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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7523 was prepared by Technical Committee ISO/TC 155, 
Nickel and nicke1 alloys. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1985 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 7523-1985 (E) 

Nickel - Determination of silver, arsenic, bismuth, 
Cadmium, lead, antimony, selenium, tin, tellurium and 
thallium contents - Electrothermal atomic absorption 
spectrometric method 

1 Scope and field of application 

This International Standard specifies an electrothermal atomic 
absorption spectrometric method for the determination of the 
silver, arsenic, bismuth, Cadmium, lead, antimony, selenium, 
tin, tellurium and thallium contents of high purity, refined, 
wrought and cast nicke1 within the ranges specified in table 1. 
This method is applicable to the independent determination of 
any one or more of the elements listed without including all 
elements specified in the Standard solutions. 

Table 1 - Concentration ranges of elements 
to be determined 

Element 
Concentration range” 

(pg/g)"" 

Ag 0,l to 10 
As 1 to 20 
Bi 0,5 to 15 
Cd 0,l to 2 
Pb 0,l to 10 
Sb 1 to 10 
Se 1 to 10 
Sn 1 to 5 
Te 0,2 to 10 
Tl 0,5 to 10 

* For specific compositions, see ISO 6283. 
** 1 j.Jg/g = 1 g/t 

For potential interferences and precautions, see clause 9. 

2 References 
4.3 Mixed analyte Standard solutions. 

ISO 38511, Laboratory glassware - Burettes - Part 7: General 
requiremen ts. 

ISO 648, Laboratory glassware - One-mark pipettes. 

ISO 1042, Laboratory glassware - One-mark volumetric flasks. 

ISO 5725, Precision of test methods - Determination of 
repea tability and reproducibility b y in ter-labora tory tests. 

3 Principle 

Dissolution of a test Portion in nitric acid and dilution of the 
Solution to a known volume. 

Introduction of a known volume of the Solution into an elec- 
trothermal atomizer of an atomic absorption spectrometer. 

Measurement of the absorption of the resonance line energy 
from the spectrum of each element and comparison with that 
of calibration solutions of the same element in a matched nicke1 
matrix using background correction. 

4 Reagents 

During the analysis, unless otherwise stated, use only reagents 
of recognized analytical grade and only deionized water or 
water of equivalent purity. 

4.1 Nitrit acid, !p20 = 1,41 g/ml. 

The same batch of nitric acid shall be used throughout the pro- 
cedure. 

NOTE - It may be necessary to redistil the nitric acid if high blanks are 
obtained. 

4.2 Nitrit acid, ~20 = 1,41 glml, diluted 1 + 19. 

The same batch of nitric acid shall be used throughout the pro- 
cedure. 

4.3.1 Analyte stock Standard solutions, corresponding to 
1,000 g of Ag, As, Bi, Cd, Pb, Sb, Se, Sn, Te and Tl per litre. 

Prepare separately for each metal of interest. 

4.3.1 .l Silver, arsenic, bismuth, Cadmium, lead, selenium and 
tellurium. 
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Weigh, to the nearest 0,000 1 g, 0,100 g of the high purity 
[99,9 % (mlm), minimum] elements, transfer to a 100 ml 
beaker and dissolve in 10 ml of nitric acid diluted 1 + 1. Heat to 
complete dissolution, boil gently to expel oxides of nitrogen, 
cool and transfer to a one-mark 100 ml volumetric flask contain- 
ing 10 ml of nitric acid diluted 1 + 1. Make up to the mark with 
water and mix. 

4.3.3 Mixe d analyte stan dard 
to 0,l mg of Ag and Cd per litre. 

Solution B, corresponding 

4.3.3.1 Pipette 10,O ml of each of the 1,000 g/l stock Standard 
solutions (4.3.1 .l) of silver and Cadmium into a 1 000 ml one- 
mark volumetric flask containing 100 ml of nitric acid diluted 
1 + 1. Make up to the mark with water and mix. 

Store in a glass bottle (5.6). Store in a glass bottle. 

4.3.3.2 Pipette 10,O ml of this Solution (4.3.3.1) into a 1 000 ml 
one-mark volumetric flask containing 100 ml of nitric acid 
diluted 1 + 1. Make up to the mark with water and mix. 

4.3.1.2 Antimony 

Weigh exactly 0,274 g of potassium antimonyl tartrate 
hemihydrate [K(SbO)C4HJ06’ l/2H20], transfer to a 100 ml 
one-mark volumetric flask, dissolve in water and dilute to the 
mark. 

