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SYNOPSIS 

The method proposed involves ashing of the sample at a low temperature in a muffle furnace, mixing of 
the ash with alumina and boric acid in a Siebtechnik mill, and briquetting of the mixture. The elements are 
measured in the briquette by the use of X-ray-fluorescence spectrometry. The detailed laboratory method 
is given in an appendix. 

SAMEVATTING 

Die voorgestelde metode behels die verassing van die monster by n lae temperatuur in n moffeloond, 
die meng van die as met alumina en boorsuur in 'n Siebtechnik-meul en die brikcttering van die mengsel. 
Die elemente in die briket word dan met gebruik van X-straalfluoressensiespektrometrie gemeet. Die 
uitvoerige laboratoriummetode word in 'n aanhangsc! aangegee. 
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1. INTRODUCTION 
In the development, by the National institute for Metallurgy (N1M). of the carbon-in-pu!p process for 

the recovery of gold, analyses of the charcoal for elements other than gold were required. These elements 
include silver, copper, iron, nickel, cobalt, zinc, calcium, and silicon, all or some of which could inhibit the 
loading of the gold. 

amission specfonietrv (FS) is currentlv used for the analvsis of all these elements except cobalt and 
zinc, for which analyses had not been required initially and which had therefore not been included in the 
analysis programme'. Onlv preliminary attempts have been made to analyse the charcoal by 
atomic-absorption spectrophotometry (AAS). When onl\ gold is to be determined, an X-ray-fluorcscencc 
(XRF (procedure involving a powdered sample of charcoal to which platinum has been added as an internal 
standard is usedJ. Although this is a rapid method. XRF techniques have a grca'er potential than this and 
should be more widely applicable to analysis in this field. 

I he investigation described here involved an examination of the use of an XRF procedure as a possib'e 
alternative in the determination of all the elements mentioned above. However, if the technique v.ere to be 
extended to all these elements (including nickel, iron, and gold, which have high mass-absorption values 
and relatively high and variable concentrations, e.g.. from I 00 to 111 000 p.p.m.). mass-absorption effects 
could be expected. These el iccts could hardly be compensated for by the use of different internal standards, 
since it would be difficult for peaks to be found in relation to the various absorption edges. Some form of 
dilution to minimize this problem would therefore be necessary. 

2. PREPARATION OF THE SAMPLES AND STANDARDS 
2.1. SarrtDles 

Initially, it was envisaged that analysis of the charcoal would involve pelleti/ation of the ground 
material with ethyl cellulose as binder and lanthanum oxide as a means of minimizing the variations in the 
absorption of iron. However, it was found that charcoal absorbs moisture very readily, and. as a result, the 
pellet disintegrates with time. It was therefore concluded that the analysis ot the ash from the charcoal 
would involve fewer problems. 

Charcoal was found to ash readily (after about half-an-hour at 450 C for a 3g sample spread over a 
fused silica dish of 10 cm diameter). The preparation procedure for the pellets was governed by the need for 
the minimization of matrix effects and for stable, hard-wearing pellets. The former requirement was 
achieved by dilution of the ash with alumina (to a mas-, of 4.5 g). and the latter requirement by the use of 
boric acid (2 g) added either as such, or as boric oxide with a small amount of nitric acid to form boric acid as 
a binder. (The use of boric oxide was considered as an alternative to boric acid because of its lower content 
of impurities.) Before the addition of the diluent and the binder, the charcoal ash was treated with aqua 
ngia to dissolve the gold and ensure an even distribution throughout the final mixture. 

The preparation of the pellets was based on the following methods: 
(1) the addition of alumina to the aqua regia slurry of the ash and evaporation to dryness, followed by 

the addition of boric acid, after which the mixture was milled and pclletized. 
(2) the same as method I. but with boric oxide and a small volume of nitric acid as the binder (:>nce the 

oxide itself is a poor binder), and 
(3) milling of the dried sample with alumina for W seconds before the addition of boric acid as the 

binder, followed by remilling of the mixture for 60 seconds and mixing for 4 minutes in a 
Wig L-Bug shaker. 

