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Foreword

IS0 {tha Intamational Organization for Standardization! is a worldwida faderaticn of
national standards bodies (IS0 mamtrer bodiesl, The work of praparing s tional
Standards is normalty carded qut through 150 technicad coinmitteas. Each membear
hoedy irterasted i A subjact for which a technical committ2e has been established has
the right to ke representad on that commitee. International crgarizations, govern-
mentad and non-govammental, in ligizon wih 150, also take part in the work.

Oraft International Standards adopted by the tachnica! committess ame circulated to
the mambar bodias for appreaval bafora their ancapkance as Intermational Standarda by
the 150 Council. Thay are aoproved in agcordance with 180 procedures requiring at
least 75 %% appeoval by the member bodies voting.

Internatanal Standard |50 7823 was prepared by Technical Cormmittea |S0/TC 155,
MNickef and nicked afiows.

Users should note that all #nternational Standards undargn ravision from fima to tima
and that any rcforence made heorcin te any other Intarnational Standard implies its
latast adition, unless cthonwviss statad.

% international Crganization for Standardization, 1985 &

Primiet in Syvwitzerland

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Hk15-19 2000



ol L A=

l A0 WS Uldapldye

INTERNATIONAL STANDARD

150 7523-1986 (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

Thiz International Standard specifies an electrothermal atomic
gbsorpion spectrometric method for the determination of the
sifver, arzanic, bismerth, cadmium, lead, antlmony, selanium,
tin, tefurium and thalium contents of high purity, refinad,
wrought and cast nickel within the ranges speacified in takily 1,
This method 4 applicabla to the independent determination of
any one or mora of tha alements listed without including all
elzments specified 1o tho standard solutions,

Tabkle 1 — Concentratlon ranges of elements
to be determined

+

ElemeEnt CuncET;::Illlt:;?‘n‘rangE
A 0.1 1 T
LY 1 to 2]
Bi 0,5 ta 18
cd 1 to 2
Pl +1 o 10
Sh 1 ta 10
L] 1 ter 10
Sn 16 b
To 02 w10
T oG to 10

*  For spucilic compositions, ess 150 8283,
™ lugig = 14

Far potantial interfarsnices and precautions, ses clause 9.

2 Referances

1503 350541, Laboratory glasswere — Bureties — Part f: General
PARLIEMIMIE LS,

IS0 648, Laboratory gieasware — Oew-mark pinettes,
IS0 1042, Laboratory glassware — Ore-mank vodurmaie Hasks.

ISO 5725, Precizion of test methods — Defermfration of
repaarabifiy and reproduciiility by intor-faboratory fests.
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1 Principle

Dissolution of a test portion in nitric acid and dilution of tha
aolution 1o a known volurme,

ntroduction of a known volume of the aslution nto an elec-
trothermal stomizer of an atomic absorption spectromater.

Measurement of the absorption of the rescnance (Ing anargy
from tho spectrum of each alement and compariscn with that

of palibration solutions of the same alement in a matched nicke!
matrix using background carrection,

d Reagents
Curing the analysis, unless otherwise stakad, 1188 only reagents

of recognizad analytical grade end only deignized water or
water of agulvalont purty.

4.1  Nitrle acid, gon = 1,47 g/ml,

The zarme batch of nitrig acid shitll be used throughout tha pro-
cedure.

ROTE — 't may ba nscussary b0 Fodigtil the nitric ecid if high blanks ase
ohtained. '

4.2  Nitric acid, gz; = 1.41 gfml, diuted 1+19.

The sarne hatrh of nitric cid shall be used throughout the pro-
cedure,

4.3 Mixad analyts standerd solutiens.

4.3.1 Analyte siock starlard salutlons, cofresponding
1,050 q of Ag, As, Bi, Cd, Pk, Sb, Se, Sn, Te and 1 per lltre,

Prepars sepatataly for each metal of intersst.

4311 Silver, arsenic, bismuth, cadmium, lsad, saionicm and
telluriurm.
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Weigh, to the nearsst 3,000 1 g, 0,100 g of the high purty
(999 % lrmfeeb, minimum] slements, tronsfor to & 100 mo
hnaker and dissohse in 10 mif of nitric acid difuted 1+ 1. Haat 1o
enmdata dissolution, boil genthy 1o expel oxides of witrogen,
eool and transfer to @ one -mark 108 ml volumetric flask contain-
ing 10 ml aof nitric 2cid diluted 1+ 1. Make up to the mark with
weter and rmix.

