

(6) Binder for Pellets 
Prepare a mixture of styrene copolymer EMU 120FD, which is a powder with particles smaller 
than 10 iim and is supplied by BASF, and a high-molecular wax (Sasolwax N3) at a ratio of 9:1. 

(7) Internal-standard Mixture 
Weigh out 0,572 g of dry Nb2Os. 0,498 g of dry ZnCh, and 38,93 g of purr quartz and mix well 
with a spatula. Transfer the mixture to a 100cm' carbon-steel bowl of the Siebtechnik mill, and 
grind for 270 seconds. TVs quantity is enough for about 80 samples. 

5. PREPARATION OF THE SAMPLES 
a. Dry the samples for 3 hours at I10°C. 
b. Accurately measure out 0,5 g of sample, 0,5 g of internal-standard mixture, 3,5 g of coarse river 

sand, and 0,5 g of binder. Mix well. 
c. Pelletize the finely ground mixture in a 32mm die at lOt for 2 r.iinutes. 
d. Label the samples and place in a plastic pocket in a desiccator until measured. 

6. PREPARATION OF THE CALIBRATION STANDARDS 
6.1 Bulk Standards 

a. Measure out 3,000 g of molybdenum trioxide (M0O3) and 17 g of pure silica, mix well with a spatula, 
and grind the mixture for 270 seconds in the carbon-steel bowl ->f a Siebtechnik mill (Note 1). 

b. Measure out 3,588 g of sodium tungstate dihydrate (Na2W04 • 2H 20) and 16,41 g of silica, mix well 
with a spatula, and grind for 270 seconds in the carbon-steel bowl of a Siebtechnik mill (Note I). 

c. Measure out 2,000g of each of the mixtures (described in steps a and b) and 18,00g of pure quartz, 
and grind together for 270 seconds in the carbon-steel bowl of a Siebtechnik mill (Note 2). 

6.2. Synthetic Standards 
a. Measure out the quantities of bulk-standard mixtures as shown in Table 1-2. 
b. Combine these amount: with 0,500g of internal-standard mixture, 3,00g of coarse sand, 0,5 g of 

barren dry resin, and 0,5 g of binder, and mix and pelletize in the same way as that described for 
the samples (Section 5). 

c. Store the pellets in plastics bags and in a desiccator when not in use. 
d. Prepare at least three samples of bairen resin in the same way as for the samples. 

TABLE 1-2 
Calibration standards 

Mo 
Mo slock 
slandard w 

W slock 
standard 

Barren resin 
ur Si0 2 

Conceniraiion in pellets* 

Mo 
Mo slock 
slandard w 

W slock 
standard 

Barren resin 
ur Si0 2 Mo w 

g mg/g g mg/g g Mg/g Mg/g 
0.5 100 - - . 10 000 0 
0,4 too 0,025 10 0,075 8000 50 
0,3 100 0,05 10 0,075 6000 100 
0,2 too 0,25 to 0,05 4000 500 
0,1 100 0,05 too 0,35 2000 1 000 
0,05 100 0,1 too 0,35 1 000 2000 
0,25 to 0,2 too 0,05 500 4000 
0,050 10 0,3 too 0,15 too 6000 
0,025 10 0,4 too 0,075 50 8000 

- - 0,5 too - 0 10000 

* Concentration in pellets after sand, resin, and binder have been included 

7. MEASUREMENT 
Measure all the samples, standards, and blank mixtures, using the parameters listed in Table I-l. If 

the samples are from a source not previously analysed, do a qualitative check to see that there are no 
inte, Terences. 
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8. CALCULATION OF RESULTS 
a. Correct the background intensity at 29,69° 20 for lift due to the Mo K.«i spectral line, using equation 

(1). 

_( /M- /M.» K,.XO,02348X1,1I1) 

(1-0,02348x1,111) 

where /h2 is the measured intensity of the background at 29,69° 29, and 
/MO K.. is the measured intensity of the Mo Kai spectral line. 

b. Calculate the background intensity for the Mo Kr. und Nb Ka, spectral lines, using equation (2). 

/ JP-WM + W-P)1*' ( 2 ) 

b (p-b\) + (b2-p) 

where A> is the corrected background intensity of the peak position, 
p is the goniometer angle in degrees 26 of the peak, 
b\ and bl are the goniometer angles in degrees 26 of the background positions on cither side of 

the peak, and 
/bi and /b: are the measured intensities (after correction, if necessary) at the background positions 

b\ and bl. 

c. Calculate the net peak intensities for molybdenum and niobium using equation (3). 

'plncl) — 'p — 'b ( 3 ) 

d. Calculate the net peak intensities for tungsten and zinc using equation (4). 

/p(nct) = /b X / , (4) 

where / is the ratio of the intensity at the peak position to the intensity at the background position for 
a blank pellet. 

e. Calculate the ratio (R) of the net peak intensity of the analytc to the net peak intensii v of the internal 
standard. 

f. For the calibration standards, draw a graph of R versus the concentration of the unalyic and use 
this graph to determine the concentration of the analytc in the samples. Alternatively, determine 
the coefficients a, b, and c in equation (5), using the values of R and the concentrations for the 
calibration standards: 

C = aR1 + hR + c (5) 

Substitute the values for R obtained for the samples into equation (5) and determine the concentration 
of the analyte in the sample pellets. 

g. To determine the concentration in the original sample, multiply the results obtained for each sample 
pellet by the total mass of the pellet divided bv the mass of sample taken. 

9. NOTES 
(1) The mixture contains lOOmg of analytc per gram. 
(2) Each mixture contains lOmg of analyte per gram. 
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