The precision of measurement for two constituents (calcium and nickel) was determined for each 
procedure and is shown in Table 1. The better reproducibility obtained with method 3 is undoubtedly due to 
the more stringent mixing incorporated in this procedure and was therefore used for the preparation of 
calibration standards. A simpler preparation procedure, i.e.. a single milling of sample ash. alumina, and 
boric acid (for 120 seconds) was found to be adequate for samples. 

TABLF I 
Precision of the preparation procedures for standards 

Method of 
sample preparation 

Relative standard deviation* 
Method of 

sample preparation ( a Ni 

1 
2 
3 

0.0146 
o.Oft;)5 
0.012« 

0.0223 
0.0581 
0,010ft 

* Haicil (in 14 diMiTmimitioiv, 

1 
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Subsequently, it was found that chloride interfered seriously in the determination of silver. The 
gold-dissolution step was therefore omitted, and the use of platinum chloride as an internal standard for 
gold (as used in the XRF determination of gold after its direct exliaction from charcoal') was discontinued. 
These modifications in no way impaired the precision of measurement as given in Table 1. indicating that 
doubts about the possibility of an unhomogeneous distribution of gold throughout the charcoal were 
probably unfounded. 

2.2. Calibration Standards 
In the preparation of the calibration standards, aliquot portions of standard solutions were added to 

alumina and evaporated. At first, the resulting mixture was mixed with binder and pelletized. Some 
problems were encountered with the calibration for calcium, since successively higher count rates were 
observed for this element in these calibration standards, and low correlation coefficients were observed for 
the regression line. Regrinding of the pellets and repelletization gave the original values for P-f-B/f'B, 
where P is the intensity at the peak, 

/ is the background factor, and 
B is the intensity at the background position. 

Standards prepared from standard solutions added to charcoal, evaporated, and ashed before being mixed 
with alumina and boric acid did not show this variability for calcium. It was therefore concluded that the 
variability could be due to the deliquescent nature of the calcium salt used. Ca(N(>,).... and possible 
migration and efflorescence. The pellets made of charcoal were therefore heated to 450 C, which meant 
that the calcium they contained would be converted to the more stable oxide. The calibration standards in 
which additions were made to an alumina base should be heated to 450 °C before the addition of the binder 
and milling. The use of standards with an alumina base avoids the problem encountered with the 
charcoal-containing standards. 

3. INSTRUMENTAL PARAMETERS 
Since the analysis required w as to be used for the analysis of several elements and had to be suitable for 

automatic overnight operation, it was decided that a single X-ray tube (with a chromium target) should be 
used with a constant source of excitation. The choice of a single tube meant that, for certain elements such as 
iron, cobalt, copper, and zinc, which are best determined with a tube with a gold target, the operating 
parameter would not be the optimum, and the sensitivities would be lower. However, this was not a severe 
problem. The instrumental parameters finally chosen are shown in Table 2. 

TABLE 2 

Instrumental parameters 

Tube Cr target 
Voltage oOkV 
Current 40 mA 
Filter Out 

Analyte 
Analytical 

line 

20 angle iii Collimator Detector 
Radiation 

path 
Counting 

time, s Analyte 
Analytical 

line Peak Background 

iii Collimator Detector 
Radiation 

path 
Counting 

time, s 

Si 
Ag 
Ca 
Fe 

Co 

Ni 
Cu 
Zn 
Au 

La, 
K0„ , 

Ka, < 2 

Kai, 2 

Ka f , j 
Ka i t J 

La,,j 

109,21 
56,75 
41,39 
85,73 

77,83 

71,26 
65,55 
60,58 
53,25 

113,0 
58,5 
39,0 
84,5 

80,0 

69,0 
69,0 
59,4 
51,3 

PET(002) 
PET(002) 
PET(002) 
LiF(220) 

LiF(220) 

LiF(220) 
LiF(220) 
LiF(220) 
LiF(220) 

Coarse 
Coarse 
Coarse 

Fine 

Fine 

Fine 
Fine 
Fine 
Fine 

Flow 
Flow 
Flow 

Flow and 
mint. 

