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Foreword

ISO (the Intemational Organization for Standardization) is a worldwide fed-
eration ol national standards bodies (ISO member bodies). The work of
preparing International Slandardz is normally carried out through 1850
technical cormmittees. Each member body interasted in & subject for which
a technical committee has been eslablished has the right to be
represented on that committes. Intemational organizations, governmental
and mnoh-govemmental, in linison with 150, also take part in the work, 150
collaborates closely with the Intemational Electrolechnical Commission
{IEC) an &l mattars of electrotechnical standardization.

Draft Intemational Standards adopted by the technical committees are
circulated to the member bodias for voling. Publication as an International
Standard requires approval by at Isast 75 % of the member bodies casting
a vote,

Imemational Standard 150 13898-2 was preparsd by Technical Committes
ISQTC 17, Slesd, Subcommitiee SC 1, Methods of defermination of
chemical composition.

IS0 13896 consists of the foRowing parts, under the general title Steel and
ironr — Datermination of nicks!, copper and cobalt contenis — Induchively
coupled plasrma atomic smission spectrometiia method.,

—  Pan 1: General requiremenis and sample dissolution
—  Part 2 Dolermination of nickel corttent

—  Pant 3 Determination of copper content

—  Parnt 4: Determination of cobalt content

Annexes A and B of this part of 150 13838 are for information only.
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INTERNATIONAL STANDARD o©Is5C IS0 13898-2:1507(E)

Steel and iron — Determination of nickel, copper and cobalt

contents — Inductively coupled plasma atomic emission
spectrometric method —

Part 2:
Determination of nickel content

1 Scope

| This parl of ISO 13898 specifies an inductively coupled plasma alomic emission spectrometric method lor the
' determination of nickel content in unalloyed steel and unalloyed iron.

The method is applicable to nickel contants between 0,001 % {mim} and 0,30 % (mm).

2 Narmatfve references

The following standards contain provisions which, through referencs in this text, congtitute provisions of this part of
ISO 13898, At the time of publication, the editions indicaled were valid, All standards are subject to revision, andg
parties ko agreements based on this part of IS0 12894 are encouraged to investigate the passibility of applying the

masl racent editions of the standards indicated belaw. Members of IEC and IS0 maintain registers of currently valid
International Standarnds.

IS0 3696:1967, Water for analytical faboratory use - Specification and test methods,

t5Q 5725-1:1894, Accuracy (trusness and pracision) of measurement meihods and results - Pari 1+ Gernaral
principles and definitions. '

50 5725-2:1984, Accuracy (fruenass and pracision) of measurament methods and rasulte - Part 2+ Defermination
of repeatability and reproducibility of a standard measurement method.

IS0 5725-3:1894, Aecuracy {frueness and precision} of measurement methods end resulls - Part 3 Intermediate
measties of The pracision of a standard measurerment method,

K0 13898-1:1907, Steef and iron - Determination of nicke!, cobalt and copper cortents - inductively coupled plasma
atornic smission specirometric methad - Part 1: General requirements and sampla diseolution.

IS0 14224:1996, Stes! and iron - Sampling and preparation of samples for the deierminalion of chemical
composifion.

3 Principle

The principle is described in clause 3 of IS0 13%98-1:13997.
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4 Reagents

During the analysis, unless otherwisa stated, Use only reagents of recognized anaktical grade and only grade 2
water as specifiad in 1S0 35986,

In addition to the reagents given in clauge 4 of IS0 13898-1:1907, the following are required.

4.1 Nickel standard solution.

d.1.1 Stack salution, coresponding 10 1,0 g of nickal per litre.

Weigh, to the nearest 0,1 mg, 1,000 g of nicke! metal [purity =»09,993 % (m¥mi] and transfer to g 200 ml beaker. Add
50 mil of nittic: acid (4.3 of 150 13888-1:1997) cover with a watch-giass and heat to dissole gently. Conl to ambient
temperature , quantitatively transfer to a 1 000 ml ocne-mark volumetric flagk and dilute to the mark with waler and
rmix.

1 ml of this stock solution containg 1,0 mg Ni.

4.1.2 $tandard solution A, comezponding to 0,100 g of niskel per litre.

Transfer 20,0 ml of the nickel stock solution {4.1.1) to a 200 ml one-rark volumelric flask, dilute o the mark wilh
water and mix.