Store in a glass bottle.

4.31.2 Antimerry

Wemh exactly 0,274 g of potsssium antimenyl tartrate
hemihydrate (KISHDOIC,HO50 1/2H0], transfar to a 100 ml
ona-mark valumetric ffask, dissolve in water and difute to the
rmark.

Prepare this soclution freshly as mould ferms in old solutions.
The meore dilute acldifled solutions are stable.

4.313 Thallium

Waigh axactly 0,112 g of thallium| I} oxide {T1,04), transfar to 3
1 ml Lheaker and dissolve n 10 ml hot nitric acid (4.1).
Tranafar to 1 ml ong-rmark; velumatric flask, make vp to the
raark wwith water and mix.

Store in a glass hottle,

4314 Tin

Walgh, to the naearest 0,001 g, 0,280 g af high purity (999 %
{sfm1), mininum] tin metal, transfer to a 100 ml plastic beaker
and dissolve in 7.5 mi of a mixture af equal parts by velume of
48 ¥ {mifen) hydrofluoric acid {gon = 1,13 @/md, nitric seid
{¢.1) 2nd water. Heat to complete disaolution, boll gently to ex-
pal oxidas of nitrogen, coal gnd transfar to 8 280 mil pleastic one-
mark wolurmetric flagk, Make up to the mark with water and
mix.

Store it o plaslic oflhe.

4312 Mixed analyte stendard solution A, corresporwding
to 1,0 mg of Ag, Bi, Fb, Sb, Se. Sn, Te and Tl per litre.

4.3.2.1 Pipatta 10,0 ml of each of the 1,000 9/ stock standard
solutfons [4.3.1.1) of &s, 8i, Pb, 3h, 5%, Sn, Ta and Tlmto a
1000 ml one-mark volemetric flask containing 00 ml of nikvic
acid dilitad 1+ 1. Maka up to the mark with weter and mix.

Stora in a glass bottle 15,61,

4322 Pipette 10,0 ml of thia selotion (4.3.2.1] intooa 100 mi
one-mark volumetrle flask cantaimng 10 mbof niteic acid dilutad
1+1. Make up to the mark with watar and mix.

Storo in a glass bottle (B.6).
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413 Mixed analyte standard salution B, corresponding
to 0,1 mg of Ag and Cd per lite.

4.3.3.1 Pinette 10.0 ml of sach of the 1,000 o/ stock standard
solutions (4.3.1.1) of ailver and cadmium inte & 1000 ml one-
mark volumet-ic flask contzining 100 ml of nitric acid diluted
1+1. higke up ta the mark with water and mix.

Store in 8 glass bottla (5.4).

4,332 Pipstte 10,0 ml of this selution (4.3.3.7] intoa 1000 mi
one-mark volumetric flask containing 100 ml of nltde acld
dilutad 1+ 1. kMake up to the merk with water and mix.

Thiz aolution 13 nat gtable and should ba prepared Immadlately
bafare use.

4.4 Nickel nltrete, stock solution, containirg 40 g of MNi par
litra,

441 ‘Weigh, to tho nearest 0,001 g, 4,00 g of high purity
{containing less than 5 g of Fa par tonna and less than 1 g of
gilver, arsenie, bismuth, cadmium, lead, antimony, sslenium,
tin, tellurivm and thallum per tonne) nickel metal and tranefar
to 8 400 mil besker, Add 80 m| of water end 28 mi of nitric acid
{4.1]. Alicw to stend and do not stir until most of the metal is
dissabred 35 tha reaction i viggraus. Haat to complete discolu-
tign, beil gently to sxpel gxides of nitregan and sool,

44,2 Filter through a denge filter paper which has bean
prevashed with niric acid dijuted 1+ 1. Beturn the flitrate
through the filtar paper again to cotlent fina carbon particles
which tend to be preaent in the firet flltrate. Collaet the sacond
filtrate in & 100 ml one-mark volumetric flask, wash the fliter
with water, Make up 1o the mark with water and mix, Tha sol-
ution contains approxinately 08 mol of free HNOg per litre
[3 % (¥

MOTE — Far details conceming an altethiatlva mathod far tha prapara-
tion and purification of tha salutlen, ses anmex &,

§ Apparatus

Ordinary lahoretory apparatus, and

B.1 Atamic absorption spectrometer &nd electro-
thermal atomizar.