Flow and 
scint. 
Scinl. 
Scint. 
Scint. 
Scint. 

Vacuum 
Vacuum 
Vacuum 
Vacuum 

Vacuum 

Air 
Air 
Air 
Air 

60 
60 
30 
60 

60 

30 
60 
60 
30 
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Matrix correction was applied by use of the background correction procedure', except for silica and 
silver, for which measurements were made at a long wavelength and the background values were small. 
Background correction factors were determined from scans of a blank sample, and ranged from 0,76 for 
copper to 1.53 for silicon. The actual values are given in Table 3. The procedure is given in detail in the 
appendix. 

TABLE 3 

Background correction factors and intensity functions 

Background Intensity 
Element factor* function 

Si 1.53 P - f-B 
Ag 0,96 P - f-B 
Ca 0.76 (P - f-B)/f-B 
Fe 0,95 (P-f-B)lf-B 
Co 1.16 (P - f-B)lf-B 
Ni 0.98 [P-f-B), f-B 
Cu 1,26 (P -f-B)lf-B 
Zn 1,22 (P-f-B)lf-B 
Au 0,87 (P-f-B)/f-B 

* Calculated as follows: measurement, or. a blank sample, 
of the count rates at the 2#angles for the analytical peak. 
.4. and background position, fl. and calculation of Bl\ 

4. CALIBRATION 
Successive measurements were made both for the standards prepared with charcoal (with subsequent 

ashing) and those with alumina. Appropriate blanks and duplicate samples were made of five charcoal 
reference samples. Monitor samples, in which the monitor contained oxides of all the elements of interest, 
were interposed. The values for the appropriate intensity functions were plotted against the concentrations 
of the analy tes. 

The calibrations were identical and linear except for silver, where there was a departure from linearity 
at the highest concentration measured. The calibration graphs are given in Figures 1 to 9. The correlation 
coefficients for the regression lines ranged from 0.994 for zinc at low concentrations to 0,999 99 for gold at 
high concentrations (10 000 p.p.m.). 

5. RESULTS 
The analyses of duplicate samples are given in Table 4, in which the mean values and relative standard 

deviations obtained over 1 week by two operators using XRF spectrometry (XRFS) are compared with 
those obtained over several months by several operators using an inductively coupled plasma (ICP) source 
for excitation and optical-emission spectrometry (OES). In both instances, the samples used for analysis 
wor>: dried at 105°C overnight. 

6. DISCUSSION 
The resulis obtaineH with the two methods show a satisfactory level of agreement for all the elements 

except, possibly, calcium and copper. In the determination of copper by OES, the results are enhanced by 
the presence of zirconium, which was leached from the zirconium crucible during the peroxide fusion of the 
ash from the charcoal. The reproducibility of the results for calcium determined by XRFS is not known, 
because the calibration pellets as originally ptcpared, i.e., without an ashing stage, were unstable with 
respect to this element. There appears to be a small bias (2 to 4 per cent) in the determination of nickel by 
the two methods, although this is within the combined error of both methods for a confidence limit of 95 per 
cent. 