Frepare this standard solution immediately before use,

1 rnl of this standard solutioh containg 0,10 mg Ni.

4.1.3 Standard solution B, comesponding to 0,020 g of nickel par ire,

Transfer 10,0 mt of the nickel stock solution (4.1.1) to a 500 ml one-mark volumetric flask, dilute to the mark with
watar and mix.

I tha calibration graph is found (o be non-linear, additional calibration series may be used.
Prepare this standard solution immeadiaiely before use.

1 mi of this standard solufion containg 0,020 mg Ni.

S Apparatus

The apparatus radquired is given in slause S of 150 13898-1:1057.

6 Sampling

Carry out sampling in accordance with 1SC 14284,

7 Procedure
7.1 Test portion

Waigh, to the nearest 1 mg, aboul 1,00 g of the lest sample.

7.2 Blank test (corresponding to the zero member)

Proceac as directed in 7.2 of 150 13898-1:1997,
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7.3 Determination
7.3.1 Praparation of the test sofution

Proceed as directad in 7.3.1 of IS0 12888-1:1097.

7.3.2 Preparatlon of the calibration solutions

Transfer 10 a serles of six 200 m| beakers 1,00 g + 0,001 g of the pure iror (4.1 of ISO 13886-1:1997). Add to each
beaker 10 ml of nitric acid (4.3 of 150 13898-1:1957), cover the beaker with a watch-glass and heat gently until the
end of effervescence. Add 10 ml of hydrochloric acid (4.2 of 1SO 13898-1:1997) and continue the heating until
complete dissolution oocours.

Cool to ambient temperature and transfer the solution to six 200 ml one-mark volumetric Hasks, nnsing the baakers
with the minimum quantity of water.

Using a pipette or burette, add to the volumetric flasks the volume of nickel standard solution A (4.1 .2) indicated in
table 1. if the calibration graph is found to be non-linear, additional calibration series may be used {e.q. takles 2 and
d}. If the internal standard technique is used, using a pipetts, add 2 ml of the scandium intermal standard sclution

{4.4 of IS0 13898-1:1997) or 10 ml of the yitrium internal standard solution (4.5 of IS0 13898-1:1997). Dilnte to the
mark with water and mix.

| 7.4 Spectrometrlc measurements

7.4.1 Gptimization of the instrument

Procead as directed in 7.4.1 of IS0 13898-1:1587.

7.4.2 Measurements of the emitted Intensities

Prcceed as directed in 7.4.2 of 180 1389811997,

7.4.3 Preparatlon of the calibratlon graph

Procesd as directed in 7.4.3 of 1ISO 13896-1:1857.

Table 1— Nickel conents between 0,001 % {m/m) and 0,30 % (/)

Volume of nickel Hickei cancentration Corresponding nigksl
standard eclution A content in the test portian
4.1.2)
il g/l % (mim)

o 1] 1]
50 25D 0,050

10,0 5,00 0,100

5.0 7.50 0,150

20,0 10.00 0,200

30,0 15,00 0,300

[1}) Zero member.
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Table 2 — Example for nicksl contents up to 0,010 % {mm}

Volume of nickal Mickel concentration Comreaponding nickel
standard solutlon B content in the {est portion
{3.1.3)

m il S [
" 0 Q
0,5 0,050 0,001 0
1.0 0,100 00020
a0 0,200 0,003 0
3,0 0,300 0,006 O
5,0 0,600 00100

1) Zara membec.

Table 2 — Exampla for nickel contants between 0,010 % {m/m) and 0,080 % {m/m)}

%150

Voluma of nicksl Mickel concantration Cormresponding nicksl
standard solution B {4.1.3) content in the test portion
mil pa/ml %% {myml
oV 0 0
5,0 0,50 0,010
10.¢ 1,00 0,020
200 2,00 0,040
300 3,00 0,060
50,0 5,00 £,100

1} £ero memdzer.

8 Expression of results

&.1 Method of calculation

Proceed as direcled in 8.1 of 150 13898-1:1997.

B.2 Pracision

A plannad trial of this method was camied out by 26 laboratories in 12 countrias at 11 levals of nickel, sach
laboratory making three determinations of nickel content at sach level (see notes 1 and 2},

The test samples used are listed in table A1,

The resuliz obtained were treated statistically in accordance with 180 5725-1, 180 5725-2 and 180 5725-3, using
tha data obtained from the samples containing 11 levels of nickal within the application range.