B5.1.1 The instrurment shell be equipped with a background
corrector and a high-spaad rocordar or computarized read out.

6.12 7he instrument should be capable of osing singls
alaraant holloww cathode or alectrodeless discharge lamps
operated at currenta recommendsed by tha lamp and instrumont
rranufacturer,

h.2 Burettes, of capacitiss 5 ml and 10 ml, gradusated irr divi-
sions of 0,01 mi, in accordance with |50 38571, claza A,

8.3 Plpettes. of capacitiss 10 and 25 ml, in accerdance with
150 348, clags A, '




5.4 Yolumoetric flasks, of capacitios 10; 100; 200; 280; and
160} ml, in accordance with 150 1042, olass A,

B.E Microplpottes, of capacities 5 to 25 pl.

.6 Glass storags. bottles,

The glass bottles usad to store mixed analyte standard sal-
utions shall be theroughly cleaned, soakad sevarai days in nitric
acid (4.2}, and rinsed tharoughly with water,

6 Sampling and samplas

6.1 Sampling and preparation of the laberatory sample shall
ke cariiad oui by normal agresd procedures or, in case of
disputs, by tho rolovant intsrnational Standard.

6.2 The lgbgratory sample normally is in the form of a
powder, grarules, millings or drilings and no further prepara-
tion of the sample is necessary,

.3 If it is suspected that the laboratory sample is con-
taminated with ¢l or grease from the milling o driliing process.,
it shzll be cleanacl by washing with high purlty acatone and dry-
ing in air.

6.4 If tha laboratory sample ontaing particies or pieces of
widely varying sizes, the test portion should be obtained by
riffling.

7 Procedurs

7.1 Preparation of tost solution

Vaigh, o the nearest 0,01 g, 0,9 to 1,1 g of the laboralory
saemple and tronefer to 8 clean unetehad 10 ml beaker. Add
20 ml of watar and 12 ml of nitrie acid (4.1) and aliow to
dissolve, Hoal o conplete dissolutfon, boil gently to expel
oxides of nitrogen, cool and transfer to a 100 ml ong-rmark
volumoteic flask, Make up to the mark with water and mix.

BOTE  The life of tha graphite furnace tubes can ae extendad by
wsing & ml of nitrie aeid @thar than 12 ml,

7.2 Blank test

The zeto mambars of the sets of calibration solutons (¥.3)
serve as blank ests since the same betoh of pitric acid fs uscd
tar dissolution of both the nickel reference and test portions.

I it iz impeossible to use the same batch of nitric acid, 4 second
llank tast shall be prepamd eshy the same high purity nicks?
rretal. This blank is then compared to tha zere member and an
appropriate cotraction mada, if signiflcant.
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7.2 Preparation of calibration soluilons
737 Set A

7.2.1.1 This st corresponds to O; 0,005, 0.010; 0,.02; 005,
0.07; 9,1: 0,195 0.20; 0,25 and 0,30 mg of sach of As, Bi, Pb,
Shb, Se, Sn, Te and Tl per litre (gee table 2] and is used for
anglyta levels fram 0.5 to 30,0 g/t All sclutions contain a
reeatrix of 10 g of Ki par litra.

Table 2 — Set of callbratlﬁn solutions A

Valyma of mired anzlyte Analyte (As, Bl, Ph, Sb, Se.
standard sodutlen & S, Ta, TI] concentratian
14.3.2) imil] fmg/ 1)
0 The zert mermber
0,08 0,005
0,1 0, G
0.2 0,02
L5 0,06
o7 o7
1,0 o1
1,5 015
20 0,
2.6 0.%
20 0,30

7.3.1.2 Tranafar 2,50 ml of nickel nitrate stock salution (4.4
frorn 2 burette to each of 11, 10 ml gng-rnark volumetric flsks.
Add, using a burette, 0; 0,09 0,1; 0,2 0.5, 0,7, 1,0; 1.5 2,
2.0 and 3,0 ml raspactiveby of mixed analyte standard sol-
uticn A §4.3.2]. Make op to the ntark with nitric acld dilited
1+ 12 (4.2] and mix.