The piecisions of the two methods are generally comparable; in some cases, the XRF method is better, 
e.g., for silver and copper, whereas for iron and silicon the ICP method is more acceptable. The precision for 
both methods is relatively poor at concentrations below IPO p.p.m. When silicon is determined by XRF 
procedures without a fusion step, the results are poor because of poor penetration at long wavelengths, and 
the recorded intensity relates only to the surface of the pellet. 

l 



TABLE 4 

Comparative analyses of samples 

X R F S O E S with ICP Mean X R F S O E S with ICP 
chemi r ! »l 
analysis Sample Mean Mean 

chemi r ! »l 
analysis Mean Mean 

no. p.p.m. R.S .D. (n) p .p .m R.S .D. ( « ; p .p .m. p .p .m. R.S.D. («) p.p.m. R.S .D. («) 

Silver Silver Silver Silver Cold Gold Gold Gold 
88/77 627 0 , 0 3 5 ( 1 5 ) 666 0 ,040 (24) 6 7 1 0 0,024 (15) 6 745 0,018 (24) 

1/78 633 0.017 (8) 651 0 ,066 (24) 1 159 0.031 (8) 1 077 0,025 (24) 
2/78 216 0 , 0 4 3 ( 1 4 ) 207 0,092 (15) HI 0.31 (14) 76 0,10 (15) 

20 /78 672 - 661 - 4 180 - 3 867 -
21 /78 488 - 4 3 0 - 616 - 574 -

Copper Copper Copper Copper Nickel Nickel Nickel Nickel 
88/77 106 0 .056 (15) I 40 0.14 (24) 4 661 0 , 0 2 8 ( 1 5 ) 4 898 0,018 (24) 

1/78 132 0 .036 (8) 168 0,13 (24) 4 743 0,021 (8) 4 8 7 1 0 . 0 1 9 ( 2 4 ) 
2/78 151 0 , 0 4 9 ( 1 4 ) 196 0.14 (15) 3 910 0,013 (14) 4 005 0.031 (15) 

20 /78 120 - 150 - 4 730 - 4 880 
21/78 143 - 184 - 4 210 - -

Iron Iron Iron !'on Cobalt Cobalt Cobalt 
88/77 571 0.085 (15) 570 0 . 0 2 7 ( 2 4 ) •' 10 - -

1/78 520 0 .070 (8) 524 0,037 (24) ^ 5 - -
?.'7S I 712 0 . 0 6 6 ( 1 4 ) 1 81(1 0 , 0 2 9 ( 1 5 ) • 5 - -

20 '•'S 648 - 547 - • 5 - -
21/78 1 186 - 1 191 - • • 5 - -

Silicon Silicon Silicon Silicon Silicon 
88/77 4 7 4 0 0 . 0 9 9 ( 1 5 ) 4 807 0,015 (24) 4 329 

1/78 3 4 7 0 0,115 (8) 3 6 3 5 0 . 0 1 9 ( 2 4 ) 3 544 
2/78 13 900 0.093 (14) 14 867 0 . 0 1 0 ( 1 5 ) 14 758 

20/78 4 700 - - - 3 955 
21/78 10 0 0 0 - - - 10 373 

Calcium Calcium Calcium Calcium Zinc Z.inc Zinc 
88/77 16 300 - 18 6 6 0 0.033 (24) 54 0.19 (15) -

1/78 17 0 0 0 - 17 8 0 0 0.034 (24) 48 0,16 (8) 
2/78 13 6 0 0 - 13 500 0 .050 (15) 67 0,15 (14) -

20/7« - - - - - - -
21/78 - - - - - - -

a m H m » 
z > 
H 5 z 
0 
Tl 
a 
o 
r D r < m 
JO 

> 
Z 
o 
OS 
> 
m 
2 
Tl 
H > 

R.S.D. = Relative standard deviation 
(«) = Number of determinations 

/ 
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The calibration procedure for the proposed XRF method is somewhat tedious since it is based on the 
use of solids rather than on solutions, for which standards can be prepared more readily. Further 
disadvantages of the method are the sequential measurement (as opposed to the simultaneous 
measurement of ail the elements by the emission method) and the longer exposure time (60 seconds as 
against 20 seconds). However, the XRF method is an automated procedure and can be left to run 
unattended overnight or during weekends. The introduction of new XRF instrumentation of equivalent 
quality to that used for emission spectrometry at N1M will greatly reduce the disadvantages. The use of a 
rhodium tube will also give some improvement in precision for elements such as iron. c<balt, and copper, 
which have low sensitivities to a tube with a chromium target. There will inevitably be a small loss in 
sensitivity for other elements such as calcium but. since these already have high sensitivities, this will be of 
little consequence. 