This solutio 
before use. 

In is not stable and should be prepared immediately 

4.4 Nickel nitrate, stock Solution, containing 40 g of Ni per 
litre. Prepare this Solution freshly as mould forms in old solutions. 

The more dilute acidified solutions are stable. 

4.4.1 Weigh, to the nearest 0,001 g, 4,00 g of high purity 
(containing less than 5 g of Fe per tonne and less than 1 g of 
silver, arsenic, bismuth, Cadmium, lead, antimony, selenium, 
tin, tellurium and thallium per tonne) nicke1 metal and transfer 
to a 400 ml beaker. Add 50 ml of water and 28 ml of nitric acid 
(4.1). Allow to stand .and do not stir until most of the metal is 
dissolved as the reaction is vigorous. Heat to complete dissolu- 
tion, boil gently to expel oxides of nitrogen and cool. 

4.3.1.3 Thallium 

Weigh exactly 0,112 g of thallium( Ill) Oxide (T1203), transfer to a 
100 ml beaker and dissolve in 10 ml hot nitric acid (4.1). 
Transfer to 100 ml one-mark 
mark with water and mix. 

volumetric f lask, make up to the 

Store in a glass bottle. 4.4.2 Filter through a dense filter Paper which has been 
prewashed with nitric acid diluted 1 + 1. Return the filtrate 
through the filter Paper again to collect fine carbon particles 
which tend to be present in the first filtrate. Collect the second 
filtrate in a 100 ml one-mark volumetric flask, wash the filter 
with water. Make up to the mark with water and mix. The sol- 
ution contains approximately 0,8 mol of free HNO, per litre 
[5 % (V/V)l. 

4.3.1.4 Tin 

Weigh, to the nearest 0,001 g, 0,250 g of high purity [99,9 % 
(mlm), minimum] tin metal, transfer to a 100 ml plastic beaker 
and dissolve in 7,5 ml of a mixture of equal Parts by volume of 
48 % (mlm) hydrofluoric acid (e20 = 1,13 g/ml), nitric acid 
(4.1) and water. Heat to complete dissolution, boil gently to ex- 
pel oxides of nitrogen, cool and transfer to a 250 ml plastic one- 
mark volumetric flask. Make up to the mark with water and 
mix. 

NOTE - For details concerning an alternative method 
tion and purification of the Solution, see annex A. 

for the prepa ra- 

5 Apparatus 
Store in a plastic bottle. 

Ordinary laboratory apparatus, and 

4.3.2 Mixed analyte Standard Solution A, corresponding 
to 1,0 mg of As, Bi, Pb, Sb, Se, Sn, Te and Tl per litre. 

5.1 Atomic absorption 
thermal atomizer. 

spectrometer electro- 

51.1 The instrument shall be equipped with a background 
corrector and a high-speed recorder or computerized read out. 4.3.2.1 Pipette 10,O ml of each of the 1,000 g/l stock Standard 

solutions (4.3.1.1) of As, Bi, Pb, Sb, Se, Sn, Te and Tl into a 
1 000 ml one-mark volumetric flask containing 100 ml of nitric 
acid diluted 1 + 1. Make up to the mark with water and mix. 5.1.2 The instrument should be capable of using Single 

element hollow cathode or electrodeless discharge lamps 
operated at currents recommended by the lamp and instrument 
manufacturer. Store in a glass bottle (5.6). 

5.2 Burettes, of capacities 5 ml and 10 ml, graduated in divi- 
sions of 0,Ol ml, in accordance with ISO 385/1, class A. 

4.3.2.2 Pipette 10,O ml of this Solution (4.3.2.1) into a 100 ml 
one-mark volumetric flask containing 10 ml of nitric acid diluted 
1 + 1. Make up to the mark with water and mix. 

5.3 Pipettes, of capacities 10 and 25 ml, in accordance with 
ISO 648, class A. Store in a glass bottle (5.6). 

2 
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5.4 Volumetric flasks, of capacities 10; 100; 200; 250; and 
1000 ml, in accordance with ISO 1042, class A. 

5.5 Micropipettes, of capacities 5 to 25 ~1. 

5.6 Glass storage bottles. 

The glass bottles used to store mixed analyte Standard sol- 
utions shall be thoroughly cleaned, soaked several days in nitric 
acid (4.2), and rinsed thoroughly with water. 