732 SetB

7.3.2.1 This set corresponds 1o 0 00006 0,001; 0,002
0,0058: 0,010; 0,02 and 0,05 mg of gach of Ag and Cd per litre
{zae table 3) and fs used for anakde kvels from 0,0 o 50 g/t
A&l solytions contain 8 nratriz of 10 g of MNi per titre.

Tabls 3 — Sot of calibration solutions B

Virluma of mixed anaiyvte dnalyte (Ag and Cd)
standard solution B concentmtion
14.3.34 (mly (g1}
¥} Tne zero member

0,05 0,4 5
G, 0,001
0.2 0.an2
0.5 0,006
1.0 LIR1NIA]
2.0 0,02
g0 1.06

7.3.22 Transfer 2,50 ml of nickd nitrate stock soltion (4.41
frarm a buretts to gach of eight 10 mil pna-rark volumetric facks.
Add, using 8 burstte, O; 0,087 0.1; 0.2 0.5; 1,0; 2,0 and 6,0 ml
respectively of mved analyte swmnderd solutlon B {4.2.3). Make
up to tha mark with nitric acid dileved T+ 18 (4.2} and mix.
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7.4 Calibretion and detarmination
7.4.7 Spectromatric massurement

7411 The spectead lines spacified in tah o 4 shall be used in
the analysis.

Table 4 — Spectral lines

ErEtI'.I'I ?I‘It an :ni Eill O i Pb
Wevelsngth [aiml 28100 1837 | 237 0 PMEg ' 833
Elomecnt =1 A Sno; Te ; Tl
Wevelangth (aml | 217.6 | 186.0 | 2863 | 2143 - 24 |

11 An altarnative fine for bisrmath is 306,58 nm.

7.4.1.2  Set the required instrument parametars and afign the
glectrothermal  atomirar according o the manufacturer’'s
instructiona, The usa of background compeonsation is cescntial,

MNOTE Qptimurm settngs for the operaling parameatcrs vary friom
instrument to ingtrument. Scala gxpansion may have to be used ooah-
tair the reguircd roadability, Atemi-atian tempeisiuraa of 2600 to
2700 °C me preferalhle for a nicked matrix,

7413 Determine  lhe optirsem alecliothermal  atomizer
parametars for the particular type of atomizer and sample size
(5t 26 plb s recommended by the instriment manufarnrar o
normial laboratory practice,

7.4.14 Ensure that the test solution (7.1 end the calibration
solutions 17.3) are within 1 °C of the same twmparature,

7415 Zoro the nstrument and set the baseling o the
recorder.

7418 Check the zero stability ancl lack af spectral intar-
forance within the atomization 3ystem by running tha pre-sat
heating programne for blank firing ot the graphite atomizer.
Repeat to ensure baseling statyiliby,

7.4.17  Inject inta the atamizes tha pradatermingd velorne {5
o 25 pl} of eech of the test sclutions (7.1 fer tha clorment being
dgtarmined. Atomiza and note the instrument response, Sorl
the test solirtions inta grovps of threc or four with similar con-
centration levels of tha analyte, starting with the lowest lewvel,

7.4.1.8 Select the appropriate calibration solutions (7.3 to
cover the range and bracket the concantration lkvals in the test
solutions.

7.4.1.9 Inject and stomze the calibration and test soletions ik
arcler of increasing instrumeant response. Atomize ssch sulution
thras times ancl, IF theg replication is good, avarage tho readings.
Cherk the instrument for mamory offocts, especisily at high
analytz levels, by rumning the blank firing proegramme. Hesat
the baseline to zoro if necasmary.

74110  Bvrabuate the gnalyte contents o edch group of Lest
golutions hased on the aoplicakle standards as directed in 7.4.2.

4

Copyrighi by the Mtcrnational Deganization For Standardization
Sal Jan 04 Hk15-23 2000

7523-85 Iqaﬁmna 0056049 Y4 l

7.4.2 Piotting of calibration graphs

7421 Calculats the average of three instrument readings for
eqch of the applicabiy calilnation solutions.

TA4.22 Plot thn avarage instrurmnens reading against concen-
tration of the analyte in the galibration soltion.