There is a possibility that the charcoal could be analysed direct without ashing, which would reduce the 
analytical time for the XRF method. Pellets have been produced using 3 g of charcoal and 3,5 g of boric acid 
to give concentrations similar to those in the pellets made of charcoal ash. In this case there would be less 
absorption of moisture and carbon dioxide, and problems experienced with calcium would t>e reduced 
because the higher proportion of boric acid in the pellet (54 as against 30 per cent) could be expected to give 
a more effective seal. The principal problem associated with such an approach would be that of possible 
matrix effects due to the lower mass absorption of boron than that of aluminium. 

The working time and elapsed time for the analysis, by the proposed method, of a batch of 10 charcoal 
samples for 9 constituents are shown in Table 5. 

TABLE 5 

Breakdown of analysis time 

Operation 
Working 
time, h 

Elapsed 
time, h 

1. Ashing, weighing, mixing, pelletizing 
2. Loading of instrument and manual determination of 

peak for each element 
3. Reading of 9 elements in 10 samples and 6 standards 
4. Calculation by use of computer off-line and 

reporting of results 

3'/2 

IVl 

3'/2 

l'/2 

14 

IVi Total 6'/2 20'/2* 

* Equivalent 10 I V* days with overnight reading, or 2Vj to 3d with daytime reading 

It can be expected that these times will be significantly reduced when the new instruments are used. 
Reading times will be reduced by a factor of between 4 and 6, computing will be on-line, and line peaking 
will be automatic. Under these conditions, the working time should be about 4 hours and the elipsed time 
for daytime operation should be 1 day. 

7. CONCLUSIONS AND RECOMMENDATIONS 
A viable XRF method for the analysis of 9 constituents in activated carbon has been established. The 

method shows no matrix effects for concentrations of up to 10 000 p.p.m. of elements with high mass 
absorptions. 

The values obtained for 5 charcoal reference samples compare well with those obtained by OES using 
an ICP source, and the precision of the analyses ranges from 2 to 5 per cent except for iron (7,5 per cent), 
silicon (10,0 per cent), and concentrations of less than 100 p.p.m.. when the precision can range from 15 to 
30 per cent. 

With measurements being made overnight, the elapsed time of analysis for a batch of 10 samples was 
10 hours. Use of the new instruments and possible direct analysis of the charcoal for all the elements could 
significantly reduce this time. It is recommended that a limited amount of research work should be done on 
the direct analysis of charcoal by the checking of calibrations and precision with the reference materials 
available, and with mixtures of these materials on their own and containing unloaded charcoal. 

s 
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FIGURE 3. Calibration for copper 
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FIGURE 4. Calibration (of gold 



DETERMINATION OF GOLD. SILVER. AND BASE METALS 

25-, 

20-

15-

10-

5-

— I 1 1 -I 1 \ 1 1 1 1 
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 

Iron, p.p.m. 

70-t 

FIGURE 5. Calibration for iron 
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FIGURE 6. Calibration for nickel 
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Silicon, p.p.m. x 10 3 

FIGURE 7. Calibration for silicon 
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RGURE 8. Calibration for silver 
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E.1. Gold 
E.1. Silver 

E.2. Carbon, elements in 

APPENDIX 

LABORATORY METHOD 79/13 
THE DETERMINATION OF GOLD. SILVER. AND BASE METALS IN ACTIVATED 

CARBON BY X-RAY-FLUORESCENCE SPECTROMETRY 
USING AN ASHING PROCEDURE 

1. OUTLINE 
The loaded carbon is ashed, the ash is milled with a filler (alumina) and a binder (boric acid), and the 

mixture is pelletized. 
The pellets are measured for gold, silver, copper, nickel, / inc. cobalt, iron, calcium, and silicon at the 

peak and background positions. Matrix correction is made by use of the background correction procedure 
for all the elements except silicon and silver, for which only the net peak values are used. 