6 Sampling and samples 

6.1 Sampling and preparation of the laboratory Sample shall 
be carried out by normal agreed procedures or, in case of 
dispute, by the relevant International Standard. 

6.2 The laboratory Sample normally is in the form of a 
powder, granules, millings or drillings and no further prepara- 
tion of the Sample is necessary. 

6.3 If it is suspected that the laboratory Sample is con- 
taminated with oil or grease from the milling or drilling process, 
it shall be cleaned by washing with high purity acetone and dry- 
ing in air. 

6.4 If the laboratory Sample contains particles or pieces of 
widely varying sizes, the test Portion should be obtained by 
riff ling. 

7 Procedure 

7.1 Preparation of test solution 

Weigh, to the nearest 0,Ol g, 0,9 to 1,l g of the laboratory 
Sample and transfer to a clean unetched 100 ml beaker. Add 
30 ml of water and 12 ml of nitric acid (4.1) and allow to 
dissolve. Heat to complete dissolution, boil gently to expel 
oxides of nitrogen, cool and transfer to a 100 ml one-mark 
volumetric flask. Make up to the mark with water and mix. 

NOTE - The life of the graphite furnace tubes tan be extended by 
using 5 ml of nitric acid rather than 12 ml. 

7.2 Blank test 

The zero members of the sets of calibration solutions (7.3) 
serve as blank tests since the same batch of nitric acid is used 
for dissolution of both the nicke1 reference and test portions. 

If it is impossible to use the same batch of nitric acid, a second 
blank test shall be prepared using the same high purity nicke1 
metal. This blank is then compared to the zero member and an 
appropriate correction made, if significant. 

7.3 Preparation of calibration solutions 

7.3.1 Set A 

7.3.1.1 This set corresponds to 0; 0,005; 0,010; 0,02; 0,05; 
0,07; 0,l; 0,15; 0,20; 0,25 and 0,30 mg of each of As, Bi, Pb, 
Sb, Se, Sn, Te and Tl per litre (see table 2) and is used for 
analyte levels from 0,5 to 30,O g/t. All solutions contain a 
matrix of 10 g of Ni per litre. 

Table 2 - Set of calibration solutions A 

Volume of mixed analyte Analyte (As, Bi, Pb, Sb, Se, 
Standard solution A Sn, Te, TI) concentration 

(4.3.2) (ml) (mg/11 

0 The zero member 
0,05 0,005 
w 0,010 
02 0,02 
03 0,05 
0,7 0,07 
lt0 OJ 
1,5 0,15 
2,o 0,20 
2,5 0,25 
3,O 0,30 

7.3.1.2 Transfer 250 ml of nicke1 nitrate stock Solution (4.4) 
from a burette to each of 11, 10 ml one-mark volumetric flasks. 
Add, using a burette, 0; 0,05; 0,l; 0,2; 0,5; 0,7; l,O; 1,5; 2,0; 
2,5; and 3,0 ml respectively of mixed analyte Standard sol- 
ution A (4.3.2). Make up to the mark with nitric acid diluted 
1 + 19 (4.2) and mix. 

7.3.2 Set B 

7.3.2.1 This set corresponds to 0; 0,0005; 0,001; 0,002; 
0,005; 0,010; 0,02 and 0,05 mg of each of Ag and Cd per litre 
(see table 3) and is used for analyte levels from 0,Ol to 5,0 g/t. 
All solutions contain a matrix of 10 g of Ni per litre. 

Table 3 - Set of calibration solutions B 

Volume of mixed analyte Analyte (Ag and Cd) 
Standard Solution B concentration 

(4.3.3) (ml) (mg/l) 

0 The zero member 
0,05 0,000 5 
OJ 0,001 
02 0,002 
0,5 0,005 
LO 0,010 
zo 0,02 
5,o 0,05 

7.3.2.2 Transfer 250 ml of nicke1 nitrate stock Solution (4.4) 
from a burette to each of eight 10 ml one-mark volumetric flasks. 
Add, using a burette, 0; 0,05; 0,l; 0,2; 0,5; 1,O; 2,0 and 5,0 ml 
respectively of mixed analyte standard solution B (4.3.3). Make 
up to the mark with nitric acid diluted 1 + 19 (4.2) and mix. 
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7.4 Calibration and determination 7.4.2 Plotting of calibration graphs 

7.4.1 Spectrometric measurement 7.4.2.1 Calculate the average of three instrument readings for 
each of the applicable calibration solutions. 