The data obtained showed a loganthmic relalionship between nickel content and rep&atabiliw Hrnit (¢ and
reproducibility Imits (R and Pw) of the test rocults {see note 3}, as summarized in table 4. The graphical
representation of the data is given in annex 8.

NOTES
| Two of the thrae determinations were camied qut under repeatability conditions as defined in IS0 5725-1, Le. one operator,
same apparalus, identical opsrating conditions, same calibration, and 2 minimum pericd of time.

2 The third detemmination was caried out at a differend tme {on a differer day) by the same operaior as in note 1 using the
sama apparatus with a pew calibration,
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3 From the results obtained on day 1 the repeatability limit {4 and reproducibility limlt (A} were caleulated using the procedure
spocified in 180 5725-2. From the first result abtained on day 1 and the result obtalned un day 2, the within-laboratory
reproducibility limit (Fw) was calkculated using the procedure givan in IS0 57256-9.

Table 4
Mickel content | Rapaatability limit Reproduciblbity limits
% {miim) r R Fw
0,001 0,000 39 0,000 76 0.000 55
0,002 G000 46 0.000 25 0.060 &7
0,005 0,000 56 000 3 Q,000 87
00140 0,000 66 000 & 0,001 O
0,020 0,000 77 00> O 0,00t 3
C, 050 0,000 95 0,002 8 Q001 &
0,050 0001 3 0.003 7 Q002 O
0,100 COp2 e 0,007 4 0,003 7
0,200 0,005 1 0,015 Q007 0
0,300 07 5 0,023 04010

' 8 Testreport

Proceed as direcled in clause & of 150 13898-1:1957.
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Annex A
(informative)

Additional information on the international cooperative tests

& 150

The repeatability and reproducibility data in table 4 were derived from the resulis of intarnational analytical trials
carrfied out in 1293 on nine steel samples and two iron samples in 12 countries involving 26 laboratories.

The results of the trials were reported in document ISOfTCG 17/SC 1 N 1024, March 1994, The graphical
presentation of the precision data is given in annex B.

The test samples used ara listed in table A

Tablz A.1
Lample Micksl content Prezision data
% (i)
LCerified Found Repest- | Reproduclbility limits
ablliry
. . limit
W N1 W2 r A Rw
JSS D03-3 0,000 8 QOD0FE | DONVE | 000049 | DO000VE | 000053
{Unalioyed stesl)
NRA1C 00000 0,009 0 0,008 2 0,000 43 0,001 4 00010
{unalioyed staal)
MR 21 0,085 0,084 6 0,034 5 0,001 4 0,003 B 0,001 3
(Unalloyed steel)
HNBS 15h Q017 0,017 B 0,017 8 0,000 &9 0,002 3 0.0 1
{Unalkyyed stoal)
MBS 16f 0,008 0,008 3 0,008 2 2,000 54 Qo017 0,009 1
(Unalioyed steal)
BAS 087-1 0,118 o119 0,119 0,00z 9 00108 0,004 3
{Unalloyed steel)
BCS 452 0,18 0,181 0.1, 00040 00145 0.005 6
{Unalloyed stesl)
IRSIC 881-1 002 0042 2 0.Qq42 2 0,000 90 0,002 4 0,002 1
(Unalloyad stasl)
RS0 0101 0,258 0.264 0,264 0.008 9 0017 5 oo1a7
{Unalicyed steel)
EURC 48841 0,065 1 0,065 & 0,065 4 Q.01 2 0,00 3 00023
(Pig iron)
EURD 487-1 0,040 0,040 5 0,040 4 0,001 4 o002 7 0001 5
(Pig iron} '

WNI1: general mean wHin & day
WHI2 : general maan between days
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Annex B
{(informative)

Graphical representation of preclsion data
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wheare

whi.1 i$ the average nickel content, sxprassed as a percentage by mass, oblained within a day,

whi2 is the average nicke! content, expressed as a psrcentage by mass, obtained between days.

Figure B.1 - Logarithmic relationship between nicket content { wy, ) and repeatabliity limit (9 or
reproducibility lmils (A and Aw)
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