Calibration pellets ar-' produced by the addition of aliquot portions of the element concerned as a 
ni irate, or in the ease of gold ascsanide.or in the case of silicon as sodium silicate, onto alumina, followed by 
drying, heating, and pelletixation with boric acid. 

2. APPLICATION OF THE METHOD 
The method is applicable to the analysis of gold, s iher . and 7 base metals o\er the concentration ranges 

shown in Table I - ' . These concentration ranges relate to the use of a Philips P\V l 220 spectrometer with a 
chromium target tube. These conditions and concentration ranges are therefore not the optimum for all the 
elements. 

Ï A B L H I-1 

Ranges of concentrations for anulylcs 
(Values in parts per million) 

Element Si Ag ( a l e Co Ni C'u A i. 

Upper 
level 20 001) 500 20 000 5 (MM) 3 000 15 (MM) 300 10 000 

I ower 
level 5 000 20 1 000 50 30 100 20 20 

The interference effects ;;ic minimal, being confined to matrix absorption effects for chloride and 
nickel, and spectral overlap of the Cr K/|-, second-order tube line on the Ag la peak. I'he matrix effects 
from chloride are overcome or effectively reduced in the samples and calibration standards by ashing, and 
the concentration of zinc in loaded charcoals is so low that, when background correction is applied, the 
presence of nickel has no effect. 

3. APPARATUS 
(1) Philips PW 1220 Spectrometer 

Tube chromium target. 
(2) Vitreous Graphite Crucible 
(.1) Flat Silica Dish 

Of 10cm diameter. 
(4) 10cm* Tungsten Carbide Bowl 
(5) Teflon Beakers 

Of 100ml volume. 
(6) Wlg'L-Bug Shaker 

12 
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4. REAGENTS 
(1) Activated Alumina 

100 to 200 Tyler mesh in size. 
(2) Boric Acid 

A.R. grade. 
<3) Xickel, iron, Copper, Cobalt, and Zinc Metal 

A.R. grade. 
(4) Calcium Carbonate 

A.R. grade. 
(5) Silica 

High-puritv quartz. 
(6) AgSO, 

A.R. grade. 
(7) KAu(CX), 

Chemically pure. 
(8) Sodium Hydroxide 

A.R. grade. 
(9) Xitric Acid 

A.R. grade. 

5. PREPARATION OF STANDARD SOLUTIONS 
if) Silicon Solution (7500p.p.m.) 

Fuse 1.605 g of pure silica with 1 Og of sodium peroxide in a vitreous graphite crucible, leach with 
water, make up to 100 ml. and store in a plastic container. 

(2) Silver Solution (350 p.p.m.) 
Dissolve 0.2756 g of AgNO : ) in w ater. add 25 ml of concentrated nitric acid, and make up to 500 ml 
with distilled water. 

(3) Calcium Solution (10 gll) 
Dissolve 12.485 g of CaCO : t in water with 25 ml of nitric acid, and make up to 500 ml with distilled 
water. 

(4) Iron Solution (2500 p.p.m.) 
Dissolve 1.250g of iron in 25 ml of nitric acid and water, and make up to 500ml with distilled 
water. 

(5) Cobalt Solution (350 p.p.m.) 
Dissolve 0.!75g of cobalt in 25 ml of nitric acid and water, and make up to 500ml with distilled 
water. 

(6) Xickel Solution (7000 p.p.m.) 
Dissolve 3.5««)g of nickel in 25 ml of nitric acid and water, and mi.'..- up to 500ml with distilled 
water. 