7.4.1.1 The spectral lines specified in table 4 shall be used in 
the analysis. 

Table 4 - Spectral lines 

7.4.2.2 Plot’ the average instrument reading against concen- 
tration of the analyte in the calibration Solution. 

1 Element 1 Ag 1 As 1 Bill 1 Cd 1 Pb 

1 Wavelength (nm) 1 328,l 1 193,7 1 223,l 1 228,8 1 283,3 

r Element 1 Sb 1 Se 1 Sn 1 Te 1 TI 

Wavelength (nm) 217,6 196,O 286,3 

1) An alternative line for bismuth is 306,8 nm. 

214,3 276,8 

7.4.1.2 Set the required instrument Parameters and align the 
electrothermal atomizer according to the manufacturer’s 
instructions. The use of background compensation is essential. 

NOTE - Optimum settings for the operating Parameters vary from 
instrument to instrument. Scale expansion may have to be used to ob- 
tain the required readability. Atomization temperatures of 2 600 to 
2 700 OC are preferable for a nicke1 matrix. 

7.4.1.3 Determine the Optimum electrothermal atomizer 
Parameters for the particular type of atomizer and Sample size 
(5 to 25 ~1) as recommended by the instrument manufacturer or 
normal laboratory practice. 

7.4.1.4 Ensure that the test Solution (7.1) and the calibration 
solutions (7.3) are within 1 OC of the same temperature. 

7.4.1.5 Zero the instrument and set the baseline on the 
recorder. 

7.4.1.6 Check the zero stability and lack of spectral inter- 
ference within the atomization System by running the pre-set 
heating Programme for blank firing of the graphite atomizer. 
Repeat to ensure baseline stability. 

7.4.1.7 lnject into the atomizer the predetermined volume (5 
to 25 ~1) of each of the test solutions (7.1) for the element being 
determined. Atomize and note the instrument response. Sort 
the test solutions into groups of three or four with similar con- 
centration levels of the analyte, starting with the lowest level. 

7.4.1.8 Select the appropriate calibration solutions (7.3) to 
cover the range and bracket the concentration levels in the test 
solutions. 

7.4.1.9 Inject and atomize the calibration and test solutions in 
Order of increasing instrument response. Atomize each Solution 
three times and, if the replication is good, average the readings. 
Check the instrument for memory effects, especially at high 
analyte levels, by running the blank firing Programme. Reset 
the baseline to zero if necessary. 

7.4.1.10 Evaluate the analyte contents in each group of test 
solutions based on the applicable Standards as directed in 7.4.2. 

If high purity nicke1 used to prepare the calibration Solution is 
contaminated by the metal being determined, then graphical or 
computational methods shall be used to take this into account. 
However, the nicke1 nitrate stock Solution tan be purified by a 
solvent extraction procedure (see annex A). 

NOTE - In this method, any effect of non-specific absorption and light 
scatter is compensated for by matthing the matrix of the calibration 
solutions with the test solutions and by background correction. Also, 
since the same lot of nitric acid is used for both calibration and test 
solutions, the blank test is incorporated in the calibration graph. Thus, 
the calibration graph may not pass through the origin. 

8 Expression of results 

8.1 Calculation 

8.1.1 Determine the concentration of the analyte in the test 
Solution from the corresponding calibration graph (7.4.2) for 
the average of the three instrument readings recorded. 

8.1.2 The analyte contents, expressed in grams per tonne, in 
the test Portion, is given by the formula 

where 

Q is the concentration, expressed in milligrams per litre, of 
analyte found in the test Solution; 

V is the volume, in millilitres, of the test Solution; 

m is the mass, in grams, of the test Portion. 

8.2 Precision 

This International Standard was subjected to an inter- 
laboratory test Programme involving 11 laboratories in six 
countries. Six samples were analysed to cover the scope of the 
method. Of these, four were specially prepared by melting and 
granulation and two were commercial products. 

Repeatability and reproducibility were calculated according to 
the principles of ISO 5725. 