I higke purity rickel uscd ©o prepare the calibration selution is
contzrinatad by the metal being determinad, then graphical or
computational methads shall be used to tal this into aceount.
However, the n'ckel nitrate stock solstion can ba purdfisd by 2
solvet exdtraction procedures {9ee annex Al

MOTE — In this muthod, uny eiTzet of nan specdlic absarption and lgkt
scuttar is compensaled o by omatching the matlx of the calfbreaton
saluliclvs wert the test solutions and by beckground correction, Alag.
& nee this sama fet of nirie acid f3 used for both celibration and teat
salutiorss, thie blank st 5 incarpordec in the calibeation gragh, Thus,
thiz nglilzration greph mey no: pras through the orgin,

8 Expression of results
8.1 Calculation

8.1.1 Determine the concentretion of tha analyte In the tast
solution frorn the corrasponding calibration graph (7.4.2) for
tha avaragn of the threc instrument readings recorded,

#8.1.2 The analytz contents, expressed in grams per tanhe, in
the tast portion, & giveh by tha formula

=1 4

e
urhury

g is the concomaration, expressed in milligrams per litte, of
analyle found in tho test solution:

¥ iz the valume, in millilitres, of the test soluticn ;

m is the masa, in grams, of the test portion,

B.2 Precision

This Intermativnal Staadlard wis  swljscled 0 an inlar-
laboratory test programme imvolving 17 lsboratories [0 s(x
countries. Six samples woare analysed to cover the scope of the
rmiethcd, Of thess, four were specially prepared by melting and
granulation and fwo wore commargial products,

Repeatability and reproducibility wene calcutated according to
the principles of |50 57#5,

A statistical report of interfaboratory teats is ghven in annax B,

I should bo hoted that the reprodecilbiitity data include emors
due to any hamogensty of the (est samplas,




9 Interfarances and precautions

8.1 Forthe detarmination of sthyer aind in, cars shall be taken
to awvuid conlarination of the samphs and calibration solutions
with chlaricle ion.

9,2 FElements ordinarly present in nicksl do not interfere in
alactrothermel atomic absorption analysis.

9.2 Potortial background absorption  interferonce iz
eliminated by irslrumeantal background correctlon and by the
uzn of matched matrix standards prepared from high purity
ikl .

9.4 The lowaer limit for the determination of the elements is
affectud by [ha residual level of each elsmentin the high purity
nickel used to prepang the matched matrix standards.

0.5 EBecause of the high sonsitivity of electrothammal atormic
sbsarption, stringent precautions shall ba taken to clean all
plassware and geoid contamination of sample, standard and
calipration sofufiers from foraign rmaterial and dust from tho
laliratony atmazphears.
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1 Sample inhomogenalty

If some Inhomageneity is suspectad [n the kEorotory sampde,
aor it the piecas are relatively large, itis deslrable 10 yee & largor
tnst partlon to prepare the test soletion, Under such cir-
rumstances a 10 g test portion in a final volurme of 1 000 ml is
racornmanded. The amount of nitic acid sheould be increased
in proportion, Even larger test particons can be used to prepare 8
maore concentrated nickel test solution. Howaver, this shall
then be diluted to gfive a test solution conteining 10 g of NI por
litre to match the calibration solutions,

11 Tast report

The test report shall include the following informatinn:
al the referance to the method usad;
bt tha rosults of the analyais;
¢} the number of Indspendent replications:
i any unusual featurss noted dudng the enalysis;

g any operation nut oludead iy this International Stan-
dard or ragarded as optlenal.
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Annex A

Altarnative method for preparation and purification of nickel nitrate solution
for electrothermal atomic absorption analysis

IThis annex forms an integral part of the Slaacdand, b

A0 Introduction

Tha extraordinary sengitivity of tha clectratherrnal atomic ab-
sorption method impases e very hagh demand an the purity of
all raagants uvsad, The numbar of operations utilized in the
prapraration of & sample solution should ke kept at the minimum
tn awoid the posgibiity of contamination from extransous
agurcea, Mgaalutioh of Fha samiea in acid and direct analysis of
this solution versus stendards con-aining a matching matrix is
gimple and reliable. The purity of the matching matrix and of
the acid controls the limits of dotoction for the individual
analytas in the sample. |t therefore ie desirable to have simplo
purification proeedures deveioped [or thase reaaenls whocl are
not readily available at a setisfectory degres of purty.

Mitric acid may be purified by distillation in an all-glass
apparatus,

Bismuth, copper and lead in nickel nitrate can be removed to
vary fow levels by solvant extraction.