(7) Copper Solution (160 p.p.m.) 
Dissolve O.I60g of copper in 25 ml of nitric acid and water, and make up to 100ml with distilled 
water. 

(8) line Solution (350 p.p.m.) 
Dissolve >). 175 g of zinc in 25 ml of nitric acid and water, and m^kc up to 500 ml with distilled 
water. 

(9) Alkaline Gold Solution (5gll) 
Dissolve 0,732 g of K Au(CN)o, adding the same mass ol sodium hydroxide, and make up to 100 ml 
with distilled water. 

6. PREPARATION OF THE SAMPLES AND CALIBRATION STANDARDS 
6.1. Sample Pellets 

a. Dry the charcoal sample overnight at I05°C. 
b. Cool in a desiccator for 20 minutes, and weigh the samples immediately. 
c. Spread 2g of alumina on a flat silica dish of 10 cm diameter. Add 3.0()g of charcoal sample, and 

spread evenly over the layer of alumina. 
d. Ash at 450 °C in a muffle furnace with the furnace door slightly open to allow a rapid flow of air over 

the samples. Ashing should be complete in 30 minutes. 

M 



DETERMINATION OF GOLD. SILVER. AND BASE METALS 

e. Cool, and transfer the contents of the dish to a tared weighing dish to which 2.1)0 g of boric acid has 
already been added. 

f. Add alumina until the total mass is 6.50g. 
g. Mill the mixture in a small tungsten carbide bowl for 120 seconds. Pelletize at normal settings (51) 

for 2 minutes, placing a Mylar film between the p. Met and the pressing surface. 

6.2. Calibration and Blank Pellets 
a. To each of a series of 100 ml Teflon beakers, add 2g of alumina powder (Note 1). 
b. Add the required aliquot portions of the sr -,dard solutions of silver, calcium, iron, cobalt, nickel. 

copper, and zinc (see Tables 1-2 and 1-3). and evaporate to dryness, adding small amounts of 
concentrated nitric acid (I to 2 ml) from time to time so as to prevent spitting when dryness is 
reached (Note 2.) 

c. Then add the required aliquot portion of the standard solution of silica, then that of gold, and 
carefully evaporate to a sludge, stirring at regular intervals. 

d. Cool, and carefully acidify with nitric acid (as show n by the cessation of effervescence). Hvaporate. 
as in step b above, in an efficient fume cupboard (hydrocyanic acid will evolv e). 

e. Repeat the evaporation with concentrated nitric acid twice more to complete the destruction ot the 
cyanide. Hvaporate to dryness. 

f. Transfer the powder to a small flat silica dish, place in a cool muffle furnace, and slowly raise the 
temperature to 450°C (Note 3). Cool, and transfer to a tared weighing dish 

g. Add alumina powder to make up the total mass of the powder to 4.50g. 
h. Mill tne mixture in a small tungsten carbide bowl for I 20 seconds. Add 2.00 got" boric acid, and mill 

for a further M) seconds, 
i. Transfer to a small vial (32cm 1) and shake for 3 minutes in a VVig-l.-Bug sh,.ker. 
j . Pelleti/e for 2 minutes at 5 t. using a Kiybr film between the pellet and the pressing surface to 

prevent contamination by the iron, 
k. Store the calibration pellets in plastic sachets, pi -t ruhly in a desiccator. 

7. MEASUREMENT OF STANDARDS AND SAMPLES 
a. Use the instrumental parameters listed in Table 1-4. 
b. Measure the calibration standards and samples for each element individually: first the standards, 

then, in turn, 8 samples, a reference sample containing all the elements in concentrations at the 
upper end of the working range, mine samples, and the reference sample, continuing the sequence 
until completion. 

c. If the reading for the reference sample varies by more than 2.5 per cent, apply corrections to the 
peak and background values. 