A statistical report of interlaboratory tests is given in annex B. 

lt should be noted that the reproducibility data include errors 
due to any inhomogeneity of the test samples. 

l 
l 4 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 7523:1985
https://standards.iteh.ai/catalog/standards/sist/0fc70311-c3d3-4b16-b0e8-

174e89b08a66/iso-7523-1985



ISO 7523-1985 EI 

9 Interferences and precautions 

9.1 For the determination of silver and tin, care shall be taken 
to avoid contamination of the Sample and calibration solutions 
with chloride ion. 

9.2 Elements ordina rily present in nicke1 
electrothermal atomic absorption analysis. 

do not interfere in 

9.3 Potential background absorption interference is 
eliminated by instrumental background correction and by the 
use of matched matrix Standards prepared from high purity 
nickel. 

9.4 The lower limit for the determination of the elements is 
affected by the residual level of each element in the high purity 
nicke1 used to prepare the matched matrix Standards. 

9.5 Because of the high sensitivity of electrothermal atomic 
absorption, stringent precautions shall be taken to clean all 
glassware and avoid contamination of Sample, Standard and 
calibration solutions from 
laboratory atmosphere. 

foreign material and dust from the 

10 Sample inhomogeneity 

If some inhomogeneity is suspected in the laboratory Sample, 
or if the pieces are relatively large, it is desirable to use a larger 
test Portion to prepare the test Solution. Under such cir- 
cumstances a 10 g test Portion in a final volume of 1 000 ml is 
recommended. The amount of nitric acid should be increased 
in Proportion. Even larger test Pottions tan be used to prepare a 
more concentrated nicke1 test Solution. However, this shall 
then be diluted to give a test Solution containing 10 g of Ni per 
litre to match the calibration solutions. 

11 Test report 

The test report shall include the following information: 

a) the reference to the method used; 

b) the results of the analysis; 

c) the number of independent replications; 

d) any unusual features noted during the analysis; 

e) any Operation n ot included 
dard or regarded as optional. 

in this International Stan- 
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Annex A 

Alternative method for preparation and purification of nicke1 nitrate solution 
for electrothermal atomic absorption analysis 

(This annex forms an integral part of the S,tandard.) 

A.0 Introduction 

The extraordinary sensitivity of the electrothermal atomic ab- 
sorption method imposes a very high demand on the purity of 
all reagents used. The number of operations utilized in the 
preparation of a Sample Solution should be kept at the minimum 
to avoid the possibility of contamination from extraneous 
sources. Dissolution of the Sample in acid and direct analysis of 
this Solution versus Standards containing a matthing matrix is 
simple and reliable. The purity of the matthing matrix and of 
the acid controls the limits of detection for the individual 
analytes in the Sample. lt therefore is desirable to have simple 
purification procedures developed for those reagents which are 
not readily available at a satisfactory degree of purity. 

Nitrit acid 
apparatus. 

may be purif ied bY distillation in an all-glass 

Bismuth, topper and lead in nicke1 n 
very low levels by solvent extraction. 

itrate tan be removed to 

A.l Principle 

Brief extraction of a Solution of nicke1 nitrate (100 g of Ni per 
litre) in 5 % (VI V) nitric acid with a Solution of zinc diben- 
zyldithiocarbamate in carbon tetrachloride. Repetition of the 
extraction is repeated, if necessary. 

The dithiocarbamate extraction serves to remove bismuth, cop- 
per and lead from the nicke1 nitrate Solution. Lead is the most 
frequently encountered impurity, often picked up from filter 
Paper when stock solutions are filtered. To keep the 
simultaneous extraction of nicke1 at the minimum, the activity 
of the dithiocarbamate is reduced by using the zinc salt and, at 
the same time, the two-Phase System is given a very short con- 
tact time. The purified nicke1 stock Solution is unsuitable for 
analytical work involving zinc. 

A.2 Reagents 

A.2.1 Zinc dibenzyldithiocarbamate ( C~~H~~N2S4Zn), 
050 g/l Solution 

Dissolve 100 mg of the salt in 200 ml of carbon tetrachloride. 
Prepare fresh as required. 

WARNING - Appropriate precautions shall be taken in 
handling carbon tetrachloride. Extractions shall be done 
in a ventilated fire hood. 

A.2.2 Nitrit acid, ~20 = 1,41 g/ml, diluted 1 + 19. 

A.2.3 Nickel nitrate, Solution, 100 g of Ni per Iitre. 

Dissolve 495 g of nicke1 nitrate hexahydrate [Ni(N03)2 9 6H2O] in 
nitric acid (A.2.2) and dilute to 100 ml with the acid. 