A.1 Principle

Brief cotraction of 3 solution of nickel nitrste (100 0 of M per
litrak im B %% (T F) nitric acid with a solution of zine diben-
zvldithincarbamate in carbhan tetraghlorida. Repatition of the
axtraction s rapeated | if necessary.

The dithiocarbamate extraction serves to remove bismuth, cop-
per and lead from the nickel nitrate sofution. Lead is the most
frequontly oncountared impurity, often picked up from filter
paper when stock soltions are filtered, To keep the
simnultanecus extraction of nickel at <he mininmum, the acthvity
of tha dithiocarbamate is reducod by using tha zinc =alt and, at
the samea time, the two-phass systam is given a very short con-
tact fime. The purified nickel stock solrtion is unsuitable for
analytical work irvoldng zin,
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A.2 Reagents

A.21 Zine  dibanzyldithiccarbamata  (CyHagMo5,200,
050 . solutlon

Cigsotve 100 mo of the salt in 200 ml of carben tetrachlonide.
Propare frosh as raquired.

WAANING — Appropriate pracavtlons shalt ba takan In
handling carbon tetrachlerlde, Extractlons shali be done
in & ventilated fire hoad.

A2.2  Nitric acid, gy = 1,47 g/ml, dituted 1 + 19,

A.2.3 Nickal nitrate, solution, 100 g of Ni par Iitre,

Cissolve 435 g of nickel nitrate hexabydrate [NiR Ogte - 8H,01 0
ritric acid (4.2, 2 and dilute ta 100 ml with the acid.

4.3 Procadurs

A.3.1 Extract 100 ml of the nickel nitrete solrtion (A.2.3)
with the same volume of the zine dibenzyldithiocarbamate sol-
utinn (A2 1), Bhaka for 10 s only ahd et the phases separate,
Ciscard the lower drganic phass and rapest the sxtraction with
a fresh 1C0 ml portien of the dithiocarbamate solution. Shake
for 10 5, discard the arganic axtragt ang filter the agueows
phasa with 3 medum epaad paper which hag baan orewashed
writly nierie goidd (A 202

A.32 Chack the electrothermal atomic sbsorption signal
produced by & to 25 ul of the purified solution at the 283,3 nm
l2ad line. Repaar the axtractive purification f ar sbsorbance
larger than 0,010 & ohigined,

MOTE  Lead i the das: of dhe dhree trace alomonts to ba axtracted
frarm e nickel matrix, Usually, two axltaclons are selflclonl o some-
plataly ramova all thrar imporitiea,

A.3.3 Dilute the purifisd salution to 250 mi in a one-mark
violumatric flask to glve a nlckel nitrate steck solution (d.4).
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Annex B

Statistical report of interlaboratory tests

{This annex is given for infermation anfy.)

B. Introduction

This Intematicnal Standaed was subjectad to an nterlaboratory
test programme invohing 71 labaratories in six countries. Six
samples of nfckal motal were analysed to cover tha scopa of the
method, Of these, four werg specially prepared a3 mabstlals
eontaining the impurity levels coverad were not available com-
mercially. The test programme was designed to datamine tha
repeatability and meproducibility of the method [0 accordance
with [S0 B725,

B.1 References
IS0 3534, Statifics — Vorabulary end symbols,

S0 G725, Fracision of test methods — Daterminstion of
repeatehility and raproducibifiny by inter-faboratory tests,

B.2 Definitions

For the purposa of this ennex, the definitions of 150 3834
apply.

B.3 Design of fest programme

B.3.1 Each perticipating laboratory was azked ta analyse
e soparate portions of esch test sample and raport thres in-
depeandent results following the procedurs glven.

B.3.2 Each independent result corresnonded to three
atomizations 7.4, 1.90,

B.4 Test samplas

B.4.7 Four test aamples warc spociolly propared by melfing
high purity nickel, adding trace elements and granulating the
procuct by atomization in weter. Conditions wera sefectad to
give 3 fairly coarse product to simulate fine drilling or mitlings of
metal. The minus 23 plus 65 Tyler screen (minus 0,60 mm plus
0,21 mmt fraction was faken fram gach 1o provide uniferm test
samples.