8. CALCULATION 
a. Calculate the background factor by measuring, on a blank sample, the count rates at the H> angles 

for the analytical peak (A) and background position (B) and calculating the ratio of B to A. (These 
are given in Table 1-5, but should be checked periodically or whenever a new instrument is used.) 

b. Having calculated the background factor. /, plot P --/'•/? for silver and silicon, and (/' - (-B)lf-B for 
the other elements against concentration. 

c. If a computer is to be used to do this, proceed as described in steps d to f. 
d. Insert the calibration results into the computer and then the programme for regression analysis, 

rejection of points, and calculation of the best-fit line (slope and intercept). 
c. After calculating the r .grcssion line, consider the error analysis of each point in terms of the 

correlation index (see Note 4). 
f. If the correlation inde< is equal to, or greater than 14. the rejection of points will not significantly 

improve the cah laied calibration curve. If it is lower, successively reject points having the greatest 
residual errors. If rejection improves the correlation index by a factor greater than 2. then, and only 
then, is rejection accepted. 

9. NOTES 
(1) Not more than 2g must be used so that the total mass of alumina, boric acid, and additions do not 

exceed 6,5 g. For example, the addition of silicate as sodium silicate leads to a significant increase in 
mass. 
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(2) This operation should be conducted in a fume cupboard since hydrogen cyanide is evolved. 
(3) The mixture is heated so that calcium nitrate will be converted to its oxide. The deliquescence of 

calcium nitrate causes the pellets to become unhomogeneous after they have stood in the open. 
(4) Correlation index. 

/ 1 + CC 
C I = Vl^cF-
where CC is the Pearsson correlation coefficient. 

TABLE I^t 

Instrumental parameters 

Tube Cr target 
Voltage 60 kV 
Current 40 mA 
Filter Out 

Analyte 
Analytical 

line 

20 angle Bragg 
crystal 
and cut 

Colli
mator 

Detec
tor 

Radiation 
path 

Counting 
time, s Analyte 

Analytical 
line Peak Background 

Bragg 
crystal 
and cut 

Colli
mator 

Detec
tor 

Radiation 
path 

Counting 
time, s 

Si 
Ag 
Ca 
Fe 

Co 

Ni 
Cu 
Zn 
Au 

K a I + 2 

La, 
B/8 l + 3 

Ka, + 2 

K o i + 2 

Ka, + 2 

Ka, + 2 

Ka, + 2 

L a I + 2 

109,21 
56,75 
41,3-
85,73 

77,89 

71,26 
65,55 
60,52 
53,25 

113,0 
58,5 
39,0 
84,50 

80,0 

69,0 
69,0 
59,4 
51,3 

PET(002) 
PET(002) 
PET(002) 
LiF(220) 

LiF(220) 

LiF(220) 
LiF(220) 
LiF(220) 
LiF(220) 

Coarse 
Coarse 
Coarse 

Fine 

Fine 

Fine 
Fine 
Fine 
Fine 

Flow 
Flow 
Flow 

Flow and 
scint. 

Flow and 
scint. 
Scint. 
Scint. 
Scint. 
Scint. 

Vacuum 
Vacuum 
Vacuum 
Vacuum 

Vacuum 

Air 
Air 
Air 
Air 

60 
60 
30 
60 

60 

30 
60 
60 
30 

Scint. = Scintillation 

TABLE 1-5 

Background correction factors determined on blank samples 

Background Intensity 
Element factor* function 

Si 1,53 P -f-B 
Ag 0,96 P - f-B 
Ca 0,76 (P-f-B)lf'B 
Fe 0,95 (P-f-B)lf-B 
Co 1,16 (P-f-B)lf-B 
Ni 0,98 (P-f-B)lf-B 
Cu 1,26 (P-f-B)lf-B 
Zn 1,22 (P-f-B)lf-B 
Au 0,87 (P-f-B)lf-B 

* Calculated as follows: measurement, on a blank sample, of the 
count rates at the 20 angles for the analytical peak. A, and 
background position, B. and calculation of HI A 

lf> 
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