A.3 Procedure 

A.3.1 Extract 100 ml of the nicke1 nitrate Solution (A.2.3) 
with the same volume of the zinc dibenzyldithiocarbamate sol- 
ution (A.2.1). Shake for 10 s only and let the phases separate. 
Discard the lower organic Phase and repeat the extraction with 
a fresh 100 ml Portion of the dithiocarbamate Solution. Shake 
for 10 s, discard the organic extract and filter the aqueous 
Phase with a medium Speed Paper which has been prewashed 
with nitric acid (A.2.2). 

A.3.2 Check the electrothermal atomic absorption Signal 
produced by 5 to 25 pl of the purified Solution at the 283,3 nm 
lead line. Repeat the extractive purification if an absorbance 
larger than 0,010 is obtained. 

NOTE - Lead is the last of the three trace elements to be extracted 
from the nicke1 matrix. Usually, two extractions are sufficient to com- 
pletely remove all three impurities. 

A.3.3 Dilute the purified Solution to 250 ml in a one-mark 
volumetric flask to give a nicke1 nitrate stock Solution (4.4). 
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Annex B 

Statistical report of interlaboratory tests 
(This annex is given for information only.) 

B.0 Introduction 

This International Standard was subjected to an interlaboratory 
test Programme involving 11 laboratories in six countries. Six 
samples of nicke1 metal were analysed to cover the scope of the 
method. Of these, four were specially prepared as materials 
containing the impurity levels covered were not available com- 
mercially. The test Programme was designed to determine the 
repeatability and reproducibility of the method in accordance 
with ISO 5725. 

B.l References 

ISO 3534, Statistics - Vocabulary and Symbols. 

ISO 5725, Precision of test methods - Determination 
repea tability and reproducibility b y in ter- labora tory tes ts. 

B.2 Definitions 

For the 
aPPlY l 

purpose of this annex, the definitions of ISO 3534 

of 

B.3 Design of test Programme 

B.3.1 Esch participating laboratory was asked to analyse 
three separate portions of each test Sample and report three in- 
dependent results following the procedure given. 

B.3.2 Esch independent 
atomizations (7.4.1.9). 

result corresponded to three 

B.4 Test samples 

B.4.1 Four test samples were specially prepared by melting 
high purity nickel, adding trace elements and granulating the 
product by atomization in water. Conditions were selected to 
give a fairly coarse product to simulate fine drilling or millings of 
metal. The minus 28 plus 65 Tyler Screen (minus 0,60 mm plus 
0,21 mm) fraction was taken from each to provide uniform test 
samples. 

B.4.2 Two test samples were a commercial nicke1 powder 
and millings from a wrought nicke1 bar. A commercial high 
purity nicke1 powder was provided to each laboratory for 
preparation of Standards. 

B.5 Statistical procedures 

B.5.1 Computer program ’ 

A Computer program was used to perform statistical analysis in 
accordance with ISO 5725. The program computes the mean, 
the within- and between-laboratory Standard deviations and 
the corresponding repeatability and reproducibility. Various 
statistical tests were performed to identify outliers which were 
rejected. 

B.5.2 Statistical tests for outliers 

The Cochran and Dixon tests were applied independently to the 
data at the 95 % confidence level according to ISO 5725. The 
principle of the Cochran test is that a set of results is an outlier 
if the within-analyst or within-laboratory variance is too large in 
relation to others. Dixon’s test is to determine if the mean from 
an analyst or laboratory is too far from other means. 

B.5.3 Calculation of repeatability 
and reproducibility 

The results from each laboratory completing the test pro- 
gramme were treated according to ISO 5725 to give the within- 
laboratory variance and a between-laboratory variance. The 
corresponding repeatability and reproducibility was calculated. 

The following information was thus obtained: 

S$ within-laboratory variance; 

SZ between-laboratory variance : 

r repeatability 

r = 2,83 JTg 

R reproducibility 

R= 2,83 Jw 

B.6 Results of statistical analysis 

B.6.1 The results of the statistical analysis for each element 
covered by the scope of this International Standard are given in 
table 5. 

B.6.2 In evaluating these results it should be borne in mind 
that the test samples were prepared in the laboratory and may 
not be as homogeneous as commercial production. 

B.6.3 Some laboratories did not complete the full test pro- 
gramme on all samples which limited the amount of data which 
could be used for this statistical report. 
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