B.£.2 Two test samples wem a commercial nickel powder
and millings from a wrought nickel bar. A gemrarcial high
purfty nickel powdsr was provided to each laboratory for
preparation of standards,
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B.B Statizsfical procaduras

B.S5.1 Computer prggram

A compuier program wes used 1o parform statistical analysis in
accordance with 150 B726. The program computes the mean,
the within- and hetwesn-labaretory standand deviatlons and
the coresponding repsatability and reproducibility. Various
statistical tests were parfarmed ta idantify sutliers which wers
rajacted.

B.5.2 Statistical tests for outliers

The Cochran and Dixon tests were applied indapandanty to the
data at the 95 % confidence level according to 150 5725, Tho
principke of the Coshran tast is that a set of rasults iz an outlier
if the within-analyst or within-lebaratory variancs is too large in
refation to othars. Dixon's test is o determime if the mean from
an analyst or [aboratory is too far from other meana,

B.B.3 Calculation of repeatabllity
and reproaducibility

The results from aach lahoratory completing the test pro-
gramma were treated according to |50 5725 to giva tha within-
labiaratory varanoe and 2 batween-laboratony warlance. Tha
corrsaponding repeatability and reproducibility was caleulated.

Tha following infermation was thus obitained:
£2 within-laboratory varianca;
& batwean-laboratory vanance:
F repeatability
r =283 \.-'?,?,:
i reproducibility
Ro=283./5 % sf

B.6 Results of statistlcal analysis

B.B.1 The resulis of the statistical analysls for sach elament
coverad by the scope of this International Standard ara given in
tabla &,

B.6.2 Inm evaluating these resalts it should be borne in mind
that the test samples were prepared in the labaratony and may
not be as homaogeneous as commencial production.

B.8.3 Some lsboratories did not complete the full est pro-
graenrme on all samples which limited the amount of data which
could he used far this statietical report.



?7523-85 g 4£517903 0056053 & Jf
IS0 7823-1985 (E)
Tabla B — Resultz of statistical analysis
) Results Within- I Batwaeen- i
Sample Mo of acceptad Mean labaratory laboratory ! Repeaat- i Rejrro-
rafaranco labpratories [,;:‘] [gith standard atandard ! ability, ¥ i dugfhility, &
deviation, v, | daviatiam, 3, | E
Slluar ! i
H79 3 100 .20 0.4 .05 i .10 E 17
Pas 10 &0 4.4 0,13 0,35 X 0,4 : 1.1
P14 1 104 7.8 0.1 0,32 0.8 2.4
Arsenle i In
PaE, B N : 3,1 A : m1d : 0eE &3
P44 7 ER 69 0,18 0,18 i 0.6 1.2
P 7 gLils] a2 0,54 1,29 1.6 1.0
H7g B lils] 16.4 0,54 _ 074 : 15 24
Blsmuth
PaG Lt a0 4.0 0.3 0,52 11 1.8
P4R 11 oo a8 0,41 07z 1,2 2.3
P44 11 91 1.0 0,4 0,51 1.3 1.4
Cadmlum !
Paa 10 H a0 0,58 0,05 003 G115 a.17
Pas 9 ) 82 1.4 o 023 03 a7
P45 W a0 1.8 0,08 027 02 0.8
Lead
42 11 B2 0,26 .04 012 11 . 0,38
560 10 a0 1.5 014 o211 (4 0.6
o) 1 Wt . 1. am 218 .25 05 e
P4h 11 1CH} 8.5 33 .43 0.9 17
Antimony
Pd4 7 Ea 2.8 113 0,30 038 0.4
Pdf 1] 100 8.5 M7 1.44 2.0 B8
565 9 ™ 12,0 *61 LR} 1.7 3.1
Sahoerivem
H?3 L] 13 1.2 LA, 0.29 03 0.8
Pag 8 84 6.2 .56 33 1.5 1.8
P45 7 100 8.3 .54 .76 1.5 26
Tin
H 8 1 2.5 25 35 .7 1.2
Telurlum
H7% 7 L 0,48 04 0,05 10 027
Pelg g 164 2.0 118 1,32 LAY 1.0
Pag g 10 24 0,56 0,86 1,8 5
Thalllom
SEh g i 0,5 .05 0.0% @17 0,23
Pa4 0 100 2.0 312 027 0.3 a8
Pag kil t] 8.6 1132 .66 T4 18
8
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